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EDITORIAL SUMMARY 
 

B. P. Chaulagain 
HICAST, NepJAS, Kathmandu, Nepal 

 
Nepal is in transition from conventional subsistence farming and livestock rearing to modern 

integrated farming system focusing on whole value chain. Due to inadequate scientific and 

technological knowledge among wider sector of farming communities Nepal has hitherto 

remained far behind in agricultural production, and has been shifted from a food grain exporter to 

importer country. About one third food grain and two third of other food commodities are now 

imported from other countries. These are the issues of most academic and socio-economic and 

technical researches in Nepal and other countries. This volume of the NepJAS consists of such 

original research and review articles. Few articles included in this volume are contributed from 

developed countries like USA, Russia, and China. There are altogether 32 articles published in this 

volume. This editorial summary presents gist of the major findings of those articles. 

 
T.A. Nugmanova et al. examined biomaterial samples from infected coffee and tangerine plants 

taken from Nepal's plantations. The examination was conducted in the BIOIN-NOVO LTD 

laboratory, Moscow. The isolated pathogens were purified, their biomass was built up, and 

molecular genetic examination was performed, the genus and species of the phytopathogens were 

determined. A collection of biofungicides based on the fungi of Trichoderma genus available at 

the company was screened, revealing the possibility of efficient suppression of phytopathogens by 

various strains. An experimental sample of a complex biopreparation was obtained from the most 

active strains using biotechnology techniques in order to test its efficiency under the conditions of 

these plants’ plantations. 

 

Dhami et al. have reported positive impact of climate smart sustainable intensive agriculture on 

various socio-economic, ecological and technological aspects at Lampakha eco-village, Salyan. 
After following eco-village concept farmers have experienced positive changes in the status of 

food security. The farmers credited it as an impact of integrated holistic approach of eco-village.  

 

P. Paudel and R. K. Adhikari have done an economic analysis of tomato farming under different 

production systems in Dhading District of Nepal. They have reported higher productivity of 

offseason polyhouse tomato cultivation over open field conditions.  

 

M. Basnet et al. have reported positive impact of appropriated dose of fertilizers for the flower’s 

plant health. The plant height, leaf length, flower spike length, diameter, weight and number of 

corms per plant was found highest at 150 kg N/ha and 100 kg P/ha. They have suggested farmers 

to use the experimentally optimized rate of fertilizer for commercial cultivation of gladiolus in 
mentioned soil conditions.  

 

Turkey farming is relatively a new sector in Nepal. A.K. Jha et al. had studied the effect of feed 

management on productive performance of white turkeys: on the fertility, body weight, and 

overall health aspects. The best performance of poultry in terms of body weight gain, total egg 
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production, fertility, hatchability and day-old chicks' weight was 400 g of feed offered once in the 

morning. Subsequently, feeding once a day can reduce the labor cost and maximize the profit. 

 

N.P. Karki et al. studied the histological changes in the liver tissues of bluegill sunfish (Lepomis 

macrochirus) after being exposed to estrogenic compound 17-β estradiol (E2) which has 

negatively effct on human health and aquatic ecosystem. The results showed that the hepatocyte 

structure and nuclei were found disrupted in the E2 exposed group with higher level of 

disintegration in the higher concentration of E2. They have concluded that the exposure of E2 

causes negative histological changes in the liver tissues of bluegill sunfish which might lead to 
disruption in the fish metabolism. This information is very important from a conservation point of 

view, and it warrants for monitoring of E2 level in the natural fish habitats. 

 

S. Yendyo and S. Jyakhwo have conducted a study to assess the technical knowhow of farmers on 

commercial DY 28 hybrid rice cultivation in four districts of Central Nepal. The yield obtained 

was low due to the unmanaged application of fertilizers, inadequate supply of fertilizers at the time 

of planting, increased land fragmentation and low technical know-how of modern cultivation 

techniques.  

 

S. Karki and S.N. Mahato have done the study on epidemiological history of Rinderpest 

eradication in Nepal. They found that Nepal faced nearly 50 years of Rinderpest outbreaks from 

1938/39 til July 1990. During these years, thousands of cattle and buffaloes died causing huge 
socioeconomic impacts. Authors have concluded that the lessons learned during the Rinderpest 

eradication can provide useful guidelines while conducting eradication campaigns against 

candidate diseases such as the Pester des Petits Ruminants (PPR).  

 

S. Giri and G. P. Shrestha have reported about a comparative study of marigolds in soil and 

soilless media, and have suggested that soilless media consisting of coco peat, compost, perlite, 

rice husk in a ratio of 60:25:10:5 with hydrogel can be considered the most suitable media to grow 

the Marigold var. African marigold in urban area, such as Kathmandu. 

 

S. Yadav and U. M. Singh have reported that M. gallisepticum and M. synoviae infection in 

broilers as well as in backyard poultry were prevalent in Kathmandu. The occurrence of M. 
gallisepticum was associated with the types as well as age group of poultry.  

 

M.R. Tiwari et al. have carried out a study on production response of dairy cattle in relation to 

additional bypass protein supplementation in the diet. The study revealed that heat treated soybean 

cake had more bypass ability than that of formaldehyde in improving milk production of cattle.  

 

T. B. Basnet et al. studied the management practices of of clubroot disease of cauliflower in Kavre 

district of Nepal; and revealed that the marketable yield of cauliflower per plot was observed 

highest from Trichoderma treatment. The application of lime at the time of field preparation and 

use of Hatake as biofungicides was found promising measure for the control of disease.  

 

S. Baral has done an assessment on major diseases of broad beans in farmer’s field conditions and 
research station at Kathmandu Valley. Major diseases prevalent were chocolate leaf spot, rust, and 

early blight. Disease infestation level varied from place to place. Most of the farmers were 
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cultivating broad bean in technically unacceptable manner, without performing proper field 

sanitation, land preparation, manuring, weeding and hoeing; and some of them even grew it for 

utilization of fallow land. Every year following the same cropping pattern of Rice-Broad bean had 

contributed in increased inoculums density yearly, resulting inn high severity of rust in some field. 

  

K. Aryal et al. studied about the adoption of goat production technology and its impact among 

rural farmers of Nawalparasi district of Nepal. They have reported that the impact of adoption of 

scientific goat production technology was significantly higher. After the adoption of innovation 

the kid’s mortality has dropped. The study has revealed that modern goat production technology 
had brought effective change in rural livelihoods. 

 

Barley (Hordeum vulgare L.) is one of the important neglected and underutilized species (NUS) 

cereal crops in Nepal. Abiotic constraints mainly unpredictable climatic variations provoke disease 

and pests attack on the crop leading to decreased productivity of this crop. In this pretext, S. B. 

Gurung et al. evaluated barley germplasms for stripe rust (Puccinia striformis Westend. f.sp. 

hordei) resistance in the mid hill condition of Nepal. The study revealed that two rowed barley 

germplasms were comparatively more resistant to stripe rust than six rowed barley. Under disease 

progress curve 84 germplasms were found to be resistant to yellow rust suitable to use in future 

breeding program. 

 

P. Poudyal has done a study on climate change impacts on the livelihood resources of the Chepang 
community in western Nepal. Across the studied ecological zones the author found that 

temperature was increasing at alarming rate, with erratic rainfalls and in winter rainfall was 

decreasing. Erratic rainfall and increased temperature had shown increased insect pests and 

disease in crop plants thereby reducing the yield.  

 

Shahi et al. have done an evaluation of variability and genetic parameters for yield and yield-

attributing traits in spring wheat (Triticum aestivum L.) in Nepal. They found significant genetic 

variations in the genotypes for all the traits under study. They have reported that the selection of 

genotypes with higher value for flag leaf area, grain filling duration, thousand grain weight, and 

biomass and harvest index could be taken as essential steps for improvement of grain yield. By 

formulating selection index and simultaneous incorporation of these traits in future breeding 
programs could be important step towards obtaining high yielding wheat genotypes. 

 

S. Regmi et al. conducted a study about the adoption of climate smart agricultural technologies by 

farmers to encounter potential effects of climate change on rice production; and they have 

documented the climatic knowledge of farmers in Banke district. Their results showed that farmers 

following agriculture management information system (AMIS) owned significantly larger 

agricultural land; were less dependent on rain for irrigation; and were using farm machinery for 

land. The authors suggest that AIMS needs to be strengthened; and should be in reach of every 

farmer to increase the rice grain as well as other crops’ productivity.  

 

Floriculture industry and consumers acceptance of cut flowers and their habit to use other floral 

materials in household and corporate settings is relatively new in Nepal which imports 90% of 
flowers from abroad. J. Dahal et al. studied the situation of carnation cut flower production and 

marketing in Nepal. The present study covers the status, strength, weakness, opportunity and 



Nepalese Journal of Agricultural Sciences, 2018, vol. 17 
ISSN 2091- 042X; e ISSN 2091- 0428 

 
 

 9 

threats of carnation farming with few suggestions for the way forward in Nepalese context. They 

put forward the better agro-climatic situation, cheap labour market, export opportunity as the 

strengths of the business whereas lack of infrastructure, highly fluctuating market, the problem in 

quality planting materials and storage facilities as the major weakness of carnation farming.  

 

Lentil is the major winter pulse crop grown in Nepal being cultivated in almost all parts of the 

country, except in the high hills. The authors have tried to address the issue of weed management 

in lentil (Lens culinaris) under mid hills condition of Khumaltar, Nepal. The study has revealed 

that weed management in lentil could be effective by the application of pre-emergence herbicide 
followed by one hand weeding. 

 

K.K. Pant and S. D Joshi studied on in-vitro somatic embryogenesis and organogenesis from the 

node induced calli of rauvolfia. The authors observed somatic embryogenesis from the calli 

obtained from nodes after 10 weeks of culture in MS medium supplemented with various 

concentrations of NAA and BAP; however they failed to produce plantlets. In another experiment 

with the same treatments they tried to induce roots in vitro for which they are collected from the 

wild and observed massive root and a few shoot differentiations from the similar calli which 

ultimately were able to produce a complete plantlet.  

 

Barsila et al. studied on the herbage mass productivity and chemical composition of the riverine 

grasslands of three riverine grasslands in the Magui Khola of Madi Valley, Chitwan. The major 
dominated herbage species- Imperata cylindrica was dense in open patches of the forested areas 

whereas Saccharum spontaneum and Saccharum benghalense were dense in national park site 

where the open grassland existed. The study suggests for detailed study on herbage mass 

production based on total herbage harvest days. 

 

S. Thapa and L. Amgain have concluded that the time and need-based nutrient application could 

enhance the proper growth and development of rice plants that lead to the higher nutrient uptake 

and ultimately higher yield output in SSNM based treatments. 

 

A Pudasainee et al. have studied various governing factors on rice import and export. The study 

has revealed that population and import of rice in Nepal are found strongly and positively related 
with each other. Similarly, the urbanization, labor out-migration, internal migration and import of 

rice in Nepal have been found significantly correlated positively with each. Due to increasing 

population, urbanization, internal migration, migration of people to other countries for labor, 

change in food habit, excessive rice intake than recommended, preference of fine aromatic rice by 

consumers, the comparatively cheaper price of Indian rice and post-harvest utilization and 

modifications of rice, rice imports have been increasing.  

 

Based on a study on migration and remittances K.P. Thapaliya and D. Devkota have reported that 

majority of the Brahmin/Chhetri households have both remittance and farming as the major 

sources of household income followed by remittance only. Average annual remittance earning was 

ranging from 350 thousand to 450 thousands per household per year. Majority of the respondents 

had used remit for repay loan, expense for education, and to purchase land. 

 

Besides original articles, one case study and four review articles are also included in this volume. 
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Examination of biomaterial samples obtained from coffee and 

tangerine plants at Nepal’s plantations affected by 

phytopathogens and determination of the efficiency of their 

suppression by the biofungicide  
 

1
Т.А. Nugmanova, 

1
A.N.Каlachnikova, 

1
М.V. Каbargina and 

 
2
D. D.Ulak

 

1-LTD BIOIN-NOVO, Moscow, Russia 

2. Eco-Friendly Agro-Organic Concept Pvt.Ltd, Palungtaar Municipality 9, Duwakot, Gorkha 

Moscow,bioin@yandex.ru 

 

ABSTRACT 
Infestation of plants with phytopathogenic infections brings great harm to 

agriculture. This is a global problem. Entire regions lose their business of 
growing coffee, date palms, various fruits and vegetables, as well as grain 

crops, fruit trees, shrubs and flowers. These phenomena are especially 

manifested in places where chemical pesticides, insecticides and herbicides are 

used in large amounts; where soils are depleted and where there is a lack of 

moisture. The weakened plants are susceptible to various diseases due to 

reduced immunity. This work examines biomaterial samples from infected coffee 

and tangerine plants taken from Nepal's plantations. Examination was 

conducted in the BIOIN-NOVO LTD laboratory. The isolated pathogens were 

purified, their biomass was built up, and molecular genetic examination was 

performed, the genus and species of the phytopathogens were determined. A 

collection of biofungicides based on the fungi of Trichoderma genus available at 

the company was screened, revealing the possibility of efficient suppression of 
phytopathogens by various strains. An experimental sample of a complex 

biopreparation was obtained from the most active strains using biotechnology 

techniques in order to test its efficiency under the conditions of these plants’ 

plantations. 

 

Key words: Biopreparations, phytopathogen, plants, plant protection, rot 

 

INTRODUCTION 
 

Contamination of plants with phytopathogenic infections causes damage to agriculture in different 

countries, amounting to billions of dollars of lost crop. Losses can amount to more than 25%. 

Harvest laid for long-term storage becomes unusable due to rotting caused by phytopathogenic 

fungi. Pathogens are also a danger to human and animal health. Commercial risk and losses are 

borne by companies - producers of vegetables, fruits, nuts and coffee. For countries with a cold 

climate and harsh winter, the maximum loss accounts for the winter storage of the crop. For 

countries with warm and humid climates, damage is observed during the period of plant 

cultivation and transportation of crops to consumers over long distances. The main reason for 
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these phenomena is that farmers do not carry out biological protection of plants in the process of 

their cultivation, or during the processing of seed and soil before planting. In addition to direct 

crop losses, it is very important to note the loss of product quality and its safety for health. Thus, 

in fruits affected by phytopathogenic fungi, mycotoxins accumulate: zearalenone and its 

derivatives, aflatoxins: B1, B2, G1, ochratoxin and patulin. For many years, the company LTD 

BIOIN-NOVO engaged in the development and production of various biological products to 

combat plant diseases, insect pests and biological agents that increase the immunity of plants and 

biofertilizers. All biopreparations are developed on the basis of use of microorganisms, of which 

there are extensive collections available from the company. 
 

MATERIALS AND METHODS 
 

Selection of objects 

During the period from February to September 2018, studies of tangerine and coffee pathogens 

from Nepal were carried out at the coffee plantation Eco Friendly Agro Organic Concept Pvt. Ltd, 

Palungtaar Municipality 9, Dhuwakot, Gorkha District of Province 4, Nepal; and the tangerine 
plantation at Gorkha distinct, Sahid Lakhanthapa village, Ghairung. One phytopathogen was 

isolated from the object obtained from coffee, and three pathogenic fungi isolated from the 

tangerines. A collection of fungi of the Trichoderma genus from 64 different strains was scanned 

in order to identify the most active options for fighting these infections. 

 

Nutrient medium and method of analysis 

To isolate the pathogens, agarized Czapek's nutrient medium of the following composition (g/l) 

was used: sucrose-30.0; NaNO3 -3.0; KH2PO4- 1.0; MgSO4 .7 H2 O; KCI-0.5; FeSO4. 7H2 O-0.01; 

agar-agar-15.0. The objects were grown at T=24–26°C for five to seven days in a germinator. 

Microscopic examination of the cultures was carried out with a Micromed microscope at 10x40 

magnifications using a squashed drop method and at 10x90 with immersion. To obtain biomass for 

molecular genetic expertise, the producers were grown for two to three days.  
 

DNA was isolated, and sequence analysis was performed. The method of molecular identification 

was based on Sanger sequencing of ITS1/2 fragment of a ribosomal genes cluster. Regions ITS1 

and ITS2 flanking the 5.8S rDNA gene show significant nucleotide divergence at the cross-species 

level. Comparison of the sequences obtained with databases (NCBI, ExTaxon, etc.) makes it 

possible to determine the species of a sample with high probability, so the method is 

acknowledged as the "gold standard" in identifying the species of fungi. The biological activity 

was determined using the method of "counter seeding," the time of complete absorption, growth 

rate and spore production were analyzed. 

 

The prototypes of liquid biofungicide were accumulated using the most active strains identified in 
the process of analyzing the results of counter seeding. Each strain was cultivated separately using 

complex culture media containing three different hydrolyzates of protein raw materials. The 

cultivation time amounted to two days at T=24-26°C. The state of the biomass and the formation 

of chlamydospores were monitored by the results of microscopic examination. After 48 hours, the 

cultivation process was completed, and the components of the commercial form were added to the 

culture liquid: a stabilizer, a wetting agent, an adhesive, and a thickener. 
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RESULTS AND DISCUSSION 
 

The samples of phytopathogens were subjected to both visual and microbiological analysis. 

Seeding samples on selective culture media made it possible to detect infection with pathogenic 

fungi of tangerine and coffee plants. Phytopathogens were identified and then purified, as seen in 
Figures 1-4. From There were three major pathogens identified from the tangerine and one 

pathogen from the coffee. 

 

As a result of molecular genetic analysis, it was found that the tangerine was affected by 

Aspergillus niger and Fusarium solani, widely known plant pathogens, and the coffee was 

affected by Cunninghamella echinulata mucoral fungus. This is Error! Bookmark not defined. 

of mucosal zygomycete fungi, the most well-known species of the Cunninghamella genus. It is the 

heterothallic (diclinous) species. Colonies bred on potato-dextrose agar are whitish, becoming 

yellowish and smoky-gray as they mature. Aseptated sporangiophores (often referred to as 

conidiophores, since they carry monosporous sporangiola) appeared and were 16-22 µm thick, 

corymbiform or dichotomously branched, with each branch ending in a wide claviform or almost 
spherical knob up to 50 µm in diameter (lateral - up to 30 µm). Sporangiola, spherical or nearly 

spherical, are formed on very short sterigmoid shoots on these knobs, aculeolate (occasionally 

smooth), and 10-14 µm in diameter. Table 1 shows the results of molecular genetic analysis of 

coffee and tangerine pathogens. Chlamydospores are formed in the substrate mycelium; they are 

rare and have various shapes. 

 

Таble 1: Results of molecular genetic analysis of coffee and tangerine pathogens. 
№ sample's Sequence Species affiliation 

№ 2 
 - isolated 
from 

Mandarin 

GTCACCTGGAAAGAATGGTTGGAAAACGTCGGCAGGC
GCCGGCCAATCCTACAGAGCATGTGA 
CAAAKCCCCATACGCTCGAGGATCGGACGCGGTGCCG

CCGCTGCCTTTCGGGCCCGTCCCCCCG 
GAGAGGGGGACGGCGACCCAACACACAAGCCGGGCTT
GAGGGCAGCAATGACGCTCGGACAG 
GCATGCCCCCCGGAATACCAGGGGGCGCAATGTGCGTT
CAAAGACTCGATGATTCACTGAATTC 
TGCAATTCACATTAGTTATCGCATTTCGCTGCGTTCTTC
ATCGATGCCGGAACCAAGAGATCCAT 
TGTTGAAAGTTTTAACTGATTGCATTCAATCAACTCAG
ACTGCACGCTTTCARACAGTGTTCGTG 

TTGGGGTCTCCGGCGG 

Aspergillus niger 

№3- 
Mandarin, 

TCTCCGTTGGTGTACCAGCGGAGGGATCATTACCGAGT
TATTCAACTCMTCAACCCTGTGAACT 
TACCTAAACGTTGCTTCGGCGGGAATAGACGGCCCCGT
GAAACGGGCCGCCCCCGCCAGAGGA 
CCSTTAACTCTGTTTCTATAATGTTTCTTCTGAGTAAAA
CAAGCAAATAAATTAAAACTTTCAWC 

AACGGATCTCTTGGCTCTGGCATCGATGAAGAACGCAG
CGAAATGCGATAAGTAATGTGAATTG 
CAGAATTCAGTGAATCATCGAATCTTTGAACGCACATT
GCGCCCGCCAGTATTCTGGCGGGCATG 
CCTGTTCGAGCGTCATTACAACCCTCAGGCCCCCGGGC

Fusarium solani 

https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D0%BA%D0%BE%D1%80%D0%BE%D0%B2%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D0%BA%D0%BE%D1%80%D0%BE%D0%B2%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%97%D0%B8%D0%B3%D0%BE%D0%BC%D0%B8%D1%86%D0%B5%D1%82%D1%8B
https://ru.wikipedia.org/w/index.php?title=%D0%9A%D1%83%D0%BD%D0%BD%D0%B8%D0%BD%D0%B3%D0%B0%D0%BC%D0%B5%D0%BB%D0%BB%D0%B0&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9A%D1%83%D0%BD%D0%BD%D0%B8%D0%BD%D0%B3%D0%B0%D0%BC%D0%B5%D0%BB%D0%BB%D0%B0&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%82%D0%B5%D1%80%D0%BE%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%82%D0%B5%D1%80%D0%BE%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%BF%D0%BE%D1%80%D0%B0%D0%BD%D0%B3%D0%B8%D0%BE%D1%84%D0%BE%D1%80%D1%8B&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%BE%D1%80%D0%B0%D0%BD%D0%B3%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%B0%D0%BC%D0%B8%D0%B4%D0%BE%D1%81%D0%BF%D0%BE%D1%80%D1%8B
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CTGGCGTTGGGGATCGGCGGAGCGCCC 
CTCGTGGGCACACGCCGTCCCCCAAATACAGTGGCGGT

CCCGCCGCAGCTTCCATCGCGTAGTAG 
CTAACACCTCGCGACTGGAGAGCGGCGCGGCCACGCC
GTAAACACCCAACTCTTCTGAAGTGAC 
CTCGAATCAGGTGAGGC 

№ 4- 
Mandarin 

CTCCGTTGGTGACCAGCGGAGGGatCATTACCGAGTTAT
TCAACTCaTCaaCCCTGTGAACTTACCT 
AAACGTTGCTTCGGCGGGAATAGACGGCCCCGTGAAA

CGGGCCGCCCCCGCCAGAGGACCCTTA 
ACTCTGTTTCTATAATGTTTCTTCTGAGTAAAACAAGCA
AATAAATTAAAACTTTCAACAACGGA 
TCTCTTGGCTCTGGCATCGATGAAGAACGCAGCGAAAT
GCGATAAGTAATGTGAATTGCAGAAT 
TCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
GCCAGTATTCTGGCGGGCATGCCTGTT 
CGAGCGTCATTACAACCCTCAGGCCCCCGGGCCTGGCG

TTGGGGATCGGCGGAGCGCCCCTCGT 
GGGCACACGCCGTCCCCCAAATACAGTGGCGGTCCCGC
CGCAGCTTCCATCGCGTAGTAGCTAA 
CACCTCGCGACTGGAGAGCGGCGCGGCCACGCCGTAA
AACACCCAACTCTTCTGAAGTTGACCT 
CGAATCAGGTAGGAATACCCGCTGAACTTAAGCATATC 

Fusarium solani 

№ 5- - 
isolated 

from coffee  

GTGTACCTGCGGAGGWCATTAACTATTTGTGGGGGAA
GTATTCTATTCGAATCTTTCACCATTAA 

TTCATCCATAATGTGGGTCAAACCACATGCGCAATGTT
TTTTTTAAAGGGTTAACTTTCGGGTTAC 
TACTCTTTATTTATTATAATATGGCCTAAAAAACCATAT
TATTAATTTTTTTATACTAAATTTACT 
AATAAACGATTGACCATAATTTATGGTTGTTTTAAAAA
TATATTAATTTATATAAAAACAACTTT 
CAGCAATGGATCTCTCGGCTTTCGTATCGATGAAGAAC
GCAGCAAATCGCGATATTTAATGTGAT 

CTGCCTATAGTGAATCATCAAATCTTTGAACGCATCTT
GCACCCTATGGTATTCCGTAGGGTACAT 
CTGTTTCAGTACCATTCAAACATCTCCCTCAATCCTTTT
TTTTTTTTTAAAAAAGA 

Cunninghamella 
echinulata 

 

Zygospores are 30-80 µm in diameter, spherical or somewhat flattened and warted. Suspensors are 

usually almost equal, 20-25 µm long and 10-20 µm in diameter, smooth, and uncolored. 

 

The results of the analysis of phytopathogenic activity of NIKFAN, F biopreparation using the 

method of counter seeding against these pathogens are presented in Figures 5 and 6. Within five 

days, the biofungicide occupies almost the entire surface of the cup, absorbing the pathogen 
completely. 

 

 

https://ru.wikipedia.org/w/index.php?title=%D0%97%D0%B8%D0%B3%D0%BE%D1%81%D0%BF%D0%BE%D1%80%D1%8B&action=edit&redlink=1
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Figure 1. Infected leaves of coffee                                             Figure 2. Pathogen extracted from coffee 
                               

                                 
Figure 3. Pathogen extracted from tangerine    Figure 4. Effect of fungicide against pathogen in coffee      

                         

                     
Figure 5. Effect of fungicide against pathogen in tangerine 
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.                             

Biological activity of the samples of NIKFAN, F biopreparation was studied. The biopreparation 

contained a complex of Trichoderma asperellum genus fungi, strains No. 16, 20, 27, 32, and 47. 

The biopreparation showed high biological efficiency in suppressing infection. Specifically, 

complete absorption of the pathogen culture took five days.  

 

CONCLUSION 
 

As a result of the study performed, pathogens of two plant species were analyzed: coffee and 

tangerines. Sources of diseases of fungal nature were identified. Molecular genetic examination of 

the pathogens was carried out, as a result of which the species and genera of these infections were 

determined. A collection of biofungicide available at the company was screened and the most 

efficient producers were identified. An experimental composition of a complex biofungicide was 

developed that efficiently inhibits the growth and progression of infection on coffee and tangerine 

plants. Experimental samples of biofungicide were accumulated. As a result of this work, we may 

recommend testing experimental samples of NIKFAN, F biofungicide under natural growth 

conditions for coffee and tangerine plants on plantations in order to determine its biological and 

commercial efficiency. 
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ABSTRACT 
An assessment on socio-economic and technological changes in Lampakha eco-

village was done in Dhakadam-04 Salyan District during February 15 to May 

30, 2016 by using research tools such as: questionnaires, focus group 

discussion and direct observation. A total of 51 households (HH) in the eco-

village were selected for this study. Findings revealed that 81% of respondents 

were literate, with 45% of respondents having literacy education; 14% and 16% 
having primary and secondary level education, respectively. Only 2% of 

respondents had higher secondary and 4% of respondents had university-level 

education. After the eco-village programme, there have been significant changes 

in the social, economic and technological aspects of the area. A majority of 

respondents were also aware of the negative impact of chemical pesticides. 

Accordingly, about three-quarters of the respondents used botanical pesticides, 

whereas almost all respondents used organic manure like Farm Yard Manure in 

the field. Likewise, about half of the respondents follow integrated pest 

management practices. The findings also revealed that about one-third of the 

HHs are now self-sufficient with food for one to three months, compared to 

about four-fifths of HHs that have food sufficiency for three to six months. It was 

also revealed that about half of the HHs had mildly unsecure food stores; one-
fifth had moderately unsecure stores and about one-tenth had severely unsecure 

food stores. Such positive changes in the status of food security were credited to 

the implementation of the eco-village concept. 

 

Key words: Eco-village, bio-intensive farming system, food security, climate 

change 

 

INTRODUCTION 
 

Eco-village is a concept of rural human settlement, with all members committed to sustainably 

managing locally available natural resources. This is done by following an integrated 

comprehensive human-right based approach to meet their social, spiritual, psychological, physical 

(including technological) and economic needs without jeopardizing the status of natural 

ecosystems, available natural resources, climate and people’s health (Rajbhandari, 2012). It is one 

of the approaches that enable people to improve the livelihoods and situation of marginalized rural 

communities in a sustainable way. The livelihood of the majority of rural people in Nepal is based 

on agriculture or forest. The concept and approach of bio-intensive (sustainable intensive) farming 
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systems is based on a holistic system of the sustainable management of natural resources in a 

given agro-ecosystem, with a specific cultural and knowledge base promoting the livelihood of 

people (Rajbhandari and Gautam, 1998). Eco-village members are united by shared ecological, 

socio-economic, cultural and spiritual values. An eco-village is often composed of people who 

have chosen an alternative to centralized electrical, water, and sewage systems. Indeed, the 

concept of the eco-village has emerged in the response to natural ecosystem deterioration and 

climate change. It is regarded as one kind of the border concept of intentional communities, where 

people live that together in communities have common beliefs and intentions (Rajbhandari, 2013).  

 

MATERIALS AND METHODS 
 

This study was conducted at Lampakha eco-village in Salyan district. Lampakha eco-village is 

situated in ward 04 of Dhakadam. It is located 50 km north from the administrative center of 

Khalanga Bazaar, Salyan. Lampakaha is a village with the majority of members being from the 

Khadka community. This study was conducted from  February 15 to May 30, 2016. A total of 51 

households from the eco-village were randomely selected for this study. The primary data was 
collected through questionnaires, focus group discussions (FGD), informal interviews and meeting 

with different respondents. Secondary information was collected by reviewing available 

literatures. The collected data were analyzed using SPSS. The household food insecurity access 

scale (HIFAS) was computed using the methods as suggested by Coates et al. (2007). Definitions 

used by them were as follows:  

 Mildly food insecure: Those households that worry about not having enough food, and/or are 

unable to eat preferred food rarely, and/or eat a monotonous diet or eat less-preferred foods 

rarely.  

 Moderately food insecure: Those households that sometimes, or often, eat monotonous 

diets, and/or eat less-preferred foods and/or rarely or sometimes cut back the size of meals per 

day, but does not experience any of the three most severe conditions.  

 Severely food insecure: Those households that often cut back the meal size and number of 
meals per day, and/or experience (even rarely) any of the above severe cases are considered as 

severely food insecure. 

 

RESULTS AND DISCUSSION 
 

Economic status 
 

Migration of youth for foreign employment  
Migration of youth from villages to foreign countries has become a serious problem in agricultural sector. 
Migration of youth for foreign employment from the ecovillage was found substantially decreased as an 

impact of the eco-village program (Table 1). It indicates that the holistic eco-village program may create job 
/self-employment opportunities at the village itself and reduce out migration. 

 

House type  

Before implementation of the eco-village program, about three-fifths of the selected HHs had 

stone-roofed houses, whereas after the eco-village program implementation, they all had converted 
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to the tin-roofed house (Table 2). Tin-roofed houses are taken as an indicator of economic 

prosperity in the villages of Nepal. 
 

Table 1: Change in migration for foreign employment before and after eco-village (%) 

Country Before Eco-village After Eco-village 

India 45 20 

Malaysia 1 2 

Total 46 22 

 

Table 2: Frequency and percentage of respondents showing change in house type 

House Type Before Eco-village After Eco-village 

Tin roofed house 11 (22) 30 (59) 

Stone roof 30 (59) 20 (39) 

Thatched roof 10 (20) 1 (2) 

Total 51 (100) 51 (100) 

Note: Figures in parenthesis are percentage 

 

Land holding size and type of farmland 

The maximum land holding size of the household as revealed from the study findings ranged from 

one to five Ropanies of land. Among 51 respondents, 26 (51%) respondents had irrigated lowland 

(khet). In khet land farmers depended on kulo (irrigation channel). But upland (bari) lacked 

irrigation facilities and farming was based completely on rainfall (Table 3). Obviously, rain-fed 
farming had to face the challenges posed by climate change (insufficient rainfall, drought, 

hailstones, heavy rainfall, etc). Findings of the study revealed that most of the households had a 

small size of agricultural land, i.e. below one hectare, and only 51% of the households had 

irrigated khet land. Only two households owned more than one hectare of land, but it was bari 

land, where only maize was grown under rain fed condition.  

 

Table 3: Frequency and percent revealing land holding size and type of farmland 

In Ropani* Khet (low land) Bari (Upland)  

Irrigated Unirrigated Irrigated Unirrigated 

up to 15 26 (51) _ _ 49(96) 

16-30 0 _ _ 1 (2) 

>30 0 _ _ 1 (2) 

Total 26 (51) _ _  51 (100) 

Note: Figures in parenthesis are percentage 

*1 Hectare = 20 Ropani 

 

Status of livestock and poultry 

Livestock and poultry are the integral parts of bio-intensive farming system (BIFS), or sustainable 

intensive farming (SIF) in Nepalese hills. The major outputs, such as meat, milk and eggs were the  

key sources of protein. In addition, these outputs were sold for cash income; and the livestock 

wastes and poultry litters were essential materials for compost making; which was used for 

improving soil fertility. In the study area, poultry was the dominant species followed by goat and 

buffalo (Figure 1).  
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Cereal production 

Cereal production status in the study site has been presented in Figure 2. In study area, maize was 

the dominant cereal crop, followed by rice and wheat. It should be noted that a rice-based cropping 

system was prevalent in irrigated khet land, whereas maize-based cropping system was practiced 

in the rain-fed bari land. Finger millet was relayed with maize. Wheat was grown in irrigated land, 

while barley was grown in marginal land under rain-fed conditions. There is potentiality of 

integrating neglected and underutilized species (NUS) like buckwheat in the existing cropping 

system in order to increase annual crop production per unit area and address nutrition and soil 

health. 
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Figure 1: Status of livestock and poultry in the ecovillage 
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Figure 2: Total productions of cereals in Quintal in the ecovillage 

 

Ginger production 

Ginger is the major cash crop in Salyan District. Detail of total production and use of ginger has 

been presented in Figure 3. The market price of ginger in this area ranged from Rs 20-40 perkg 

during the study period. Total annual production of ginger in the eco-village was reported to be 

221 quintal; and 75% (165 quintal) of the total ginger production was sold, while the rest was 

consumed at the household level. There is a good potential of value additioin to ginger (processing 

and marketing) for higher household income. Local farmer’s cooperative may be strengthened for 
this enterprise. 

 

Technological changes 
 

Pest management 

The status of pest management at the study site has been presented in Table 4. Accordingly, before 

the eco-village concept was implemented, about one-third (31%) of the respondents used chemical 
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pesticides, 10% of respondents used cattle urine; wood ash etc. and 59% of respondents did not 

use any kind of pesticides in crop field. After eco-village initiative was implemented, about three-

quarters (74%) of respondents used home made botanical pesticides, mainly due to training 

provided by the NGO (WOREC & HICAST) to prepare botanical pesticides (gitimal) and 

increased awareness about the negative impacts of chemical pesticides to health, environment, 

soil, and water. 

 

Total production 
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Figure 3: Total production of ginger in quintal 

 

Likewise, before the implementation of the eco-village, farmers of the study area were unaware 

about integrated pest management (IPM) and farmer’s field school (FFS). However, after 

implementation of the eco-village program, WOREC hadconductedFFS on IPM and provided 

relevant training.Thus, about half of the respondents were found using the IPM knowledge from 
FFS. It is an very important achievement. 

 

Table 4: Frequency and percentage of respondents using various pesticides  

before and after eco-village initiative 

Chemical 16 (31) 2 (4) 

Botanical pesticide 5 (10) 38 (74) 

Both 0 3 (6) 

None 35 (69) 8 (16) 

Total 51 (100) 51(100) 

Note: Figures in parentheses are percentages 

 

Plant nutrient management 

The status of the use of fertilizer has been presented in Figure 4. The study revealed that before the 

implementation of the eco-village programme, about two-fifths (41%) of the households used 

chemical fertilizers such as (Urea, Douple ammonium phosphate (DAP), and Murate of potash 

(MoP), while 98 percentof respondents used improved farm yard manure (FYM) in land. But after 

the eco-village program, about three-quarters (69%) of the households used compost; and the use 
of chemical fertilizers was reduced to less than 5 percent. It is largely due to awareness about the 

negative impacts of chemical fertilizer on health and the environment. This should be taken as a 

good achievement.  
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Food ssufficiency and insecurity status  
 

Food sufficiency from own farm production 

In this study, food self-sufficiency from own farm production was categorized into: 1) zero to 

three months; 2) three to six months; 3) six to nine months, 4) nine to 12 months; and 5) >12 
months. The study findings revealed that about one-third (31%) of households had food sufficient 

for one to three months, about two-fifths (41%) of households had food sufficient for three to six 

months and about one-tenth (12%) of households had food sufficient for six to nine months 

(Figure 5). 

  

 
Figure 4: Percentage distribution of respondents by the type of plant nutrient management 

 
 
 

 
 
 
 
 
 
 
 
 

Figure 5: Food sufficiency from own farm production 

 
The production of food crops was decreasing, possibly due to the impact of climate change, i.e. 

less rainfall or lack of rain fall and high temperatures and drought during summer season. Lack of 

irrigation facilities in the upland regions and out migration of youth for income generation were 

the factors that could have rendered a negative impact on the required household labor and 

decision on crop production-related issues. 

 

Household’s food insecurity status 

The study revealed various food insecurity status among households, as presented in Figure 6. The 

study findings revealed that about half (52%) of households were mildly food insecure, while 24% 

and 12% of households were moderately and severely food insecure, respectively. 
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Figure 6: Household food insecurity status after eco-village program 

 

Respondents’ perception about climate change 

Most of the respondents in the study area perceived the change in rainfall patterns (34%) and the 

change in temperature (15%) as presented in Figure 7. Similarly, the drying of water resources and 

increasing disease and pest infestation was reported by most of the respondents. During focus 

group discussions and interviews with key informants, it was learned that in the past, there was a 

timely rainfall; and the crop production was good enough, but now, there is untimely rainfall and 

crop production has decreased. About one-fifth of the respondents in the study area felt that the 

planting time has been preponed by about 15-20 days to adjust with the change in rainfall pattern. 

However, planting time in the case of the rainy season crop has shifted later due to delayed 

monsoons. According to experience of respondents, 30 years ago there was enough water in Khali 
Khola and Tribeni Khola, but now the volume of water has been decreasing each year. 
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Figure 7: Percentage of respondents’ perception about climate change 

 

CONCLUSION 
Eco-village is one of the approaches, which can enable people to improve their livelihood, 

especially for those living in marginalized and rural communities. This system allows people to 

farm in a sustainable way without harming environment, ecosystem or biodiversity of the area. 

The eco-village approach includes promotion of the bio-intensive farming system and sustainable 
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agriculture. The major changes of the eco-village in the study area included awareness and 

engagement of the people on management of sanitation and hygiene, construction of toilets,  use 

of botanical pesticides, use of compost, involvement in IPM farmers field school and adopting 

bio-intensive farming systems. Besides these, formation and involvement in groups, access to 

health services, access to education, women’s mobility and the role of women in decision making 

was found to be improving, which is encouraging. Based on the study findings, it can be 

concluded that after the implementation of the eco-village approach, there were positive changes 

on social, economic and technological aspects and nearly nine-tenths (86%) of eco-village 

indicators were achieved.  
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ABSTRACT 
This study was carried out to analyze the economic analysis of tomato farming 

under different production systems in the Dhading District of Nepal. A pre-

tested questionnaire was used to survey 77 randomly selected respondents from 

different level of actors of the tomato value chain during November to December 

2016. Findings revealed that the average cost of tomato production under off-

season poly-house was NRs 21.73/kg, whereas cost of production during off-

season open field condition was NRs 15.52/kg. This is compared to NRs 9.76/kg 
during main season open field condition. The productivity was highest among 

the main season open field condition and lowest during off-season poly-house. 

The benefit-cost ratio was 1.9 for off-season open field production system, 

whereas it was 1.84 for other two systems. Marketing efficiency was 0.87, 0.60 

and 0.28 for off-season poly-house, off-season open field, and main season open 

field cultivation, respectively. Lack of appropriate transportation facilities was 

reported as the major marketing constraint faced by the farmers. 

 

Key words: Profitability, B: C ratio, marketing margin, marketing efficiency 

 

INTRODUCTION 
Vegetables are considered a high-value crop and have received high priority in most of the 

development interventions in Nepal (PACT, 2014) to exploit its potential for poverty reduction 

and import substitution (NMDP, 2015), along with generating household income and supporting 

livelihoods. Almost 70% of the farming households in Nepal grow vegetables, but only 18% grow 

for market purposes and only about 5% consider vegetable farming as an enterprise and a major 

source of income (CBS, 2011). Tomatoes are one of the major commodities of Nepal, second only 

to cauliflower in terms of total cultivated area in the vegetable sector (CBS, 2011). Though 
tomatoes are a day-neutral crop, its production increases in the warm season. Therefore, its 

production season differs as per the specific location and agro-climatic condition. A required 

temparture regime exists at different times of the year in different agro-climatic regions of Nepal 

(PACT, 2014). There are three specific production systems generally adopted by tomato 

cultivators in Dhading District. Tomatoes cultivated during Jeshta – Shrawan (May – July ) is 

considered as the off-season (poly-house) system and during Asar – Bhadra (June – August) in the 

highland  under open field condition is considered as the off-season (open field) production 

system. Tomatoes grown in the open field during Shrawan – Magh (August – February) is 

considered as the main season open field system. 
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Figure 1. The Average wholesale price of tomato in Kalimati market (April 14, 2015- 

April 12, 2016). 
                                    Source: KFVMDB, 2016 

 

The 20-year (2015-2035) Agriculture Development Strategy (ADS) has envisioned value chain 
development framework as a major vehicle for sustainable growth in agriculture, which is being 

increasingly adopted by different organizations (Adhikari, 2012; ABPMDD, 2016). Vegetable 

value chain development and off-season production are  prioritized interventions by ADS, 

National Agriculture Policy, Agribusiness Policy and several projects and programs. Different 

studies on off-season vegetable production have revealed the greater benefit over the normal 

seasonal production (ABPMDD, 2016; NARC, 2016), but there is not enough evidence to describe 

the economics of these three different production systems. Therefore, this study was aimed to 

assess the profitability of different production systems and draw recommendations for better 

produce. 

 

MATERIALS AND METHODS 
 

This study was conducted in six villages of Dhading District, namely Naubise, Gajuri, Salang, 

Dhusa, Benighat, and Jeevanpur. They represent different agro-climate zones within the district, 

comprising of the valley, tars (flat land) to middle hills and high hills. These villages were 

purposely selected due to their fame on commercial vegetable production, including tomatoes. 

 

A total of 52 producers, 10 collectors, five wholesalers and 10 retailers were interviewed using the 
pre-tested questionnaire. Respondents were selected using purposive random sampling technique. 

Producers were questioned with the use of a full set of questionnaires, while other market actors 

(collectors, wholesalers and retailers) were asked with only questions related to price, and market 

constraints. Relevant secondary information was obtained through review of published literature 

and reports from different organizations. Collected information was coded, tabulated and entered 

into computer software MS-Excel and SPSS v.16.  The cost of production of tomato cultivation 
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under different systems was calculated as per the standard cost concept as mentioned in Equation 

(i).  

 

  ………… (i) 

 

Here, fixed cost includes the cost of irrigation equipment, pipes, crates, sprayers, depreciation of 

tunnel and interest on the loan. Similarly, variable cost included all running costs of production. 

 

The benefit-cost ratio was calculated by dividing the total return by total costfor different 

production system separately, as in Equation (ii). 
 

  ……………………(ii) 

 

Marketing efficiency is the ratio of the net price received by farmers to the sum of the marketing 

cost and the marketing margin. For each production system, marketing efficiency was estimated 

by using Equation (iii) adopted from Acharya and Agrawal (2001).  

 

……………………(iii) 

Where, 
ME = Marketing efficiency 

NPF = Net price received by the farmer 

∑MC = Sum of marketing cost 

∑MM = Sum of marketing margin of the intermediaries  

 

For assessing the marketing constraints, respondents were asked to tick different options as per 

their perception. Frequency and percentage were calculated as per their response. 

 

RESULTS AND DISCUSSION 
 

Demographic Characteristics of respondents  

Out of the total respondents, 80% were male. Average land holding size across the study site was 

7.45 Ropani/ household with the allocation of 2.45 ropani for main season (open field) tomato 

production, 1.24 ropani for off-season (open field) and 0.56 ropani for the off-season (poly-house) 

production system in the current year. About half of the respondents (46.66%) had over 10 years 

of experience in tomato farming, whereas about a similar proportion of the respondents (45.01%) 

had five to 10 years of experience in tomato cultivation. About one-tenth of the respondents were 

had about five years of experience.  

 

Cost, revenue and profit 

The cost of cultivation comprised fixed cost and variable costs as presented in Table 1. The cost of 

cultivation was found to be highest for off-season (poly-house) at NRs30,425/ropani, followed by 

off-season (open field) at  NRs23,280/ropani and main season (open field) systems at NRs 

19520/ropani. Labor was a major contributing factor of production in all three production systems, 
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but off-season production in poly-house was the most labor-intensive with the highest cost 

contribution. The cost of production inputs was the same for two off-season production systems 

(NRs 8000/ropani), but was a bit lower in the main season open field production system (NRs 

7000/ropani).  

 

The fixed-cost incurred in tomato cultivation was higher in off-season production under poly-

house (NRs 8,125/ropani), while it was only NRs 880/ropani under open field conditions. The 

finding revealed the lowest marketing expenses for main season production at NRs 3600/ropani, 

whereas it was NRs 5200/ropani for the off-season in the poly house, and NRs 6000/ropani for the 
off-season in open field condition. The higher marketing cost was related to the higher 

transportation expenses during the rainy season. It was found that the collection center charges 

NRs 0.5 to NRs 2/kg of tomatoes depending on the season. Table 1 provides the detailed 

information of the cost and return. 

 
Table 1: Summary of the cost of cultivation, gross revenue, and profit (NRs/ropani) 

Particulars Off -Season 

(Poly-house) 

Off-Season 

(Open field) 

Main Season 

(Open field) 

A. Cost Stream     

A1. Fixed cost 

(depreciation of tunnel, irrigation equipment, 

pipes, crates, sprayers and interest on the 

loan) 

8,125 880 880 

A2. Labor (nursery to harvesting)  9,100 8,400 8,050 

A3. Production input 

(feeds, fertilizers, pesticides etc.)  

8,000 8,000 7,000 

A4. Marketing 

(transportation from farm gate to collection 

center and service charge) 

5,200 6,000 3,600 

A5. Total cost /ropani 30,425 23,280 19,530 

A6. Cost of production/kg.  21.73 15.52 9.76 

B. Revenue Stream     

B1. Average yield kg/ropani 1,400 1,500 2,000 

B2. Average farm gate price 40 30 18 

B3. Gross revenue NRs/ropani  56,000 45,000 36,000 

C. Net Profit/Ropani (B3-A5) 25,575 21,720 16,470 

Source: Field Survey (2016) 

 
The average productivity was highest in main season production in open field (2.0 t/ropani), 

whereas off-season production in the poly-house was only 1.4 t/ropani and 1.5 t/ropani in off-

season cultivation in open field conditions. The national average yield of tomatoes for the year 

2015/16 was 19.3 t/ ha (MOAD, 2017). However, the price of tomatoes was largely lower for 

production during the main season in open field conditions than off-season production. The higher 

price was fetched for tomatoes produced in the off-season under poly-house than in the off-season 
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in open field, mainly due to its quality attributes. Thus, the gross revenue and net profit were 

highest in off-season production in the poly house, followed by off-season in open field.  

 

Cost-benefit analysis 

The findings revealed varied B:C ratio from 1.84 to 1.93 but, showed tomato cultivation as a 

profitable enterprise in the study area. The B:C ratio of off-season (open field) was 1.93, while it 

was 1.84 for other production systems. That benefit-cost ratio for the poly-house and main season 

(open field) in the mid hills of Nepal was reported at 1.5 (NARC, 2016) whereas, findings from 

this study revealed the off-season tomato cultivation in open field conditions as more profitable 
than growing in the poly-house. This might be due to the lower cost of production in off-season 

open field. 

 
Table 2: Benefit-cost ratio based on the season of plantation 

Type of cultivation Cost (NRs/ropani) Return (NRs/ropani) B:C ratio 

Off-season (poly-house) 30,425 56,000 1.84 

Off-season (open field) 23,280 45,000 1.93 

Main season (open field) 19,530 36,000 1.84 
Source: Field survey (2016); 1 Hectare = 20 Ropani 

 

Marketing margin, price spread and marketing efficiency 

The tomato goes through various actors with little or no value addition activities from production 

to final consumption. The major value addition done prior to reaching the final consumer is 

limited, except for some works such as cleaning, grading and packaging in plastic crates. The total 

marketing cost incurred by all market intermediaries (farmers, traders, wholesaler, and retailers) 

was NRs 15.05/kg, NRs 15/kg and NRs 14/kg (see Table 2) for off-season poly house, off-season 

open field and main season cultivation systems, respectively.  

 
Table 3: Profit margin of value chain actors by the production system 

 Particulars Production System  Producer Collector Wholesaler Retailer 

Cost price 

(NRs/kg) 

Off-season (poly-house) 17.00 55.00 65.00 75.00 

Off-season (open field) 11.52 30.00 36.00 39.00 

Main season (open field) 7.77 18.00 25.00 28.00 

Marketing cost 

(NRs/kg) 

Off-season (poly-house) 4.00 3.00 3.10 4.95 

Off-season (open field) 4.00 3.00 1.50 4.45 

Main season (open field) 2.00 3.00 1.50 6.20 

Sales price 

(NRs/kg) 

Off-season (poly-house) 55.00 65.00 75.00 90.00 

Off-season (open field) 30.00 36.00 39.00 50.00 

Main season (open field) 18.00 25.00 28.00 45.00 

Profit margin 

(NRs/kg) 

Off-season (poly-house) 34.00 7.00 6.90 10.05 

Off-season (open field)) 14.48 3.00 1.50 6.55 

Main season (open field) 8.24 4.00 1.50 10.80 

Margin (%) 

Off-season (poly-house) 61.82 10.77 9.20 11.17 

Off-season (open field) 48.27 8.33 3.85 13.10 

Main season (open field) 45.75 16.00 5.36 24.00 
Source: Field survey (2016) 
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The major marketing margin was shared by the producer (45-60%), followed by the retailer, 

collector and wholesaler, respectively. This study finding revealed the highest price spread in off-

season tomato cultivation was in the poly-house condition (NRs 35) followed by main season 

cultivation (NRs 27) and off-season in open field condition (NRs 20) [see Table 4], whereas the 

producers' share was highest in off-season cultivation in poly-house (61.11%) followed by off-

season in open field (60%). The marketing efficiency was 0.87 for the off-season in poly-house 

followed by 0.60 for the off-season in open field, and 0.28 for main seasonal cultivation to tomato.  

 
Table 4: Price spread, producers share and marketing efficiency 

Production System Price Spread Producers Share (%) Marketing Efficiency  

Off-Season (poly-house) 35.00 61.11 0.87 

Off-Season (open field) 20.00 60.00 0.60 

Main season 27.00 40.00 0.28 

 

Marketing constraints 

Marketing is an important aspect as the production technology to obtain a good return. The 

prioritized list of marketing constraints as reported in this study has been presented in Table 5. 
Accordingly, the majority of farmers (65.4%) reported a lack of suitable transportation facilities as 

a major constraint, followed by a lack of market information (63.5%), lack of market facilities 

(48.1%) and the distance to the market center (34.6%). Poor transportation facilities were the 

major constraint for tomato marketing (Table 5). 

  
Table 5: Marketing constraints as reported by the tomato producers 

Marketing constraints for producers Frequency Percentage Rank 

Lack of suitable transportation facility to the market center 34 65.4 I 

Lack of market information (price and volume) 33 63.5 II 

Lack of market facilities at the market center 25 48.1 III 

Distant market center to sell  18 34.6 IV 

Low demand compared to production volume in main-

season  16 30.8 

V 

Limited choice of trading partners 14 26.9 VI 

Reliability of buyers/traders 5 9.6 VII 
Source: Field Survey (2016) 

 

CONCLUSION 
Tomato farming is one of the potential farm enterprises to generate household income for farmers 

in Dhading District. The positive B:C ratio as revealed from this study’s findings indicates the 
profitability of tomato farming irrespective of the production system. Although off-season (poly-

house) production is popular in Nepal, the findings revealed the higher benefit-cost ratio is for the 

off-season open field production system. The marketing efficiency was highest for the off-season 

(poly-house) and lowest for main season (open field) production. In spite of higher farm gate price 

for off-season production under poly-house, off-season tomato production in open field conditions 

was the most profitable production system from an economic point of view. The comparative cost 

analysis also revealed the appropriateness of this production system to scale-up, however, there is 
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a growing concern about the required technical assistance to the farmers during the production, as 

well as marketing processes. 
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ABSTRACT 
An experiment was conducted to assess the effect of different levels of nitrogen 

and phosphorus on gladiolus yield of cv. Jester in Ilam municipality-2 Fulgachi 

during April to September 2014. The experiment consisted of 12 treatment 

combinations, laid out in factorial randomized complete block design with three 

replications. Four levels of nitrogen (0 kg, 50 kg, 100 kg and 150 kg) were 

applied as the first factor and the three levels of phosphorous (0 kg, 50 kg and 
100 kg) formed were taken as second factor. Nitrogen and phosphorous 

significantly affected plant height, number of leaves per plant, spike length, days 

to first cutting, days to last cutting and yield (number of corm per plant) of 

gladiolus plant. The highest plant heights were 36.00 cm (45 DAT), 46.0 cm (60 

DAT) and 59.0 cm (75 DAT) was recorded for 150 kg N/ha application, whereas 

36.25 cm, 46.50 cm and 58.25 cm plant height was measured for 100 kg P/ha 

application at 45, 60 and 75 DAT. In addition, the highest number of leaves per 

plant were 3 (45 DAT), 6.66 (60 DAT) and 8.667 (75 DAT) and was counted at 

150 kg N/ha application, whereas 2.83, 6.333 and 7.583 leaves number per 

plant was counted on the phosphorous level of 100 kg/ha at 45, 60 and 75 DAT. 

The lowest plant height and number of leaves per plant was observed at 0 kg 

N/ha and 0 kg P/ha. Similarly, the highest flower spike length were 29.00 cm (75 
DAT), 56.33 cm (90 DAT) and 88.67 cm (105 DAT) and was measured at 150 kg 

N/ha application and 26.25 cm, 55.00 cm and 84.75 number of spike length was 

observed at 100 kg P/ha application at 75, 90 and 105 DAT. Moreover, days to 

first (130 days after planting) and final harvesting (142 days after planting) was 

the latest at 150 kg N/ha, while the earliest harvesting was found at 0 kg N/ha. 

In addition, the days to first (126 days after planting) and final harvesting (138 

days after planting) was the latest at 100 kg P/ha, and the earliest harvesting 

was found at 0 kg P/ha. The number and weight of the corms per plant and 

diameter of corm was highest i.e. 2.0, 28.43 g and 4.86 cm at 150 kg N/ha and 

1.90, 26.71 g and 4.5 cm at 100 kg P/ha.  

 
Key words: Nitrogen, phosphorous, gladiolus, yield, corm 
 

INTRODUCTION 
Gladiolus has been rated as one of the most popular flowers in the world, occupying fourth place 

after roses, chrysanthemums and carnations in international cut flower trade (Bose and Yadav, 

1989; Malla, 1998). There is an increasing demand for the spikes owing to its elegance, beauty 
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and long vase life. The availability of a wide range of colors varying from white to dark crimson 

with long spikes make gladiolus a dominating feature in cut flower industry (Kumar et al., 1999). 

 

Gladiolus is becoming one of the most important cut-flowers and is commercially cultivated for 

cut-flower trade. Cut-flowers are the most dominating features in modern floriculture. The year-

round and regular supply with quality is prime considerations of cut-flowers. Nepalese nurseries 

supply limited number of cut-flowers and cut-foliage on a seasonal basis. The flori-products 

produced in Nepal can meet only 40% of the domestic demand and the remaining 60% of the 

demand is being met by the supplies from India (FAN, 2015; Regmi, 2000). 
 

Floriculture can be a promising enterprise in Nepal, especially in hilly and inner plane areas. 

Flowers are high-value crops, which give higher income per unit of the growing area than other 

horticultural crops. In spite of a wide range of agro-climatic conditions and several micro-climate 

pocket areas suitable for a number of diverse flowers and ornamental plants, a systematic and 

serious attempt has not been made either by growers or entrepreneurs to develop flori-business to 

its true potential due to lack of market and specialized production techniques. The flower business 

has been limited to vendor sale until 1991/1992 in Nepal (FAN, 2015).  

 

Different gladiolus cultivars have varying responses to different nutrients in terms of yield and 

quality they produce. Application of recommended doses of fertilizer has proved effective and 

plays an important role in promoting cut flower and corm production. Soil and climate of a 
particular region are important factors affecting the nutritional requirement of gladiolus. It also 

depends on cultivar, size and chemical composition of corms or cormels. Cormels and smaller 

corms require more fertilizer than larger corms mainly due to their stored reserve and partly to 

greater feeding ability of the extensive root system produced by large corms (Woltz et al., 1978).  

The application of N, P and K at 60, 50 and 60 kg/ha respectively was found to be optimum for 

cormel formation in cv. Spic and Span. The best results were obtained with 7.5 kg ammonium 

sulphate, 10 kg super-phosphate and 10 kg murate of potash per 100m2 (Mishra, 1999). Increasing 

rate of nitrogen in cv Friendship delayed the time of flowering and increased the spike length, 

weight and size of corms and number of cormels, whereas higher rates of phosphorous and potash 

tended to improve flower quality, cormel growth and corm production (Bhattacharjee, 1981). 

Similarly, a higher rate of nitrogen delayed flowering, especially from cormels. The number of 
cormels decreased with increasing nitrogen. The beneficial effect of fertilizer application with 600 

kg super phosphate, 300 kg murate of potash and 400 kg ammonium nitrate resulted in greatest 

plant height, flower number and flower size (Bose and Yadav, 1989). 

 

This research was done to determine the optimum nutrient levels of N and P for gladiolus cv Jester 

in order to enhance the floriculture business by increasing and improving the cut flower and corm 

yield in farmer’s condition, which ultimately helps to improve the economic condition of the 

farmers.  

 

MATERIALS AND METHODS 
The experiment was conducted at Department of Horticulture and Floriculture Management, 

Fulgaachi, Ilam during April to September 2014. The experiment consisted of two factors laid out 

using a completely randomized block design. Four doses of nitrogen (0, 50, 100 and 150 kg/ha) 
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and three doses of phosphorous (0, 50 and 150 kg/ha) formed 12 treatment combinations; each 

treatment was replicated thrice. The gladiolus corms were planted at 30×25 cm on each plot having 

five rows with four plants per row on the area of 1.5 m2 accommodating 20 plants/plot. The data 

were taken from the six plants excluding the 14 boarder plants. The gladiolus corms of the Jester 

variety of 5 cm diameter were used as the planting material. The Jester variety was selected as it 

has shown a better performance in Ilam district. The corms were collected from the local traders in 

the Ilam municipality. The selected corms were treated by dipping them in 0.2% aqueous solution 

of bavistin for 30 minutes and were shade dried prior to planting. De-husking of cormels was done 

before dipping as it has a pronounced effect on the seed germination percentage as husks interfere 
with cytokinin uptake and prevents the dormancy breaking action of the plant hormone (Salanenka 

and Taylor, 2006 and Miyoshi and Sato, 1997). 

 

Well decomposed farm yard manure (FYM) was applied to each plot at the rate of 25 t/ha two 

weeks before planting. Potassium was applied at the rate of 200 kg/ha on all plots. A half-dose of 

nitrogen and a full dose of both phosphorus and potash were applied as a basal dose in each 

treatment. The remaining doses of nitrogen were further split into two parts. The first part was top-

dressed when the plant attained the four-leaf stage, and the second part was given at six-leaf stage 

(Singh et al., 1994). Nitrogen was applied through urea (46% N), phosphorus through 

diammonium phosphate (46% P2O5 and 16% N) and potassium through murate of potash (60% 

K2O), respectively. The remaining part of the phosphorous was applied through Single Super 

Phosphate (16% P) as per the treatments. 
 

The collected data were entered in the spreadsheet in Microsoft Excel and was ststistically 

analyzed using MSTAT-C Analysis of variance (Steel and Torrie, 1980). The means were 

compared by using Duncan’s Multiple Range Test at 5% level of significance (Gomez and Gomez, 

1984). 

 

RESULTS AND DISCUSSION 
 

Plant height and number of leaves per plant 

The plant height of gladiolus was significantly highest (p<0.05) at 150 kg N/ha i.e. 36.00 cm (45 

DAT), 46.00 cm (60 DAT) and 59.00 cm (75 DAT), and the lowest plant height i.e. 34.33 cm (45 

DAT), 43.67 cm (60 DAT) and 57.33 cm (75 DAT) was observed at 0 kg N/ha (see Table 1). 

Similarly, the highest plant height i.e. 36.25 cm (45 DAT), 46.50 cm (60 DAT) and 58.25 (75 

DAT) was measured on the phosphorous level of 100 kg/ha, whereas the lowest plant height i.e. 

34.0 cm (45 DAT), 43.75 cm (60 DAT) and 57.75 cm (75 DAT) was recorded at 0 kg P/ha at 45, 

60, and 75 DAT. The increment on plant height with the increment on the nitrogen and 

phosphorous was also reported by Khan et al. (2012) and Hossain et al. (2011). Anil et al. (2000) 

reported that growth increased with increasing phosphorous doses. Similarly, Bazwaja et al. (2001) 
and Shah et al. (1984) also reported the similar results with the increased doses of nitrogen and 

phosphorous. 

 

The number of leaves per plant was significantly highest (p<0.05) at nitrogen level 150 kg/ha i.e. 3 

(45 DAT), 6.66 (60 DAT) and 8.667 (75 DAT) and the lowest leaf number i.e. 1.667 (45 DAT), 

3.66 (60 DAT) and 4.667 (75 DAT) were counted at 0 kg N/h. Similarly, the highest i.e. 2.83 (45 
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DAT), 6.33 (60 DAT) and 7.583 (75 DAT) was counted on the phosphorous level of 100 kg/ha 

and the lowest height i.e. 1.83 (45 DAT), 4.58 (60 DAT) and 5.58 (75 DAT) cm was measured at 0 

kg P/ha (Table 1). The increment on the number of leaves per plant with the increment on the 

nitrogen and phosphorous was also reported by Khan et al. (2012) and Hossain et al. (2011). 

Increasing nitrogen augmented plant growth and the number of leaves per plant on gladiolus plant 

(Shah et al., 1984). 

 
Table 1: Effect of nitrogen and phosphorous on plant height of gladiolus at different days of planting under 

Ilam conditions 

Treatment Plant height (cm) Number of leaves per plant 

 45 DAT 60 DAT 75 DAT 45 DAT 60 DAT 75 DAT 

Nitrogen (Fa)    

N0 34.33c 43.67c 57.33c 1.66d 3.66d 4.66d 

N50 34.67b 44.67b 58.00b 2.66b 5.66c 5.66c 

N100 34.57
b 

44.0
b 

58.33
b
 2.0

c
 6.0

b
 6.66

b
 

N150 36.00a 46.0a 59.0a 3.0a 6.66a 8.66a 

LSD 0.022 0.036 0.016 0.01 0.01 0.04 

SEM± 0.005 0.001 0.045 0.007 0.005 0.007 

Phosphorous (Fb)    

P0 34.0c 43.75c 57.75b 1.83c 4.58c 5.58c 

P50 35.50b 45.0b 57.75b 2.33b 5.58b 6.08b 

P100 36.25a 46.50a 58.25a 2.83a 6.33a 7.58a 

LSD0.05 0.016 0.025 0.032 0.03 0.09 0.05 

CV% 3.8 5.4 4.4 9.1 6.5 7.1 
Means within the column followed by the same letter do not differ significantly by DMRT (P=0.05) 
 DAT= days after transplantation 

 

Flower spike length, days to first and last cutting 

The flower spike length of gladiolus was significantly highest (p<0.05) at 150 kg/ha nitrogen 

irrespective of the stage of growth i.e. 29 cm (75 DAT), 56.33 cm (90 DAT) and 88.67 cm (105 

DAT) and the lowest spike length i.e. 23.0 cm (75 DAT), 51.67 cm (90 DAT) and 77.67 cm (105 

DAT) were measured at 0 kg N/ha. Similarly, the highest spike length irrespective of growth stage, 

i.e. 26.25 cm (75 DAT), 55.0 cm (90 DAT) and 84.75 cm (105 DAT) was measured at the 

phosphorous level of 100 kg/ha, whereas the lowest spike length i.e. 24.50 cm (75 DAT), 52.75 cm 
(90 DAT) and 82.50 cm (105 DAT) was measured at 0 kg P/ha, respectively (Table 2). The longest 

spikes obtained from higher nitrogen levels might be due to protoplasm formation, division and 

elongation of meristem cells, enhancing the biosynthesis of proteins and carbohydrates which lead 

to enhanced growth (Verma et al., 2000). Similar result was reported by Sehrawat et al., (2003) 

and Shah et al. (1984). Moreover, Sidhu and Arora (1989) reported that spike length was 

significantly improved by the application of 20 g N/m2, which is equivalent to 200 kg N/ha. 

 

Days to first harvesting of gladiolus flowers was earliest at 0 kg/ha nitrogen, i.e. 121.0 days and 

the latest at 150 kg N/ha, i.e. 130.0 days. Similarly, days to first harvesting of gladiolus flowers 

was earliest at phosphorus levels of 0 kg/ha, i.e. 123.8 days and the latest at 100 kg P/ha, i.e. 126.0 

days (Table 2). Moreover, days to final harvesting of gladiolus flowers was the earliest at 0 kg 
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N/ha, i.e. 133.7 days and the latest at 150 kg N/ha, i.e. 142.0 days. Similarly, day to final 

harvesting of gladiolus flower was the earliest at 0 kg P/ha, i.e. 130.0 days and the latest at 100 kg 

P/ha, i.e. 138.0 days (Table 2). Higher levels of nitrogen increased vegetative growth, thereby 

delaying the reproductive phase of the plant. These results are in line with the findings of 

Bhattacharjee (1981) as the author reported that increased levels of nitrogen and phosphorous 

advanced the time of flowering, thereby lengthening the time for the first and final harvesting of 

the spikes.  Similar results were also reported by Borrelli (1984), Deswal et al. (1983), Shah et al. 

(1984) and Sindhu and Arora (1989). 

 
Table 2: Effect of nitrogen and phosphorous on flower spike length, days to first and last 

harvesting of gladiolus spikes Ilam conditions 

Treatment Flower spike length (cm) Days to harvesting 

 75 DAT 90 DAT 105 DAT First Final 

Nitrogen (Fa)   

N0 23.00
d
 51.67

d
 77.67

d
 121.70

d
 133.70

d
 

N50 24.33c 52.00c 82.00c 122.30c 134.30c 

N100 26.00b 55.00b 86.00b 125.70b 137.70b 

N150 29.00a 56.33a 88.67a 130.00a 142.00a 

LSD 0.018 0.098 0.064 0.018 0.058 

SEM± 0.009 0.005 0.009 0.006 0.003 

Phosphorous (Fb)   

P0 24.50c 52.75c 82.50c 123.80c 130.00c 

P50 26.00b 53.50b 83.50b 125.00b 132.80b 

P100 26.25a 55.00a 84.75a 126.00a 138.00a 

LSD0.05 0.036 0.063 0.045 0.073 0.018 

CV% 10 7.2 6.5 10 4.5 
Number and weight of corms per plant and diameter of the corm 
 

The number of corms per gladiolus plant was highest at 150 kg N/ha, i.e. 2.0 and the lowest 

number was at 0 kg N/ha, i.e. 1.33. Similarly, the highest number of corms per plant was counted 

at 100 kg P/ha, i.e. 1.90, and the lowest number was counted for 0 kg P/ha, i.e. 1.75 (Table 3). In 

addition, the weight of the corm per plant was highest at 150 kg N/ha, i.e. 28.43 g and the lowest 

weight was recorded for 0 kg N/ha, i.e. 22.3 g. Similarly, the highest weight of the corms per plant 

was recorded at 100 kg P/ha, i.e. 26.71 g and the lowest weight was recorded at 0 kg P/ha, i.e. 

23.24 g. Moreover, the diameter of the corm was highest at 150 kg N/ha i.e. 4.86 cm and the 

lowest diameter i.e. 3.8 cm. Similarly, the highest corm diameter was measured at 100 kg P/ha i.e. 

4.5 cm, and the lowest diameter was recorded at 0 kg N/ha i.e. 3.1 was measured at 0 kg P/ha 

(Table 3).  
 

Sehrawat et al. (2003) reported that the number and weight of corms per plant and the diameter of 

the corm was significantly influenced by the increment of nitrogen and phosphorous levels. 

Similar results were also obtained by Hossain et al. (2011), Pant (2005), Baral et al. (2012), Khan 

et al. (2012) Mishra and Singh (1998) and Mukherjee et al. (1994).  



Nepalese Journal of Agricultural Sciences, 2018, vol. 17 
ISSN 2091- 042X; e ISSN 2091- 0428 

 
 

 37 

Table 3: Effect of nitrogen and phosphorous on number and weight of the corm per plant and size of the 
gladiolus corm under Ilam conditions 

Nitrogen (Fa) Number of corms per 

plant 

Weight of the corm per 

plant (g) 

Diameter of the corm 

(cm) 

N0 1.333c 22.30c 3.80d 

N50 1.667b 23.66c 4.13c 

N100 1.667b 25.63b 4.38b 

N150 2.00a 28.43a 4.86a 

LSD 0.02 1.64 0.02 

SEM± 0.007 0.55 0.007 

Phosphorous 

(Fb) 

Number of corms per 

plant 

Weight of the corm per 

plant (g) 

Diameter of the corm 

(cm) 

P0 1.75b 23.24c 3.10c 

P50 1.75b 25.07b 4.30b 

P100 1.90
a
 26.71

a
 4.50

a
 

LSD0.05 0.056 1.640 0.245 

CV% 7.4 8.4 8.4 
Means within the column followed by the same letter do not differ significantly by DMRT (P=0.05) 

 

CONCLUSION 
The plant height, leaf length, flower spike length, diameter, weight and number of corms per plant 

was highest at 150 kg N/ha and 100 kg P/ha so it is recommended to use this rate of fertilizer for 

commercial cultivation of gladiolus in Nepalese conditions.  
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ABSTRACT 
A study was conducted to evaluate the effect the amount of feed and timing has 

times on the fertility, body weight, and health aspects of turkeys at the breeders 

of the avian research unit at the Regional Agricultural Research Station, in 

Parwanipur, Bara between October 2013 to June 2014 (eight months). Broad-
breasted bronze turkeys at the age of 16 weeks (20 breeders) were assigned to 

the four treatments, each having five replications, by using a completely 

randomized design (CRD) that contained four birds in each replication. The 

birds under all treatment groups were reared in intensive management by 

following standard management practices. Commercial feed containing 18% CP 

was fed at the rate of 200 g in the morning and 200 g in the evening for T1. 

Similarly, 400 g feed only at morning for T2, 150 g feed in the morning and 150 

g feed in the evening for T3, and 100 g feed for morning and evening was 

provided to each bird/day for T4. Body weight gain was significantly different 

between treatments with highest in T2 followed by T1, T4 and T3 (p>0.05). 

Hatchability of eggs and mortality of the hatched eggs within a week was not 

affected due to treatment effect, whereas the day-old chicks' weight was 
significantly different (p>0.05) between treatments. Hence, feed restriction was 

found to have significant effect on the growth of the body weight performances 

in the turkey. 

 

Key words: Turkey, feed restriction, body weight, fertility, mortality 

 

INTRODUCTION 
The turkey (Meleagris gallopavo), a well-known bird in western countries, is becoming popular in 

Nepal and farmers have started to show interest in rearing the birds. The birds can be easily reared 

with little investment on housing, management and equipment, however, the feeding arrangement 

is a bit tricky. An Ad-libitum feeding program in pullets during sexual maturation can lead to 

lifetime obesity, discomfort, poor vigour and poor control over ovarian follicle production and 

release. Thus, the routine feed restriction of broiler/layer breeders from an early age is considered 

as an essential practice for the better production of eggs and chicks. The feed-restriction practices 

in the poultry industry can lead to a decrease in the total egg production. Even short-term fasting is 

responsible for the loss of egg production in fasted birds, since the reproductive capability of 

chickens may be compromised (Tanabe et a.l, 1981). 
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Splitting the daily feed allotment can ensure that enough volume is provided at each feeding time 

to minimize competition among the hens. However, the effect of feeding more than once a day is 

still a controversy. Cave (1981) and De Avila et al. (2003) did not find any significant difference 

in total egg production between broiler breeders hens fed either once or twice a day. Nevertheless, 

Spradley et al. (2008) reported that birds fed twice a day (P<0.05) laid significantly more eggs 

through to 42 weeks of age compared to those fed once a day at the same age. Moradi et al. (2013) 

also reported that total day egg production in hens fed twice and thrice a day was greater than in 

those fed once a day (67.1 and 67.2 vs. 62.2 eggs/hen (P<0.01). Similarly, egg weight was 

significantly (p<0.01) higher in birds fed more than once a day. However, no differences in 
fertility and in hatchability were reported at the time of oviposition (Zakaria et al 2005).  

 

The effects of timing and the amount of feeding of turkey flocks on their reproductive 

performance were not evaluated so far in Nepalese conditions. Therefore, an experiment was 

conducted to study the effects of feeding on the fertility, weight and health aspects of the turkey 

breeders. 

MATERIALS AND METHODS 
 

Selection of birds and experimental design 

The study was conducted at the avian research unit of the Regional Agricultural Research Station 

in Parwanipur, Bara from October 2013 to June 2014 (eight months).  Twenty broad-breasted 

bronze turkeys having aged 16 weeks were assigned into four treatments; each replicated five 

times using a completely randomized design. The experimental birds were reared in an intensive 

(full confinement) management and were maintained for 32 weeks. Free mating was allowed in 

the flocks with the sex ratio of 1:4. 

 

Shed management 

All the experimental birds were managed under a deep litter (intensive management system; 25 sq. 

ft for each replication allowing 5 sq. ft). Each group was housed in separate experimental houses 
whose floors were raised and covered with rice husk litter. 

 

Feeding regime 

The feeding regime of experimental birds has been presented in Table 1. L-3 of commercial feed 

containing 18% CP was fed; fresh water was made available to the birds throughout the day. 

 
Table 1: Feeding regime 

Treatments Feed 

T1 400 g/bird (200 g in morning and 200g in the evening) 

T2 400 g/bird (in the morning only) 

T3 300 g (150 g in the morning and 150 g in the evening) 

T4 200 g (100 g in the morning and 100 g in the evening) 

 

The refuse of feed was collected every morning. Body weight of all experimental birds was 

recorded in 15-day intervals. Eggs were collected, selected and recorded. The collected eggs were 

stored at room temperature for six days and then used for incubation. Proper cleaning, disinfection 

and fumigation were conducted before setting the eggs. The temperatures 99.5ºF in dry bulb and a 
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relative humidity of 87.0ºF in wet bulb were set to incubate the eggs for 26 days during which 

they were rotated at hourly interval. Thereafter, these eggs were transferred to the hatcher where 

temperature 98.5ºF in dry bulb and a relative humidity of 90.0ºF in wet bulb were maintained. Egg 

hatching started on 27th day and was completed by the end of the 28th day. The process used, 

fumigation, storage conditions, machine conditions were uniform for all experimental groups 

(Özçelik et al., 2009). 

 

Reproductive performance 

At the end of the hatching process, chicks' mortality, the number of hatched chicks, and weight of 
the day-old chicks were recorded. Hatched poults were collected, counted and weighed by using 

an electronic balance. Live weight, dressing weight, weight of various parts such as breast, leg, 

heart, liver and head were also weighed by using an electronic balance for one male and one 

female bird from each treatment. All records were compiled and calculated for body weight gain, 

egg parameter, poults mortality. 

 

Statistical analysis 

The obtained data were compiled using Microsoft Excel and analyzed statistically by using SPSS 

16.0 for comparing the effect of feed restriction in different treatments. 

 

RESULTS AND DISCUSSION 
 

Effect on body weight gain 
Table 2 shows the mean body weight gain in different treatments. Accordingly, it was known that 

mean differences in the body weight gain was significantly different at p>0.05. 

  

Body weight gain was highest in T2 (4.40±0.007) followed by T1 (3.80±0.007), T4 (3.75±0.007) 

and T3 (3.60±0.007), being significantly different among the treatments. 

 
Table 2. Mean body weight gain (kg) in different treatments. 

Treatments Mean ±SE body weight gain (kg) 

T1 3.80±0.007 

T2 4.40±0.007 

T3 3.60±0.007 

T4 3.75±0.007 

 

Effect on egg parameter 
A total of 66, 48, 60 and 52 eggs from T1, T2, T3 and T4, respectively, were recorded to learn the 

effects upon hatchability and thereafter survival or mortality of the hatched chicks within a week. 

In total, 226 eggs were used from different treatments in the study. 

 

Effect on hatachability and non-hatachability of the eggs 

The hatching percentage of the eggs from different treatments was revealed as 19.47% (44/226) 

from T1; 11.95% (27/226) from T2; 19.47% (44/226) from T3, and 15.04% (34/226) from T4. On 

the other hand, the percentage of non-hatched eggs was recorded as 9.73% (22/226), 9.29% 
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(21/226), 7.08% (16/226) and 7.96% (18/226) respectively for T1, T2, T3 and T4 (Figure 1), 

which were non-significant among the treatments (Chi-square (χ2) value 3.489 and p-value=0.322 

which is greater than p=0.05). Hence hatchability and non-hatchability of the eggs was not 

affected by the different levels and restriction regime of the same feeds. 

 

 
Figure 1: Hatchability percentage of the eggs with respect to treatments 

 

Effect on mortality or survival count 

A total of 44 out of 66 (66.67%), 27 out of 48 (56.25%), 44 out of 60 (73.33%) and 34 out of 52 

(65.38%) eggs hatched from T1, T2, T3 and T4, respectively with no mortality in T1 and T2, 

while two out of 44 from T3 and three out of 34 from T4 died within weeks. The effects of 

different feed category levels to the treatments did not have a significant effect (p> 0.05) to the 
mortality of the hatched chicks (Fisher's Exact Test value= 8.032 with p-value 0.176).  

 

Effect on weight of day-old chicks 

The effect of feeding regimes/plan to the mean weight of the day-old chicks was significantly 

different (p<0.05) between the treatments (F value 6.49) with T2 having the highest weight 

(46.82±0.35) followed by T3 (45.77±0.28) (see Table 3). The day-old chicks' weight in T2 was 

significantly different than T1 and T4 while it was non-significant with T3. Similarly, Mean±SE 

of the day-old chicks' weight of the treatments T1, T3 and T4 were similar. This suggests that 

feeding regimes such as Treatment T2 seem to be effective in gaining a better weight of day-old 

chicks followed by T3 than T1 and T4. Hence, T2 was the best feeding regime among the 

treatments. 
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Figure 2: The survival and mortality percentages among the treatments 

 
Table 3: Mean weight of the day-old chicks among the different treatments 

Treatments Mean ±SE weight of day-old chicks (g)  

T1 44.95±0.28 

T2 46.82±0.35 

T3 45.77±0.28 

T4 45.15±0.31 

 

Findings of this experiment revealed that body weight gain was highest (4.40 kg) in T2 followed 

by T1 (3.80 kg) and T4 (3.75 kg), which could be due to availability of feed all the time in the case 

of T2. The results also showed that the best feeding allotment/plan in turkeys could be 400 g/day 

with the offering of feed only one time in the morning instead of the current practice of offering 

feed twice a day, with half the total dose each time. However, Majid et. al. (2013) reported that 

hens fed twice a day (earlier in the morning and again at 12:00) had better egg production 

compared with those fed once, thrice and four times a day. On the other hand, de Avila et al. 

(2003); Spradley et al. (2008); Taherkhani et al. (2010); Moradi et al. (2013) suggested that 

allocation of restricted feed to twice a day improved reproductive performance in broiler breeder 
hens. However, egg production can be affected by several other external factors, such as specific 

feed ingredients, bird age and flock management decisions. Small degrees of over or under feeding 

have been shown to have negative impacts to the egg production (Renema et al., 2008), whereas 

Cave (1981), Bootwalla et al. (1983), Brake (1988) and Samara et al. (1996) reported no 

differences on egg production when different feeding time schedules were followed. 

Majid et. al. (2013) and Spradley et al. (2008) reported an increase in fertility and hatchability for 

hens fed twice a day compared with those fed once, thrice and four times a day in broiler breed. 
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But in case of turkeys, it was found to be different. This may happen because the feeding habit of 

turkeys is quite different than that of broiler breeds. Broiler breeds keep on feeding until total feed 

is not consumed, whereas turkeys keep on feeding and wander around taking pause in between 

feeding time. 

  

These findings suggest that a feeding regime as in the case of T2 seems to be effective in gaining a 

better weight of day-old chicks, followed by T3 and T1 or T4. This result was obtained probably 

due to good quality and size of eggs in T2 than in the case of other treatments.  

 

CONCLUSION 
Findings of this study revealed that the best performance of poults in terms of body weight gain, 

total egg production, fertility, hatchability and day-old chicks' weight was 400 g of feed offered 

once in the morning. Subsequently, results also indicated that it can reduce the labor cost and 

maximize profit. Hence, feed restriction was found to have significant effect on the growth of the 
body weight performances of the turkey.  
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ABSTRACT 

The natural habitats of fish are increasingly contaminated through urban 

runoffs, excreta and effluents generated from wastewater treatment facilities. 

Estrogenic compounds, including 17-β estradiol (E2), are one of those several 

compounds and are of growing concern as they negatively affect human and 

aquatic health. Though the effect of E2 on the reproductive system of male fish 

is fairly well-known, their effects on internal organs such as the liver are less 
understood. The objective of this study is to evaluate the histological changes in 

the liver tissues of bluegill sunfish after exposure to E2. We hypothesized that 

the E2 exposure will lead to deterioration of the hepatocytes in liver tissues, the 

main organ of metabolism. A mesocosm experiment was set up and individual 

fish were held in a 10-gallon tank, five in each group for control and two 

treatments (40 and 80 nanograms per liter E2). Histological slides of liver 

tissues from control and treatment groups were prepared by following standard 

techniques. The results showed that the hepatocytes and nuclei were integrated 

and distinct in the liver tissues of control fish, while hepatocyte structure and 

nuclei were disrupted in the E2 exposed group with higher disintegration 

observed in the higher concentration of E2. Thus, it can be concluded that the 

exposure of E2 caused negative histological changes in the liver tissues of 
bluegill sunfish which might lead to disruption in the fish metabolism. This 

information is very important from a conservation point of view, and warrants 

for monitoring of E2 level in the natural fish habitats. 

 

Key words: Bluegill sunfish, estrogenic compounds, environmental 

contaminants, fish, histopathology, mesocosm  

 

INTRODUCTION 
Natural habitats of fish are gradually declining in the US due to habitat loss from pollution caused 

by industrial wastes and contamination from sewage system (Moyle, 1992). Several previous 

studies have reported that the surface water has been contaminated with various estrogenic 

compounds, including 17β estradiol (E2) (Elliott, 2014). These compounds enter the surface water 

system through urban runoffs, livestock and human excreta, and effluents from wastewater 

treatment facilities (Elliott, 2014; Roggio, 2014; Truman, 2014). The detection of E2 compounds 

in surface water has ranged from 1 ng/L to 80 ng/L (Wright-Walters, 2009) in waste water 

effluents with 1-10 ng/L detected frequently (Bradley, 2009). These compounds are known to 

cause adverse reproductive effects in fish, for example, feminization and reduction in the 
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gonadosomatic index in male fish, and reduced fecundity and reproductive performance in female 

fish (Brian, 2007; Nash, 2004; Kinnberg, 1999; Filby, 2012). These effects have been observed in 

several fish species, including bluegill sunfish (Lepomis macrochirus) (Wang, 2008). Bluegill 

sunfish are one of the native fish species in the US (Bajer, 2009). It is a freshwater fish species 

commonly found in moderately flowing streams, rivers and reservoirs (Goddark, 1997), thereby 

being an important part of the local ecosystem. The bluegill sunfish is becoming increasingly 

popular because of its widespread use as a recreational species (Wang, 2014) and high-value 

aquaculture species, owing to the faster growth of males compared to females (Gao, 2009). If the 

Illinois surface water system, including rivers and reservoirs, gets contaminated, aquatic life in 
these resources will be negatively affected. Bluegill sunfish can be used as a biomarker species to 

understand the adverse effect of E2 compounds and other contaminants due to their high 

abundance in the local water system.   

 

Histological examinations of fish organ tissues such as the kidneys, liver, and gills are commonly 

used as a biomarker to study the effects of contaminants and chemicals in the water to the fish 

(Bernet, 1999). The liver is the main organ responsible for detoxification of pollutants and 

chemicals fish are exposed to, and thus are important for metabolic activities (Brusle, 1996; 

Hinton, 1988). The histopathology of liver tissues of fish was used in some previous studies to 

understand the negative effects of water pollutants, including E2 (Hinton, 1988; Figueiredo- 

Fernandes, 2006; Stentiford, 2003; Gannam, 1991), thereby highlighting the importance of liver as 

a biomarker to understand the exposure of fish to the environmental toxicants. 
 

Though the effect of E2 on the reproductive system in fish is well documented, its effects on the 

metabolism, morphology and histological changes in internal organs such as the liver tissues are 

not well understood and can vary depending upon the amount of stress the fish is subjected to. The 

overall objective of this study is to understand the effects of varying concentration of E2 in the 

metabolic rate and morphological changes in the bluegill sunfish, and histological changes in the 

liver tissues. As a part of this broader objective, the specific objective in this study was to evaluate 

the effects of E2 exposure on the histological changes in the liver tissues of bluegill sunfish after 

exposure to 17β estradiol (E2). 

 

MATERIALS AND METHODS 
Study subjects 
Sexually matured bluegill sunfish were used as a model species as they are one of the native 

species of Illinois and are more likely to be affected if water sources get contaminated. Fish were 

collected from the Vermillion, IL watershed in early June 2016 and acclimated to the tanks for 10 

days before the start of the actual experiment. Weight and length of all fish were recorded at the 

start and end of the experiment. All the fish in this experiment were provided with the same 

amount of feed. The tanks were inspected daily to examine the condition of fish. The water quality 
parameters such as salinity, nitrate, nitrite, ammonia and pH were regularly monitored and kept as 

constant as possible. 

 

Experimental design and exposure protocol  
There were two treatment groups and one control group. Among the treatment groups, one group 

was exposed to 40 ng/L of E2 (T1) and another group was exposed to 80 ng/L of E2 (T2). In each 
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group, there were five fish and each of them was kept individually in a 10-gallon tank (Figure 1). 

The same cycle was repeated three times, making a total of 45 fish, with 15 fish in each group. 

The duration of each cycle was 21 days. Fish were exposed to E2 by adding the premixed E2 to 

the water in tanks with 40 ng/L and 80 ng/L concentrations. A sham treatment of just water was 

delivered to the control tanks. The E2 was replenished every week based on its half-life to 

maintain the desired concentration of E2 throughout the experiment. Fish were gently and 

humanely handled to minimize the pain and discomfort during the experiment. A protocol to 

conduct this study was approved by Institutional Animal Care and Use Committees (IACUC) 

(IACUC Protocol number 15-004). 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Figure 1: Experimental design showing five fish in each treatment group 

 

Data recording  
Oxygen consumption for basal and maximum metabolism was measured before and after E2 

exposure using a respirometer. The left lateral pictures of each fish were taken at the beginning 

and the end of the experiment using the mounted camera for morphometric analysis. At the end of 

the experiment, all the fish were euthanatized and preserved for histological examination.   

 

Histological procedures 
Liver samples of bluegill sunfish from the control and two treatment groups (40 and 80 ng/L E2 

exposed) were excised and fixed immediately in formaldehyde acetic acid ethanol (FAA). They 

were kept in fixative for four days and preserved in 70% ethanol until further processes were 
carried out. Specimens were cut in a size of 5 mm × 5 mm using a sharp razor blade, which was 

then transferred to scintillation vials for dehydration. After series of dehydration processes in the 
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solution I through solution V, the tissue specimens were ready for infiltration with paraffin. A few 

grains of eosin Y was added during the third change of t-butyl alcohol to make sectioning easier. 

After this, vials were filled with melted low melting point (48°C) paraffin up to three-fourths and 

allowed to solidify for a while. After the sample sank in the bottom of the vial, the entire mixture 

was poured off and replaced with pure low melting point paraffin. This step was repeated four 

times, after which it was replaced with high melting point paraffin (54-56°C). This step was also 

repeated four times to make the specimen ready for casting. 

 

The casting of the paraffin block was carried on a special temperature-graded warming table. Vials 
were swirled carefully to make the specimens come out easily and poured into the embedded 

aluminum tray. After, a thin film appeared on top of the paraffin trays, they were moved to the 

freezer immediately for cooling for an hour followed by placing them in the refrigerator for an 

hour and then at room temperature for an hour. When the cakes were ready, they were mounted on 

the wooden mounting blocks. Sections were cut at 10 μm size using a rotary microtome. Series of 

ribbons were made for all the specimens from control and treatment groups. The ribbons were 

mounted on the slide by using Haupt’s Gelatin Adhesive which was kept on the warm table until 

staining procedure was carried out. A Hematoxylin and Eosin (H&E) staining was done to prepare 

the specimens for microscopic examination (Culling, 2014). The stained sections were viewed 

under a bifocal microscope at 50x and 400x magnifications. 

 

RESULTS AND DISCUSSION 

 

The examination of histological slides of liver tissues under different magnifications of 50x and 

400x showed differences in the structure of hepatocytes and other liver cells between the control 

and E2 exposed groups (Figure 2). In general, the fish that were exposed to E2 was seen as fattier 

in appearance compared to control groups. Under the 50x magnification, the liver of control fish 

showed the distinct trabecular appearance of hepatocytes and reticular sinusoids (Fig. 2: left 

column (1) C). In addition, the central venule was visible with little or no connective tissue in their 
cell wall. However, in the fish exposed to an E2 concentration of 40 ng/L (T1 group), central 

venules were reduced in size and sinusoids were intermediate-sized (Fig. 2: left column (2) T1). 

Portal veins with indistinct bile duct and arteries were observed. In the group exposed to 80 ng/L 

E2 (T2 group), severe global loss of hepatocyte architecture with obstruction and disintegration of 

sinusoids diffused hepatocellular basophils, and minimal cytoplasmic vacuolization was observed 

(Fig. 2: left column (3) T2). Some proteinaceous fluids were also observed in the liver tissues 

from T2 groups.  

 

In the control group under the 400x magnification, nuclei were observed clearly stained with 

hematoxylin and eosin. Hepatocytes and sinusoids were distinct. Nuclei were more uniform and 

rounder in shape (Fig. 2: right column (1) C). However, in the T1 group, moderate generalized 
hepatocytes were observed (Fig. 2: right column (2) T1). In the T2 group, severe generalized 

disruption of hepatocyte structure with an intracytoplasmic lipid accumulation was observed (Fig. 

2: right column (3) T2). Nuclei pyknosis and karyorrhexis were common and moderate multifocal 

accumulations of inflammatory cells with occasional and locally diffused necrosis of hepatocytes 

were detected. In some areas, there was thickening of the endothelial lining of sinusoids (indicated 

by elbow double arrow connector at the right end corner in Fig. 2: right column (3) T2).  
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 Figure 2: Photomicrographs of Hematoxylin and Eosin (H&E) stained liver tissues, 20 

μm scale bar: left column: (1) C: Control fish liver tissue at 50x; (2) T1: Treatment 1 (40 ng/L E2) 

fish liver tissue at 50x; (3) T2: Treatment 2 (80 ng/L E2) fish liver tissue at 50x; right column: (1) 

C: Control fish liver tissue at 400x; (2) T1: Treatment 1 (40 ng/L E2) fish liver tissue at 400x; (3) 

T2: Treatment 2 (80 ng/L E2) fish liver tissue at 400x. A= Arteries; BD= Bile duct; CV= Central 
vein; H= Hepatocytes; K= Karyyorrhexis; P= Pyknosis; PV= Portal vein; N=Nuclei; S= Sinusoids 
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We found that the E2 exposure had a negative effect on the histology of liver tissues that includes 

disintegration of the hepatocyte structure and other important cells of liver tissues such as the 

sinusoids, central venule, portal vein and bile duct. The observed changes in the histology of liver 

tissues in the E2 exposed group may be due to the endocrine disruptive ability of the estrogenic 

compounds. The E2 might cause stress in fish, which might lead to disruption in the bile duct and 

ultimately metabolism.  

 

Several other studies conducted in different fish species also indicated a negative effect of E2 

related compounds in the histology of liver tissues. In ray-finned fish (Prochilodus lineatus) in the 
disturbed urban stream, hypertrophic hepatocytes with degeneration of cytoplasm and nuclei were 

observed (Camargo, 2007), while many hepatic nuclei were observed near the sinusoids in channel 

catfish (Ictalurus punctatus), which were exposed to estrogenic compound through feed (Gannam, 

1991). An observance of vacuolated hepatocytes in summer flounder (Paralichthys dentatus) 

(Zaroogian, 2001) after E2 exposure was like our observations in bluegill sunfish.  In the adult 

male zebrafish, after 15 days of E2 exposure at 10 μg/l, spherical peroxisomes near liver 

hepatocytes were found (Ortiz-Zarragoitia, 2005) which we did not observe in our study. The 

increase in sample size with observations of multiple slides from each group might help to capture 

the broader histopathological changes.  

 

One of the reasons for the observance of the fatty liver in E2-exposed group may be related to the 

ability of E2 to convert male fish into females. In general, female fish tend to have more fatty liver 
compared to male fish. The possible conversion of the E2 exposed male into female might have 

caused an accumulation of fats in the liver. Like our study, increased hepatic lipids were observed 

in hepatic cells in rainbow trout (Oncorhynchus mykiss) (Cakmak, 2006).  

 

CONCLUSION 

The findings of this study indicated that histological examination of liver tissues can act as an 

important biomarker to monitor the environmental contamination of E2 in natural fish habitats. 

The histological examination revealed that the liver tissues of E2 exposed groups were negatively 

affected. Specifically, the disintegration of the hepatocytes and other important liver cells such as 

central venules, bile duct, portal vein, and sinusoids were observed. These histological changes 

might have effect in the regular metabolic activities of fish, as the liver is the main organ for 

metabolism and detoxification in fish. Our finding suggests that the environmental contamination 

of natural water bodies with compounds such as E2 at a higher concentration will have negative 

effects on the fish health and possibly other aquatic life. This warrants for continual monitoring of 

natural surface water system for the level of E2 and appropriate control measures when E2 levels 

are high. 
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ABSTRACT 
A field survey was conducted to assess the technical knowhow of farmers on 

commercial DY 28 hybrid rice cultivation. The study was carried out in four 

districts: Kathmandu, Bhaktapur, Lalitpur and Kavre from May 15-November 

15, 2017. The stratified random sampling method was used for selection of 

respondents, 20 from each district. Thus, the total sample size was 80. The 

findings revealed that there was poor technical knowhow regarding the 
commercial hybrid rice cultivation in the study sites. About half of the 

respondents had the land coverage of 3.1-five ropani. The average seed rate 

used was 16.6 kg/ha. Very few (7.5%) respondents were found using FYM 

during land preparation. The majority of the respondents (57%) sowed the seeds 

on the and fourth week of May. All the respondents get the seeds from nearby 

agro-vets. Transplanting was done by 51% of the respondents from June 25-July 

1, 2017. The findings also showed that 45% of the respondents prefer 15 cm × 

15 cm spacing over 25 cm × 25 cm (11%). The mean standard deviation of Urea 

and DAP used was 3.02 and 1.68, respectively. Kathmandu had the highest yield 

per unit area, whereas Kavre had the lowest. The study findings showed the 

positive correlation between the plant spacing and yield of rice. Farmers are 

suggested to use balanced dose of manures and fertilizers based on various 
critical stages of rice cultivation to maintain the production. 

 

Key words: Technical know-how, seed rate, transplanting, FYM, plant spacing 

 

INTRODUCTION 
 
Rice (dhan) is one of the most important and number one cereal crop and staple food in Nepal, 

which accounts for more than half of the cultivated cropped area and food production in Nepal 

(CBS, 2013; MoAD, 2013). The nation’s economy heavily relies on rice production. Rice 

contributes to nearly 21% and 7% of the agricultural gross domestic product and GDP, 

respectively and provides more than 50% of the total caloric requirement of the Nepalese people 

(Basnet, 2016). 

 

Agriculture and non-agriculture sectors contribute to 29.37% and 70.63% respectively to the GDP 

in the 2016/17 fiscal year. Among overall food production, paddy/rice production recorded the 

highest growth of 21.6%, reaching 5.23 million tonnes in the current fiscal year (2017). 

Production was higher due to the timely monsoon. 
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Having different agro-ecological regions, rice is cultivated widely from the low plains in Terai (60 

masl) to the high mountains in Jumla (2830 masl). It is also reported that the Jumla is the highest 

rice growing area in the world (Gauchan et al, 2012).  

 

Grains and cereals alone contribute 32.1% of Nepalese expenditures in food items. The average 

yearly consumption of coarse rice is 92.8 kg. Fine rice 38.5 kg (CBS, 2016). 

 

The export-import status of rice in Nepal is poor, meaning Nepal has to accept a heavy loss due to 

large imports and fewer exports of agricultural as well as non-agricultural products. Recent official 
data from the Government of Nepal revealed that Nepal imported a total of NRs 13 billion in rice 

in 2013/14 (MoF, 2014). The increase in rice production is basically from the increase in area for 

rice production. Trade deficit/GDP in the current 2016/17 year is -34.4%.  

 

Import of hybrid rice 

Thirteen registered hybrid varieties of rice are being imported from India and China. Nepal 

imported 736 t of hybrid rice varieties with a value of NRs 23.44 crorers in 2013/14. The amounts 

of hybrid rice imported from China have been presented in Table 1. 
 

Table 1: Status of hybrid rice imported from China during 2014 

Variety Quantity (T) Price(NRs, 

‘000) 

Price 

(NRs/T) 

DY 28 30 7200 240 

DY 18 10 2400 240 
Source: SQCC (2014) 

 

This scenario suggests the need to develop good agronomic practices such as making a good 

facility of irrigation, timely availability of fertilizers and manures and good quality seeds for 

feeding the growing population.  

 

DY 28 Rice 

DY 28 Rice grows well in the seedling stage. The tillering ability is strong, and the plant panicle is 

big. This variety matures in the Nepalese early season in about 125 days and in the normal season 
in about 115 days. The grain yield is estimated to be around 9,000-10,000 kg/ha. It can reach 

about 11 t/ha in high yield cultivation.  

 

The test weight (1,000 grains weight) is 28.6 g. The rice grain is slender, and the rice glumes 

needle is colourless. The plant is moderately resistant to rice bacterial leaf blight and rice blast. 

 

Rice production is facing serious constraints elsewhere, including a declining rate of growth in 

yields, depletion of natural resources, labor shortages, fallow land, gender-based conflicts, 

institutional limitations and environmental pollution. These scenarios should be considered while 

aiming to increase yield as well as production and that Nepal should move in this line to improve 

the overall production status of rice in the country. Accordingly, a study was done in four selected 
rice growing districts in the mid-hills to assess the technical know-how of rice growing farmers so 

that the necessary flow of technology would be possible to maintain and improve the overall rice 

production status in the country. 
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MATERIALS AND METHODS 
 

The study was carried out in four districts: the Kathmandu Valley (Kathmandu, Lalitpur and 

Bhaktapur) and Kavre. Twenty farmers from each district were randomly selected for the 

interview. The study was mainly based on the primary data provided by the respondents via semi-
structured questionnaire and published secondary information. The questionnaire was prepared 

considering the major objectives of the survey. 

  

Data were taken by covering different growth stages of the rice which started with the rice seed 

bed preparation till the harvesting and threshing of the rice. The data obtained were analysed using 

SPSS (IBM statistic version 20). 

 

RESULTS AND DISCUSSION 
 

Majority of the respondents (54%) had a land size holding of 1.1-3 ropani/household (Figure 1). 

The yield of rice has declined due to the increased land fragmentation. On the other hand, the cost 

of production per ropani has been increased in the recent years. This scenario has caused pressure 

to the cultivation of hybrid varieties of rice which needs higher inputs per ropani of land compared 

to the indigenous varieties. 

 

17%

54%

21%

8%

0-1 Ropani

 
Figure 1: Land holding size of the respondents (ropani/household) 

 

Status of hybrid rice production 

Statistical data shows the increased pattern of the commercial cultivation of hybrid varieties of rice 

in recent years to meet the demand of rice in the nation. About one-third (32.5%) of the 
respondents have been cultivating rice for two years and about one-fifth (21.25%) of the 

respondents reported that they have been cultivating DY 28 rice for three years (Figure 2). It gives 

clear evidence that the new farmers are interested in commercial hybrid cultivation. It is because 

of the increased production of the hybrid rice compared to the indigenous ones. Beside this, the 

hybrid cultivars are lodging resistant as well and perform well in different agro-ecological regions. 
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Figure 2: Status of hybrid rice (DY 28) plantation 

Seed rate  

Seed rate can be defined as the quantity of the seed used per unit area. Higher seed rate will give a 

bushy appearance of the crop. The respondents were found using seed rates ranging from 0.5-1 

kg/roapni of land with the mean and standard deviation of 0.83 kg/ropani and 0.18. 

 

Seed bed preparation 

The time of seed bed preparation also determines the yield of the crop. It is better to plant early to 

escape the peak period of damage due to insects and pests.  
 

In the study area, most of the farmers (55%) prefer preparing the seed bed between May 15-27 

(Figure 3). The study findings revealed that there was a slight delay in the Kavre District in seed 

bed preparing activities compared to the other districts.  
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Figure 3: Average date of seed bed preparation 

Rice transplantation 

The findings of this study revealed that more than half (51%) of the respondents transplanted rice 

during June 25-July 1. It is the time when Nepal receives most of the monsoon rain, provided there 

is timely rainfall (Figure 4). 
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Rice cultivation is done covering all the available land, but depends upon the status of monsoon 

rain. Generally, the nation’s economy becomes good if there is timely and adequate rainfall and 

vice versa. 

  

6 .2 5 7 .5

5 1 .2 5

1 0
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1 3 .7 5

3 .7 5

0

1 0

2 0

3 0

4 0

5 0
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Figure 4: Average date of rice transplantation 

 

Planting density 

The total number of plants accommodated per unit area is known as the planting density. Planting 

density has the key role in the growth and development at different stages of the rice. The higher 

the planting density, the denser the plant population becomes. With the increase in plant 

population per unit area, the competition for space, light, moisture and plant nutrients increases 
among the plants, thus causing the decline in the yield of the rice. 

 

Generally, hybrid cultivars are planted farther apart compared to the indigenous cultivars due to 

their dense nature and high tillering ability. 

 

The findings of this study revealed that about half of the respondents (45%) were using the plant 

spacing of 15 cm × 15 cm, whereas a similar proportion of the respondents also use the spacing of 

20 cm × 20 cm planting density. It showed that the farmers still had the concept of gaining more 

yield by increasing the plant population per unit area. For the profitable production of hybrid rice, 

it is better to plant the rice at the planting distance of 25 cm × 25 cm. 

 

Irrigation  
Irrigation is defined as the artificial application of water at the right time in adequate amount and 

with the right method. It is the most important aspect especially from the production point of view. 

Crops cannot grow without good quality water. 
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It was found that almost all of the respondents were totally dependent on monsoon rain for the rice 

cultivation. Only about one-fifth (20%) of the respondents had irrigation facilities at the time of 

transplanting with varied sources such as deep boring, wells, irrigation canals etc. 

 

Manures and fertilizers 

Manures and fertilizers are another important agricultural input, without which commercial 

cultivation of crops is not possible. In the study area, it was found that there was a haphazard 

application of these necessary inputs but are still getting acceptable production. Despite that 

production, most of the farmers said that the yield is decreasing per unit area yearly.  
 

In the study areas, it was found that only 5% of the respondents used chemical fertilizers during 

the time of seed bed preparation. More importantly, none of the respondents were found using the 

organic manures during seed bed preparation. This may be the major reason behind decreased 

production yearly.  

 

The status of number of respondents using different chemical fertilizers in the study sites revealed 

that 66 out of 80 respondents used urea (mean: 3.8 kg/ropani; SEM 0.37) whereas only 52 out of 

80 used DAP (mean: 2.2 kg/ropani; SEM 0.23) (p<0.01). Total potash users are 13 out of 80 

compared to 47 out of 80 respondents who use both urea and DAP. Only eight respondents 

reported that they use micro nutrients and soil mineral whereas six out of 80 respondents use 

compost in rice cultivation. The mean seed rate used was 0.82kg/ropani (SEM 0.03).  
 

Time of weeding 

Weeding is the act of removal of unwanted plants, whether manually or with the use of chemicals. 

They compete with the main crop (rice) for light, moisture and nutrients. Beside this, they also 

provide shelter to the plant pathogens and various insect pests and different rodents as well. 

 

Findings revealed that 15% of the respondents were weeding their crops for the first time from 

July 9-15, whereas 13.75% of the respondents were weeding their crops from July 23-29.  

 

Second weeding was done by 15% of respondents from July 30 – August 5, and another 15% from 

September 3-9.  
 

Status of usage of herbicides 

Study findings revealed that nearly 53% of the farmers were found to use herbicides at least once 

during the cultivation of rice. Most of the farmers used Butachlor, which is a popular post-

transplanting herbicide. It was found that Kathmandu had most of the farmers using herbicides for 

the weed management followed by Kavre. 

 

Land area wastage 

Total land cannot be occupied by the rice cultivation. Some of the areas may be occupied by bunds 

and allies while some of the land may be lost due to terraces. Keeping these factors in mind, it was 

estimated that Kavre had the most land area wastage due to the presence of more terraces. 
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Yield estimation 

Yield was estimated considering the different yield attributers. About four to five random samples 

were taken for yield estimation. Number of plants/m2; number of tillers/plant; number of 

panicles/tillers; number of grains/panicles and Test weight (1,000 grains) were considered while 

calculating grain yield. Results revealed that average production per ropani was highest in 

Kathmandu with 403.37 kg followed by Lalitpur (376.6 kg), Bhaktapur (363.64 kg) and least in 

Kavre (327.42 kg).  

 

CONCLUSION 
It is concluded that the extension services to reach the resource-poor farmers should be boosted to 

increase the technical know-how of improved technology for rice production. The yield obtained 

is low due to the unmanaged application of fertilizers, lack of fertilizers at the time of planting, 

increased land fragmentation and low technical know-how representing the traditional system of 

cultivation. Timely application of recommended doses of fertilizers will help in obtaining a 

desirable and economic yield. Knowing the technical information regarding the commercial hybrid 

rice cultivation is also of the utmost importance. 
 

ACKNOWLEDGEMENTS 
 

The authors are thankful to the farmers who gave their valuable time during the survey. We would 

also like to thank Mr. Binod Sunar for his contribution in the research.  

 

REFERENCES 
CBS. (2016) Annual household Survey, 2015/16. Government of Nepal, Central Bureau of 

Statistics (CBS). UNDP. 2016 

CBS. (2013) National sample census of agriculture Nepal, 2011/12.Central Bureau of Statistics 

(CBS), National Planning Commission, Government of Nepal, Kathmandu. 

Gauchan, D. and Gautam, S. (2012) Hybrid Rice adoption in Nepal: Preliminary Evidence from 

field surveys. A paper presented in Hybrid Rice Interaction Meeting held in NARC, Khumaltar, 
September 7, 2012. 

MoAD. (2013) Statistical Information on Nepalese Agriculture, 2013/14. Government of Nepal 

Ministry of Agriculture and Development 

MoF, (2013) Economic Survey 2012/13. Ministry of Finance (MoF), Government of Nepal. 

Kathmandu, Nepal 

MoF, (2017) Economic Survey 2016/17. Ministry of Finance (MoF), Government of Nepal. 

Kathmandu, Nepal 

SQCC. (2014) Notified varieties of crops in Nepal. Seed Quality Control Centre (SQCC), Ministry 

of Agriculture Development (Monad), Pulchowk, Lalitpur, Nepal 



Nepalese Journal of Agricultural Sciences, 2018, vol. 17 
ISSN 2091- 042X; e ISSN 2091- 0428 

 
 

 62 

The epidemiological history of rinderpest eradication in Nepal: 

Can we repeat this success story for peste des petits ruminants? 

 
1
S. Karki and 

2
S. N. Mahato

 

1Department of Pathobiology, University of Illinois, Urbana, Illinois, USA 
2Heifer International Nepal, Hattiban, Lalitpur, Nepal 

karki2@illinois.edu 

 

ABSTRACT 

Rinderpest was one of the most devastating diseases of large ruminants that 

killed millions of cattle and buffaloes across Asia, Africa and Europe in 20th and 

earlier centuries. This disease was ultimately globally eradicated in 2011. 

Rinderpest is the first livestock disease and only second infectious disease after 

Smallpox to be globally eradicated through human efforts. In Nepal, no 

outbreaks of rinderpest were detected after 1990, and after cessation of 
vaccination, clinical and serological surveillance conducted from 1997 to 2000 

confirmed no evidence of Rinderpest virus infection. The World Animal Health 

Organization (OIE) declared Nepal Rinderpest free in May 2002. However, due 

to the absence of database recording system at that time, many of the outbreak 

records and control efforts during that time has not been documented and are 

only limited in few government documents. There is an urgent need to collect 

this information and document them which can provide useful guidelines during 

eradication campaign against other diseases. The objectives of this paper are to 

document the historical Rinderpest outbreaks in Nepal and to summarize major 

activities undertaken to eradicate it. We gathered information from several 

published and gray literatures, government reports, and personal 

communication with several senior veterinarians to document and map 
Rinderpest outbreaks in Nepal. We found that Nepal faced nearly 50 years of 

Rinderpest outbreaks from 1938/39 until July 1990. During these years, 

thousands of cattle and buffaloes died causing huge socioeconomic impacts. 

Realizing this, National Veterinary Services of Nepal launched two massive 

vaccination campaigns in the 1960s and 1970s and several ring vaccinations 

thereafter which ultimately led to the eradication of Rinderpest from Nepal in 

2002. Several important lessons were learned including achievement of 

successful disease eradication through risk-based targeted surveillance 

activities. The lesson learned during the Rinderpest eradication can provide 

useful guidelines while conducting eradication campaigns against candidate 

diseases such as the Pester des Petits Ruminants (PPR). 
 

Keywords: Eradication, livestock diseases, Peste des Petits Ruminants, 

Rinderpest, Nepal 
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INTRODUCTION 

 

Rinderpest, commonly known as cattle plague, was a devastating infectious disease that affected 

large cloven-footed ruminants, primarily cattle and buffaloes (OIE, 2018). This disease is caused 

by a negative-stranded RNA virus that belongs to the Paramyxoviridae family and Morbillivirus 
genus (de Vries et al., 2015). The other close relatives of Rinderpest virus within the Morbillivirus 

genus include Measles virus, Peste des Petits Ruminants (PPR) virus, and Canine Distemper virus 

that mainly cause diseases in humans, small ruminants, and canines respectively (de Vries et al., 

2015). The major clinical symptoms of this disease include high fever, nasal and ocular 

discharges, severe diarrhea followed by dehydration, erosive lesions in the mouth, and often death 

in one to two-week time (Diallo et al., 1995). However, the animal that survives the natural 

infection develops life-long immunity (Cosby et al., 2005, Domenech et al., 2010). This disease is 

primarily transmitted by direct contact between infected and susceptible animals, as well as 

indirectly through the contaminated environment as a large amount of virus is shed in the 

environment through saliva and other bodily fluids (Mariner et al., 2005). 

 
Rinderpest caused millions of deaths of cattle and buffaloes across Africa, Asia, and Europe since 

before the Roman era until very late 20th century (OIE, 2018). Though this disease did not directly 

infect humans, the livelihoods of those dependent on livestock farming were seriously hampered 

during the time of outbreaks which even resulted in famine in several communities (Barrett and 

Rossiter, 1999, Morens et al., 2011, de Swart et al., 2012). The socioeconomic impact was huge 

owing to the massive mortalities of livestock and other direct and indirect costs associated with 

disease prevention and control measures (Tambi et al., 1999). Considering the economic impact of 

this disease and biological plausibility due to the characteristics of the Rinderpest virus, the Food 

and Agricultural Organization (FAO) in conjunction with the World Animal Health Organization 

(OIE) launched a dedicated Global Rinderpest Eradication Programme (GREP) in 1994 after a 

series of several concerted regional efforts in earlier decades (Njeumi et al., 2012, Roeder et al., 

2013). The major approaches taken to achieve the eradication target were mass vaccination of the 
cattle and buffaloes and enhanced surveillance in the affected countries (FAO, 2011). The last 

outbreak of Rinderpest was observed in Kenya in 2001 (FAO, 2011) and last vaccination was used 

in 2006 (Njeumi et al., 2012). After rigorous surveillance and sample testing across different 

countries over the years, Rinderpest was officially declared to be globally eradicated from May 

2011 (FAO, 2011). A recent study has estimated that the economic benefits of rinderpest 

eradication amount to the US $920 million annually in Africa alone (FAO, 2014).  

 

Nepal obtained the official status of Rinderpest free country from the OIE on 28th May 2002 

(Mahato, 2010). However, the victory against this deadly disease was never an easy journey. The 

struggle and fight to achieve this success have a long history. More than six decades of continuous 

battle led by the National Veterinary Services (NVS) of the Government of Nepal in cooperation 
with various national and international stakeholders and funding agencies made it possible. This 

feat is particularly remarkable since the NVS of Nepal was still in its infancy when the eradication 

campaigns were initiated in the early 1960s. However, due to the absence of national livestock 

diseases database system then, the documentation of Rinderpest outbreaks and its epidemiology in 

Nepal was extremely poor. The Veterinary Epidemiology Center, which is the focal point for 

maintaining national livestock diseases database of Nepal, was only established in 2004 A.D. after 
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Nepal became the member of the OIE in 1996. The lack of appropriate infrastructure and 

capability to record detailed epidemiological data on Rinderpest outbreaks and eradication 

campaigns at that time has hampered our ability to fully visualize the situation retrospectively. The 

peer-reviewed literature on Rinderpest outbreaks in Nepal is almost non-existent. Only scanty 

information is available, those too scattered and available only in paper formats in some of the 

older government reports. The stellar history of successful Rinderpest eradication campaign in 

Nepal is slowly fading away together with the first-generation veterinarians who pioneered the 

establishment of NVS in Nepal and fought against this disease. There is a need to gather and 

document such scattered information on historical Rinderpest outbreaks and eradication activities 
in Nepal, which can serve as a useful resource to guide us in the future while launching eradication 

campaigns against other candidate livestock diseases such as the Peste des Petits Ruminants 

(PPR). The objectives of this paper are to document the historical Rinderpest outbreaks in Nepal 

and to summarize the major activities undertaken to eradicate the Rinderpest disease from Nepal. 

 

MATERIALS AND METHODS 
Study area 
Nepal is a South Asian country surrounded by India in South, East, and West and China in the 

North (Figure 1). The border between India and Nepal is open and there is a frequent movement of 

people and animals between the two countries. In contrast, the border with China is relatively less 

accessible due to the presence of high mountains and Himalayas in the northern border. Nepal has 

three distinct ecological areas: lowland Terai in the South, hills in the middle and high mountains 

in the north. Administratively, Nepal was divided into five development regions, 75 districts, and 

nearly 4,000 municipalities and village development committees until 2017. Recently, Nepal has 

undertaken a state re-structuring and adopted a federal political system and is divided into seven 

states, 77 districts, and 744 local administrative units.  

 

Figure 1: Map showing risk categories of Nepal for rinderpest surveillance 

 

Data collection and processing 

The information on historical rinderpest outbreaks in Nepal was collected from the review of 

published and gray literatures. In addition, various relevant government reports prepared during 

the Rinderpest eradication campaigns were used as a source of data/information. Further, senior 
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Veterinarians who were directly involved during various stages of Rinderpest control programs 

also provided important information on Rinderpest epidemiology and eradication efforts in Nepal 

through personal communication. A Microsoft Excel was used to record and process data. ArcGIS 

10.5 software (ESRI, Redlands, California, USA) was used to create maps.  

 

RESULTS AND DISCUSSION 
 

Rinderpest outbreaks in Nepal 

The first Rinderpest outbreak in Nepal was reported in Kathmandu in 1938/39 A.D. (Mishra, 

1987). There were then series of outbreaks occurred across Nepal in different time-periods. When 

evaluating the historical trends of epidemiological outbreaks of Rinderpest in Nepal, the overall 

time-period from first outbreak in 1938/39 to last outbreak in 1990 may be roughly divided into 

three distinct epidemiological phases. The first phase comprises the period from first reported 

outbreak until 1960, before mass vaccination campaigns were launched. The second phase 

comprises of the period from 1960 to 1979, when outbreaks were in peak and mass vaccination 

campaigns were launched, and the third phase refers to the period from 1980 to 1990, when 
outbreaks were slowly burning out until the last outbreak in 1990. During the first epidemiological 

phase, there were at least two other major Rinderpest outbreaks. The second major outbreak of 

Rinderpest occurred in Western Nepal in Pokhara, Kaski during 1952/53 (Mishra, 1987). Wet goat 

tissue vaccine (GTV) imported from India was used to control this outbreak (Mishra, 1987). 

Another outbreak occurred in the mid-Terai region in 1954/55. The GTV vaccine and RP serum 

were used to control this outbreak (Mishra, 1987).  

 

 

 

 

 

 
 

 

 

 

 

 

 

 
      
 
 
 

 
Figure 2: Spatial distribution of rinderpest outbreaks in Nepal during different epidemiological 

phases 

 
Rinderpest outbreaks were at the peak across Nepal during the second epidemiological phase from 

1960 to 1979 (Table 1). In total, at least 32 out of 75 districts reported the outbreaks of Rinderpest 
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(Figure 2). Spatially, the disease outbreaks were concentrated in Terai and hilly districts of the far-

west region and some mid-western districts, several districts of Central development region 

including Kathmandu, and mid-eastern Terai districts (Figure 2).  

 

This is also the phase where two major mass vaccination campaigns to control the disease were 

conducted. After 1980, the Rinderpest outbreaks gradually started to decline in Nepal. The major 

outbreak during the third epidemiological period was observed in 1986 when six outbreaks were 

reported from three Western Terai districts- Banke, Bardiya and Kailali, and capital Kathmandu. 

This was one of the severe outbreaks in terms of loss. In total, 16,631 cattle and 7,387 buffaloes 
died. Majority of these losses were observed in Kailali (12,196 cattle and 6,122 buffaloes) and 

Banke district (4,050 cattle and 1,222 buffaloes) (Mishra, 1987). Later, sporadic outbreaks were 

observed in few districts including Bardiya, Nawalparasi, Kaski, and Tanahun (Table 1). The last 

outbreak of Rinderpest was reported from Dailekh district in July 1990. Table (1) shows the 

historical record of major Rinderpest outbreaks in Nepal. 

 
Table 1: Major rinderpest outbreaks in Nepal 

Year Number of 

outbreaks 

Districts/ regions affected 

1938/39 1 Kathmandu 

1952/53 1 Kaski 

1954/55 4 Mid-Terai region 

1963 6 Rautahat, Parsa, Bara, Chitwan, Makwanpur 

1964- 69 34 Humla, Darchula, Bajhang, Baitadi, Bajura, Kalikot, Jumla, 

Jajarkot, Kailali, Kanchanpur, Bardiya, Dadaldhura, Doti, Surkhet, 

Salyan, Dailekh, Pyuthan, Chitwan, Parsa, Bara, Rautahat, Sarlahi, 

Mahattori, Makwanpur, Sindhuli, Ramechhap, Dolakha, 

Kathmandu 

1972 1 Mid-Terai region 

1973 7 Kailali, Kanchanpur, Bara, Parsa, Rautahat, Dhanusha, Saptari, 

Sunsari, Morang 

1974- 79 NA Terai districts 

1984 1 Kathmandu 

1986 6 Banke, Bardiya, Kathmandu, Kailali 

1987 2 Bardiya 

1988 2 Kaski 

1989 2 Nawalparasi, Tanahun 

1990 1 Dailekh 
 Data sources: Mishra, (1987); Mahato, (2010); and various government reports. NA= Not available 

 

Vaccination campaigns against Rinderpest 

Vaccination against Rinderpest in Nepal was initiated for the first time during the 1952/53 Kaski 
outbreak. The wet GTV vaccines imported from India were used to control these initial outbreaks. 

From 1953 to 1963, ring vaccinations surrounding the outbreak areas were the main strategy 

followed. During that time, more than 600,800 cattle and buffaloes mainly near the vicinity of 

Kathmandu, Pokhara, and some Terai districts were vaccinated with GTV vaccines and 
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additionally 83,600 anti-sera were used (Singh, 1963). After 1963, two mass vaccination 

campaigns were launched, the first phase from 1963-69 and second phase from 1974-79 (Mishra, 

1987). The strategy of mass vaccination campaigns was to create an immune belt in the Terai 

region and ring vaccination in inner Nepal.  

 

In the first mass vaccination campaign, 2.97 million cattle and buffaloes were vaccinated with an 

estimated coverage of around 70% cattle and buffaloes (Mishra, 1987). The vaccines were 

imported from India, Pakistan, and Egypt, initially, but in 1966, GTV vaccine production started 

in Nepal which helped to make the vaccine supply system much efficient and cheaper. The 
Rinderpest vaccine production continued until 1986/87 (Pandey, 1987). The annual Rinderpest 

vaccine production ranged from 89 thousand to 1548 thousand unit-dosage depending upon the 

year (Figure 3) (Pandey, 1987).  

 

The mass vaccination against Rinderpest ceased in Nepal from July 1992. The only exception was 

the vaccination of 30,000 cattle and buffaloes during 1994- 95 in Rupandehi district as a pilot 

program under Global Rinderpest Eradication Programme. After July 1995, no cattle and buffaloes 

were vaccinated against Rinderpest. In November 1998, Rinderpest vaccine was used to control 

Peste des Petits (PPR) outbreaks in a small subset of the small ruminant population as PPR 

vaccine were not available in Nepal during that time (Mahato, 2010). Though several mass 

vaccination campaigns were launched, seromonitoring to study the effectiveness of vaccines were 

not frequently undertaken. A seromonitoring study conducted in Terai region in 1973 showed 
Rinderpest immunity in less than 10% of the cattle (Mahato, 2010). Another study conducted in 

1982, again in Terai districts, showed an immunity level in 19.2% of the samples tested (Mahato, 

2010). However, the detailed data on these seromonitoring testing are not available.  

 

Post-outbreak phase and Rinderpest free status 

The OIE had set up a pathway that the countries at various stages of Rinderpest control and 

eradication needed to follow to apply for the freedom from disease and infection. Since Nepal had 

not experienced any Rinderpest outbreaks after July 1990 and mass vaccination was also ceased 

since July 1992, the National Veterinary Services of Nepal skipped the mass vaccination part of 

the OIE pathway and proceeded towards a declaration of provisional freedom from Rinderpest 

(Mahato, 2010). In August 1996, Nepal declared itself provisionally free from Rinderpest 
(Mahato, 2010). To declare itself free from the disease and infection from the OIE, Nepal 

conducted a series of both passive and active surveillance activities in the years followed. Most of 

the funding for this active surveillance and upgrading of veterinary infrastructure at that time was 

obtained from the EU funded project- ‘Strengthening of Veterinary Services for Livestock Disease 

Control (SVSLDC)”. Nepal was a part of South Asian Rinderpest Eradication Campaign 

(SAREC).  

 

Passive surveillance was conducted through the mobilization of relatively well-established 

veterinary network in Nepal which comprises of 75 District Livestock Services Office, five 

regional veterinary laboratories, and 999 veterinary service centers and subcenters well spread 

across the country. Monetary awards were declared and massively advertised so that any 

individual reporting the Rinderpest like symptoms in cattle and buffaloes would receive prizes if 
the disease was confirmed (Mahato, 2010). Active surveillance targeting Rinderpest was initiated 
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in November 1996. For this purpose, Nepal was divided into the high-risk zone (40 districts) and 

low-risk zone (35 districts) (Figure 1). 
Figure 3: Annual rinderpest vaccine (GTV) production in Nepal 

 

The criteria followed for the classifications include disease history, livestock density, animal 

movement patterns and sharing a border with India. The active surveillance in high-risk districts 

included both clinical search and serosurveillance and was conducted during1997/98 to 1998/99 

while in the low-risk districts; only serosurveillance was conducted during1998/99 to 1999/2000. 

The lowest administrative division- wards were considered as the epidemiological units for the 

sample collection and testing. In total, 300 wards, each in high-risk and low-risk were randomly 

sampled across the country during each year’s surveillance with same wards not repeating the next 

year.  
 

In high-risk districts, as a part of clinical surveillance, 39,354 households from 599 wards were 

visited during which 159,350 cattle and buffaloes and 131,612 goats and sheep were clinically 

examined in two years. None of them had any clinical signs of Rinderpest. Likewise, 37,467 

serum samples (cattle 10,798, buffaloes 11,020, goats 13,176 and sheep 2,473) from 598 wards in 

high-risk districts and 29,663 serum samples (cattle 9,833, buffaloes 6,594, goats 11,073 and 

sheep 2,163) from 501 wards in low-risk districts were collected and tested at the Central 

Veterinary Laboratory, Tripureshwor using standard Rinderpest competitive ELISA test. Animals 

born after last vaccination in 1995 were used for sampling to rule out the possibility of previous 

vaccine-induced antibodies presence. Only 31 (26 from cattle and buffaloes) and six (three from 

cattle and buffaloes) serum samples were found to be seropositive from high-risk and low-risk 
districts, respectively. These seropositive animals were followed up for detailed clinical 

examinations and were found to be clinically normal. Serum samples that tested positive were also 

sent to FAO/ OIE reference laboratory for further testing and confirmation from where they were 

ruled out for Rinderpest positive. In addition to this systematic surveillance, samples were also 

collected and tested from several strategic locations including the vicinity of previous outbreak 

areas, wildlife buffer zones, livestock markets, and areas with high livestock population. From 
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these areas, 2,831 total serum samples with approximately 60 samples from each area were 

collected and tested (Mahato, 2010). All these samples were negative for Rinderpest antibodies 

presence.  

After these rigorous active clinical and serosurveillance and regular passive surveillance, as there 

was no any evidence of Rinderpest virus circulation in Nepal, Government of Nepal filed an 

application to the OIE to obtain the status of free from Rinderpest disease in March 2001 (Mahato, 

2010). The OIE reviewed the documents and declared Nepal as free from Rinderpest disease in 

September 2001. Further, as per the suggestion of the OIE, Nepal filed for recognition as 

Rinderpest infection-free country in December 2001. Subsequently, the OIE declared Nepal as 
free from Rinderpest infection country in May 2002.  

 

Involvement of donor agencies in rinderpest control and eradication in Nepal 

Several international agencies and governments provided crucial financial and technical assistance 

to the Government of Nepal in different time periods to fight against Rinderpest. The FAO’s 

involvement started in 1957 by sending experts to assist in Rinderpest control and expansion of 

Veterinary services in Nepal (Scott, 1975). They provided valuable assistance in designing 

vaccination strategy, expanding veterinary services, training Nepalese staffs, and later in vaccine 

production in Nepal. Other important funding agencies involved were OXFAM, Government of 

India, Asian Development Bank (ADB), and European Union. In 1960, Government of India 

provided four million rupees and OXFAM and FAO provided 1.27 million rupees only to be used 

for Rinderpest vaccine purchase and control activities (Mahato, 2010). In 1963, OXFAM and 
FAO again provided US$ 167,600 for three years project, called-Freedom from Hunger in which 

Rinderpest control was one of the components. In 1986, FAO provided emergency funding of US$ 

67,000 for Rinderpest vaccine purchase when vaccine produced in Nepal was not enough due to 

several ongoing outbreaks. Under the Second Livestock Development Project, that ran from 1986-

94, a loan project from ADB, US$ 2.36 million was allocated for animal health component. The 

major source of funding dedicated to the veterinary sector was a grant from EU for a project called 

SVSLDC which operated during 1995-2001 with a total funding 8.7 million Euro. Finally, there 

was a technical cooperation project from FAO worth US$ 361,000 during 2003/04 to strengthen 

the capability for protection against Rinderpest and other major diseases of farm livestock through 

emergency preparedness planning and new vaccine technology (Mahato, 2010).  

 

Lesson learned from rinderpest eradication campaigns 

The successful eradication of Rinderpest from Nepal has taught several important lessons to the 

Veterinary Services of Nepal. The most important one is that Nepal successfully eradicated the 

disease though the vaccine coverage never reached 80%. The maximum coverage reached was 

70%. This showed that the risk-based strategic vaccination campaigns could also lead to 

successful control and even eradication of the disease. The strong political commitment from the 

Government of Nepal was very helpful to achieve this success. Otherwise, mass vaccination 

campaigns would have been extremely difficult to conduct. Cooperation and participation from 

farmers were also crucial in achieving this feat. Moreover, regional cooperation with bordering 

countries is important to eradicate any disease, especially in bordering areas. This is particularly 

important in our context since Nepal and India share a long open border. The establishment of 

effective epidemiological infrastructure to conduct active surveillance and testing samples, and 
dedication of the government veterinary staffs were equally important to consider. We also 

realized the necessity of legislative frameworks to control the disease, some of which were 
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formulated during the SVSLDC project duration. The most important lesson is that even the 

resource-poor country such as Nepal can achieve the targets like disease eradication if there is 

enough willpower, time-bound focussed objectives and necessary cooperation from national and 

international stakeholders.  

 

Can we repeat this success story for PPR eradication?  

The OIE and FAO have developed a joint strategy with a target to eradicate the PPR disease 

globally by 2030. In a meeting at Ivory Coast in 2015, more than 70 countries endorsed the PPR 

Global Control and Eradication Strategy developed by FAO and OIE, thus creating a roadmap for 
global PPR eradication programs. PPR also belongs to the same virus family as Rinderpest. It is 

commonly known as sheep and goat plague and can be considered as a small ruminant’s version 

of the Rinderpest due to their extensive similarities. PPR is considered the next candidate disease 

for eradication after Rinderpest due to several factors such as their huge socio-economic impacts 

in poor countries, PPR virus having only one serotype, lack of sustainable reservoir hosts outside 

small ruminants, availability of highly effective single-dose vaccine, and improved surveillance 

and diagnostic capability globally (OIE, 2018). Nepal is one of the endemic countries for PPR 

disease after it was first identified in 1994/95. This disease is widespread in Nepal and has been 

recorded from most of the districts and outbreaks of different intensities are occurring each year. 

The real burden of the disease might be even higher considering the strong possibility of 

underreporting of PPR due to the absence of PPR specific surveillance programs in Nepal. 

However, Government of Nepal has been conducting National PPR Control Program by using its 
own financial resources since 2002 to control the PPR disease. The main strategy followed is 

vaccination and seromonitoring of the subset of animals vaccinated.  PPR is one of the national 

priority livestock diseases of Nepal.  

 

Compared to Rinderpest eradication campaign, we believe that Nepal is in much better position to 

deal with the PPR control and eradication campaigns. The most important aspect is that Nepalese 

Veterinary Services have recent experience of successfully conducting Rinderpest eradication 

campaign. Recent outbreaks of highly pathogenic avian influenza (HPAI H5N1) in Nepal (Karki 

et al., 2014, Karki et al., 2015) have also increased the capacity of Veterinary Services. 

Subsequently, surveillance and diagnostic capacities have also increased substantially. The PPR 

vaccine production is already ongoing for so many years. There has already been a lot of 
awareness among farmers regarding PPR due to ongoing annual vaccination programs in several 

areas. There are elected political representatives in local bodies of Nepal nearly after two decades 

which might be useful to obtain political commitment while launching eradication campaign. 

Currently, there are thousands of farmers group and goat farming cooperatives across Nepal who 

can be an effective collaborator in eradication campaign. However, there are several challenges 

too. One of the important challenges is how the National Veterinary Services of Nepal is going to 

be restructured in ongoing state restructuring of Nepal under the new Federal system. Since the 

DLSOs are to be dissolved in near future and 999 service centers and subcenters will be handed 

over to local bodies, it will create some vacuum, at least initially, which might negatively affect 

national disease control efforts such as that against PPR. Currently, DLSOs were reporting the 

monthly disease status including PPR to the VEC which is the only mechanism of livestock 

disease database creation in Nepal. How this issue is going to be addressed will also influence 
upcoming PPR control and eradication efforts. Another challenge is to increase the vaccine 

coverage substantially for which both vaccine production and delivery mechanism should be 
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upgraded. Further, with the increased road network, the animal movement has increased 

substantially which indicates the disease can spread much faster than earlier time periods but there 

is no appropriate mechanism to trace back those movements. Effective implementation of existing 

quarantine system and its upgrading might be necessary. Even with some challenges discussed 

above, we believe that Nepal will be able to control and eradicate PPR by 2030 as envisioned by 

FAO and OIE if enough funding is available. Regional efforts and international cooperation as 

were during Rinderpest campaign will be crucial too.  

 

CONCLUSION 
 

Rinderpest outbreaks were reported in Nepal from 1938/39 until 1990 A.D. During this nearly 50 

years period, several devastating outbreaks were recorded from the Terai and inner hilly districts 

of Nepal. In response to these several outbreaks, Government of Nepal in cooperation with several 

national and international agencies launched two major mass vaccination campaigns and several 

other ring vaccinations to control the disease and ultimately was successful to eradicate the 

disease. Several factors such as the characteristics of virus and availability of effective vaccines 
created an environment, but the dedicated effort of National Veterinary Services of Nepal in 

cooperation with regional and international campaigns was the most crucial factor that led to the 

successful eradication of Rinderpest in Nepal. The lesson learned from this eradication campaign 

can be valuable while launching eradication programs against another candidate disease- PPR.  
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ABSTRACT 

This research was done in The Standard Nursery (TSN), Bansbari, Kathmandu, 

Nepal during26th July 2017 to 21st September 2017 to compare the effectiveness 

of soil and soilless media on the growth parameters and yield of Marigold var. 

African marigold. The experiment was conducted by using Randomized 

Complete Block design (RCBD) with six treatments, each replicated thrice 
under greenhouse condition. Six different media used were- soil media T1(62.5% 

soil + 25% compost +12.5% ash; Soil control); T2 (60% coco peat + 25% 

compost + 10% perlite + 5% rice husk; soilless control); T3 (62.5% soil + 25% 

compost + 12.5% ash +1.68gm hydrogel; soilless media); T4  (60% coco peat + 

25% compost + 10% perlite + 5% rice husk + 1.68ghydrogel); T5(85% coco 

peat + 15% perlite); and T6 ( 75% coco peat + 25% rice husk). Findings 

revealed the mean plant height of 21.63 cm, the mean leaf number of 29.13, the 

mean number of buds 3.25 and mean flower number 2.50/plant. was 

significantly higher for soilless media of 60% coco peat + 25% compost + 10% 

perlite + 5% rice husk +168gm hydrogel compared to the rest of the treatments. 

It is suggested that soilless media consisting of coco peat, compost, perlite, rice 

husk in a ratio of 6o:25:10:5 with hydrogel can be considered the most suitable 
media to grow the Marigold var. African marigold in urban area, such as 

Kathmandu. 

 

Keywords: Soil media, soilless media, marigold, compost, perlite 

 

INTRODUCTION 
 

Marigolds (Tagetes species) are hardy, annual or perennial commercially exploited flowering 

crops belonging to the family Asteraceae, encompassing 129 species (including varieties and sub 

species), worldwide (Tropicos,2017). Tagetes erecta (African marigold) and Tagetes patula 

(French marigold) are popular for commercial purpose in Nepal. 

 

Soil is usually the most available growing medium for plants. It provides anchorage, nutrients, air, 

water, etc. for plant growth (Ellis et al., 1974). However, soils do pose serious limitations for plant 

growth too. Some of them are presence of disease-causing organisms and nematodes, unsuitable 

soil reaction, unfavorable soil compaction, poor drainage, degradation due to erosion etc. (Beibel, 

1960). 

 
Soilless culture is the modern cultivation system of plants that use either inert organic or inorganic 

substrate through nutrient solution nourishment. Possibly it is the most intensive culture system 
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utilizing all the resources efficiently for maximizing yield of crops, and the most intense form of 

agricultural enterprises for commercial production. Suitable growing substrates are essential for 

quality flower production as these affect development and maintenance of plant rooting system. A 

soil less media is generally made up of a combination of peat, perlite, coco peat, vermiculite, rock 

wool or some other material based on compost. The main advantage of soil less culture is precise 

control over the supply of water, nutrients, pH, root aeration and temperature which leads to 

increase productivity due to easier and more accurate production factors, elimination of soil borne 

diseases, reduction of labor requirement and no need of soil sterilization. Under this context a 

study was done to understand the performance of Marigold in soil and soilless media so that 
appropriate media combination would be possible to suggest for commercial growers. 

 

MATERIALS AND METHODS 
 

The study was conducted at The Standard Nursery (TSN), Bansbari, Kathmandu, Nepal during 

26
th

 July 2017 to 21
st
 September 2017. Six different media were used for six treatments as 

described in the Table (1) 
  

Table 1: Treatment detail in terms of media variation 

Treatments Media 

T1  62.5%Soil+ 25%Compost+ 12.5% Ash 

T2  60% Cocopeat+ 25%Compost+ 10%Perlite+   5% Rice husk 

T3  62.5%Soil+ 25%Compost+ 12.5% Ash + 1.68gm Hydrogel 

T4 60%Cocopeat+ 25%Compost+ 10%Perlite+ 5% Rice husk+1.68gm 
Hydrogel 

T5 85%Cocopeat+ 15%Perlite 

T6 75%Cocopeat + 25% Rice husk 

 

The experiment was done by using a Randomized Complete Block design with 6 treatments, each 

replicated for three times. Twenty-five days old African marigold (Tagetes erecta) seedling of 4-6 

leaf stage was transplanted in 8cm wide × 8cm height black polybag (350 gauge) with the capacity 

of 1.89 litre and3-5 holes. Polybags were filled with prepared media as per the treatment up to the 

top level, leaving 1.5 cm at the top of the polybag. Plant height, leaf number, number of buds and 

number of flowers per plant were recorded on a weekly basis. Total eight readings were taken 

during the experiment. Plant height was measured by a meter- scale from the soil/ soilless surface 

up to the top of the plants. Fully matured leaves whose veins were clearly observed were counted. 

Buds longer than one cm were counted. The mean plant height, leaf number, number of buds and 

flower number was calculated accordingly. 150ppm N, P2O5, K2O was applied on a weekly basis. 

Urea, DAP and MoP was used for liquid fertilizer application. 
 

Cultural operations such as weeding, and irrigation were performed in every growing media to 

allow the optimum crop growth. The total three sprays of fungicide Mancozeb 75%WP 

(DihaneM-45) @ 1 ml/l at an interval of 7 days, and total 3 sprays of fungicide Metalaxyl 

4%+Mancozeb64% (Ridomil Gold 68% WP) @ 2 ml/l at an interval of 7 days against blight were 

applied to protect the crop under study. 
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The data recorded on various aspects were entered in Microsoft excel. The data was statistically 

analyzed by the method of analysis of variance in Genstat (developed by VSN international). The 

significant response of the various treatments was worked out with the F-test. The treatments’ 

mean was compared by using Least Square Differences (LSD) at 5% level of significance. 

 

 

RESULTS AND DISCUSSION 
Plant height 
Different growing media had a significant effect on the marigold plant height (Table 2). Out of six 

different treatments, the maximum plant height (21.63 cm/plant) of marigold was measured in T4 

followed (p<0.05) by T2 (21.38 cm). On the other hand, the lowest plant height was measured for 

treatment T6 (18.0cm/plant) (Table 2). 

 
Table 2: The mean plant height (cm/plant) 

Treatments Plant height 

(cm/plant) 

T1 62.5%Soil+ 25%Compost+ 12.5% Ash 19.63 

T2 60% Cocopeat+ 25%Compost+ 10%Perlite+   5% Rice husk 21.38 

T3 62.5%Soil+ 25%Compost+ 12.5% Ash + 1.68gm Hydrogel 21 

T4 60% Cocopeat+ 25%Compost+ 10%Perlite+ 5% Rice 

husk+1.68gm Hydrogel 

21.63 

T5 85%Cocopeat+ 15%Perlite 19.38 

T6 75% Cocopeat + 25% Rice husk 18.00 

F-value 10.75* 

CV% 4.4 

LSD (0.05) 1.581 

 

Leaf number 

The highest numbers of leaf/plant were counted for T4 (29.13) which was significantly different to 

the rest of the treatments (p<0.05). This was followed by T3 (28.88) T2 (28.13) whereas the 

lowest numbers of leaf/plant were counted for T5 (21.25) (Table 3). 

 
Table 3: The mean leaf numbers/plant 

Treatments No. of leaf 

T1 62.5%Soil+ 25%Compost+ 12.5%Ash 24.63 

T2 60% Cocopeat+ 25%Compost+ 10%Perlite+   5% Rice husk 28.13 

T3 62.5%Soil+ 25%Compost+ 12.5%Ash + 1.68gm Hydrogel 28.88 

T4 60% Cocopeat+ 25%Compost+ 10%Perlite+ 5% Rice husk+1.68gm 

Hydrogel 

29.13 

T5 85%Cocopeat+ 15%Perlite 21.25 

T6 75% Cocopeat + 25% Rice husk 22.25 

F-value 42.98* 

CV% 4.5 

LSD (0.05) 2.144 
(*) – This sign shows significant 
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Number of buds 

Among six different treatments, significantly higher numbers of bud per plant (3.25) were counted 

in T4 followed by T2 (2.80), T3 (2.75) and T1 (1.88). The lowest numbers of flower bud per plant 

was counted for T6 (1.63) (Table 4). The calculated critical value of F at 5% level of significance 

for treatment is 2.36 and the tabulated critical value of F at 5% level of significance for treatment 

is 3.33. Since the calculated value is less than tabulated value, number of buds is not significant to 

the treatment. This may be due to disease and pest infestation in Marigold plant. 

 
Table 4: The mean number of buds/plant 

Treatments No. of buds 

T1 62.5%Soil+ 25%Compost+ 12.5%Ash 1.88 

T2 60% Cocopeat+ 25%Compost+ 10%Perlite+   5% Rice husk 2.80 

T3 62.5%Soil+ 25%compost+ 12.5%Ash + 1.68gm Hydrogel 2.75 

T4 60% Cocopeat+ 25%Compost+ 10%Perlite+ 5% Rice husk+1.68gm 

Hydrogel 

3.25 

T5 85%Cocopeat+ 15%Perlite 1.88 

T6 75% Cocopeat + 25% Rice husk 1.63 

F-value 2.36 

CV% 34 

LSD (0.05) 1.495 

 

Number of flowers 

Flowering is a complex process in plant life for which the plant requires optimum growth and 

nutrients and thus the media containing more nutrients produced higher number of flowers. Only 

plant height, leaf number and flower bud are not enough for the comparative study of marigold 

between soil and soil less media. Number of flowers/plant plays a significant role on the 

comparative study. Higher number of flowers per plant (2.50) was found in T4 treatment followed 

by T2 (1.88) and T3 (1). The lowest number of flowers per plant (0.38) was in T5 (Figure 1). 
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Figure 5: The mean numbers of flower/plant 

Note:  F-value: 19*; CV%: 27.4; LSD (0.05): 0.6360 
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CONCLUSION 

 

Based on the results obtained from this research, it is concluded that T4 treatment (60% Cocopeat 

+ 25% Compost + 10% perlite + 5% Rice husk + 1.68-gHydrogel) could be the most productive 

and higher number of flower producing media combination for commercial cultivation of 
Marigolds, (var. African Marigold) in Kathmandu.  
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ABSTRACT 
Mycoplasmosis is one of the economically important diseases in poultry causing 

poor weight gain, low egg production, low feed conversion efficiency, and high 

mortality. The research was done to assess the sero-prevalence of Mycoplasma 

gallisepticum (M. gallisepticum) and Mycoplasma synoviae (M. synoviae) in 

commercial broilers and backyard poultry in Badbhanjyang, Kathmandu 
district, Nepal. A total of 134 serum samples were collected from study area the 

serum samples were tested by Rapid Serum Agglutination (RSA) test by using M. 

gallisepticum and M. synoviae antigens Lilli test (Lillidaledale Diagnostics, 

U.K.) followed by ELISA (ID Vet, France) for M. gallisepticum.  Sero-

prevalence for M. gallisepticum was 23.13% (n=134) by RSA test and 17.16% 

(n=134) by ELISA, which was lower than prevalence of M. synoviae (47.76%) 

(n=134).  There was no association between prevalence of M. synoviae and age 

group of poultry (χ2
df=2=2.913, p>.233), but had weak correlation between age 

of poultry and M. gallisepticum (η = .229). Similarly, there was no association 

between prevalence of M. gallisepticum (χ2
df=1 = .603, p>.437) and sex; M. 

synoviae (χ2
df=1 = .420, p>.517) and sex by RSA test; and M. gallisepticum 

(χ2
df=1 = .495, p>.482) by ELISA and sex of poultry. However, there was 

significant association between prevalence of M. gallisepticum by RSA (χ2
df=1 = 

6.304, p>.012) test as well as ELISA (χ2
df=1 = 4.155, p>.042), and type of 

poultry farming. Likewise, there was significant difference between prevalence 

of M. synoviae and M. gallisepticum (φ=.326, p>.000), and correlated 

positively. The findings further demand to research more in detail regarding 

isolation and characterization at molecular level of the causative agents and to 

take prevention measures as well as to administer drugs against it. 

 

Keywords: Mycoplasmosis, sero-prevalence, RSA, ELISA, broiler 

 

INTRODUCTION 
Out of major infectious diseases affecting poultry, Mycoplasmosis is one of the economically 

important disease-causing poor weight gain, low egg production, low feed conversion efficiency, 

and high mortality, which leads to either high cost of production, or incurring losses to 

entrepreneur. Sixteen species of Mycoplasma (M. gallisepticum, M. synoviae, M. meleagridis, M. 

gallinarum, M. iowae, M. iners, M. gallopavonis, M. gallinaceum, M. pullorum M. lipofaciens, M. 
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glycophilum, M. cloacale, A. laidlawii, A. equifetale, M. imitans and Ureaplasma gallorale) have 

been isolated from chickens and turkeys (Stipkovits & Kempf, 1996).  

 

Of these, M. gallisepticum and M. synoviae are pathogenic for chickens and turkeys (Levisohn & 

Kleven, 2000). M. gallisepticum and M. synoviae are the most economically important and they 

are being listed by the OIE (Anon, 2008). The study was confined to. M. Gallisepticum and M. 

synoviae species. The disease causes a greater economic loss in the poultry industry. It reduces up 

to 30% of weight gain, up to 20% feed conversion efficiency, and causes up to 10% of mortality 

rate (Levisohn & Kleven, 2000).  
 

The objectives of this study were to determine the sero-prevalence of M.gallisepticum and M. 

synoviae infection in backyard poultry and commercial broilers, to find out the relationship 

between M.gallisepticum and M. synoviae, and to find out the relationship between sero-

prevalence of M.gallisepticum and M. synoviae and other related variables such as age group, sex 

and types of poultry, respectively. 

 

The findings will help to take necessary action for prevention and control of the Mycoplasmosis in 

poultry. This study was conducted in the then Badbhanjyang Village Development Committee 

(VDC) of Kathmandu, assuming that the study represented the poultry raising scenario in 

Kathmandu.  

MATERIALS AND METHODS 

In this study, Taro Yamane's formula was used to determine the sample size as n = 
N

1+N(e)2 , 

which is suggested by Pokharel, (2003), where, N = Population,  n = Sample size, and  e = error or 

confidence level. 

 

The serum samples and information were collected from the then Bahdbhanjyang VDC (ward 

number one, three and seven) of Kathmandu district, where poultry production is the major source 

of income for the farmers. Similarly, backyard poultry are raised in this area. The area is the route 
for entry in Kathmandu valley, through which poultry and poultry products are imported in and 

exported out of the valley. In addition, poultry raisers were willing to help in conducting study.  

 

There are several variables that can affect Mycoplasmosis. Accordingly, age group, sex, M. 

gallisepticum and M. synoviae RSA tests, ELISA, and type of poultry were taken as variables to 

study. Sex, age group and type of poultry were treated as independent variables, while M. 

gallisepticum and M. synoviae RSA test, ELISA were treated as dependent variables. 

 

The research was conducted during November 2014 to January 2015 at NASRI, Khumaltar, 

Lalitpur. Badbhnajyang VDC was the study area. Closed ended questionnaire was used to collect 

information whereas blood samples were collected from the poultry farms of the study area. The 

serum was harvested from the blood samples in serum collection vial, labeled and stored at - 4 0C 
in Refrigerator until laboratory investigation. The collected serum samples were tested in 

laboratory by RSA, Lilli test (Lillidaledale Diagnostics, U.K.), and ELISA (ID Vet, France) at 

Animal Health Research Division (AHRD), Khumaltar, Lalitpur to detect the presence of 

antibodies against M. gallisepticum. The RSA test was performed by using Lilli Test M. 
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gallisepticum and M. synoviae Rapid RSA test Antigen (Lillidaledale Diagnostics, U.K.). 25 µl 

serum was placed in the plate using Micropipette and immediately equal volume of serum sample 

was added. The antigen and the sample were mixed properly by using glass rod or stick. After 2 

minute the observation was done for the formation of granules for the positive cases. 

Agglutination was assigned score from (+) to (+++). The sera samples having agglutination score 

(++) or greater were recorded as positive and used for calculation of prevalence. This RSA test 

was used for detecting both M. gallisepticum and M. synoviae. However, ELISA kit was used for 

testing only M. gallisepticum. 

 
The variables were identified to create the field for Statistical Program for Social Sciences (SPSS). 

Data were entered accordingly. The descriptive (frequencies and percentage) as well as inferential 

(Chi-Square, phi and Eta) analyses were done to obtain single value of result to interpret them 

accordingly. The triangulation was made among the value of Correlation, Eta and Phi. The 

dependent and independent variables were kept wisely to maintain the validity of the results. 

 

RESULTS AND DISCUSSION 
 

Sero-prevalence of M. gallisepticum and M. synoviae   

The seo-prevalence of M. gallisepticum and M. synoviae were 23.13% (n=134) and 47.76% 

(n=134) in RSA test, respectively. Similarly, prevalence of M. gallisepticum was 17.16% (n=134) 

by ELISA.  

 

The data indicated that the sero-prevalence of M. synoviae was higher compared to M. 

gallisepticum. This contrasts with the findings of Heleili et.al, (2012). The authors had reported 

higher sero-prevalence of M. gallisepticum (69.90%) compared to M. syanovie 66.33%) at Banta 

commercial poultry farms in Algeria. Our study showed lesser sero-prevalence of M. gallisepticum 

(23.13%) than the findings of Pradhan et. al.,((1999) in Kathmandu (29%).This  scenario in 

Kathmandu might have been achieved  due to increasing awareness of bio-security and treatment 
measures of the poultry raisers. Sun et al., (2014) had reported higher prevalence of the M. 

gallisepticum (62.62% and 72.45%) during 2012 and 2013, respectively, on chicken in 

Chongqing, China. 

 

Pandey (2014) reported higher prevalence of M. gallisepticum, 28% (n=14) in Chitwan compared 

to result, of this study, 23.13% (n=134) which is further lower prevalence in Pokhara, 20% (n=10), 

by RSA test in broilers. 

 

Sero-prevalence of M. gallisepticum and M. synoviae with respect to age group  

The prevalence of M. gallisepticum in four to eight weeks, eight to twelve and more than twelve 

weeks was 14.29% (n=77), 33.33% (n=42), and 40.00% (n=15) in RSA test, respectively (Table 1 
1). Similarly, the prevalence of M. gallisepticum in four to eight weeks, eight to twelve and more 

than twelve weeks was 10.29% (n=77), 23.81% (n=42), and 33.33% (n=15) in ELISA (Table 1) 

respectively. The prevalence of M. synoviae in four to eight weeks, eight to twelve and more than 

twelve weeks was 41.76% (n=77), 54.76% (n=42), and 60.00% (n=15) in RSA test, respectively 

(Table 1). Relation between age of poultry (weeks) and prevalence of M. gallisepticum by using 

Eta in direction measure (η) 
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The data revealed that the prevalence of M. gallisepticum and M. synoviae was more in older than 

those of younger birds. Chi-Square test showed that there was no association (Table 5) between 

prevalence of M. synoviae and age group of poultry (χ2
df=2=2.913, p>.233). However, there was a 

weak relationship between prevalence of M. gallisepticum and age of poultry (η = .229). 

 
Table 1: Sero-prevalence of M. gallisepticum and M. synoviae and age group 

No. % No. % No. %

Age group

   4-8 weeks 77 11 14.29 32 41.56 8 10.39 77

   8-12 weeks 42 14 33.33 23 54.76 10 23.81 42

   >12 weeks 15 6 40.00 9 60.00 5 33.33 15

RSA test

Variables Positive samples

M. gallisepticum M. synoviae M. gallisepticum

ELISA 

Total* no. 

of 

samples 

tested

 
 

Pandey (2014) reported no significant difference in prevalence of both M. gallisepticum and M. 

synoviae regarding age, which was like the prevalence of M. synoviae of this study. Similarly, 

Ayim et al., (2012) also reported that infection was significantly higher (χ2 = 202.8, p>.000) in 

older birds (100%) than in younger (15.6%), which was also like result of this study. But, Pradhan 

et al., (1999) have found higher prevalence of Mycoplasma in two to five months of age (76%) 

compared to greater than nine months of age (45%), which contrasted with results of this study. 

Islam et al., (2014) reported highest sero-prevalence in pullets (60.63%), followed by adults 

(55.63%) and older chickens (51.25%) which were also in contrast to the findings of this study. 

 

Sero-prevalence of M. gallisecpticum and M. synoviae, with respect to the sex of poultry 

The prevalence of M. gallisepticum in male and female was 20.55% (n=73) and 26.23% (n=61), 
respectively, by RSA test (Table 3). Similarly, it was 15.07% (n=73) and 19.67% (n=61) by 

ELISA . The prevalence of M. synoviae in male and female was found 45.21% (n=73) and 50.82% 

(n=61) respectively by RSA test (Table 3). Sarkar et al., (2005) stated that the infection was higher 

(59.94%) in female birds than in male birds (48.57%), which was like results of this study. 

 

Chi-Square test showed that there was no association (Table 6) between prevalence of M. 

gallisepticum (χ2
df=1 = .603, p>.437) and M. synoviae (χ2

df=1 = .420, p>.517) by RSA test, and M. 

gallisepticum (χ2
df=1 = .495, p>.482) by ELISA, and sex of poultry. 

 

Sero-prevalence of M. gallisecpticum and M. synoviae, and keeping types of poultry 

The prevalence of M. gallisepticum in backyard poultry and broilers was found 33.93% (n=56) 
and 15.38% (n=78) respectively by RSA test. Similarly, it was 25.00% (n=56) and 11.54% (n=78) 

in backyard poultry and broilers by ELISA (Table 2). The prevalence of M. synoviae in backyard 

poultry and broilers was found 53.57% (n=56) and 34.59% (n=78) respectively by RSA test . 
% 



Nepalese Journal of Agricultural Sciences, 2018, vol. 17 
ISSN 2091- 042X; e ISSN 2091- 0428 

 
 

 82 

Pandey (2014) reported higher (36%) prevalence of M. gallisepticum and lesser (38%) prevalence 

of M. synoviae infection in backyard poultry compared to results of this study of sero-prevalence 

of M. gallisepticum (33.93%) and M. synoviae (53.57%) by RSA test. Islam et al., (2014) also 

reported higher prevalence of M. gallisepticum 62.5% (n=75) in backyard poultry in Bangladesh 

compared to results of this study of sero-prevalence of M. gallisepticum (33.93 %) by RSA test. 

Pandey (2014) also reported that the prevalence of M. synoviae was higher than the prevalence of 

M. gallisepticum, which is similar to result of this study. 

 

Table 2: Sero-prevalence of M. gallisecpticum,M. synoviae, and keeping types of poultry 

No. % No. % No. %

1 Keeping types

1.1    Backyard 56 19 33.93 30 53.57 14 25.00 n = 56

1.2    Broilers 78 12 15.38 34 43.59 9 11.54 n = 78

      Remarks

RSA test

S.No. Variables Positive samples

M. gallisepticum M. synoviae M. gallisepticum

ELISA 

Total* 

no. of 

samples 

tested

 
 

Results from the Chi-Square test revealedthat there was an association (Table 5) between 

prevalence of M. gallisepticum by RSA (χ2
df=1 = 6.304, p>.012) test and ELISA (χ2

df=1 = 4.155, 

p>.042), and types of poultry. The results furthershowed that there was also an association (Table 

5) between prevalence of M. synoviae by RSA (χ2
df=1 = 1.302, p>.254) test and types of poultry. 

 

Relationship between sero-prevalence of M. gallisecpticum and M.synoviae  

There was significant difference between prevalence of M. synoviae and M. gallisepticum 

(φ=.326, p>.000) in using Phi test, which indicated that those two variables were positively 

correlated (Table 3).  

 
Table 3: Relationship between variables and results of RSA test and ELISA 

S.No. Variables Tools Value df Sig.

1 Age group of poultry * M.synoviae(RSA) P*. Chi-Square (χ
2
) 2.913

a

2 .233
e

2 Sex of poultry * M.gallisepticum(RSA) P. Chi-Square (χ
2
) .603

b

1 .437
e

3 Sex of poultry * M.synoviae (RSA) P. Chi-Square (χ
2
) .420

c 1 .517
e

4 Sex of poultry * M.gallisepticum(ELISA) P. Chi-Square (χ
2
) .495

d

1 .482
e

5 M. syanoviae  * M.gallisepticum 

(RSA)(N ominal by Nominal Variables)

Phi (φ) .326 N .000
f

6 Types of poultry * M. gallisepticum (RSA) P. Chi-Square (χ
2
) 6.304 1 .012

7 Type of poultry * M. gallisepticum ( ELISA) P. Chi-Square (χ
2
) 4.155 1 .042

8 Type of poultry * M. synoviae (RSA) P. Chi-Square (χ
2
) 1.302 1 .254

 
*  Pearson,  N.; Not applicable 
a.  0 cells (0.0%) have expected count less than 5. The minimum expected count is 14.11 
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b.  0 cells (0.0%) have expected count less than 5. The minimum expected count is 7.16. 
c.  0 cells (0.0%) have expected count less than 5. The minimum expected count is 29.13 

d.  0 cells (0.0%) have expected count less than 5. The minimum expected count is 10.47. 
e.  Asymp. Sig (2-sided) and f. Approx. Sig 

 

It also suggests that if there was prevalence of M. synoviae that would lead to 32.6% chance of 

prevalence of M. gallisepticum. 
 

CONCLUSION 
 

The results of this study indicated that M. gallisepticum and M. synoviae infection in broilers as 

well as in backyard poultry were prevalent in Kathmandu. The occurrence of M. gallisepticum was 

associated with types as well as age group of poultry. But there was no association between 

occurrence of M. gallisepticum and sex of poultry. Similarly, the occurrence of M. synoviae was 

not associated with sex of poultry. In contrast there was association between occurrence of M. 

gallisepticum and occurrence of M. synoviae in broilers as well as in backyard poultry. These 

findings suggest the need of more detail research about isolation and characterization at molecular 
level of the causative agents and to take prevention measures as well as to administer drugs against 

it in order to effectively deal with this economically important disease. 
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ABSTRACT 

A study was done to compare the milk production performance of dairy cattle 

with respect to feeding heat and formalin treated soybean cake at National 

Cattle Research Program (NCRP), Rampur Chitwan during December 2017 to 

February 2018 for 62 days after adjustment period of 7 days. A total of 12 

lactating Jersey cattle of similar breed, parity, calving date and almost similar 
milk production level were selected for experiment. They were alloted into 3 

treatments with 4 replications (one animal one replication) by using Completely 

Randomized Design (CRD).  Compound feed was procured from Fine Feed 

Industry, Chitwan. Control group (T1) was provided 6 kg concentrate mixture 

whereas Treatment 2 and 3 were provided 6 kg concentrate mixture and 

additional 1.5 kg heat and formalin treated soybean cake, respectively.  

Experimental animals were allowed to graze for 3 hours in the premises of 

NCRP and adlib amount of straw and green grass such as oat, signal and local 

grass was also provided as per availability once a day. Feed intake and milk 

production of individual animal was recorded daily. The findings revealed that 

straw and concentrate intake of experimental animals was highly significant 

(pP<0.001) among treatment groups whereas green grass intake was non-
significant among diet groups. Similarly, initial milk production was non-

significant among diet groups (5.4, 5.45 and 5.62 liter for T1, T2 and T3, 

respectively) whereas final milk production was highly significant (p<0.001) 

among diet groups (7.85, 6.12 and 5.82 liter for T2, T3 and T1, respectively). 

Economic analysis revealed that heat treatment is more beneficial than 

formaldehyde which net income accounted NRs 12,152.11 and 7,457.55, 

respectively during 62 days of experimentation. Therefore, it is suggested that 

heat treated soybean cake supplementation to early lactating (up to 3 months) 

high yielding animals could be one of the options for improving the milk 

production whereas further in-depth study is needed to ascertain the optimum 

level and duration of additional protein supplementation to lactating animals. 

 

Keywords: Dairy cattle, additional bypass protein supplementation, milk 

production,  
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INTRODUCTION 
 

Livestock farming is a major component of Nepalese farming system and one of the important 

occupations in the rural areas of Nepal. It contributes 31% of agriculture gross domestic product 

(AGDP), among this 53% derives from the hills, 38% from the Terai and 9% from the mountains 
(APP, 1955). Livestock farming, especially, dairy farming alone contributes 78% in total AGDP. 

It is presently ongoing a transition phase from subsistence to commercial dairy farming in the 

various places of Nepal due to increase of milk marketing facilities in the area. Dairy farming has 

been helping the farmers to earn cash income to fulfil their basic needs, at the same time they can 

get manure as byproduct and draft power for agricultural production. 

 

The problem of nutrients for dairy animals could be overcomed by newer feeds and by the use of 

alternative feed technologies, which may lead to better and more efficient utilization of available 

feed resources. Dietary proteins are mostly degraded in the rumen and transformed in microbial 

protein. The method to increase protein supply to the animals is termed “bypass protein 

technology” (Preston and Leng, 1987; Garg et al, 2007). The protected protein by-passes the rumen 
and provides additional essential amino acids for absorption at the small intestine (Walli, 2005). 

Bypass protein is known to stimulate the voluntary feed intake (Preston and Leng, 1987) and 

thereby improve milk quality and quantity with improvement in economic returns from dairy 

animals (Garg et al, 2005; Gulati et al, 2005).  

 

There are different methods of protecting proteins from ruminal degradability, however, some of the 

protein sources such as oilseed meal, fishmeal, cereal bran, tannin-containing legume, corn gluten 

meal and cotton seed meal are naturally less degradable in the rumen, hence can be considered as 

natural bypass proteins or nutrients (Preston and Leng, 1980; Preston and Leng, 1987). In the case of 

soluble protein meals, their bypass protein qualities can be improved, and they can be protected from 

degradation in the rumen by “protection” processes which include heat and reactions with aldehydes, 

such as formaldehyde and glutaraldehyde, or mixing with tannins, or selection of plants with tannins 
(Leng, 1991). 

 

It is generally presumed that bypass protein is most beneficial to high yielding animals, however, in 

view of the positive results obtained in several studies in India on medium producing animals, the 

subject needs a rethinking on the part of ruminant nutritionists (Walli, 2005).  This researchwas carried 

out with the objectiveto evaluate the effect of feeding a concentrate containing formaldehyde and heat-

treated protein meals on milk production in lactating cattle under farm conditions. 

 

MATERIALS AND METHODS 
 

Location and selection of experimental animals 

This experiment was conducted at National Cattle Research Program, Rampur, Chitwan, Nepal for 

62 days after adjustment period of 7 days during December 2017 to February 2018. A total of 12 

lactating Jersey cattle of similar breed, parity, calving date and almost similar milk production 

level were selected for experiment. They were divided into 3 treatments, each with 

fourreplications (one animal as a one replication) by using completely randomized design (CRD).   
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Chemical analysis and feed formulation 

Compound feed and soybean cake was procured from Fine Feed Industry, Chitwan and Kisan 

Feed Industry, Patan industrial estate, Lalitpur, respectively, and subjected for proximate and 

detergent analysis. Representative samples were analyzed for dry matter (DM), organic matter 

(OM), total ash (TA), crude protein (CP), ether extract (EE), and crude fibre (CF). Dry matter was 

determined by drying samples at temperature 1050C in hot air oven for 12 hours. Crude protein, 

ether extract was analyzed by using Kjeldahl method and Soxhlet apparatus, respectively. Total 

ash was determined by ashing at temperature 5500C in a muffle furnace for 16 hrs (AoAC, 1980). 

Crude fibre of the sample was determined using the Van Soest method (Goering HK and Van 
Soest, 1970). 

 

Formaldehyde and heat treatment of soybean cake 

Soybean cake was treated with 1-1.2 ml formalin (40%) per 100 g CP as suggested by Thomas 

and Burroughs, (1979). At first, one part of formalin was diluted in nine part of water. Then after 

formalin diluted solution was sprayed over cake and mixed manually and the cake was packed in 

plastic bag for 7 days. Similarly, heat treatment of cake was done by using hot air oven for 2-4 

hours at temperature 125-1500C.  

 

Experimental diet 

Three types of experimental diets were composed for experimental animals as presented in Table 

(1). 
 

Table 1: Experimental diet of the animals 

Treatments Diet 

T1 Adlib roughages + 6 kg concentrate mixture + 3 hrs grazing 

T2 Adlib roughages + 6 kg concentrate mixture + 1.5 kg heat treated soybean cake + 3 
hrs grazing 

T3 Adlib roughages + 6 kg concentrate mixture + 1.5 kg formalin treated soybean cake 

+ 3 hrs grazing 
Note: Green grass includes oat, signal and local grasses 

 

Feeding regime 

Half dose of concentrate mixture was provided in the morning and half dose in the evening before 

milking. After milking animals were allowed to graze for 3 hours in the NCRP premises. In the 

evening, after milking, experimental animals were provided adlib amount of green grass and rice 

straw. In the day time, animals were kept in open yard and they had easily access to drinking 

water. 

 

Observation recording 

The experimental period was of 62 days after an adaptation period of 7 days. Total feed, 

concentrate mixture, straw intake and milk yield was recorded daily during entire trial period.  

 

Economic analysis 

Economics of feeding under different treatments was calculated from the records of daily feed 

consumption and by considering the procurement cost of feeds and straw used for feeding of 

experimental cows. Gross returns from sale of milk from different groups were worked out 
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considering average milk production per animal over 62 days period and price of milk was taken 

as selling price of milk in the local market to the consumers. Gross profit per cow, from different 

groups, was worked out considering, average feeding expenses and labour cost per animal and 

selling price of milk.Data analysis 

Data of feed, grass and straw intake and milk yield were analyzed for mean, standard deviation 

and P value by One way ANOVA by using computer statistical package SPSS version 16. 

 

RESULTS AND DISCUSSION 
 

Chemical composition of Feedstuffs 

The chemical composition of used feedstuffs has been presented in Table (2). 

 
Table 2: Nutrient contents of feedstuffs supplied as diet 

 DM OM TA CP CF NDF ADF ADL Hemi 
cellulose 

Cellulose 

Concentrate 
mixture 

84.4 91.97 8.03 14.76 8.71 NA NA NA NA NA 

Heat treated 
soybean cake 

97.3 89.49 10.51 27.08 10.21 NA NA NA NA NA 

Formalin 
treated soybean 
cake 

87.25 90.92 9.08 34.86 10.91 NA NA NA NA NA 

Straw 85.42 88.14 11.86 4.93 16.96 72.69 51.91 12.76 20.78 39.15 

Oat grass 28.27 86.39 13.61 11.76 NA 63.23 43.51 33.81 19.72 9.7 

Signal grass 59.61 89.83 10.17 14.43 NA 71.61 45.19 13.36 26.42 31.83 

Local grass 88.66 89.41 10.59 17.4 8.91 67.11 46.36 26.86 20.75 19.5 

 

Feed intake 

Average feed intake of experimental animals is presented in Table 3. Table (3) showed that straw 

and concentrate intake of experiment animals was highly significant (P<0.001) among diet groups 

whereas green grass intake was non-significant (p>0.05). Highest straw intake was recorder for T3 

(3.39 kg) followed by T2 and T3 (2.92 and 2.86 kg, respectively). Green grass intake of 

experimental animals was almost similar (11 kg). Similarly, highest concentrate intake was noted 

in T2 (7.49 kg) followed by T3 and T1 (6.74 and 5.5 kg, respectively). Likewise, dry matter intake 

was higher in T2 (13.06 kg) followed by T3 (12.1 kg) and T1 (10.32 kg) which was also highly 
significant (p<0.001) among diet groups. 

 
Table 3: Feed intake of experimental animals/day (kg) 

Treatments Straw Grass Concentrate DM intake / day, kg 

T1 2.86±0.80 11.47±3.80 5.5±0.50 10.32 

T2 2.92±0.84 11.65±3.63 7.49±0.92 13.06 

T3 3.39±0.75 11.81±3.71 6.74±0.43 12.1 

 

Milk production 

Average milk production performance of experimental animals is given in Table (4). At the 

beginning of experiment, milk production level of experimental animals was almost similar (5 
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liter/animal). By the end of research (in 62 days), milk production level of T2 increased 

significantly (p<0.001), and reached 7.85 liter in comparison to other two groups (6.12 and 5.82 

liter, for T3 and T1, respectively). Figure (1) clearly shows that T2 was leading in milk production 

over other two treatments from the beginning to the end of the experiment. 

 
Table 4: Milk production performance of experimental animals/day (liter) 

Treatments Initial Final Milk increment 

T1 5.40±1.27 5.82±1.82 0.42 

T2 5.45±2.58 7.85±3.92 2.4 

T3 5.62±1.96 6.12±2.18 0.5 

 

The milk increment of T2 group was higher (2.4 liter) from the base level than that of T3 and T1 

(0.5 and 0.42 liter, respectively). The result suggests that heat treatment of soybean cake was more 

effective than formalin treatment in terms of their contribution to the milk yield. 

 

 
Figure 1: Milk production performance of experimental animals 

 

Economic analysis 

Cost benefit analysis of the experiment has been presented in Table (5). The total milk production 

per animal during 62 days of experiment was 339.95 liter, 446.93 liter and 367.58 liter for T1, T2 

and T3, respectively. The milk selling priceat the local market was NRs 70/liter. Income from the 
selling of milk was calculated based on selling rate of local market which accounted NRs 23796.5, 

NRs 31285.1 and NRs 25730.6 for T1, T2 and T3, respectively. Feed, soybean cake and straw cost 

was taken from the market whereas green grass cost was not accounted because of grazing and 

cultivated in the land of NCRP. One labor was hired for milking, feeding, grazing and other 

activities to the 12 lactating animals. Therefore, cost of labor for one cattle accounted NRs 

2,040.83. The total cost of production was accumulated NRs 13,490.78, NRs 19,132.99 and NRs 

18,273.05 for T1, T2 and T3, respectively. Net income was calculated by deduction of total cost 

from income of milk selling. The highest net income was calculated fot T2 (NRs 12,152.11) 

followed by T1 (NRs 10,305.72) and T3 (NRs 7,457.55). 
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Table 5: Cost benefit analysis 

Parameters T1 T2 T3 

Total milk 

production/ animal, 

liter 

339.95 446.93 367.58 

Milk cost, NRs 70 70 70 

Income, NRs 23796.5 31285.1 25730.6 

Feed cost, NRs 341 kg x 31.5 = 10741.5 372 kg x 31.5 = 11718 341 kg x 31.5 = 

10741.5 

Soybean cost, NRs 0 93 kg x 50 = 4650 93 kg x 50 = 4650 

Straw cost, NRs 177.32 kg x 4 = 709.28  181.04 kg x 4 = 724.16 210.18 kg x 4=840.72 

Labor cost, NRs 2040.83 2040.83 2040.83 

Total cost, NRs 13490.78 19132.99 18273.05 

Net income, NRs 10305.72 12152.11 7457.55 

 

 

DISCUSSION 
This study was carried out to evaluate the effect of different methods treated soybean cake feeding 
on milk production performance of lactating Jersey cattle. The findingsrevealed that 

supplementation of heat-treated soybean cake in the diet significantly (p<0.001) increased the milk 

production (2.4 liter) than that of formaldehyde treatment (0.5 liter).  

 

Voluntary intake of straw was found highly significant (p<0.001) in formaldehyde treated soybean 

cake fed group (T3) (3.39 kg) than that of heat-treated soybean cake fed group (T2) (2.92 kg). On 

the other hand, heat treatment of soybean cake significantly (p<0.001) affected the concentrate 

mixture intake (7.49 kg for T2) than that of formaldehyde treated cake treatment (T3) (6.74 kg).  

 

Green grass intake of all groups was almost similar (11 kg). Due to the unavailability of the 

animals of early lactation, this experiment was conducted on cattle which were almost at late 
period of lactation. Preston and Leng (1987) reported that response of supplementation of 

additional protein source can be seen in early lactation (up to 3 months) of lactation rather than 

mid and late lactation in high yielding cattle. Bypass protein usually increases feed intake and 

therefore promotes milk production. The increase in milk production may be attributed to more 

availability of protein for digestion in the intestine, thereby increasing supply of precursors of milk 

production (Mishra et al, 2006). Also, it was suggested that the improved milk production could 

be due to supply of required amino acids and metabolisable energy to the host animal at cellular 

level (Bugalia and Chaudhary, 2010).  

 

Faldet and Satter (1995) conducted an experiment on lactating cattle during week one and two 

postpartum by feeding heat treated soybean cake. The authors reported that feeding heat-treated 
soybeans supported more milk (4.5 liter/d), 3.5% FCM (4.0 liter/d), and milk protein (0.09 kg/d) 

than soybean meal or raw soybeans feeding. 

 

Vahora et al (2012) reported that feeding buffaloes under farm conditions with protein meal 

treated with heat led to a 15% increase in milk yield of 6% FCM compared with feeding untreated 
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protein meals. Chandrasekharaiah et al (2008) conducted an experiment on crossbred cattle and 

reported a significant increase in milk production in medium producing crossbred cows on feeding 

of cotton seed extraction as bypass protein. Yadav and Chaudhary (2004) also reported an increase 

in milk and FCM yield in dairy animals fed with heat treated groundnut cake as a bypass protein. 

Likewise, Bugalia and Chaudhary (2010) reported that the average milk yield was significantly 

improved in lactating crossbred cows fed with heat treated sesame cake in place of untreated 

sesame cake in the concentrate mixture. 

 

Sampath et al (1997) also found an increase in FCM in crossbred cows supplemented with heat 
treated groundnut cake. Throat et al (2016) reported that supplementation of 1kg of heat-treated 

rapeseed meal (bypass protein) replacing 2 kg of homemade concentrate mixture to crossbred 

cows yielding daily 20-21kg milk.  

 

Kunju et al (1992) conducted an experiment on 25 lactating cows about 400 kg of body weight of 

2nd and 3rd lactation which were distributed into five groups. The experimental animals were 

supplemented bypass feed at the level of 0, 1, 2, 3 and 4 kg for six weeks. The findings revealed 

that milk production response on feeding of bypass protein was almost linear. The maximum 

response of bypass protein feed was observed in cows fed three kg bypass protein level. 

 

Garg et al. (2002) fed 250, 500 and 1000 g bypass fat/protein to the cows in 3 groups and recorded 

0.4, 0.8 and 1.1kg, increment in milk yield, respectively, as compared to base level milk yield at 
initial stage of experimental feeding. The increase in milk yield was significantly (p<0.05) higher 

for the cows fed 500 and 1000g bypass supplement than other treatments. The effect of feeding 

heat-treated soybean meal on milk production was studied by Atwal et al. (1995) and reported that 

increase in milk production was 2.2 liter in the cows fed the diet with 15% CP, and 1.9 liter in the 

cows fed the diet with 17% CP. They concluded that the milk production was significantly 

increased during week 7 to 16 of lactation for cows fed with heat treated soybean meal diets. Such 

positive responses of higher milk yield due to feeding bypass protein to lactating cows were also 

reported by other researchers (Ramachandra and Sampath, 1995; Akbar et al., 1999; Chaturvedi 

and Walli, 2001; Garg et al., 2003 and Garg et al., 2005). 

 

Aasiwal et al (2015) also conducted an experiment on 27 lactating Jersey cows in their different 
parity groups viz. 1st - 3rd parity, 4th - 6th parity and above 7th parity at different stages of 

lactation i.e. early (1-3 months), mid (4-6 months) and late (7-9 months) in each parity groups 

lactating cows for 40 days. They reported that milk yield was increased in early lactating stage 

which was in the line of Sherasia et al (2010) who had reported significantly (p<0.05) higher milk 

yield from 9.85 liter to 10.72 liter/day when one kg of heat treated rapeseed meal was fed to 

crossbred cows. Shelke et al (2012) also reported significantly (p<0.01) higher milk yield up to 

19% in early lactating Murrah buffaloes, fed with concentrate mixture of heat-treated mustard and 

groundnut cakes. 

CONCLUSION 
 

The findings of the study revealed that heat treated soybean cake had more bypass ability than that 

of formaldehyde in improving milk production of cattle. Therefore, it is suggested that under those 

circumstances where animals' basal diet is mainly comprising from straw, stover, and grasses 
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which are poor in nutritive value then additional protein supplementation of high bypass value in 

early lactation period (up to 3 months) could be one of the options to increase milk production of 

high yielding cattle rather than mid and late period of lactation. 
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ABSTRACT 
Clubroot of cauliflower, caused by the protist pathogen Plasmodiophora 

brassicae (Pb), is noticeable threat from last two decades to vegetable growers 

of Nepal. It has been observed that the effectiveness of available sets of 

recommended control measures for this disease are below the commercial 

growers' satisfaction. In this context, to assess the efficacy of five different 
treatments; Hatake, Flusulphamide, Trichoderma, Lime and Bokashi, for 

control and suppressing the clubroot disease, an experiment was conducted in 

farmer’s infected field at Panauti municipality-4, Taukhal village of Kavre 

district from 5th December 2017 to 27th April, 2018. Different parameters; plant 

height, weight of galled root, production of cauliflower, disease severity index 

(DSI) and club root reduction percentage were taken for assessing the efficacy 

of selected treatments for disease management. The club root severity scoring 

scale used was 0 to 4. There was significant difference between selected 

treatments and control at p=0.05 level of significance. It was found that Hatake 

and Lime both had least disease severity index (20) and highest disease 

reduction percentage (75.8 and 75.7 percent). However, the marketable yield of 

cauliflowerper plot was observed highest from Trichoderma treatment (9.42 kg). 
The study showed that application of lime at the time of field preparation and 

use of Hatake as biofungicides is the promising measure for the control of 

disease. However, comparing the marketable yield Trichoderma gave the 

highest result. Vegetable growers' are more concentrated on the commercial 

value of the crop so in that gravity, use of lime and Trichoderma as first option 

and then use of Hatake or Nebijin on second option based on the availability is 

the recommended set of control measure for the control of clubroot disease.  

 

Keywords: Clubroot, flusulfamide, hatake, lime, Trichoderma 

 

INTRODUCTION 
 

Crucifers are the most common vegetables in Nepalese diet which also play the significant role in 

the economy of the Nepalese commercial vegetable growers. Cultivation of cauliflower and 

cabbage is one of the most potential income generating activities for the farmers livelihood. 

Clubroot disease is caused by the protist member of the Rhizaria (Burki et al. 2010; Neuhauser et 

al. 2011; Schwelm et al. 2015) Plasmodiophora brasicae, a microbe which attacks members of the 
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Brassicaceae family. The most of the crucifer vegetables are vulnerable to the infestation of 

clubroot disease in Nepal. The pathogen persists in soils for many years even if there will be no 

suitable host and on availability of susceptible crops, it builds rapidly. It is one of the major 

diseases of crucifer vegetables, which may cause total crop failure.Increase in club root index 

attributed in crop yield loss both in biomass and head/curd weight. The disease can cause yield 

loss of 27-81% in total biomass and 18-87% in curd yield of cauliflower, however 100 percent 

crop losses have been observed (Timila, 2006). Plant's growth retardation, wilting and mis-shaped 

and enlrged root system are common symptoms of the clubroot disease (Plantwise, 2017). 

 
The clubroot disease has been reported from Kathmandu, Bhaktapur, Lalitpur, Makwanpur 

(Tistung/palung valley, Daman, Bajrabarahi and Chitlang), Kavrepalanchowk (Nala, Panauti and 

Panitanki), Gorkha, Nuwakot, Chitwan and Ilam (Sumbek, Maipokhari, Panchkanya, Aathghare 

and Fikkal) in Nepal. Recently, in Kavre, Panauti municipality, this disease was recorded in the 

plant clinic session on 31 Oct., 2017 at Panauti-10, Khopasi and on 7 Nov., 2017 at Panauti-4, 

Taukhal.  

 

Integrated management measures could be effective for the control of club root problem. 

Discussing the available management practices: application of lime for raising the soil pH near to 

7 (Toit, 1990; Timila & Shrestha, 2000), use of seven weeks old seedlings (Timila, 2006), use of 

bio-pesticides like T. viridae (Budhathoki et al., 2006), use of seedlings treated with Benlate 

fungicides, use of Nebijin (flusulphamide) as a fungicides (Timila 2006, Timila and Neupane, 
2008) have shown some positive effects in suppressing the disease in the field but there is 

knowledge gap about the best and economic control measure and the differences in effectiveness 

among these  control measures. So, this study was conducted to assess the effectiveness of 

different approach on clubroot disease management of cauliflower. 

 

MATERIALS AND METHODS 
 
For the assessment of different treatments on management of clubroot diseases in the field 

condition, an experimental setup was carried out in infested field at Panauti municipality-4, 

Taukhal village of Kavre district from 5th December 2017 to 27th April, 2018. The experimental 

setup was laid out in Randomized Complete Block Design (RCBD) with six treatments and four 

replications with plot size of 2 m2 (1 m x 2 m). There was 0.5 m gap between two experimental 

plots and each replication was separated by gap of 1 m width. Six treatments were applied 

randomly in twenty four experimental plots with four replications. Plant spacing was maintained 

with 50 cm between rows and 50 cm between plants. There were 8 plants in each plot. Composite 

soil sample from 8 different places at the time of land preparation was prepared and sent for 

routine analysis. The soil samples were investigated in Soil Management Laboratory, 

Hariharbhawan. One month old seedlings of Snow Mystique variety were transplanted on 7th 
January, 2018.  Treatments were prepared and applied as per mentioned in below table 1. 

Recommended dose of chemical fertilizer (100:60:60 kg NPK ha-1.) Urea, Diammonium 

Phosphate and Murate of Potash, and compost (20 mt. ha-1.) were applied. Other agronomical 

practices such as irrigation, weeding, hoeing, top dressing and plant protection measures were 

given as per need. Harvesting of the curd was completed on 27th April, 2018. 
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Table 1: Treatment details 

SN Treatments Application time Application method 

T1 HATAKE 

(Bio-
fungicides) 

3 days before 

transplanting and 15 
days interval 

1.5 gm per liter water solution, spray in soil 

and make moist 3 days before transplanting 
and spray in 15 days interval  

T2 Flusulfamide 

(NEBIJIN) 

1 day before 

transplanting 

10 Kg per Ropani (500 m2) 

T3 Trichoderma during transplanting 25 gm in each transplanting holes 

T4 Lime 14-21 days before 
transplanting 

as per recommendation 

T5 Bokasi during transplanting 500 gm in each transplanting holes 

T6 Control Use of recommended dose of fertilizers only 

 

Plant height, weight of galled root, weight of curd, Disease Severity Index (DSI) and Clubroot 

Reduction percentage (CRP) were recorded to access the efficacy of different treatments. Plant 
height was recorded on every 15 days interval from Jan 16th 2018 to April 16th 2018. The galled 

root weight and marketable curd yield were recorded at the time of harvesting. At  harvesting, crop 

was uprooted and observation of  root system were done The severity of the club development was 

rated using a scale of 0–4, where 0 = no clubbing, 1 = one or a few small clubs on the lateral roots, 

2 = a few medium and separate globular clubs on the lateral roots, 3 = medium sized clubs on the 

main roots, and 4 = severe clubbing on the lateral roots and main roots (Kuginuki et al., 

1999; Suwabe et al., 2003). Disease severity index (DSI) was calculated based on the weight of 

each rating class observed. 

 

DSI (%) = ∑(rating scale x No. of plants in the scale) x100 / (total No. of plants in the rep) x 4 

 
The data was analyzed at 0.05 level of significance using R statistical package. All the analyzed 

data was subjected to DMRT for mean comparison. 5% level of significance was considered for 

ANOVA. Coefficient of variation was computed and the results were discussed and interpreted. 

 

RESULTS AND DISCUSSION 
 

Physio-chemical properties of the soil in experimental plots 

The soil texture was Loam. The table 2 shows the status of chemical properties of the soil in 

experimental plots. The soil analysis showed that total nitrogen (0.10 %) available phosphorus 

(47.90 kg/ha), Available potassium (240.5 kg/ha) and Organic matter (2 %). It was found that the 

PH of the soil of experimental field was acidic with 5.7 values. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5051561/#b10-ppj-32-423
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5051561/#b10-ppj-32-423
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5051561/#b19-ppj-32-423
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Table 2: Physico-chemical properties of the soil of the experimental plots at Panauti-4, Taukhal, Kavre, 
Nepal 

Total 

Nitrogen % 

Available 

Phosphorus 
Kg/ha. 

Available 

Potassium 
Kg/ha. 

Organic 

matter % 

Soil pH Lime 

recommendation 
Kg/Ropani 

0.10 47.9 240.5 2.01 5.7 142  

 

The average soil pH of the experimental field was acidic (5.7). Thus, results shows that 

recommendation of lime at the rate of 142 kg/ropani can manage soil ph to near 7. 

 

Weight of galled root and marketable curd of cauliflower 

It was found that all the four treatments except Bokasi were significantly different from the 

control. However, the data of clubroot fresh weight of all five treatments are at par. Table 3 shows 

that treatments Hatake, flusulfamide, trichoderma and lime were equally effective in reducing the 

galled root fresh weight i.e. 600 g, 700 g, 675 g, 625 g, respectively while weight of galled root 

fresh weight was found high i.e. 850 g as compared to other treatments except control. 

 
Similarly, all the five treatments effect on the weight of curd except lime was found significantly 

different with control. The table shows that Trichoderma has highest production (9.4 kg) of 

cauliflower followed by Bokasi (7 kg). The control has the least production (3.8 kg) followed by 

lime i.e. 6 kg per plot.  

 

Table 3: Effect of different treatments against weight of cauliflower roots and production of 

cauliflower 

SN Name of Treatments Average fresh weight of Club root (g) Weight of curd (kg) 

1 HATAKE (Bio-fungicides) 600 b 6.450  b 

2 Flusulfamide (NEBIJIN) 700  b 6.525  b 

3 Trichoderma 675  b 9.425  a 

4 Lime 625  b 6.075 bc 

5 Bokasi 850 ab 7.000 ab 

6 Control 1000  a 3.775  c 

 

CV 23.5 25.77 

 

Pr(>F)     0.00334 ** 0.0412 * 

 

Height of cauliflower plant 

The results shows that all the treatments were significantly different with control in response to 

plant height of cauliflower at different time interval i.e. 15, 30, 45, 60, 75, and 90 DAT. Table 3 

shows that, Hatake results best in heights of plants at different time interval followed by 

Flusulfamide and Trichoderma. While effect of Bokasi was best as Hatake on height of 

cauliflower till 45 DAT and afterwards its efficacy was reduced as compared to other treatments 

except control. It was found that effect of lime and bokasi was better initially in response to plant 
height, but after 45 DAT their efficacy was reduced as compared. 
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Table 4. Effect of different treatments on heights of cauliflower plants at different time interval 

S.N. Treatments 

Height of plants at different time interval 

15 

DAT 

30 

DAT 

45 

DAT 

60 

DAT 

75 DAT 90 DAT 

1 HATAKE 9.01a 10.06 a 11.63 a 26.88 a 41.75 a 56.50 a 

2 Flusulfamide 7.66 ab 8.85 a 10.89 a 24.63 ab 36.75 b 51.13 b 

3 Trichoderma 6.81 bc 8.50 ab 9.68 ab 23.06 
abc 

34.44  b 46.13 c 

4  

Lime 

6.11 bc 7.09 bc 8.31 bc 19.75  
cd 

29.14 c 38.37 d 

 

5 

 

Bokasi 

 

8.94 a 

 

9.26 a 

 

10.87 a 

 

22.92bc 

 

32.75bc 

 

40.50 d 

 

6 

 

Control 

5.25 c 6.20 c  

7.38
 c
 

16.32d 20.88 d 30.50 e 

  

CV 

 

17 

 

12.06 

 

14.99 

 

11.19 

 

8.97 

 

5.98 

 Pr(>F) 0.0064 

** 

0.0001 

*** 

0.0013 

** 

6.6e-06 

*** 

1.35e-09 

*** 

2.69e-13 

*** 

 

Efficacy of different treatments on clubroot disease  
All the treatments were significantly different with each other in response with the disease 

severity. Result shows that Hatake has lesser disease severity (20%) to other four treatments 

followed by flusulphamide 28.75% compared to other treatments.  It was found that disease 

severity index of bokasi was high i.e. 55% after the treatment, control i.e. 83.75%. Similarly, 

results shows that Hatake, lime, Flusulfamide, Trichoderma and Bokasi reduced clubroot 

significantly with a mean reduction in DSI by 75.8%, 75.7%, 65.5%, 44.7% and 34.5% 

respectively when compared to control. Bio-fungicides, Hatake and Lime were highly effective, 

reducing DSI by 76% followed by other fungicides Flusulfamide and Trichoderma are moderately 

effective, reducing DSI by 65.5% and 44.75% respectively. Table 4 shows that Bokasi was 

ineffective as compared to other treatments except control.  

 
Table 5: Effect of selected treatments against clubroot disease on cauliflower 

SN Treatments Disease severity index (%) Clubroot reduction (%) 

1 HATAKE (Bio-fungicides) 20.00d 75.825  a 

2 Flusulfamide (NEBIJIN) 28.75 cd 65.500 ab 

3 Trichoderma 46.25bc 44.750 bc 

4 Lime 20.00 d 75.725  a 

5 Bokasi 55.00b 34.525  c 

6 Control 83.75a 0.000  d 

 

CV 36.95 37.36 

 

Pr(>F)     1.04e-05 *** 9.53e-06 *** 



Nepalese Journal of Agricultural Sciences, 2018, vol. 17 
ISSN 2091- 042X; e ISSN 2091- 0428 

 
 

 99 

Budhathoki et al., (2006) reported promising effect of Sanjeevani (Trichoderma viridae) in 

reducing 94% in club root disease in cauliflower and cabbage. In Nepal, few years back, Nebijin 

(flusulfamide) has been identified and launched as an effective fungicide for clubroot disease 

management (Timila, 2006, Timila and Neupane, 2008). Increasing the Soil pH near 7 (Toit, 1990; 

Timila & Shrestha, 2000) can somehow manage the clubroot problem. The study of Higa and Parr, 

1994 confirm that Bokashi apparently improves soil nutrition and texture and increase root 

biomass which inturn reduces toppling over. 

 

CONCLUSION 
There was a significant difference between selected treatments and control on the control of 

clubroot disease. In short, use of Hatake, Lime and Flusulfamide appear promising for the control 
of clubroot in cauliflower. Although Bokashi was found significantly different with control, but its 

effectiveness was the least as compared to other treatments. Therefore, it is concluded that, 

application of lime during field preparation and use of Bio-fungicides, Hatake may be the best 

management approach for the control of clubroot disease in cauliflower. Dose and application 

timing may affect efficacy of treatments. Several microbial and chemical fungicides should be 

tested further under field conditions to validate the efficacy against clubroot.  
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ABSTRACT 

This study was done to explore the prevalence of major diseases of broad bean 

in farmer’s field as well as Horticulture Research Division (HRD), NARC. 

Disease scoring was carried out for 10 different genotypes each with 3 

replications experimented by using RCBD design at NARC. Scoring was done 

for five times from the end of January to first of April, 2018at an interval of 15 

days. Similarly, disease scoring was performed at farmer’s field using simple 
random sampling technique. Fifty respondents were selected from three districts 

of Kathmandu valley and data were analyzed using MsExcel and Genstat. In all 

three districts, major diseases prevalent were chocolate leaf spot, rust, and early 

blight. Disease infestation level varied from place to place. Severity of rust was 

extreme in Kathmandu (Kritipur) whereas infestation of chocolate leaf spot and 

early blight were higher in areas of Kathmandu and Bhaktapur. In most of 

farmer’s field, the variety cultivated was local. Scoring values among different 

genotypes were progressively increased from1st to5th observations at HRD of 

NARC; values for early blight were higher compared to the chocolate leaf spot. 

In genotypes such as HRDFB013 and HRDFB014, value  increased from 3.9-6.7 

and 3.6-6.76, respectively, from 1st to 5th, indicating the genotypes were slightly 

susceptible to moderately resistant for early blight. Similarly, in the case of 
HRFB013 and HRDFB002, value for chocolate leaf spot increased from 2.06-

5.06 and 1.6-4.5, respectively, indicating both these genotypes were moderately 

resistant to chocolate leaf spot disease. Comparative study on cultivation 

practices between farmer’s field and research station showed huge differences. 

Most of the farmers have cultivated broad bean in neglected manner without 

performing proper field sanitation, land preparation, manuering, weeding and 

hoeing and some of them even grew it for utilization of fallow land. Following 

same cropping pattern of Rice-Broad bean had increased the inoculums density 

yearly, resulting high severity of rust in some field (70 percent of yield loss), that 

was almost negligible in research station. 

 
Keywords: Bean, disease, scoring, severity, rust 

 

INTRODUTION 
 

Grain legume plays an important role in Nepalese Agriculture. There is a greater contribution of 

leguminous crops to food and nutritional security, nitrogen economy, crop intensification, 

diversification and even in sustainable farming system (Gharti et al., 2014). The current estimate 
of production area, and productivity of grain legumes in Nepal is about 334,323 ha; and 950 kg 

/ha, respectively, (Gharti et al., 2014). Broad bean (Vicia faba) is considered to be one of the 
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earlier domesticated food legumes in the world, probably in the late Neolithic period (Metayer, 

2004). Zhukovski reported that it is originated from Mediterranean region. It has got numbers of 

common names: Faba Bean, Pigeon bean, English bean, Horse bean, Tic Bean (Abebe et al., 

2014). Worldwide its area of production occupies about 5 million hectares (Li-zuan et al., 1993). 

The cultivation is widely distributed in sub-tropical and temperate regions of the world. Its amount 

of production is estimated to be about 4.7 million t in the world (FAO Stat, 2005). China is one of 

the leading producers of broad bean, singly covers around 51 percentage of the world production 

(Li-zuan et al., 1993). It is preferred as a useful cool-season legume crop, consists of 20-35% of 

protein by weight (Rajbhandari, 2011).  
 

Broad bean in Nepal is commonly called as Bakula Simi. It is grown both in terai as well as hilly 

regions. Despite the importance of broad bean as a grain legume crop,its production area, 

production and productivity are declining day by day. Most of the farmers in our country are 

uneducated, poor and ignorant. They are unknown about the disease incidence, its mode of 

transmission and estimated amount of loss. Even the crop is much neglected nowadays, and 

limited research has been conducted regarding disease attack, level of infestation and estimated 

loss. Because of insufficient research and lack of improved management practices, its production 

is decreasing day by day. Following same cropping pattern for years has increased the disease 

inoculums. The pathogens are being much infective in the field with increasing year, resulting 

huge loss in yield. In absence of effective management practices, many farmers either have 

stopped its cultivation, or decreased its production areas. 
 

One of the reasons for low productivity is susceptibility to biotic and abiotic stresses (Sahile et al., 

2008; Mussa et al., 2008). Of the biotic category, diseases are important factors limiting the 

production (Nigussie et al., 2008; Berhanu et al., 2003). Among these different diseases, fungi are 

the largest and, perhaps the most important groups affecting all parts of the plant at all stages of 

growth (Nigussie et al., 2008). Diseases such as chocolate spot (Botrytis fabae), rust (Uromyces 

Vicia fabae), aschochyta blight (Aschochyta fabae), early blight (Alternaria tenuisimma), black 

root rot (Fusarium solani), and foot rot (Fusariuma venaceum) are among fungal groups that 

contributes to the low productivity of the crop (Nigussie et al., 2008; Berhanu et al., 2003).  

 

These scenario persisted the need of scientific study to be conducted in areas of Kathmandu valley 
where broad bean is grown in extended field size that gives the clear data on different types of 

disease infestation.. Comparative study between farmer’s field and research station helps us to 

understand the differences in level of disease incidence and severity in the affected crop. The 

findings shall further be helpful to the extension officer, research personnel, trainers, and teachers 

and even to farmers who are willing to be familiar with the types of diseases affecting broad bean.. 

With the help of research findings effective management practices can be developed to overcome 

the existing disease loss and maximize the yield. 

 

MATERIALS AND METHODS 
Study sites 

The study was undertaken in major Broad Bean pocket areas of Kathmandu valley. Disease 

sampling was done from all three districts of Kathmandu valley i.e. Kathmandu, Lalitpur and 
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Bhaktapur. Similarly, disease screening experiment was conducted at open experimental field trial 

at Nepal Agriculture Research Council (NARC) research field, Lalitpur. 

 

Details of experiment and analysis 
The experimental field was laid out using a Randomized Complete Block Design (RCBD) with 

three replications for each treatment (Table 1). The varietal genotypes of broad bean were the 

treatments. Individual plot was of size of 2×1.4mˆ2. Row to row and plant to plant distance were 

maintained as 70cm and 20cm, respectively. Plots in each location were separated by bund having 

a width of 70 cm. Field experiment was carried out at open experimental field at Horticulture 
Research Division of NARC at Khumaltar, Lalitpur. Ten genotypes of broad beans were inspected 

at different time interval. The layout of the field was prepared, and the seeds were shown as per 

the standard rate. Statistical analysis of variance was performed using Excel and Gene Stat 

analysis system. ά level of significance was set at 5.0 Percent for ANOVA.  Some of the data were 

presented in a descriptive way. 

 
Table1: Experimental setup and treatment description 

Treatments Description 
T1 HRDFB002 

T2 HRDFB003 

T3 HRDFB004 

T4 HRDFB005 

T5 HRDFB006 

T6 HRDFB008 

T7 HRDFB009 

T8 HRDFB013 

T9 HRDFB014 

T10 Jitpurfedi 

 

Disease assessment 

The severity of major diseases of Broad bean was examined for five times in the experimental 

field at an interval of 15 days starting from the end of January to first of April, 2018.  Assessment 

was performed based from 10 randomly selected plants from each treatment plot. Disease rating 

was done in accordance to the disease rating scale of “Field Manual of common Faba Bean 
Disease (Bernier et al., 2013). 

 

Disease rating scale 
1=  No disease symptoms, or very small specks (Highly resistant) 

3=  Few small discrete lesions 

5=  Some coalesced lesions (with some defoliation) moderately resistant 

7= Large coalesced sporulation lesion (50%) leaf defoliation, some dead plants (susceptible) 

9= Extensive lesions on leaves, stems and pods, severe defoliation, heavy sporulation stem 

girdling, blackening and death of more than (80%) of plants (highly susceptible) 

(Source:  Bernier et al., 2013) 

 

 
 



Nepalese Journal of Agricultural Sciences, 2018, vol. 17 
ISSN 2091- 042X; e ISSN 2091- 0428 

 
 

 104 

RESULTS AND DISCUSSION 
 

Most of the farmers grow broad bean in lowland irrigated field. Out of 50 fields observed, 46 

fields were irrigated low land where broad bean was grown following Rice-Broad bean cropping 

pattern and only 4 were irrigated upland. 
 

Major broad bean diseases in Kathmandu valley 

 

In almost all the farmer’s field, major diseases assessed were Chocolate Leaf Spot, Rust and Early 

Blight. Among total of fifty different fields, there were variation in the level of disease infestation. 

Altogrether 26 fields were observed in different areas.The infestation level of chocolate leaf spot 

was found more in Lalitpur district with the average scoring of 3.5 compared to Kathmandu and 

Bhaktapur. In Kathmandu, rust was much prominent than in other districts with the average 

scoring of 4. The severity of diseases was comparatively lesser in Lalitpur district whereas in areas 

of Kathmandu valley, the disease inoculums and infestation was higher (Figure 1). 
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Figure1: Assessment on major broad bean diseases in Kathmandu Valley  

(Source: Field survey, 2018) 
 

Assessment of major broad bean diseases at NARC 

Broad bean was found susceptible to number of diseases. Among them, mostly observed diseases 

were Chocolate Leaf spot, Rust and Early Blight. Out of these, Rust infestation was almost 

negligible. It was observed in few small specks whereas infestation of Chocolate Leaf Spot and 

Early Blight were much conspicuous. 

 

Early blight disease scoring of broad bean genotypes  

Status of early blight disease scoring has been presented in Table (2). The analysis showed that in 

first scoring of treatments, there was no significant difference among the scoring values whereas 

the scoring then after showed significant differences in the scoring value among the genotypes. 

This shows that the scoring values for early blight differ significantly between genotypes. In an 

average the significant differences are shown by HRDF0013, HRDFB014, HRDF003 and 

HRDFB005 in second, third, fourth and fifth scoring, respectively (Table 2). 
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Table 2: Early blight scoring of broad bean genotypes at different dates 
Treatments S1 S2 S3 S4 S5 

HRDFB002 3.7 3.9 4.6 5.83 6.5 

HRDFB003 3.8 4.15 5.1 5.9 6.6 

HRDFB004 3.5 3.9 4.53 5.4 6.3 

HRDFB005 3.6 4.7 5.3 5.9 6.5 

HRDFB006 3.28 3.46 4.2 5.5 6.3 

HRDFB008 3.5 3.93 4.56 5.6 6.4 

HRDFB009 3.4 4 4.7 5.7 6.5 

HRDFB013 3.9 4.5 4.93 5.8 6.7 

HRDFB014 3.6 4.2 5.25 5.9 6.8 

Jitpurfedi 3 3.46 4 5.4 5.8 

Grand mean 3.542 4.037 4.755 5.733 6.468 

LSD 0.5731 0.5078 0.5096 0.3139 0.2976 

CV% 6.4 3.1 2.1 0.4 0.3 

 

Early blight disease scoring at different dates 

The disease scoring for early blight showed variable values at different dates. The value rose with 
the increasing date. In absence of effective control measures applied, disease inoculums increased 

progressively in late winter. In treatments such as HRDFB013, values for early blight in first 

scoring was 3.9 that had increased with time and reached to 6.7 on fifth scoring. Similarly, there 

was gradual increase in other susceptible genotypes from first to fifth scoring. Susceptible 

genotypes with high disease scoring values were HRDFB002, HRDFB003, HRDFB005, 

HRDFB013 and HRDFB014. They have got high average scoring value of 6.5. Altogether fifth 

scoring value showed that broad beans were slight to moderately susceptible towards early blight. 

 

Chocolate leaf spot disease scoring  

Table 3 describe the status of Chocolate leaf spot for different genotypes of broad beans under 

study. Scoring results revealed that the second scoring hadno any significance differences among 

genotypes in chocolate leaf spot scoring value whereas first, third, fourth and fifth showed the 
significant differences. Most significant differences were shown by the genotypes such as 

HRDFB003, HRDFB013 andHRDFB014. 
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Figure 2: Early Blight disease scoring at different dates 

 

Table 3: Chocolate leaf spot disease scoring of different genotypes at different dates 
Treatments S1 S2 S3 S4 S5 
HRDFB002 1.6 2.21 3 3.6 4.5 
HRDFB003 1.1 2.25 3.38 3.9 4.83 
HRDFB004 1.31 2.3 3.24 2.9 4.03 
HRDFB005 2.3 2.4 2.73 3.3 4.2 
HRDFB006 2.16 2.4 2.8 3.6 4.7 
HRDFB008 2.1 2.3 2.7 3.4 4.4 
HRDFB009 1.4 2.1 2.5 3.06 4 
HRDFB013 2.06 2.7 3.06 3.8 5.06 
HRDFB014 1.1 2.3 3.1 3.8 5 
Jitpurfedi 1.18 2.1 1.7 2.7 3.7 

Grand mean 1.655 2.340 2.347 3.427 1.864 
LSD 0.5823 0.5262 0.5522 0.5063 0.8272 
CV% 5.4 4.6 2.6 2.4 2.1 

 

Mean scoring value 

Table 4 presents the status of mean scoring values of genotypes under study along with their mean 

yield. F-pr values for yield showed that there was significant difference (p<0.05) in yield among 

the genotypes. Genotypes such as Jipurfedi seemed to be most significant to the rest. Similarly, 

HRDFB008 and HRDFB009 showed significance differences as well. 

 

Grain yield  
The total grain yield of each treatment was calculated from three successive harvesting. Highest 

yield was obtained from treatment Jitpurfedi with the yield of 8.297t/ha (figure 3). The yield was 

also higher for the treatments such as HRDF008 with the yield of 7.4307t/ha and HRDFB009 with 

the yield of 6.872t/ha. Lowest yield was obtained from HRDFB014 that is 3.80t/ha. The mean 

yield of rest of the treatments was 5.0 t/ha (Figure 3). 
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Table 4: Mean scoring values of genotypes along with their mean yield 
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Figure 3: Yield under different treatments 

 
The level of disease infestation directly affects the grain yield of crop. Higher the scoring more the 

plants get infected- that lowers the grain yield. Since higher level of early blight and chocolate leaf 

spot infestation were observed in the treatments such as HRDFB014, HRDFB003 and 

HRDFB013, so the yield of respective treatments was less compared to others. Lowest yield had 

been observed in the treatments such as HRDFB014 with the grain yield of 3.80t/ha. In this case, 

the treatment had highest scoring value for both Early Blight as well as chocolate leaf spot. 

Similarly, for treatments such as HRDFB008 and HRDFB009, the scoring value for Early Blight 

as well as chocolate leaf spot was comparatively lesser thus they had produced good yield (mean: 

7.0 t/ha. The lowest scoring value for both Early Blight and Chocolate Leaf Spot was obtained 

from jitpurfedi, thus it had produced the highest grain yield. 

 
 

 

Genotypes Mean scoring value Yield 

(t/ha) Early Blight Chocolate Leaf Spot 

T1(HRDFB002) 4.096 2.982 5.787 

T2(HRDFB003) 5.012 3.092 4.056 

T3(HRDFB004) 4.726 2.756 4.127 

T4(HRDFB005) 5.2 2.986 4.869 

T5(HRDFB006) 4.598 3.312 4.805 

T6(HRDFB008) 4.798 2.98 7.430 

T7(HRDFB009) 4.86 2.612 6.872 

T9(HRDFB013) 5.166 3.336 5.931 

T10(HRDFB014) 5.142 3.06 3.808 

Jitpurfedi 4.332 2.416 8.297 
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CONCLUSION  
 

Broad bean is an important ancient legume crop. However, its production has been decreasing in 

the past few years. One of the major constraints is infestation by large number of diseases. Of 

them, infestation of chocolate leaf spot, rust and early blight were commonly observed. The 
difference obtained while scoring major diseases at research field trial and farmer’s field was 

about the infestation of rust. Severity of rust was much pronounced in the farmer’s field whereas it 

was almost negligible at the research station. Comparing the performances of genotypes with 

jitpurfedi, performance of HRDF008 and HRDF009 was better with low early blight and 

chocolate leaf spot scoring value and higher grain yielding value whereas performance of 

HRDFB014, HRDF0013, HRDFB003 was found poor with higher scoring value for early blight 

and chocolate leaf spot with lower grain yield. Among two diseases, most of the genotypes were 

found slightly susceptible to early blight whereas for chocolate leaf spot they were slightly 

resistant. 
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ABSTRACT 
A study was conducted at Nayabelhani Village Development Committee of 

Nawalparasi district to judge the effectiveness of goat production technology in 

terms of extent of adoption and its impacts among the beneficiaries. Field survey 

with before and after approach was employed in the study. Information was 

collected using stratified random sampling technique from 90 households with 
structured questionnaire and was compared with the baseline data. Adoption 

index was calculated through scoring technique after content validation. 

Problems were identified and ranked using problem ranking tool of 

participatory rural appraisal. The research revealed that the extent of adoption 

of scientific goat production technology after project was higher than before 

project (80% Vs 32%,P<0.01). Further, the average herd size after the project 

was slightly decreased from 6.585 to 5.677 while the kid mortality dropped from 

15% to 11%. The average number of kidding in 2 years was increased from 2 to 

3 and the average number of kids per kidding was increased from 1 to 2. Goats 

were more frequently marketed at an average age of 12 months with an average 

weight of 24kg after the project. Similarly, the average annual income from the 
goat per household was found to be almost doubled from Nrs.8,489 to 

Nrs.15,084. Occurrence of predator was found to be the most serious problem 

out of seven identified problems. It indicates that the intervention of goat 

production technology has brought effective change in rural livelihood through 

adoption. 

 

Keywords: Adoption, problems, technology, rural livelihoods 

 

INTRODUCTION 
Nepalese farming system is mixed where crops and livestock forms a major constituent. 

Agriculture play a pivotal role in economic development and contributes approximately 33% in 

national GDP and the livestock sub-sector of agriculture contributes 26% of the total AGDP 

Among various livestock subsector goat farming holds the major portion in sustaining the rural 

life. About 49.8percent of the rural people rare goat as a living bank because it can be liquidate 

whenever necessary (CBS, 2013/14). Goat in recent years has been recognized as one of the most 

important livestock commodities that have widely been adopted for poverty alleviation, livelihood 
enhancement and food and nutrition security in Nepal. The importance of goat has increased 

significantly in recent years as a means of poverty alleviation programme of Government of 

Nepal. Despite a sizeable population of National goatherd, it is still not sufficient to meet the 

requirement of the nation and more than 0.5 million live goats are being imported annually from 
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neighbouring country constituting 15 percent of the goat market (Rajbwar, 2013). This is primarily 

due to the subsistence nature of goat farming in the country. The main reasons for the stagnation 

of the goat enterprise in Nepal are unscientific management practices, improper breeding, lack of 

nutrition and problem related to the health and marketing management (Heifer International 

Nepal, 2012). In order to make the goat rearing profitable enterprise, technologies have been 

developed and diffused by the various governmental and non- governmental organizations around 

the nation. Such improved practices have not been adopted by the farmers so far. Therefore, 

proper adoption of these improved technologies by the goat farmers will be the only means to 

hasten the further development of this sector. This study seeks to judge the effectiveness of goat 
production technology supported by Heifer International Nepal in terms of extent of adoption and 

its impacts among the beneficiaries.   

 

MATERIALS AND METHODS 
 

Study area and sample size 

Nayabelhani VDC of Nawalparasi District was purposively selected to study the impact of 

adoption of goat production technology. A field survey was conducted in January, 2016.  

Altogether 90 households (10 from each ward) were taken using stratified random sampling 

technique. A co-ordination schema was prepared and the informations were collected with the 

structured questionnare and it was compared with the baseline data from the secondary source. 

Participatory Rural Appraisal (PRA) was conducted for problem analysis. The final analysis was 

done by using computer software Statistical Package for Social Sciences (SPSS) and Microsoft 

Excel. 

 
Methodological approach of impact evaluation 

Before and after the intervention of project activitties was considered and paired t-test was done 
for the study of extent of adoption of goat production technology. Information before the project 

was compared with the information after the project implementation for impact evaluation. 

 

Level of technology adoption 

First of all contents were validated from the experts; and score was alloted to different technology 

by the techniques of scoring. The extent of technology adoption was calculated by using the 

formula. 

 

Extent of technology adoption = × 100 

 

RESULTS AND DISCUSSION 
Extent of adoption  

The overall extent of adoption of goat production technology after the project (80%) was 

significantly higher than before project (32%). Further generalization showed that extent of 

adoption of housing technology after the project was significantly higher (65.61%) than before 

project (40.21%). Similarly, 73.75% of feeding technology was adopted after the project which 

was found significantly higher than before project (48.79%). Further the extent of adoption of 
breeding, health and care and management technology were 82%, 97.67%, 79.31% which was 
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found significantly higher than before project respectively which is shown in figure 1. This 

significant increase in extent of adoption after the project was due to facilation of the trainings, 

arrangement of farmer’s field tour and supply of the short term credit to the farmers.  Trainings 

and farmers field tour increases the farmer’s ability to acquire, analyze and use the information 

relevant to the adoption of agriculture technology (Koirala et. al., 2015; Joseph, 2008) and also it   

makes people more change prone and realize the importance and benefits of adopting new 

technology whereas supply of credit makes the farmers financially strong to adopt the new 

innovation (Margaret and Kariuki, 2015). 

 

 
Figure 2: Extent of adoption of goat production technology before and after project 

 

 

Impact of adoption 

The research revealed that with the adoption of goat production technology after the project the 

average herd size was decreased from 6.585 to 5.677. The decrease  in herd size  was mainly due 

to the selection of the best performing goats from the herd and also due to more frequently 

marketing of the goats.  

 
Table 1: Impact of adoption of goat production technology 

S.N Parameters  Before Project After Project 

1 Average Herd Size 6.585 5.677 

2 Kids Mortality 15% 11% 

3 Average number of Kidding in 2 

years 

2 3 

4 Average number of kids per kidding 1 2 

5 Average Selling Age 17 months 12 months 

6 Average Selling Weight 24kg 24kg 

7 Annual income from the goat per 

household 

Nrs.8,489 Nrs.15,084 

(Source: Field Survey, 2016) 
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The major problems identified were the occurrence of the predator which causes the farmers 

reluctant to increase their herd size.  Similarly after the project the kid’s mortality was decreased 

from 15% to 11%, average number of kidding in 2 years was increased from 2 to 3 and the 

average number of kids per kidding was increased from 1 to 2. The average selling age of the goat 

before the project was 17 months whereas after the project it was 12 months. Similarly, the 

average annual income from the goat per household was increased from Nrs. 8,489 to 15,084 after 

the project. The increase in annual income was due to increased number of marketable goats and 

the increased price of the live goat. 

 

Problems associated with goat production and their mitigation strategy at farmer’s level 

 

From the problem ranking tool PRA it depicts that occurance of predator was found to be the most 

serious problems faced by the goat keepers followed by year round shortage of fodder and forage, 

diseases, high kid’s mortality, abortion of the pregnant does, high cost of treatment and lack of 

grazing area, respectively. 

 
Table 2: Problems associated with the goat production and their mitigation strategies at farmers level 

S.N Problems Associated with 

goat production 

Rank Mitigation strategies at farm level 

1 Year round shortage of 

fodder and forage 

II Planting of the perennial fodder in the bunds of 

field and the public area 

Reducing the flock Size 

2 Diseases III Regular medication 

Regular Vaccination and de-worming 

Regular cleaning of the goat shed 

3 Predator I Shepherding 

Arrangement of the locally made sirons 
Reducing the flock size 

Community level insurance 

4 High kids mortality IV Care and management of the pregnant does 

Care and management of the newly born kids 

5 Abortion of the pregnant 

does 

V Arrangement of the separate stall for pregnant 

does 

6 Lack of grazing area VII Grazing in crop after math 

7 High cost of treatment VI Loan from the farmers group 
(Source: PRA, 2016) 

 

CONCLUSION 
 

Application of innovative information is one of the paramount means of increasing productivity, 

primarily in subsistence farming where factors of production are highly scarce. The findings of 
this study substantiate that adoption decision is strongly influenced by trainings facilitated, 

arrangement of farmers field tour, and supply of credit.  Further, project interventions has 

decreased the kids mortality and increase the  number of kidding and kids per kidding as well as 

the household income of the rural farmers. This depicts that the goat production technology has 
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brought effective change in rural livelihood through adoption and with the  interventions of 

appropriate measures. 
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ABSTRACT 
Barley (Hordeum vulgare L.) is one of the important cereal crops of hill and 

mountain to support people’s livelihood in Nepal. Biotic constraints, mainly 
unpredictable climatic variations leading to disease factors limit the 

productivity of this crop. 128 Barley germplsms collected from different sources 

were evaluated for its response to Yellow rust (Puccinia striformis Westend. f.sp. 

hordei) in HCRP, Dolakha during winter of 2015 and 2016 in natural 

epiphytotic condition. Experiment was conducted by using non-replicated Rod 

row design. Each test entry contained 2 rows of one m . Experimental block was 

surrounded by susceptible mixture of different plant height and maturity group 

of germplasm and sown two weeks earlier to test entries so as to achieve 

sufficient innoculum pressure. Disease observation was started just after 

susceptible check (ACC#GHV-0686) attained 50% severity. Tested germplasms 

showed differential reactions and severity to yellow rust in both growing 

seasons. Both the growing season was found conducive to stripe rust pathogen. 
Final rust severity (FRS) revealed higher degree of susceptible reactions in 

2015/016 with lesser degree of infections. Among 128 germplasms, 11 were 

immune, 81 were resistant, 25 under moderately resistant category, and 11  

were highly susceptible based on average coefficient of infection (ACI) 

combined. It was also noticed that two rowed barley germplasms were 

comparatively more resistant to stripe rust than six rowed barley. Areas under 

disease progress curve (AUDPC) also revealed 84 germplasms to be resistant to 

yellow rust and are suitable to use in breeding program. 

 

Keywords: Barley, disease, powdery mildew, rust, germplasms,   

 

INTRODUCTION 
 

Barley (Hordeum vulgare L. subsp.vulgare) is believed to be domesticated 10,000 years ago 

(Zohary and Hopf, 2000). In its worldwide production, it is fourth most important cereals after 

wheat, rice and maize (FAOSTAT, 2015). But, in Nepal, it occupies fifth position (after finger 

millet) among cereals in terms of area and production with the productivity of 1.24 t/ha (MoAD, 

2013). It can be grown from terai to an elevation of 4000 masl. It is successfully grown in low 
fertile and marginal land. It is staple food for the ultra-poor in remote and food deficit 

mountainous regions as it contains 11.5% protein, 77.4% carbohydrate, 1.3% fat, 3.9% fiber and 
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1.5% ash (Annual Report HCRP, 2015). So it has played significant importance in supporting 

mountains food security system besides its industrial value as a malt crop in terai where irrigation 

could be scheduled. Figure 1 provides detail of its area coverage, production and grain yield in 

Nepal. 

 
Figure 1: Trend of barley area (ha), production (t) and productivity (kg/ha) in Nepal 

 

The major biotic constraints in hill and mountain regions of Nepal for sustainable barley production 
include seasonal epidemics of stripe rust (Puccinia striformis Westend. F.sp. hordei) (Sharma et al., 

1994;Baniya et al., 1997). This obligate pathogen is responsible for remarkable yield loss by their 

wide spectra of variation (Park 2003; Chen et al., 1995;  Dreiseitl et al., 2006). Marshall and Sutton 

(1995) in US reported 72% yield loss by stripe rust in susceptible barley cultivar whereas Dubin and 

Stubbs (1986) reported 30-70% yield loss in Asian countries. Yield loss estimation by this pathogens 

in Nepal is scanty however, rarely available and expensive fungicides such as Tilt, Quadris, Stratego 

and Quilt are effective to control yellow rust (Chen 2005). Nevertheless, most economic approach to 

manage rust disease in barley is to grow resistant varieties. 

 

Nepalese east to west high hill agro-ecological region contains large numbers of local hulled and hull 

less barley germplasms (Valkoun and Konopka 2004). These germplasms are being used in different 
research stations worldwide to identify the trait of agronomic importance (Dreiseitl and Jørgensen 

2000; Kaneko et al., 2001; Hartung et al. 2006), but not much used for assessing their disease 

resistant properties (Pandey et al., 2009). This study was therefore done to characterize Nepalese 

barley germplasms for their response to stripe rust. 

 

MATERIALS AND METHODS 
 
A total of 128 barley germplsms including hullless, hulled, two rowed as well as six rowed barley 

collected at Hill Crop Research Program (HCRP), Kabre Dolakha were evaluated for its adult 

plant response to Yellow rust (Puccinia striformis Westend. F.sp. hordei) during winter of 2015 and 

2016. Test entries were planted by using a non-replicated plot in two rows of one meter and 

exposed to pathogen inoculums present naturally in abundance. Susceptible border mixture 

composed of different plant height and days to maturity were sown two weeks prior to test entries 
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around the test plot to have regular supply of inoculums. Test materials were scored in 7 days 

interval for resistance/susceptibility after attaining 50% severity by susceptible check 

(ACC#GHV-0686) 

  

Disease Scoring and assessment of slow rusting parameters 

Stripe rust severity was measured by using modified Cobb's scale (Peterson et al 1948) and 

reactions based on Roelfs et al (1992). Percent severity was scored after boarder mixture attained 

50% severity. 

  
Slow rusting parameters- Coefficient of infection (CI) was derived by multiplying disease severity 

and response value as reported by Afzal et al. (2009) (Table 1). Germplasms were categorized into 

different resistant group according to Ali et al (2007) cultivars/lines with CI values of 0–20 – High 

resistance; 21–40- Moderately resistant, and 41–60 -low levels of slow rusting resistance, 

respectively.Estimation of Relative Area Under Disease Progress Curve (rAUDPC) was done 

according to Milus and Line 1986 i.e. AUDPC= N1 (X1+X2)/2] + (N2 (X2 + X3)/2] where X1, X2 

and X3 are the disease intensities recorded on the first, second and third recording dates. N1 is 

interval day between X1, X2, and N2 is interval day between X2, X3. Relativity was calculated by 

comparing AUDPC value with susceptible check ACC#GHV-0686. Thus obtained results were 

categorized into two group; one containing rAUDPC value up to 30% of check and considered as 

better slow rusting, and others above 30% as susceptible varieties as slight modification of method 

followed by Safavi et al (2012). Final rust severity (FRS) was also estimated along with plant 
response. 

 

Statistical analysis of data was done using MS-Excel. 

 
Table 1. Responses of Barley plant against stripe rust 

Response Disease Description Score CI value 

No Disease No visible infection 0 0.0 

Resistant Visible chlorosis or necrosis, no uredia are 

present  

R 0.1 

Trace Resistant Small uredia, few in number, covering least 

leaf area 

Tr 0.2 

Resistant –Moderately 

resistant 

Small uredia surrounded by 

chlorotic/necrotic areas 

RMR 0.3 

Moderately Resistant Uredia medium size with no necrotic 

margins but possibly some distinct chlorosis 

MR 0.4 

Moderately resistant- 

Moderately susceptible 

Mix of MR and MS MR-MS 0.6 

Moderately Susceptible Large uredia with necrosis and little or no 

chlorosis 

MS 0.8 

Moderately susceptible- 

Susceptible 

Mix of MS and S MS-S 0.9 

Susceptible  large uredia are present, generally with little 

or no chlorosis and no necrosis 

S 1 

Source: Afzal et al (2009) 
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RESULTS AND DISCUSSION 
 

Final Rust Severity (FRS) 

Tested barley germplasms responded differen towards yellow rusts in both years. During final rust 

score (FSR), all the categories of host reactions were observed. Most of the two rowed barley were  
resistant to yellow rust also as reported by Baniya et al. (1992) and Chen et al (2013). Based on 

final plant response, 33 germplasms showed immune response to yellow rust in 2015/016 whereas 

42 were susceptible in 2015/016. Both of the seasons were  very conducive to stripe rust as 

ACC#2082 and ACC#GHV-0686 showed nearly 100% infections in both growing seasons 

(Annex-1). But during the cropping season of 2014/015, stripe rust pathogen were observed more 

conducive to in the late season than in 2015/016 as higher numbers of susceptible reactions were 

observed in FRS in 2014/015 (Figure 2). 

 

 
Figure 2. Different types of terminal plant responses to yellow rust in cropping seasons of 2014/015 

and 2015/016 at HCRP, Kabre 

 

Coefficient of infection (CI) value 

Based on values of average coefficient of infection (ACI), more numbers of the tested entries were 

resistant to yellow rust in both seasons.  Few were immune and not affected, but same numbers 

i.e.13 germplasms were found susceptible to for both growing seasons (Figure-3).  Bhatta et al. 

(2012) had also identified 8 genes responsible for yellow rust resistance in Nepalese barley 

accessions as were from common area of collection and those may be present in these test entries 

but not confirmed. Bonus a two rowed  variety as detected by Bhatt et al (2012) contained stripe 
rust resistant genes YrpstY1, QTL on 1H,QTL on 4H, and QTL on 6H is also showing immune 

reaction till the date and had shown immune reaction. Though higher numbers of germplasms had 

shown susceptible reactions during 2014/015, severity values, being lesser CI value, become low. 
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Figure 3: Different plant responses based on average coefficient of infection (ACI) during 2014/015 

and 2015/016 at HCRP, Dolakha 
 

From the combined analysis of average coefficient of infection (ACI) (Figure 4) too, 81 germplasms 

were found highly resistant to yellow rust having ACI value less than 20, and 11 were immune with 

ACI value zero. This finding resembles with the findings of Bhatta et al. (2012) and  Sherchan (1990) 

that Nepalese barley germplasms contains different major genes and QTL that governs immune and 

resistant reaction to stripe rust in Nepal. But 12 entries were susceptible among the tested germlasms. 

It was also recorded that  25 germplasms fell under moderately resistant category. According to 

Pathan and Park (2006) in wheat stripe rust study, such germplasms contains high level of slow 

rusting properties and in case of barley too, moderately resistant germplasms can be used in barley 

resistant breeding program.   

 

 
 

Figure 4. Combined average coefficient of infection (ACI) of tested germplsms during2014/015 and 

2015/016 at HCRP, Dolakha 

 

Relative Area Under Disease Progress Curve (rAUDPC) value 
Combined AUDPC values (Table 2) also revealed different level of infection in test entries. 84 

germplasm had rAUDPC value below 30% of check (1103) and considered as high slow rusting 

including immune as well. These contained resistance to partial resistant gene to rust despite of high 

infection during Final Rust Score (FRS) as reported  by Parlevliet (1988).  Remaining 44 germplasm  
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fell under susceptible group. Immune cultivar sometime may lose their resistance, but cultivar 

with partial resistant gene having property of slow rusting, restricts evolution of new virulent rust 

race as multiple point mutation are very rare in nature (Ali et al. 2007). 

 

CONCLUSION 
 

The results of two years experiments on barley germplasms revealed that germplasms had 

different levels of resistance to stripe/yellow rust (Puccinia striformis f.sp. hordei).  Large 

numbers of barley germplasms hadshown resistant reactions to stripe/yellow rust based on each 

slow rusting parameter. Results from both ACI as well as from area under disease progress curve 

(AUDPC) revealed similar kinds of outputs. Final rust severity (FRS) revealed higher degree of 

susceptible reactions during 2014/015 with lesser degree of infections. Among 128 germplasms, 

11 were immune, 81 were resistant, 25 were under moderately resistant category, and 11 

germplasms were highly susceptible based on average coefficient of infection (ACI) combined. 

Area under disease progress curve (AUDPC) also revealed 84 tested entries to be resistant. It was 

also re-validated that two rowed barley were more resistant to stripe rust in comparison of six 
rowed barley. 
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Annex 1: Barley germplasm slow rusting parameters evaluated in Hill Crops Research Program, Baiteshwor-

4 Kabre Dolakhaduring 2015 and 2016 

EN Entry Name Row type Avg-AUDPC Avg ACI 2014-015 2015-016 

1 B86079-K2-0K3 6 0 0 0R 0R 

2 ACC#2065 2 0 0 0R 0R 
3 ACC#1540 2 0 0 0R 0R 

4 ACC#1585 2 0 0 0R 0R 

5 ACC#5157 2 0 0 0R 0R 

6 ACC#2033 2 0 0 0R 0R 

7 ACC#1554 2 0 0 0R 0R 

8 B86152-2-3-0-0K 2 0 0 0R 0R 

9 NB-1003-37/1034 2 0 0 0R 0R 

10 ACC#2467 2 0 0 0R 0R 

11 ACC#246 6 7 0 1R 0R 

12 B86146-1-2-0K 6 7 0 1R 0R 

13 ACC#2087 6 7 0 1R 0R 

14 Coll#112-4 6 7 0 1R 0R 

15 B90K-014-0-3-1-0-
0K 

6 7 0 1R 0R 
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EN Entry Name Row type Avg-AUDPC Avg ACI 2014-015 2015-016 
16 XVEOLA-28 6 7 0 1R 0R 

17 TRAMPCO 6 7 0 1R 0R 

18 B86122-1K-3K-
0K3 

6 7 0 1R 0R 

19 ACC#1612 6 9 0 1R 1R 

20 ACC#1584 2 9 0 0R 5MR 

21 ACC#2032 2 26 1 5MR 0R 

22 ACC#2053 6 28 1 5MR 0R 

23 B86065-1-4-0-0K 6 28 1 5MR 0R 

24 ACC#1548 6 33 1 0R 5MR 

25 ACC#2494 6 35 1 0R 5MR 

26 ACC#1597 6 35 1 1R 5MRMS 

27 ACC#2464 6 35 1 0R 5MR 

28 ACC#1539 6 35 1 5MR 5MR 

29 XVEOLA-2 6 35 1 5MR 5MR 

30 XVEOLA-5 2 35 1 5MS 0R 

31 ARUPO"S"/0Y-1B 6 35 1 0R 5MR 

32 ACC#2476 6 37 1 10MR 1R 

33 ACC#2078 6 39 1 5MR 5MR 

34 ACC#1538 2 42 1 0R 5MRMS 

35 ACC#1537 6 46 2 5MR 5MRMS 

36 B90K-014-1-1-2-
0K 

2 46 2 0R 15MRMS 

37 ACC#2013 6 49 2 10MR 5MR 

38 ACC#7286 6 60 2 10MR 5MR 

39 ACC#2083 6 61 2 5MR 5MR 

40 ACC#2494 6 61 2 10MR 5MR 

41 BD6023-1K-2K-
0K3 

6 65 2 1R 5MR 

42 B86038-1K-1K-0K 6 70 2 0R 15MRMS 

43 ACC#2015 6 70 2 5MR 5MRMS 

44 ACC#2010 6 70 2 5MR 10MR 

45 B90K-014-1-1-3-
0K 

6 70 2 10MRMS 0R 

46 XVEOLA-3 6 70 2 1R 15MRMS 

47 B86023-1K2-0K3 6 70 3 10MS 0R 

48 ACC#1592 6 70 3 10MS 0R 

49 ACC#2008 6 72 3 10MS 0R 

50 ACC#2035 6 79 3 10MS 0R 

51 ACC#6316 6 79 3 5MR 10MSS 

52 ACC#2441 6 79 3 10MS 5MR 

53 ACC#2470 6 79 3 15MS 0R 

54 ACC#2005 6 81 4 10MS 5MR 

55 ACC#2474 6 88 4 10MS 10MS 

56 ACC#1573 6 96 4 10MS 10MR 

57 ACC#2517 6 105 4 10MS 5MSS 

58 ACC#1576 6 105 4 20MS 5MR 
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EN Entry Name Row type Avg-AUDPC Avg ACI 2014-015 2015-016 
59 LG-51/XVEOLA-

14-0-77 
6 114 5 20MS 5MRMS 

60 B86152-2-2-0K 6 114 5 0R 15MSS 

61 ACC#2496 6 116 5 20MS 0R 

62 ACC#3839 6 123 5 20MS 0R 

63 B86019-1K-3K-
0K3 

6 131 6 10MS 15MRMS 

64 ACC#2030 6 140 6 20MRMS 10MSS 

65 ACC#2497 6 140 7 10MS 20MS 

66 ICB-105969-3-2-0K 6 140 7 30MSS 5MR 

67 ACC#2489 2 149 9 40MSS 0R 

68 NB-1003-37/903 6 168 9 20S 20MS 

69 ACC#1601 6 193 10 10MS 30MS 

70 ACC#1609 6 194 10 30MSS 20MRMS 

71 ACC#1597 6 219 11 30MS 10MRMS 

72 ACC#2091 6 236 11 20MS 20MSS 

73 ACC#1552 6 263 12 40S 20MRMS 

74 ACC#1545 6 271 13 40MS 20MRMS 

75 B86099-2K-1K-0K 6 271 13 50MSS 0R 

76 ACC#2487 6 271 13 50MSS 10MRMS 

77 ACC#1626 6 289 14 30MS 30MRMS 

78 ACC#6467 6 289 14 30S 30MRMS 

79 ACC#1610 6 291 14 50MSS 10MR 

80 ICB90K-0497-0K 6 298 15 40S 5MRMS 

81 ACC#2079 6 298 15 50S 5MRMS 

82 ACC#1602 6 306 16 30S 15MS 

83 ACC#6062 6 315 16 30S 40MS 

84 ACC#6062 6 324 17 60MSS 15MRMS 

85 ACC#2468 6 333 17 40MS 60MS 

86 ACC#1664 6 333 17 50MS 40MSS 

87 ACC#2087 6 368 18 60S 5 MRMS 

88 ACC#2088 6 368 19 50S 30 MRMS 

89 ACC#2016 6 376 20 80MS 5 MRMS 

90 ACC#GHV-06823 6 376 20 50S 20MSS 

91 ACC#1622 6 385 21 30S 50MSS 

92 ACC#2081 6 394 22 40S 40MSS 

93 ACC#1623 6 404 22 60S 40MSS 

94 ACC#2033 6 411 23 60S 20MSS 

95 ACC#2454 6 438 25 50S 30MSS 

96 ACC#2453 6 455 25 20MS 70MS 

97 ACC#2066 6 464 26 60S 40MSS 

98 ACC#2441 6 464 27 60S 50MS 

99 ACC#2069 6 473 27 70S 30MSS 

100 ACC#2526 6 473 28 60S 50MSS 

101 ACC#2074 6 481 28 30MS 60S 

102 ACC#1554 6 481 28 30S 70S 

103 ACC#2050 6 490 29 80S 30MS 
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EN Entry Name Row type Avg-AUDPC Avg ACI 2014-015 2015-016 
104 ACC#2064 6 508 30 60S 70MSS 

105 B86152-2-2-0K 6 508 30 70S 60MSS 

106 ACC#1563 6 516 30 80S 40MSS 

107 B.N. Hona 6 560 30 40S 60MS 

108 ACC#2518 6 569 33 60S 70S 

109 B86157 6 578 34 70S 50MSS 

110 ICB-90L-496-0AP 6 595 37 50MS 75S 

111 ACC#1620 6 639 37 70S 70S 

112 ACC#2072 6 674 38 20S 85S 

113 ACC#1592 6 674 38 90S 60MSS 

114 ACC#2662 6 691 39 80S 60S 

115 ACC#2030 6 726 40 90S 60MSS 

116 ACC#2463 6 753 42 70S 75S 

117 ACC#2010 6 753 42 80S 50S 

118 ACC#2059 6 779 44 80S 70S 

119 ACC#2052 6 788 50 60S 90S 

120 Mattico "S"/Y-

1B-OY 

6 788 50 80S 80S 

121 ACC#2082 6 796 51 60MS 90S 

122 ACC#1616 6 805 52 90S 70S 

123 LG-51 6 893 52 80S 60S 

124 B86023-1K-0K3 6 945 52 80S 70S 

125 ACC#GHV-

06816 

6 945 57 80S 80S 

126 ACC#GHV-0686 6 1103 61 100S 80S 

127 Solu Uwa 6 224 2 30MS 20MS 

128 Bonus 2 0 0 0R 0R 
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ABSTRACT 
A field study was conducted in two VDCs of Tanahun and Gorkha districts of 

Nepal during January- February, 2011 to assess the climate change impacts on 

livelihood resources of Chepang community Key informant interview was 

conducted using semi structured questionnaire with 51 household heads. Direct 

observation, time line, and focus group discussion were used to verify the data. 

Likewise, secondary data included climatic data from different meteorological 

stations (at the nearest point of the study sites) and also collected from 

Department of Hydrology and Meteorology, crop data from DADO in the study 

districts and agriculture related data from Central Bureau of Statistics, Nepal. 

Journals, working papers published and unpublished project reports, 

seminar/workshop papers and e-materials. Across the different ecological zones, 
it was found that temperature was increasing at alarming rate, erratic rainfall 

was continuing and winter rain was decreasing. Erratic rainfall and increased 

temperature increased insect pests and disease in plants thereby reducing the 

yield. Community people were using indigenous knowledge as well as some 

adaptive commercial farming technology to cope with these challenges. 

 

Key words: Climate change, Livelihoods, Nepal, rainfall, temperature 

  

INTRODUCTION 
Climate change is the most critical global challenge of the century. According to the definition of 

IPCC, "Climate Change is the change in climatic condition over time occurred either due to 

anthropogenic or nature induced causes, which remains for decades or even longer period of time 

showing distinct variation in its mean” (IPCC, 2007a). The earth’s climate is changing gradually 

and has been challenging the whole world. The developing countries will be the ones which will 

be highly affected though they have not contributed much in increasing the level of greenhouse 

gases (GHGs) and have low adapting capacity to climate change (Gleick,1989). 

 

Agriculture is the major income source of nearly 80% of population accounting 40% of the GDP 
(MOEP, 2004). Agriculture in Nepal is dependent on weather and climatic conditions. So, the 

economy of the country is more sensitive to climate change (Alam and Regmi, 2004). Climate 

change would lead to crop failure and add more pressure on food supplies (Randerson, 2008). Due 

to the change in climate being widely experienced in Nepal, soil quality is declining due to 

increased precipitation and occurrences of intense rainfall leading to higher levels of erosion and 

sedimentation of fertile land; temperature is rising at an average of 0.4 degree Celsius per decade 

hence affecting soil moisture because of increased evapotranspiration; rainy days are decreasing at 

a rate of 0.8 days per year (Regmi and Adhikari, 2007) leading to a delay in monsoon season and 
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scarcity of water which in turn is causing a change in cropping patterns and crop maturity periods, 

which effects marginal and ethnic community was affected due to the changes. Among the various 

ethnic/marginal communities (59 indigenous groups), Chepang also known as Praja are living in 

extremely difficult situation and are scattered in mid hills of Nepal, especially in Chitwan, Gorkha, 

Tanahun, Makawanpur and Dhading districts. They mainly depend on agriculture and manage a 

fragile hillside environment to meet their own basic needs as well as to preserve available natural 
resources on their traditional way. Chepangs are very poor and their living standard is very low as 

compared with other community. Agriculture is the main source of their income as well as 

livelihood. They have followed a traditional agriculture farming system i.e. slash and burn in the 

sloping land. They cultivate in marginal land hence with marginal productivity. 

 

Chepangs are about 0.4 percent or 52,237 population of the total population and are among one of 

the 59 indigenous ethnic groups recognized by the government (CBS, 2001). They live closely in 

touch with nature and have detail knowledge of surrounding animals and plants. Study suggests 

that Chepang people have little capacity building to the outside world. 

 

Chepang comes from Tibeto-Burmese ethnicity and are among the most dominant ethnic group in 

this area. They look similar to the Magar and Rai ethnic groups. They have their own mother 
language and are almost illiterate. They have joint family system and higher family size as well. 

The production they get from their land is not adequate for their survival and only sufficient for 3-

6 months. So, are often compelled to seek alternative livelihood e.g. wage labor, fishing & 

hunting, wild foods collection, and firewood collection/selling, etc.  

 

MATERIALS AND METHODS 
The study area was carried out in 2 VDC’s of Gorkha and Tanahun districts of Nepal with the 51 

number of sample size comes from using the sampling strategy, n=NZ2p (1-p) \ Nd2+Z2p (1-p). 

The study areas lie in the mid-hill ecosystem, which harbors biological diversity of both faunal 

and floral elements. About 30% of land area is occupied by forest, herbs and shrubs land. Bio-

diversity includes diversity in cereal crops, trees, wild foods and fodder trees. The geological 

formation consists of shale, schist, phyllite and limestone. Most of the land is in southwest facing 

slope (Regmi et al, 2009). The target groups are indigenous group of Nepal having low population 

with low literacy percentage 13.9% (CBS, 2003). They have their own language, which belongs to 

one of the Tibeto-Burman strains. They are generally considered to be shy and easily dominated 

by other ethnic groups (Bista, 2004), who has been migrating from the mountains to the lowlands 

for the last 40-50 years (Chhetri et al, 1997). 

 
Data was collected through both means primary and secondary where, primary data collection 

includes Household Survey, Key Informants Interview, Focus Group discussion, Timeline and 

Community Consultation. Likewise, secondary data included climatic data from different 

meteorological stations (at the nearest point of the study sites) collected from Department of 

Hydrology and Meteorology, crop data from DADO in the study districts and agriculture related 

data from Central Bureau of Statistics, Nepal. Journals, working papers published and unpublished 

project reports, seminar/workshop papers and e-materials. Information was also collected from 

different organizations working in the climate change in Nepal like LI-BIRD, Practical action and 

ICIMOD. 
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The data was analyzed using both qualitative and quantitative analysis. The questionnaire was 

analyzed by using statistical tools like the Statistic Packages for the Social Science (SPSS) and 

MS Excel. 

 

RESULTS AND DISCUSSION 
 

Social Description 

As the works we have did focusing on the ethnic groups and their livelihood resources, we locate 

most of them were chepang followed with mixed households. Chepangs have their traditional 

occupation as a shifting cultivation, hunting and wild food collection as they have no registered 

and adequate lands for cultivation whereas some mixed community have their own land that is use 

for annual cropping pattern. One site (Gorkha) is near main highway whereas other (Tanahun) is 

physically remote. Most of the people were illiterate and living with the thatched roof house as 
they could not afford to live in the well-equipped house. The statistical analysis showed no 

significant relationship between education and empowerment. But the result shows negative 

correlation with awareness, capacity building and access to technology. The education and income 

was negatively correlated. This result supports the finding of Regmi (1999) and Rahman (1987). 

 

They have their own culture and worship many gods and goddess also they have their own knows 

as Annapurna temple (Thana) at the top of the Thumka. They are highly superstitious and follow 

the traditional faith in their community. They speak Chepang language but they don't have their 

own writing manuscripts. 

 

Table 1: Description of study sites 

Feature Gorkha site Tanahun Site 

Ethnic communities Chepangs, Gurungs and mixed Mainly chepang 

Traditional 

Occupation 

Shifting cultivation annual cropping Shifting cultivation, hunting 

wild food collection 

Poverty and 

Marginalization 

Chepangs poorer and more marginalized, 

other caste reasonably of middle class 

wellbeing 

Chepangs poorer and more 

marginalized 

Land ownership and 

Quantity 

Chepangs have no registered and 

adequate lands. Other caste groups have 

registered lands. 

Chepangs do not have 

registered lands. Severe land 

shortage 

Remoteness Near main highway  Physically remote 

Landscape Up to 1000 masl Up to 1000 masl 

Topography More steep slopes less plain area Steep 

 

Livelihood resources of the study area 
The major livelihood resources can be categorized in the different terms Natural, Physical, 

Economic and Social Resource. 
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Livelihood resources and their utilization 

Major land use practice was shifting cultivation, locally known as Khoria. It is the predominant 

agriculture practice was prevalent in twenty districts of hilly region of Nepal (Regmi et al, 2003). 

Shifting Cultivation is practiced since many years but the intervention of Sloping Agriculture 

Land Technology and hedgerow technology was done by the LIBIRD in 2001 A.D but at that time 

due to the less awareness very hard to adapt and implement this technology, but when the hazards 
started to minimize and they realize that they could cultivate diversity of crops for their daily life. 

However, these areas were typically remote, marginal in agricultural production, lacking in cash 

generating opportunities, and inhabited by resource-poor farming communities, mostly dominated 

by indigenous ethnic people as they cultivate these areas for two or four years regularly until the 

land becomes infertile and as soon the productivity decreases, farmers abandon the area and clear 

another patch of forest to grow their crops. As we know that the average length of the cropping-

and-fallow-cycle (between two subsequent clearings) used to be 10-15 years. Mainly we found 

there 3 types of land use system i.e. slash and no burn, regular farming in slopping land and land 

that is particularly used for cultivation practices (khetbari). Also the cropping pattern plays the 

vital role in food security. 

 

Major food crops/ wild foods 
They cultivate cereal crops for food and leguminous crops for the commercial purpose but also 

they could not get food self-sufficiency even for the semester and it was recorded that food 

sufficiency period has decreased gradually over the years. In 1960s and 1970s, cereal crops and 

wild foods had fulfilled the food requirements of the Chepang family for all the months in a year, 

but in 1990s, food sufficiency period dropped down to 7 months in a year and in 2002, this period 

again decreased to 5 months. They used to cultivate 25 species. Out of them, 12 species are 

vegetables and 13 species of cereal crops. It includes Maize-Pea-wheat-buckwheat-horsegram-

cowpea-bajra-Bean-Millet- Black gram-(Ghaiya/Judi) indigenous variety of  Rice followed with 

the seasonal and off seasonal vegetables (tomato, cucumber, bitter guard, chilly, okra, brinjal)and 

get higher prices than other crops due to seasonal advantage. The production of maize, rice, black 

gram, tomato, cauliflower, and bean from all land use types are recorded higher than other 
cultivated crops.  

 

The diversity of the cultivated crops in Chepang community seems reasonably satisfactory but 

their production is hindered by the steep topography, low soil productivity and lack of irrigation 

facility. Study shows that the practice of commercial farming trend is increasing with increment 

on adoption of wild foods (mostly 21 species shown in table 1) as they sell most of the products 

and consume only 10% of the total production which is one of the reasons for poor food security 

status as well as nutritional intake (suffer from malnutrition), however it is one of the coping 

strategy of livelihood during the food deficiency. Also the earnings expends on fulfilling their 

basic needs (clothes and necessary food items) and purchasing the variety of millet, raw material 

to prepare alcohol which is another source of income. Even they earn  from other activities i.e. 

54% of  Chepangs have less than 3000 NPR income per-annum which is very low as compared to 
national average Rs 15,162:00 (NLSS 2003/04:21-28). The study shows that Chepang people 

highly rely on forests and forest products for maintaining the livelihood and fuel wood collection 

was ranked at first followed by fodder and forages. 
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Due to lack of awareness and low overall education status (only up to primary level) as compared 

to the national average literacy rate (54.1%) people consume this type of highly poisonous wild 

foods applying their traditional methods but when some difficulties arise then there is no any 

effective means of health service.  Due to the absence of health service and their awareness they 

will travel distanced medical institute when they are seriously affected by the diseases. Also the 

program of family planning has not yet been fully implemented and neither functional nor 
effective in rising awareness of the people. People are ignorant about the application of 

contraceptives and using devices of family planning and even there is no any toilet facility in the 

whole village. Smoking is normal habit of Chepang people in study sites where, 79.4 percent 

respondents are chain smoker and the survey report shows a smoker smokes maximum 10 

cigarettes per day known as chain smoker.  

 

Table 2: Wild food consumption pattern during the food shortage 

Wild foods Using months Remarks 

Bhyakur(Dioscoreaceae deltoidea ) 
Gittha*(Dioscorea pentaphylla) 

Ban Tarul(Dioscorea alata) 

Tyaguna 

Jyar* 

Chiuri(Bassia butyracea) fruit 

Bhyarlyng ** 

Sumai gana** 

Sisnu (Ortica dioca) 

Kabro(Ficus lacor)- young shoot 

Kholegan –young shoot 

Tanki (Bauhinia purpurea L.)-young leaves 

Koiralo(Bauhinia varigata)-young shoot 
Jaluko(Eichornia crassipes) 

Niguro(Dryopteris cochleata) 

Kamle(Pilea symmeria) 

Shipligan (Crataeva unilocularis) 

Jan/Feb - May/June 
Jan/Feb  - April/May 

Feb/ Mar– April/May 

Jan/Feb – May/June 

Jan/Feb – May/June 

May/June – Sep/ Oct 

Jan/Feb – May/June 

Jan/Feb – April/May 

Oct/Nov – April/May 

April/May – May/June 

April/May – May/June 

April/May 

April/May 
May/June 

May/June – Sep/ Oct 

April/ May/June 

April/ May/June 

* - Low poison      level 
** - High poison    level 

 

Table 3: Cropping pattern distribution by land type in study areas 

Type of land Cropping pattern 

Bari land Maize/pea/rice bean- vegetables- fallow 

Maize/pea/ millet – fallow-fallow 

Khoria/slopping land 

 

Maize/pea/millet – Fallow – Fallow 

Black gram/gahat/rice bean – fallow- fallow 

Ghaiya rice – Fallow – fallow 

Khet land Rice –Vegetables  – Fallow 

Rice – Wheat/maize – fallow 

Rice – Vegetable – Rice 
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Other means of livelihood 

Besides, they are also involved in making indigenous crafts (Doko, Namlo, Dori, Syakhu, Chhatri) 

and making broom from broom grass (Amrisho) collected from the jungle. Similarly, Chiuri 

(Butter tree) is also an important source of livelihood of Chepang community because Chiuri fruits 

are eaten and the seeds are used for extracting oil i.e. Chiuri ghee. It is a kind of fat extracted from 

the Chiuri fruits and it is good for health (Gurung, 1994). Also working in the limestone mine 
along the bank of Trishuli River is another reliable source of cash earnings for the community. 

Livestock rearing (buffaloes, cow, goats, pigs, poultry, and bee) is another major source of cash 

income in Chepang Community. 

 

VDC is much closer to the prithvi highway but they face difficult to cross the Trishuli River by the 

twin (single wire with cradle) is very risky and needed a lot of energy to operate whereas another 

VDC have no any road access and have to walk 2-3 hrs for any purpose.  Meanwhile, they have a 

good income source from different aspects but the accessibility is lacked. Therefore due to the 

access and technical knowledge on market information farmers do not get good price of their 

products and are compelled to trade their products on low-price even in off-season. 

 

Climate change, its impact and adaptation  
 

Change in temperature and rainfall  

Nepalese agriculture is highly dependent on climatic factors. Increasing trend of temperature rise 

and precipitation extremes have been observed in Nepal along with the incidences of heavy 

precipitation at many places (Baidya, et al., 2008). Farmers have to wait till the onset of monsoon 

precipitation to start a new agricultural year. There are 3 major water resources (river, canal and 
tap). Among them tap water is very common but some households have to walk 30 minutes to 2 

hrs distance for fetching drinking water and this work especially done by the women and children. 

Each household collects in an average 60 liters of water for domestic activities per day which is 

less than national average for the rural area that is 270 liters/households (CBS, 2004). The people 

who have to walk for a long distance for the drinking water in that situation changing temperature 

and erratic rainfall pattern obviously affect the crop production in Nepal (Malla, 2008). Farmers’ 

responded about the drought, landslides, flood, temperature raise, erratic rainfall as common 

pattern in the study sites which will affect the livelihood of agriculture dependent farmers of Nepal 

at the end. 

 

Farmers say that thick fog over many days disturbs the normal life. They also added that the wind 

speed has been decreasing and that big storms have not occurred for many years. The environment 
is getting hotter due to the decrease in prevalence of the western wind which brings cool air and 

rain in the past. According to them eastern wind has increased consequence less rainfall. Farmers 

still remember the severe drought that had occurred in the year 2040 and 2054 B.S and the 

hailstorm in 2063/64 B.S. that destroyed the millet, maize and rice bean. Farmers have observed 

the changes in regular rainfall pattern. The intensity and timing of rainfall has shifted resulting in 

erratic rainfall. Farmers said that in recent years production of maize and rice decreased due to the 

severe drought. Farmers pointed that rainfall is an important factor which decides the planting of 

maize, production and food abundance in their homestead. They cannot afford irrigation supply to 

fulfill the water demand of maize when there will be no rain. The outburst of monsoon plays an 

important role in their livelihood. Also the recent study on climate adaptation, knowledge gaps 
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and research issues in South Asia states that climate change has serious impacts on agriculture and 

water dependent sectors in South Asia (ISET- International and ISET- Nepal, 2008). Availability 

of water is fully climate dependent and out 2,178,000 ha of total irrigable land of Nepal including 

412,000 ha of non-agricultural land, where only 1,091,000 ha of land has irrigation facilities while 

rest has to depend on natural rain (Nepal National Committee of ICID, 2007). 

 
Due to the changing climate and variability many new diseases and pests, soil loss and irrigation 

problems have emerged which did not exist in the past. The changes in temperature and monsoon 

precipitation pattern have affected the planting season of maize, rice, millet and early flowering in 

fodder named dumri. Similarly, the incidence of disease Kalo Poke (Black Smut) has been 

increased in rice and since from 5-7 yrs the disease named blight is also increasing. Local breeds 

of poultry have been completely lost from the Hiklung due to the disease. The name of the disease 

was not identified. Thus, it will affect the production of major crops such as rice, maize, rice bean 

which will add extra pressure on farmers. This means that there will be increasing risk of food 

insecurity.  

 

Case study- I 

Fifty years old farmer, Suk Maya Chepang from Chimkeshowri VDC-3, Rasoli Village narrated 

her experiences on climate change in her region. She tried to memorize her experiences and 
remembered that there used to be freezing cold winters in the past. A stream named khola used to 

freeze in winter (December/January) but it does not freeze any more now. Also now days there are 

no freezing of water inside house in winter. She also added that summer has arrived earlier in 

February/March than in May/June and winter arrived late in October/ November than in 

September/ October. At the end she concluded that she was not familiar with the reasons behind 

the changes but definitely some changes had been occurred in the environment. 

Case study- II 

A farmer of Chimkeshowri VDC states that they can make a guess regarding the possibility of 

occurrence of rainfall. They believe that when the house sparrows play in the dust on the ground 

and black ants come out from the hole and seek high places, rain will come. Similarly, when large 

number of fire-flies revolves around the tree at night there will be possibility of raining. They say 

that when the eastern wind stops and the western wind starts to blow in the month of august then it 
will carry rain. If frogs croak, rain will flow. If there is eastern wind in the month of November / 

December then there may be formation of cloud but no rain. They can also say about rainfall 

looking at the evening sky, if the sky appears red in the east when the sun moves to west in the 

evening, the desired rain will fall. They share that distant smoky circle seen around the sun bring 

early rain and vice versa. This local knowledge has helped them to make their farm plan 

accordingly. 

 

Table 4: Pattern of rainfall in two VDCs of study sites in the farmers perception 

Change in rainfall pattern in 2VDC’s  Before 10 years After 10 years 

Summer Poush - Magh No rainfall 

Winter Falgun - Chaitra Baishak 

 

Adaptation measures 

Farmers past experience tells that untimely and decreasing rainfall was being biggest threat to 

maize and rice growers as livelihoods of farmers in Nepal almost entirely depend upon agriculture. 
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Effects of gradual increase in temperature and erratic rainfall patterns have been increasing and 

most of the farmers did not heard about the climate change as well as they have no knowledge on 

climate change. Along with increasing drought and hot days, pest and weed incidence have 

increased. Farmers started applying chemicals to control ignoring its hazardous effects to health 

and environments which is short term strategy to cope with the changes i.e. productivity and they 

did not even know the consequences. When production goes on declining they realized that they 
cannot solely depend on agriculture for their livelihood and diversified their strategy adopting 

various agricultural and  non-agricultural activities such as labor work, business, foreign 

employments and cultivation of new variety (mushroom and off season vegetables). 

 

Case study- III 

Twenty- four years old Janak Chepang who is somehow educated person, from Bhumlingchowk 

VDC-8, Thumka village narrated that there was no production of maize from 2065 -67 due to 

drought and he had no alternatives except taking loans to buy food for his family, therefore he 

decide to harvest the rainwater so that irrigation can be done and he started that and cultivate the 

tomato which results in higher production as compared to previous. 

 

Involvement of Organization to reduce the impacts of CC 

Though, different organization were working there such as Practical action, LIBIRD, SAHAS 

Nepal, ILLIP, SAPPROS Nepal, NPG etc. but none of them communicated about the impact of 
climate change on livelihood resources of Chepang. These different organizations are mostly 

focused on drinking water supply, integrated SALT packages, micro hydro and solar energy 

supply and seed for survival. Moreover, there is a farmers group named Annapurna Chepang 

Samuha which works for the welfare and various livelihood-related activities having linkage with 

other organizations such as NGOs, INGOs, DADO-Gorkha, DFO-Gorkha, DLSO-Gorkha and 

DSCO etc. There is one ropeway constructed by Practical Action which helps in transportation of 

vegetables from the top to the collection centers but there is no any financial institution like bank 

to help them for saving their amount for the future, but presence of   co-operatives named as 

Jaldevi co-operative and Chimkeshowri Laligurans co-operative are located in Bhumlingchowk 

and Chimkeshowri respectively. Thus, they can save their money and use when they are in trouble 

but this type of transaction are very limited as they borrow from their relatives, neighbors, 
shopkeepers and other moneylenders and have to pay the seed money with high interest rate 20-

30% per year. 

 

CONCLUSION 
Chepangs are the poorest ethnic group in Nepal. They are predominantly residing in Chitwan, 

Makawanpur, Dhading, Gorkha and some part of Tanahun districts in the central and western 

region of Nepal. They mostly depend on farming for their living but they are also semi-nomadic 
by nature. They have experienced the changes in climatic pattern since many years and seem to be 

curious to know the causes behind it, while studying the farmer’s perception and pattern of climate 

change. Across the different ecological zones, it was found that temperature is increasing at 

alarming rate, erratic rainfall is continuing and winter rain is in lessening. 

 

Farmers have experienced the increasing incidence of insect’s pests, diseases and weeds. Problem 

of soil fertility and irrigation management have also increased and farmers have even lost some 

local varieties which were unable to adjust to the changing environment. Similarly, an erratic 
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rainfall and increasing temperature have promoted the increase of insect’s pests and diseases 

affected the development and growth of crops and reduced its production. Decreasing winter rain 

has also affected the production of winter crops. If changes progress in the same manner and 

appropriate adaptation strategies are not developed then the agriculture will be at greater risks in 

the days to come. Livelihood system of Chepang is highly influenced by socio-economic factors 

such as age, education, income, land holding size, household size, civil status, occupation etc. 
These factors are highly correlated either positively or negatively with the awareness and 

empowerment of Chepang community. Farmers use their knowledge for adaptation measures at 

the individual level. The autonomous, short term adjustments in agriculture help them to cope to 

some extent but it seems important to plan sustainable adaptation strategies make farmers prepared 

to cope with the increasing impacts of climate change in coming days. 
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ABSTRACT 
A research was carried out at Agriculture and Forestry University, Chitwan in 

2014 to analyze twenty wheat genotypes for yield associated traits, estimation of 

genetic parameters of various traits and correlation among them. Alpha-lattice 

design with two replications was used as an experimental design to evaluate the 
genotypes. Field data were taken for various traits, viz., days to heading, days to 

anthesis, plant height, area of flag leaf at anthesis, spike length, grain filling 

duration, thousand grain weight, harvest index, biomass and grain yield. A 

significant genetic variation was found in the genotypes for all the traits under 

study. Flag leaf area, thousand grain weight, grain filling duration, biomass and 

harvest index had higher significant and positive correlation with yield 

indicating their positive influence on grain yield. Further, these traits also had 

positive correlation among themselves. Based on the estimation of genetic 

parameters, thousand grain weight and flag leaf area had wide genotypic 

variability, better broad sense heritability and relatively higher genetic advance 

suggesting likelihood of effective, efficient and easier selection for these 
phenotypic traits. Traits like grain filling duration, biomass and harvest index 

exhibited moderate values for the parameters studied. Hence, selection of 

genotypes with higher value for flag leaf area, grain filling duration, thousand 

grain weight, and biomass and harvest index were found essential for 

improvement of grain yield and formulating selection index for simultaneous 

incorporation for these traits could be important step towards obtaining high 

yielding wheat genotypes. 

 

Key words: Correlation, heritability, genetic advance, wheat, yield 

improvement 

 

INTRODUCTION 
Wheat (Triticum aestivum L.) is one of the most widely grown cereal crops in the world in terms 

of both area and production. It is also a leading cereal crop that is produced in Nepal. However, 

wheat production needs to grow at rapid rate to meet the rising demand due to increase in 

population. Therefore, enhancement in the productivity of wheat will always stand as one of the 

important breeding objectives. 
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Nature of the variability and diversity available in the gene pool of the character determines the 

successful incorporation of that trait for genetic improvement. Thus, the proper study of amount of 

variability of the gene pool of plant species is necessary for the consideration of planning and 

starting any breeding program (Farshadfar, Romena, & Safari, 2013). It is also important to divide 

total variation into the heritable as well as non-heritable components with the help of evaluation of 
genetic parameters (Johnson et al., 1955). Heritability is an assessment of phenotypic variance 

referable to genetic causes. It provides the information on how much of a specific character can be 

transferred to the successive generations. Higher heritability estimates together with better genetic 

advance indicates that the selection for a character would be more useful due to the presence of 

additive gene action ((Johnson et al., 1955).  

 

Grain yield is the resulting product of interaction of different yield attributing traits (Grafius, 

1964). Knowledge of connection between yield and different yield attributing traits enables the 

breeders to increase the efficiency and effectiveness of selection. Selection which involves yield 

components is deemed to be more efficient than the selection that is based yield alone 

(Shamsuddin & Ali, 1989). Thus, it is essential to study the association among the yield attributing 

trits with the help of correlation analysis. Therefore, the main aim of this research was to evaluate 
variability, heritability and association of yield attributing traits for improvement of yield so as to 

improve the productivity.  

 

MATERIALS AND METHODS 
The field experiment was carried out at the research farm of AFU, Rampur during main wheat 

growing season (November 2014 to April 2015). The research was conducted using an 
experimental design called alpha lattice design (4X5) with two replications. The total area of each 

plot was 1.5 m x 1m. The row spacing was maintained 25 cm, so that each plot was sown with 

four rows of each variety. Twenty wheat genotypes collected from National Wheat Research 

Programme, Bhairahawa were used for the research. Standard agronomic and plant protection 

practices were followed. Data for ten traits viz. days to heading, days to anthesis, plant height, area 

of flag leaf, thousand grain weight, spike length, grain filling duration, biomass harvest index and 

plot yield were used for variability estimation and correlation analysis.  

 

Both coefficient of variations of phenotype (PCV) and genotype (GCV) were calculated using 

formulas mentioned by Burton and Devane (1953). The values were expressed as percentage. 

The ratio of total genotypic variance (Vg) to the total phenotypic variance (VP) denotes the broad 

sense heritability and it is calculated in percentage (Hanson, Robinson, & Comstock, 1956). 
 

Similarly, the degree of expected genetic advance of genotypes was calculated at five percent 

selection intensity. The formulas used were obtained from Robinson, Comstock & Harvey 

(1949). 

 

Statistical analysis 

Field data entry and processing was carried out on Microsoft Office Excel and mean and standard 

deviations for all quantitative traits were computed. Correlation and analysis of variation were 

calculated using R statistical software. 
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RESULTS AND DISCUSSION 
A significant variation was found among the genotypes for all the traits measured, implying 

reasonably adequate variability in the research material and ample potential for selecting better 

and high yielding genotypes by plant breeders for further genetic improvement. 

 

Analysis of variance and mean comparison  

ANOVA revealed very high significant differences (P≤.001) among all 20 genotypes for all the 

traits that were studied. The mean day to heading for the experimented genotypes was 75.52 days 

(Table 1). NL1064 had the highest value for days to heading (84) while Aditya had the lowest 

days to heading (65). Likewise, the average day to anthesis for twenty genotypes was 82.7 days 

(Table 1).  NL1064 had the highest value for days to anthesis (91days) while Aditya had the 

lowest (74). The average value for thousand grain weight of the tested genotypes was 32.96g 

(Table 1). BL3872 had the highest thousand grain weight (47.99g) whereas Bacard had the lowest 
(19.29g). Similarly, the average value for spike length of the tested genotypes was 10.04cm (Table 

1).BL 3623 had the highest spike length (12.1 cm) whereas Parula had the lowest (8.4 cm).  The 

average value for plant height of the tested genotypes was 85.23cm (Table 1). NL1064 had the 

highest plant height (96.95 cm) whereas Bacanorot88 had the lowest (69.95 cm). The mean value 

for flag leaf area was 63.6 cm2 (Table 1). The value ranged from 42.79 cm2 for NL 1064 to 102.62 

cm2 for BL 3872. The average grain filling duration was found to be 27.22 days with maximum 

value of 34 days for BL 2473 and minimum value of 20.5 days for Becard (Table 1).The average 

value for harvest index of the tested genotypes was 0.34(Table 1). BL 2473 and BL 3623 had the 

highest harvest index (0.40) whereas Baviacoram had the lowest value of harvest index (0.21) 

among the genotypes studied.The mean value of biomass was observed to be 1.13 kg. The value of 

biomass ranged from 0.81 kg (Kingbird) to 1.6 kg (Kiritati). The average value for plot yield of 
the tested genotypes was 0.39 kg (Table 3).Kiritati had the highest plot yield (0.56kg) whereas 

Baviacoram had the lowest plot yield (0.23kg). 

  

Table 1. Mean of traits of 20 genotypes under study 

Genotype DH DA TGW SL PH FLA GFD HI BM PY 

ADITYA 64.94 73.91 43.09 9.00 91.95 51.01 35.00 0.39 1.06 0.42 

BACANOROT88 81.13 84.03 30.32 8.89 83.90 38.36 26.50 0.36 0.94 0.33 

BAVIACORAM 81.86 85.92 22.80 11.12 82.15 57.92 21.00 0.21 0.99 0.23 

BECARD 80.42 85.99 19.29 10.29 88.65 47.67 20.50 0.25 1.05 0.26 

BL2473 67.05 76.51 34.14 10.89 81.60 88.52 34.00 0.40 1.30 0.51 

BL3623 66.54 79.06 43.18 12.14 87.05 80.35 28.00 0.40 1.14 0.45 

BL3629 68.08 82.98 46.33 11.75 83.80 66.93 26.00 0.38 1.01 0.39 

BL3872 82.16 86.11 47.99 10.03 86.75 102.67 28.50 0.36 1.48 0.52 

DOLLARBIRD 67.44 74.91 38.71 9.60 92.70 54.84 34.00 0.30 1.00 0.30 

KAMBARA1 79.53 85.39 32.25 11.55 83.05 54.67 25.00 0.37 1.10 0.41 

KINGBIRD 80.92 86.49 23.01 8.89 81.95 42.32 22.50 0.33 0.81 0.27 

KIRITATI 78.04 84.56 29.04 9.99 87.90 90.06 26.50 0.36 1.60 0.56 
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NL1008 77.05 83.01 24.20 10.79 96.95 56.49 23.00 0.29 1.09 0.31 

NL1064 84.05 91.01 41.04 10.54 89.15 42.79 28.00 0.33 1.17 0.38 

NL1073 71.92 79.99 28.52 9.89 85.25 43.87 27.00 0.34 1.35 0.45 

NL1164 66.95 76.05 24.97 8.98 94.75 65.28 30.50 0.31 1.06 0.34 

NL971 75.12 80.53 36.96 8.81 78.90 61.55 31.50 0.35 1.14 0.40 

PARULA 79.70 85.47 36.55 8.45 82.60 83.80 29.50 0.43 1.19 0.51 

PAVON76 75.12 84.53 28.58 9.41 75.65 85.93 22.50 0.33 1.17 0.38 

WAXWING 82.45 87.55 28.19 9.78 69.95 57.07 25.00 0.30 0.99 0.31 

GM 75.52 82.70 32.96 10.04 85.23 63.60 27.23 0.34 1.13 0.39 

CV 
1.61 1.51 16.75 19.22 4.78 9.72 

9.09 4.9 7.72 9.58 

DH= Days to heading, DA= Days to anthesis, TGW= Thousand grain weight, SL=Spike length, 

PH=Plant height. FLA=Flag leaf area, GFD=Grain filling duration, HI=Harvest index, 

BM=Biomass, PY= plot yield, GM=Grand Mean, CV=Coefficient of Variation 

 

Correlation analysis 
Based on correlation coefficient of selected traits and plot yield, thousand grain weight 

(r=0.512**), flag leaf area (0.629**), grain filling duration(r=0.439**), biomass(r=0.829**) and 

harvest index(r=0.739**) had positive and a very significant correlation with plot yield. This 

finding was found similar to the previous findings obtained by Ojha (2014). Similarly, plant 

height(r=0.139) and spike length(r=0.048) had positive correlation with plot yield. However, there 

was negative correlation of days to heading (r=-0.201) and days to anthesis(r=-0.124) with yield. 

This was in confirmation with report of Gautam and Sethi (2002). Likewise, inter se association 

studies also provide an opportunity to select only those characters which are favorably associated 

among them as well as with grain yield. In this experiment, flag leaf area exhibited higher 

significant positive association with biomass and significant positive association harvest index. 

Thousand grain weight also exhibited higher significant correlation with grain filling duration and 

harvest index.   
Table 2: Pearson’s correlation coefficient of yield components and plot yield and inter se 

association of yield components 

  DH DA TGW SL PH FLA GFD HI BM PY 

DH 1 .895
**

 -.286 -.144 -.233 -.160 -.577
**

 -.336
*
 -.020 -.201 

DA   1 -.153 .095 -.156 -.096 -.655** -.231 .004 -.124 

TGW     1 .143 .214 .300 .534** .538** .292 .512** 

SL       1 .284 .120 -.244 -.039 .096 .048 

PH         1 -.091 .323* .094 .133 .139 

FLA           1 .187 .357* .598** .629** 

GFD             1 .519** .210 .439** 

HI               1 .240 .739** 

BM                 1 .829** 
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**= correlation significant at the 0.01 level (two-tailed), *= correlation significant at the 0.05 level 

(two-tailed) DH= Days to heading, DA= Days to anthesis, TGW= Thousand grain weight, 

SL=Spike length, PH=Plant height. FLA=Flag leaf area, GFD=Grain filling duration, HI=Harvest 

index, BM=Biomass, PY= Plot yield 

 

Phenotypic and genotypic coefficient of variation  
A considerable difference in PCV and GCV values were observed (Table 3) which indicates the 

variation found in the traits was not only due to genotypes but also due to environmental effect. 

Among the studied traits, the highest value for both GCV and PCV was estimated for flag leaf 

area. Plot yield and thousand grain weight also showed higher GCV and PCV values; whereas, 

biomass, grain filling duration, and harvest index showed moderate GCV and PCV. Moderate 

value of PCV and low value of GCV were found in case of spike length. Other traits such as days 

to heading, days to anthesis and plant height had low values of both GCV and PCV. The 

difference of GCV and PCV of different traits varied from 0.16 to 5.51 (Table 3). 

 

Heritability 

Among the traits under study, days to heading had highest value of heritability followed by days to 

anthesis. Traits like harvest index, plot yield, biomass, spike length, and grain filling duration also 
showed high heritability estimates. The heritability estimate for thousand grain weight was found 

to be the lowest one. Heritability was also reported more than 70% for all traits except for plant 

height (66%) and thousand grain weight (65%) showing high heritable variation among genotypes 

for all traits except these 2 traits. The result is in confirmation with Singh and Rai (1987) who 

found higher heritability value for traits like days to anthesis, plant height and yield. Thakur, 

Pandey and Kandarlkar (1999) had also found high heritability for traits such as plant height and 

spike length. Nandawal et al. (2000) presented a result which showed high heritability values for 

thousand grain weight and yield. High heritability values reported in these traits indicate that the 

variation found was mainly due to genetic effect and was less due to environment or genotype X 

environment effect. 

 
Table 3: Coefficient of variation (CV), Heritability and Genetic advance of traits measured 

Variables GCV PCV PCV-GCV hbs2 GA GAM 

DH 8.22 8.38 0.16 
 

0.96 12.55 16.62 

DA 5.40 5.61 0.21 0.93 8.85 10.70 

TGW 22.71 28.22 5.51 0.65 12.41 37.65 

SL 9.64 11.04 1.4 0.76 1.74 17.34 

PH 6.73 8.26 1.53 0.66 9.64 11.31 

FLA 28.62 30.23 1.61 0.90 35.51 55.83 

GFD 14.35 16.99 2.64 0.71 6.80 24.98 

HI 13.93 14.77 0.84 0.89 0.09 27.07 

BM 15.53 17.35 1.82 0.80 0.32 28.65 

PY 23.60 25.47 1.87 0.86 0.17 45.05 
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GCV = Genotypic coefficient of variation, PCV = Phenotypic coefficient of variation, 

GA=Genetic advance, GAM = Genetic advance as percentage of mean, DH= Days to heading, 

DA= Days to anthesis, TGW= Thousand grain weight, SL=Spike length, PH=Plant height. 

FLA=Flag leaf area, GFD=Grain filling duration, HI=Harvest index, BM=Biomass , PY= Plot 

yield. 

 

Genetic advance  
The genetic advance as percentage of mean under 5% selection intensity showed substantial 

differences for various characters among different genotypes (Table 3). Flag leaf area showed the 

highest genetic advance as percentage of mean (55.83%) which was followed by plot yield 

(45.05%), thousand grain weight (37.65%) and biomass (28.65%). Likewise, genetic advance as 

percentage of mean was 27.07% in harvest index and 24.98% in grain filling duration. Days to 

heading, plant height and spike length showed 16.62%, 11.31% and 17.34% GAM respectively. 

Genetic advance as percentage of mean was the lowest in case of days to anthesis (10.70%).  

 

In the present study, traits viz. flag leaf area and thousand grain weight had shown higher 

heritability and genetic advance and hence, might be considered to be governed by additive genes 

and there was less effect of environment. Thus, direct selection can be carried through selection of 
these traits for further improve wheat genotypes. Higher value of heritability but a lower value of 

genetic advance mean was noticed for days to anthesis and plant height. It can be concluded that 

these characters were most likely under the governance of non-additive genes and also has high 

level of genotype by environmental interaction. 

 

CONCLUSION 
Among the traits under study, flag leaf area, grain filing duration, thousand grain weight biomass 

and harvest index had a very significant and positive correlation with grain yield. The result 

explains positive influence of these traits on final yield. Likewise, these traits also had high 

genotypic variability, better broad sense heritability and higher genetic advance. Hence, these 

traits can be considered to be the good estimates for effective and efficient selection of high 

yielding genotype and phenotypic selection which involves these traits can be very useful for 

genetic improvement of grain yield in wheat.  
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ABSTRACT 
Adoption of climate smart agricultural technology is the only way for future 

prosperity of the developing countries like Nepal. Agriculture Management 

Information System (AMIS) is well recognized as the basis of successful 

agricultural production. It has become more relevant in the context of changing 

climate. In Nepal, AMIS as a project was implemented by ministry of agriculture 

development in 2013 and was first piloted in Banke district. In the context of 

climate change and it's adaptation in rice agriculture, a questionnaire survey 

was conducted among 35 AMIS supported farmers and 39 general farmers using 

mobile application KoboCollect. The results showed that AMIS farmers owned 

significant (p value = 0.007) larger agricultural land (1.05 ha compared to 0.41 
ha general farmers), less dependent on rain for irrigation (p value = 0.058, 34% 

compared to 56% general farmers) and using farm machinery for land 

preparation (p value = 0.029). Significant higher percentage of AMIS farmers 

were using inorganic phosphorus (p value = 0.037) and potash (p value 

<0.0001) fertiliser in rice production than general farmers. With all these, AMIS 

farmers were producing significant (p value = 0.0002) higher grain yield (4.71 

t/ha) contrast to general farmers (1.32 t/ha). In addition, knowledge of drought 

resistant rice varieties was significant (p value <0.0001) higher among AMIS 

farmers (91%) compared to general farmers (46%). AMIS farmers were 

significantly (p value <0.0001) more benefited by government organizations on 

climate change knowledge to the general farmers (3% only). Weekly published 

"Agro-Met Advisory bulletin" was not read by any of the surveyed farmers. In 
the climate change scenario, Agriculture Management Information System 

needs to be strengthened and should be in reach of every farmers to increase the 

rice grain productivity.  

 

Key words: AMIS, Banke, Rice, Climate change, Climate change adaptation 

 

INTRODUCTION 
Nepal has a negligible share in the global climate change but is highly vulnerable to the climate 

change impact (Tiwari et al., 2014). CBS (2017) published a statistical report entitled "National 

Climate Change Survey 2016" including 5060 households from 16 segregated domains all over 

Nepal with 25 years' experience of farmers on climate change impact. CBS (2017) reported 

decrease in monsoon precipitation amount (91.2%), decrease in winter precipitation amount 
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(89.6%), increase in summer temperature (89.2%), decrease in winter temperature (57%), one or 

more weeks earlier onset of summer season (70%), one or more weeks delay onset of winter 

season (60%), one or more weeks delay in the monsoon initiation (90%) and one or more weeks 

delay in the winter rain (70%). Supporting the human experience, department of hydrology and 

meteorology (DHM) published a report (2017) containing weather data from 1971 to 2014 

including 93 weather stations in Nepal. This report revealed significant increase in annual 
maximum temperature by 0.0560C, significant increase in minimum temperature (0.0140C/year) 

during monsoon season. The annual rainfall is decreasing by 1.3 mm/year in Nepal. 

 

It has been a decade, we started investment in the climate change mitigation and adoption of 

climate smart agricultural technologies (Ministry of Environment, 2010). Billions of amount are 

poured in the developing countries like Nepal through government and non-government channels 

either as a grant or a loan (MOALMC, 2018). Pilot programme for Climate Resilience (PPCR) is a 

government led project initiated in Nepal since 19 May 2009 with the fund support from climate 

investment fund (CIF). Out of five components of PPCR, Building Resilience for Climate Related 

Hazards (BRCH) was initiated since 20 June 2013. Among four components of BRCH, 

Agriculture Management Information System (AMIS) project is implemented by Nepal 

Agricultural Research Council and Ministry of agriculture and livestock development. Budget 
allocated for this component was 6 millions US$ for the project period of 2013 to 2018 (AMIS, 

2018).  

 

Among climate sensitive crops, rice is cultivated in the largest area of agricultural land in Nepal 

(Agri Statistics Section, 2018). Main season rice cultivation is relied on monsoon rainfall not only 

in Nepal but also in the Southeast Asia. Moreover, rice yield is significantly dependent on the 

amount of water it gets during the growth and development (Zwart and Bastiaanssen, 2004).  

Hence, rice yields from rainfed agricultural lands is highly affected by monsoon rainfall amount 

and distribution (Karki and Gurung, 2012). Though predicted increase in monsoon rainfall in the 

coming years (Turner and Annamalai, 2012) may contribute in higher grain yield, whereas floods 

due to heavy downpours can cause crop loss  as well (Regmi, 2007). Furthermore, increase in the 
average temperature can boost the rice yield  (Shrestha, 2017) with the cost of higher water 

requirement per unit production. One of the best way to deal with climate related issues is 

adaptation (Maharjan et al., 2011). Various adoptive strategies have been applied to address the 

consequences of climate change on agriculture in Nepal. Breeding and releasing drought resistant 

and submergence tolerant varieties has pivotal role in the successful adaptation (Paudel, 2012). 

Access to resources like irrigation, fertilizer, farm machineries are also considered important for 

successful adaptation in agriculture sector (Tiwari et al., 2014). 

 

Banke is a pioneer district where AMIS was implemented and Agro-Met advisory bulletin was 

published for. Afterwards, first Agro-call centre and Digital display board was also established in 

Banke. This study was conducted to compare between AMIS- supported and general farmers in 

Banke district. On this ground, this study was conducted to encounter potential effects of climate 
change on rice production and to document climatic knowledge of farmers in Banke district. 

 

MATERIALS AND METHODS 
Banke district is the hottest place in Nepal reaching maximum temperature 45°C in the month of 

May. It is a terai district situated in Province number 5 where the maximum and minimum 
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temperature recorded are 48°C and 4.2°C. Total rainfall ranged from 937 mm to 2149 mm per 

annum, with average rainfall of 1317 mm between 1950 to 2016 (Shrestha, 2017). This district is 

located in the latitude of 27°50’ to 28°20’N and the longitude of 81°30’ to 82°10’E (DADO 

Banke, 2017).  

 

Total 35 AMIS farmers and 39 general farmers were selected for the study. As a part of the AMIS 
project, mobile was distributed to the selected farmers hereafter termed as AMIS farmer. AMIS 

farmers were also trained on climate change and its adaptation techniques.   

 

Questionnaire was prepared in Nepali addressing rice production system and climate change 

knowledge in the study area. Total 92 questions were prepared using KoBoToolbox, a tool for data 

collection which design forms quickly and easily and visualizes collected data on map (HHI, 

2018). Farmers were directly  interviewed at their own households(HHs) using mobile application 

'KoBoCollect'. 

 

The questionnaire survey was conducted in Banke district from 17 August to 24 September 2018. 

A sample size of 74 rice growers  were  selected from Banke  district  purposively.  Almost half of 

the surveyed farmers were from nearby the government agriculture service providers.  Another 
place with more surveyed farmers was Kohalpur with more access to agriculture inputs and 

facilities (Figure 1). 

 

 
Figure 1: Study area (Banke district) map with circles for the farmers’ geo location (2018) 

 
Statistical data analysis was conducted through R software. Results were statistically tested to 

compare significance of difference between AMIS and general farmers. For the numeric data, t 

test was applied and for the proportional data, chi squared test was applied. Level of significance 

was noted. 

 

Concerning weather conditions, in 2017 the total rainfall during the month of May was 124.3 mm 

and the monsoon was initiated with 7 mm rainfall on 5th June with total 50.3 mm rainfall in June 

2017. Whereas in 2018, there was only 39.4 mm rainfall in the month of May with 47.2 mm 

rainfall on 1 June and total rainfall of 149.7 mm in June 2018 (Figure 2) as per weather station 

data at RARS, Khajura. 
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Figure 2: Weather condition recorded at RARS, Khajura during rice growing season in 2017 and 

2018 in Banke district, Nepal 

 

RESULTS AND DISCUSSION 
 

Rice seedling transplanting time 
Weather data (Figure 2) predict earlier transplanting in the 2017 and later in 2018. In 2017, AMIS 

farmers started transplanting from 12 May and transplanted till 14 July whereas in 2018 they 

transplanted from 1 June till 24 July. There was delay in transplanting from 5 to 54 days among 

AMIS farmers. Only 8.6% farmers transplanted earlier in 2018 than 2017. In the case of general 

farmers, in 2017 they did rice seedling transplanting from 23 May to 12 July whereas in 2018 they 

started transplanting from 2 June till 26 June. There was delay in transplanting from 2 to 48 days 
among general farmers. There were lesser general farmers (2.6%) who were able to transplant 

earlier in 2017 than 2018 (Table 1). With better prediction of start of monsoon and reliable 

weather forecasts reaching to the subsistent farmers, rice yields can be increased in the coming 

years (Karn, 2014). 

 

Irrigation source 
Rainfall based rice farming was prevalent among more than 50% general farmers and 34.3% 

AMIS farmers. Being less dependent on rainfall for irrigation and having irrigation pumps, AMIS 

farmers were able to supply water requirement for the better yield than general farmers.  'Sikta' 

irrigation project has benefited only farmers (5.7% AMIS farmers) dwelling in the 'Rapti pari' area 

(Table 1). In contrast, the survey conducted by AMIS (2011) presented 25% respondents 
dependence on continuous flow canal for irrigation as a benefit of 'Sikta' irrigation project (THT, 

2018).  

 

 

Landholding size 

AMIS farmers have significant larger size owned land (1.05 ha) compared to general farmers (0.41 

ha) (Table 1). It was because AMIS purposively chose farmers with larger landholding size 
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(AMIS/PMU, 2014). Our results were on par with CBS (2017) with owned land 0.62 ha and 

tenured land 0.54 ha in size. 

 

Land ploughing tools 

CBS (2017) revealed only 21.0% surveyed households in Mid-western terai were using machinery 

tools in agriculture. However, this survey found more than 65% farmers were using tractor or 
power tiller for land ploughing (Table 1). In addition, use of thresher for rice harvest was more 

common and few others have started using reapers. Use of machineries help farmers to accomplish 

rice transplanting activities in a short time without loss of moisture collected from the rainfall. 

Significantly (p value = 0.029) more AMIS farmers were more empowered with farm machineries 

(80%) than general farmers (56%) (Table 1). It was because AMIS project purposively selected 

the resource rich farmers for the support (AMIS/PMU, 2014).  

  

Table 1: Date of transplanting, sources of irrigation, landholding size and land ploughing tools 

among AMIS and general farmers surveyed in Banke district (2018) 

Categories Sub categories 
AMIS farmers 

(%) 

General farmers 

(%) 

Comparison p 

value 

Date of 

transplanting 

Before than 

previous 
8.6 2.6 

ns 

Later than 

previous 
91.4 97.5 

ns 

Sources of 

irrigation 

Irrigation channel 5.7 0.0 ns 

Irrigation pump 60.0 43.6 ns 

Rain 34.3 56.4 0.058 

Landholding size 

Owned land (ha) 1.15 0.41 0.007 

Tenured land (ha) 0.91 0.48 0.139 

Land ploughing 

tools 

Oxen plough 19.9 41.0 0.051 

Tractor/power 

tiller 
79.9 56.4 

0.029 

 

Rice seed source 

Among different sources, agriculture input supplier was the primary seed source for both AMIS 

farmers (62.9%) and general farmers (51.3%). AMIS project selected purposively farmers 

involved in agriculture co-operatives for support. Hence, there was significant high number of 

AMIS farmers using agriculture co-operatives as a seed source (Table 2). Whereas significant 
number of general farmers, 39% reaching family and friends for seed, were considering buying 

seeds as an expensive investment maybe due to lack of knowledge on importance of quality seed 
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for higher production. Improved seed should be in easy access to the farmers in Banke district 

because RARS, Khajura produced improved rice seed 45 Mt. in the year 2015/16 (RARS Khajura, 

2017) and Global Agri-Tech (GATE) Nepal is a private  seed company established in June 2010 

located at Bankatuwa, Banke. Radha -4 rice variety was used by more than 50% of the farmers in 

the Banke district. Others used different hybrid varieties available in the market like Arize 6444, 

Saurav, and US312.  
 

Varieties used 

Significantly (p value <0.0001) higher proportion of AMIS farmers (91%) were aware about 

drought resistant varieties than general farmers (46%) (Table 2). It was because AMIS farmers 

have got training on climate change and adaptation measures through AMIS project.  

 

Released varieties were cultivated by farmers (47%) in Banke district followed by hybrid (29%). 

However, local landraces of rice were cultivated by only one or two surveyed farmers (Table 2). It 

is obvious that this trend could lead to the extinction of indigenous varieties (Paudel, 2012). On 

par with our results, AMIS (2011) revealed more than 95% seed used in rice production were 

improved seeds. 

 

Seedbed preparation method 
The primary reason of choosing wet bed for raising rice seedlings was better seed germination in 

wet bed method (61.5% general farmers) compared to dry bed method (Table 2). The problems in 

dry seed bed were higher weed intensity, more labour intensive, seeds eaten by birds and difficulty 

in uprooting seedlings. However, rice seedlings raised in dry bed are strong, small in size and have 

longer root length for easy establishment in drought conditions as well. The constraint in dry 

seedbed is requirement of regular addition of water (Morris, 1980).    

 

Table 2: Seed sources, knowledge on climate smart varieties, type of varieties used and reasons of 

choosing wet bed for rice seedbed preparation among AMIS and general farmers surveyed in 

Banke district (2018) 

Categories Sub categories AMIS 

farmers (%) 

General 

farmers (%) 

Chi-squared 

test p value 

Seed sources 

Government 

organisation 

14.3 10.2 0.060 

Agriculture 

cooperatives 

14.3 0.0 0.016 

Agriculture input 

shops 

62.9 51.3 ns 

Family, friends 

and others 

8.6 38.9 0.003 

Knowledge on climate smart Drought resistant  91.4 46.2 <0.0001 
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varieties Submergence 

tolerant 

60.0 38.5 0.066 

Type of varieties used  

Hybrid 20.0 38.5 0.084 

Local 2.9 2.6 ns 

Released 51.4 44.0 ns 

Released and 
hybrid 

25.7 15.4 ns 

Reasons of choosing wet bed 

for the seedbed preparation 

Traditional 

practice 

54.3 35.9 ns 

Better seed 

germination  

31.4 61.5 0.010 

Problems in dry 

method 

14.3 2.6 0.067 

 

Manure and fertiliser use  

CBS (2017) reported increase in use of inorganic fertiliser as a method of climate change 

adaptation, which was followed by more AMIS farmers as compared to general farmers in Banke 
district (Table 3).  Significantly larger percentage of AMIS farmers was using phosphorus and 

potash fertilizer in rice farming as compared to general farmers. It was because of the training on 

integrated nutrient management plus having access to cheaper chemical fertiliser through 

agriculture co-operatives enrolled in (Table 3).  

 

Table 3: Nutrient users and nutrient amount used in rice cultivation among AMIS an general 

farmers surveyed in Banke district (2018) 

Categories Nutrient inputs AMIS 
farmers 

General 
farmers 

Comparison 
p value 

Nutrient users (% farmers) 

Nitrogenous 

fertiliser 

88.6 87.2 ns 

Phosphate fertiliser 77.1 53.8 0.037 

Potash fertiliser 57.1 7.7 <0.0001 

Farmyard manure 85.7 71.8 ns 

Nutrient amount used 

(kg/ha) 

Nitrogenous 

fertiliser 

68.72 67.02 ns 

Phosphate fertiliser  42.20 42.32 ns 
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Grain yield 

With better perception of weather conditions, larger plot size, better irrigation facility, higher 

quantity of farmyard manure application per unit area, integrated nutrient management, all these 

factors have contributed to significant (p value = 0.0002) higher per unit yield of rice among 

AMIS farmers (4.84 t/ha) compared to general farmers (1.35 t/ha) (Table 4).  

 

Table 4: Rice yield and grain selling quantity among AMIS and general farmers surveyed in 

Banke district (2018) 

Categories AMIS farmers General farmers T-test p value 

Rice grain yield (t/ha) 4.84 1.35 0.0002 

Rice grain selling quantity (kg) 3212.5 956.2 0.0046 

 

Climate change knowledge 

For AMIS farmers, governmental extension personnel (43.2%) have played a major role in 

disseminating climate change knowledge through training programmes. However, it was not same 

for the general farmers (2.7%). On an average, the percentage farmers receiving government 

support was on par with national average of 20.1% (CBS, 2017). In the National Climate change 

survey 2016 (CBS, 2017), radio (49.3%) was a major source of climate change information 

whereas in case of Banke District, it was television (39.1%) (Table 5).  

 

Agriculture related programme and Agro-Met Advisory bulletin 

In an enquiry on agricultural programme, 37 households reported watching it on television (29.7% 

AMIS farmers and 48.6% general farmers) (Table 5). Remaining households who responded not 
watching agriculture programme was because they had no television. 

The first weekly 'Agro-Met advisory bulletin' for Banke district was published in 10 July 2015, as 

a coordinated outcome of Ministry of Agricultural Development, Nepal agricultural research 

council (NARC) and department of hydrology and meteorology (DHM). It is being published 

every Friday since then and as of 171th edition, it contains advisory for 26 AMIS implemented 

districts and 19 experts from different agricultural fields are involved in the preparation of each 

bulletin (AMIS, 2018). However, bitter truth is none of the surveyed AMIS and general farmers 

knew about 'Agro-Met advisory bulletin' (Table 5). It was because of lack of proper allocation of 

budget  in agriculture office and NARC (AMIS/PMU, 2014) for its publication and distribution.  

Furthermore, before implementation of the federal system, there were district agriculture 

development offices (DADOs), where with the initiative of PPCR, preliminary infrastructure for 
agriculture management information system were established in different districts including 

Banke. After dissolution of DADOs, the infrastructures are no more functional (Chief AKC 

Banke, 2018). 

 

Potash fertiliser 29.1 48.7 ns 

Farmyard manure 1397.7 290.8 ns 
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In addition to Agro-Met advisory bulletin, AMIS has also developed a mobile application 'Hamro 

krishi' dedicated to provide agriculture and meteorology related advisory in an individual basis. 

There were more than 20,000 downloads as of November 2018 (AMIS, 2018). However, none of 

surveyed farmers were using that application to get advisory and information.  

 

Table 5: Sources of climate change knowledge, watching TV agriculture programme, reading 
Agro-Met advisory bulletin among AMIS and general farmers surveyed in Banke district (2018) 

Categories Sub categories 

AMIS 

farmers 

(%) 

General 

farmers 

(%) 

Chi-squared 

test p value 

Sources of climate 

change knowledge 

Government organisation 43.2 2.7 <0.0001 

Radio 21.6 37.8 ns 

Television 29.7 48.6 0.099 

Newsprint/internet/family 5.4 10.8 ns 

Watching agriculture 

related programmes in 

television 

Yes 54.3 46.1 ns 

Reading 'Agro-Met 

Advisory bulletin' 
weekly 

Yes 0.0 0.0 ns 

 

Climate risk in rice production 

In Mid-western terai, CBS (2017) reported perception of more drought problem (99.6%) compared 

to flood (53.7%). The same reported 94.7% households from Mid-western terai answering 

decrease in monsoon precipitation amount in the last 25 years. The case was not different in Banke 

district but still there were farmers, mostly AMIS farmers (25.7%), who had problem of flooding 

during the monsoon season (Table 6). That was observed inside the curve of Rapti river (called 

Rapti pari area, Figure 1). There was significant high proportion of general farmers saying drought 
as a climate risk as they lack irrigation facility. Drought becomes more problematic during the rice 

seedling transplanting time. Transplanting of late or over mature seedling while waiting for the 

rain causes further decline in rice yield (Adhikari et al., 2004). During the year 2005/06, paddy 

production in Nepal was adversely affected by drought on the average of 2% (Regmi, 2007).   

 

Table 6: Drought or flood as a climate risk in rice farming among AMIS and general farmers 

surveyed in Banke district (2018) 

Climate risk AMIS farmers (%) General farmers (%) Chi-squared test p value 

Drought 74.3 92.3 0.037 

Flood 25.7 7.7 0.037 
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CONCLUSION 
To harness the positive effect of future climate on the rice productivity (IPCC, 2018), we need to 

consolidate the fragmented lands and develop and support irrigation infrastructures. We must 

strengthen agriculture cooperatives to supply the required improve seeds and fertiliser demand in 

the service area. All the farmers require trainings on climate change adaptation, integrated nutrient 

management. Research organisation should feel more responsibility to develop the climate 

resilient site-specific high yield open pollinated and hybrid varieties and innovative management 

options to minimise the climate hazard. Weather forecasting system and early warning system are 

being strengthened and should be in each of every farmer in the country. With an well-developed 

agriculture management information system (AMIS) reaching ground level farmers and interacting 

with research, we may be able to harness the benefits of future climate scenario and not fall into 

declined productivity and famines.  
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ABSTRACT 
Carrnation (Dianthus caryophyllus L.) is ranked second most important 

commercial cut flower after rose in Nepal. The study covers the status and 

SWOT of carnation farming with suggestion for the way forward. Questionnaire 

based survey was conducted and data were analyzed by using MS excel and 

SPSS vs. 23. Socio-economic status of the grower’s show that most of them are 

of age 31-45, and 41.7% have higher secondary level of education, but there is 
very poor participation of women (8.3%). The average carnation cultivated land 

was 0.22 hectare/grower. Regarding the cultivation practices, 58.33% of the 

growers draw water from boring and 66.7% have installed drip system. 41.67% 

growers did planting targeting the season of high demand (November to 

February, but only 16.67% had ventilated greenhouse with UV stabilized 

plastic. The most commonly used plant spacing was 15×20 cm2 and the average 

productivity was 10 stalks/plant/year. There was a significant relationship 

between interval of boron use and calyx/stem splitting whereasthe most 

commonly used mode of tranportation was both van and bike(53.88%). The 

average wholesale price was Rs. 5.58 and Rs. 16.50/ flower stalk in the season 

of low and high demand, respectively while the vase life ranges from 10.67 - 
23.08 days in summer & winter, respectively. The better agro-climatic situation, 

cheap labour market, export opportunity are the strengths of the business 

whereas lack of infrastructure, highly fluctuating market, the problem in quality 

planting materials and storage facilities are the major weakness of carnation 

farming, yet, the study findings firmly revealed that 83% of the growers are 

satisfied with present situation of their business thus it must be promoted for 

further better commercial scale of production.. 

 

Keywords: Calyx splitting, carnation, shelf life, SWOT 

 

INTRODUCTION 
Nepalese floriculture industry is relatively new, but is drawing the attention of the many growers. 

The problem on the availability of good planting materials, varieties, and productivity are deep-

rooted to the floriculture sector of Nepal. Floriculture sector has tremendous scope, but enough 

investment, research and proper record keeping system is lacking (Pun and Pun, 2009). This is the 

overall problem of floriculture sector and carnation is no different in spite of being the second 

most important commercial flower around the world (Jawaherlal et. al, 2010) and in Nepal (FAN, 
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2017). Similarly, the total area under carnation cultivation was 6.36 hectare and demand of 

carnation was 7000-9000 sticks/ day in 2016 (FAN,2017-). 

 

The agro climatic condition of Nepal is well suited for growing many flowers including carnation. 

It gives relative advantage over India to produce carnation of international quality, especially 

during summer season as temperature is high in India (Yanai et al., 2007). Owing to comparative 
advantage, it could be expected to export carnation cut flower in the future (Shrestha, 2003). The 

benefit cost ratio of carnation flower is 1.23 in the case of Nepal, which is higher than BCR of 

gladiolus (1.09). This indicates farming of carnation is more beneficial than gladiolus 

(ICORD,2016) 

 

In spite of the suitability and high demand on both internal and external markets, the prevailing 

situation still lacks to encourage the existing growers to expand or to invest by new investors in 

cut flower production of carnation. Therefore, the study was conducted in order to explore the 

socio-economic status of carnation growers, cultivation practices, and market in Nepal thus to 

suggest the approaches for intervention/ support in improving the carnation farming and marketing 

based on detailed SWOT and problem analysis. 

 

MATERIALS AND METHODS 
 

Necessary data were collected from four major carnation producing districts i.e. Kathmandu, 

Bhaktapur, Lalitpur, and Kavrepalachowk. A standard set of questionnaire was prepared and farm 

visit to 12 carnation growers was done to fill it up by employing fact to face interview. 

Accordingly, information about farmer's socio-economic status, production, problems, harvesting 
and mode of transportation were collected. Besides, direct field observation was also done to 

observe the farming practices of carnation. 

 

Data were analysed by using both quantitative and qualitative techniques. For the quantitative 

data, collected data and information was entered and analyzed using MS Excel and the IBM 

statistical packages SPSS version 23. Interview with flower growers and experts was done for the 

purpose of SWOT analysis.. Based on the responded frequencies, weighted indexes were 

calculated for the analysis of farmer’s perception of the extent of production and marketing 

problems of carnation cut flower cultivation. Then the indexes of importance for the problems 

were calculated in order to draw the valid conclusion and decision. The formula used for ranking 

of problem is as follow: 

 

 











N

fS
I

ii

imp

 
Where, 

Iimp= index of importance 

∑   = summation 

Si = ith scale value (i=0, 1) 

Fi = frequency of it importance given by the respondents 

      N = total number of respondents 
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RESULTS AND DISCUSSION 
 

Socio-economic background  

Findings reveled that seventy five percent of the growers were of age 31-45 followed by age group 

49-59 i.e. 16.7 %..The educational status of the household head, as well as the family member, 

plays the significant role in shaping the business. The findings revealed that that 41.7 % of 

growers have higher secondary education, 33.3% have secondary education, and remaining 25% 
have educational status below secondary level. None of the growers are graduates and 

postgraduates. Similarly, gender of the household head plays an important role in household 

decision-making. However, the data shows very poor participation of female growers (8.3 %) in 

the decision-making process of carnation farming. 

 

General information  

The average range of the annual temperature, rainfall, and altitude of the surveyed location are 

16.20- 17.70 0C, 1400-1763mm and 1319-1644 meter above sea level, respectively. The total land 

area available for the cultivation of flowers was 10.03 hectare in the surveyed location and only 

26.1% of this was used for the cultivation of carnation. Thus, on an average, carnation cultivated 

land per grower was 0.22 hectare. On the other hand, soil test before plantation is very crucial to 

know the status of soil and existing nutrients level in the field. Here, findings revealed that only 
about 33 % of the growers do the soil test before plantation of carnation; about half of the growers 

do only soil pH test and remaining one quarter do not do any test related to the soil before 

plantation .  

 

Nine out of the twelve carnation growers are the member of FAN. It was also learned that it has 

been easier for them to draw subsidy and required information from FAN. 

 

Crop cultivation practices 

Irrigation is very important for the proper growth and production of any crop. The findings reveled 

that about three fifth (58.33%) draws groundwater by boring, or well, followed by river sources 

(25%), whereas 8.33% use canal and water harvesting structures as the sources of irrigation. 
Similarly, it was also noted that 66.7 % growers have fitted drip system of irrigation, which is 

considered as an efficient method of irrigation, but among the remaining respondents, about one 

fifth (16.7 %)stated demerits of drip system and are using flooding system to irrigate the field. For 

the year-round quality flower production, one of the determinant factors is protected cultivation. 

Here, the findings revealed that only about one fifth (16.67%) growers had high- tech ventilated 

polyhouse and remaining were growing carnation under simple plastic houses with silpaulin 

plastic and bamboo/ GI pipe as supporting structures. Likewise in terms of the planting time, the 

majority of the  growers ( 41.67%)  could analyze the season of high demand (season of marriage 

and ceremonies ) and  target the planting season.  

 

The most commonly used plant spacing was 15×20 cm2 followed by 20×25 cm2. Likewise, the 
major insects of carnation were reported as mites and thrips, bud borer, and aphids. Blight, r 

powdery mildew, and wilting were the major diseases. Adhikari (2017) also observed similar 

types of pest and diseases in carnation in Nepal. The average productivity of carnation was 

reported as 9.53 ≈ 10 stalks/ plant/ year. 
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Boron and calyx splitting  

The findings revealed that most of the farmers were knowledgeable on the cause of calyx splitting 

and use of boron on their field but the dose and interval of application varied with the individual 

and status of plants on the respective location, and damage percentage varied according to the 

farms. The average dose of boron used was 1.41 g/ liter of water whereas  0.1 g/ liter was the 
minimum and 3 g/ liter was the maximum dose of boron used. Similarly, the interval of aplication 

was highly varied. Some farmers had good knowledge about dose and interval of application while 

others used boron only when plant showed defeciency symptoms. About one third of growers 

(33.33 %) used to apply boron at the fortnightly interval;one fourth (25 % ) apply at weekly 

interval followed by one sixth (16.67%), who apply only sometimes analyzing the status of plants. 

The two tailed t- test to determine relationship between dose of boron and damage by calyx and 

stem splitting showed non- significant results but the Pearson's chi-square test to determine 

relationship between interval of boron application to damage by stem and calyx splitting showed 

significant results. 

 

Transportation and marketing  

Mode of transportation is one of the major factors that determine the quality and vase life of 
carnation flower. In this sense, findings revealed that about three fifth (58.33%) of growers use 

both bike and normal van to transport carnation to the market according to the availability.. Cold 

chain is not introduced yet in Nepal. Regarding the market, there was no influence of middleman 

in floriculture market as in the case of vegetables. The basic marketing channel of carnation in 

Nepal was reported as below (Fig.1) 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 1: Marketing channel of carnation 

 
The major market of carnation is the capital city of Nepal viz- Kathmandu. Most of the growers 

import planting materials of carnation from India, Holland, and Spain. Last fortnight of November 

to 1st fortnight of December, last fortnight of January to first fortnight of February, and last 

fortnight of April to first fortnight of May were the seasons having a high demand of flower and 

price of carnation hikes up to Rs. 16.50/ flower stick on an average. These seasons are also called 

Export 

Producer 

 

Wholesaler Retailer Consumer 
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as marriage seasons. Last fortnight of March to first fortnight of April and last fortnight of October 

to first fortnight of December were lean seasons as no marriage ceremonies held during this 

season? Flower fetches the average price of 5.58 rupees/ flower stalk which is very low price 

indeed. 

 

Shelf- life of flower 
The average vase life of carnation in summer was 10.67 days, and it was 23.08 days in winter on 

normal tap water. The minimum vase life as reported by the respondents  was 7 days in summer 

and 15 days in winter. Similarly, the maximum vase life was reported as 30 days in winter and 15 

days in summer. Nepali farmers are not practicing anything yet to increase the vase life of flower.  

 

Satisfaction 

Among the growers, 83% are satisfied with carnation business as they are getting good return 

from it and are thinking of extending the area of farming. While about one fifth (17 %) stated that 

it's a tedious job that requires a lot of care and nurture. 

 

Problem in production of carnation 

Major problems of carnation were listed after consultation with farmers and experts. 
They were given scale value of 0-3 and growers were asked to rank each problem by scale value. 

Later index is used to rank the problem (Table 1).  

 

Table 1: Ranking of the problems in the carnation farming 

Problems Index Rank 

Problem in technical knowhow/ trainings 1.58 VI 

Problem of diseases and pest 1.67 V 

Problem in infrastructures/ high- tech structures 2.83 I 

Problem of high market fluctuation 1.75 IV 

Problem in access of planting materials 2.58 II 

Problems in government support (Incentives, subsidy and insurance) 2.08 III 

Problem of fertilizer and irrigation 0.75 VII 

Problem of insufficient labour 0.25 VIII 

 

Note: Scale Value ranges from 0 to 3, where 0 = no problem, 1 = slight problem, 2 = moderate 

problem and 3 = severe problem. 

 

It is learned from the table (1) that three major problems of carnation industry are lack of high- 

tech infrastructures, problem in easy access of quality planting materials, and problem relted to 

government supports such as- incentives, subsidy, and insurance.  
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 SWOT analysis 

 

Strengths 

 Maximum farmers are satisfied 

with the business and are 

willing to expand area under 
carnation. 

 Most of the growers are near to 

the capital city of Nepal, so its 

relatively easy to import 

planting material from abroad. 

 Most of the growers seem 

knowledgeable on cultural 

practices of carnation. 

 Most of the growers are 

registered with Floriculture 

Association of Nepal. 

 It can be grown all the year 

round in protected condition. 

 

 

Weakness 

 Only a few farmers do the soil test before 

plantation though it is crucial to crop 

production. 

 Problems are also related to the insufficient 

expertise, skill, and materials nd ways to 

solve the problem of diseases and pest. 

 Lack of good transportation facility with the 

cold chain to retain the maximum quality of 

flowers.  

 Low investment capacity of Nepali farmers 

and small landholding. 

 Lack of high- tech greenhouses to protect 

carnation from adverse climatic condition and 

pests. 

 Lack of good nursery and planting materials. 

 Insufficient training thus, lack of enough 

technical know-how is another challenge 

It requires high investment and protected 

condition to grow but most of the Nepali 

farmers have low investment capacity. 

Threats 

 The inflow of Indian products. 

 Small farmer do not want to 

take the risk against food 

security and are focused toward 

the cereal-based farming 

system. 

 The irregular market has direct 

impact on selling performance.  

 There exists threats of diseases 

and pest. 

 Lack of shelf life-prolonging 

chemicals and most of these 

chemicals are expensive. 

 Irregular market and lack of 

proper storage infrastructures. 

Opportunity 

 Agro-climatic condition of Kathmandu valley 

and Kavrepalanchowk district is suitable to 

grow carnation. 

 Carnation ranks 2nd most important 

commercial flower after rose. It is popular for 

its excellent keeping quality, varieties of 

colors and multi-uses. 

 Carnation has very high demand and fetch the 
good price. 

 It creates good employment opportunity. 

 The private sector is playing an important role 

in the development of floriculture industry 

and government sector has initiated some 

actions to promote floriculture sector. E.g.- 

Floriculture promotion policy 2069. 

 It has good export potential; some farmers 

have even started to export carnation. 
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Suggestions to improve carnation cultivation and marketing 

The following suggestions were drawn based on discussion with the growers:(a) 

GO/NGO/INGO should give priority to carnation production and marketing; best 

possibly by supporting them in providing good quality planting materials so that farmers 

can have easy access to planting materials at the cheaper rate. 

 (b) Access to the minimum required infrastructure should be ensured at the cheaper rate 

so that growers can make high- technology greenhouses. 

 (c) There should be organization of periodic training on improved practices of harvesting, 

packaging, and transportation of the carnation by the concerned authorities. 

 (d) Facilities should be established such as for operating cold chain and good storage in 

order to manage to prolong the life of flower and store at the season of low demand. 

 (e) The government should fix and forecast the minimum price of carnation to make 

farmers secured.  

 (f)Youths & women's involvement should be promoted to create more employment 
opportunity in this sector. 

 (g) Appropriate insurance scheme and policy should be launched to safeguard the 

investment of the growers. 

 (h) Problem-based research activities need to be promoted to address technical problems 

of carnation cultivation, harvesting, storage and marketing. 

 

CONCLUSION 

The findings revealed that farmers are strong in terms of technical knowledge on cultivations such 

asplanting time, distance maintenance, irrigation management and involvement to the FAN. 

However, there was very less involvement of the youths below the age 30 and none of them were 

graduates and postgraduates. Participation of female farmers in this sector was also very poor. 

Similarly, only 26.1 % area was used for carnation cultivation among available land for 
floriculture in the surveyed location. The average productivity was 9.53 sticks/ plant/ year and it 

takes 5.5 months to harvest from plantation on an average, which is quite satisfactory figure. The 

favorable, comparatively cheap labour market, export opportunity, and technical expertise of 

carnation growers are the strength of the business whereas lack of high- tech infrastructure, highly 

fluctuating market, the problem in accessibility of quality planting material and lack of proper 

storage facilities is the major weakness of carnation farming, yet the study findings concluded that 

83% of the growers are satisfied with the carnation farming business. Thus, It can be concluded 

that carnation farming is highly profitable business as this is giving quite satisfactory benefit even 

with the limited infrastructures and investment. Thus it must be promoted for further better 

commercial scale of growing considering its potential and possibility to expand the size of 

production... 

. 
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ABSTRACT 

Lentil competes poorly with weeds due to small stature and poor canopy. 

Generally, weeds reduce lentil yield up to 70 %. A field experiment was done 

during 2015 and 2016 at the experimental field of Agronomy Division, 

Khumaltar to find out the effect of pre-emergence herbicides (pendimethalin and 

metribuzin), early post emergence metribuzin (15-20 DAS), hand weeding, use 

of rice straw mulch, and their combinations on weed management, grain yield 

and its economics. A total of eight weed management treatments including 

control were organized by using a Randomized Complete Block Design (RCBD) 

with each treatment replicated thrice. Lentil variety Maheswor Bharati was 

sown manually in line on November 07, 2015 and November 10, 2016. Plot size 

was 3m × 4 m where row spacing was maintained at 20 cm. Recommended seed 

rate  of 40 kg ha-1and  fertilizer dose of 20:40:20 N: P2O5: K2O (Kg ha-)1 were 

applied. The herbicides were applied using a hand operated knapsack sprayer 

fitted with flat fan nozzle. Weed data were recorded at 90 DAS (Days after 

sowing) from two quadrats of 50 cm2, totaling 0.5m2area. Crop and yield 

parameters were studied by taking 10 random plants, and yield was estimated 

from one meter square area at two points and converted into hectare. Data were 

square root transformed for weed density. Two years data were pooled and 

analyzed. Major weeds recorded in the experiment plots were Capsella bursa 

pastoris (Shepherd’s purse), Phalaris minor (Canary grass) and Chenopodium 

album (Lamb’s quarter). Application of metribuzin as pre emergence herbicide 

folloed by (fb)  one hand weeding  reduced weed density, weed dry weight, and 

estimated highest yield (1447 kg ha-1),with the benefit ofNRs 110008; and B: C  

ratio of1.73. Application of pendimethalin as a pre-emergence herbicide 

followed by one hand weeding and two hand weeding treatment also reduced 

weed density and weed dry weight.  

 

Key words: Lentil, weed management, metribuzin, pendimethalin, rice straw 
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INTRODUCTION 

Lentil (Lens culinaris Medik.) is one of the important cool season pulse crops grown in many 

regions of the world. The major lentil producing countries are Syria, Turkey, Canada, India, 

China, Bangladesh, Nepal and Iran. Lentil is the major winter pulse crop grown in Nepal. It is 

cultivated in almost all parts of the country, except in the high hills. The total area under lentil is 

206,969 hectares with production and productivity of 254,308 t and 1.2 t/ha (63% area and 67% 

production of the total legume), respectively (MOALMC, 2017). 

Lentil is recognized as one of the major agricultural produce among 12 goods with high export 

potential and medium socio-economic impacts as stated in Nepal Trade Integration Strategy 

(MOAC, 2011). Lentil alone contributes about 2.3 percent of total national exports and shares 

about 3.1 percent of the total lentil export in the world (TEPC, 2011). The cultivation of lentil has 

been increasing because of its increasing preference for its internal consumption and potential for 

export market. Nepalese lentils have greater demand in the international market. Bangladesh, 

Singapore, Sri Lanka, Germany, Korea, UK, Indonesia are its major export markets (Gharti et al., 

2014). 

Lentil being a winter pulse face problem in germination in marginal and upland soil in Nepal. 

Only in lowland rice field and irrigated areas it grows well with good yield. There are various 

problems that reduces yield in lentil, such as poor establishment, insects, diseases and weeds. Due 

to small stature and poor canopy, it competes poorly with weeds (Basler et al., 1981).  It is 

reported that weeds reduce lentil yield up to 70 % (Phogat et al.2003).Hand weeding is the 

common practice for weed management of lentil in Nepal. And, in some places farmer do not 

practice weeding. However, hand weeding is labor–intensive and costly operation with its possible 

less impact on yield incase weeding is delayed  (Mohamed et al 1997).Weeds management 

including use of herbicides, appropriate planting methods, use of mulch and hand weeding in 

integration may results better weeds control, high yield and economics in lentil production(Yadav 

., 2013). Pre–emergence herbicide can manage the early emerged short annual weeds while the 

late grown species can only be controlled by effective post emergent herbicide, or by hand 

weeding. The effective post emergence herbicide to control weeds in lentil is yet to be explored in 

the country. Experiments were thus conducted with the objective to find out the effect of pre-

emergence herbicides (pendimethalin and metribuzin), early post emergence metribuzin (15-20 

DAS), hand weeding, use of rice straw mulch, and their combinations on weed management, grain 

yield and economics of lentil. 

MATERIALS AND METHODS 

 Weeds management treatments consists of two herbicides Pendimethalin and metribuzin, hand 

weeding, straw mulch (1 t/ha) and one no weeding (control) constituting eight (8) treatments.  
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The experiment was conducted during 2015 and 2016 at Khumaltar, Lalitpur, Nepal (1360 masl). 

The lentil variety Maheswor Bharati was sown on November 07, 2015and November 10, 

2016.Plot size was 3m × 4m and the experiment was laid out using Randomized Complete Block 

Design (RCBD), each treatment replicated thrice. The seed rate was 40 kg ha-1. , sown manually in 

line by maintaining a row spacing of 20 cm. Recommended fertilizer dose of 20:40:20 N: P2O5: 

K2O Kg/ha were applied using urea, di-ammonium phosphate, and muriate of potash during final 

field preparation before sowing as basal application. Herbicide pendimethalin was applied through 

swalpendi (30%) and metribuzin through krizin (70%) (Table 1). 

The herbicides were applied using a hand operated knapsack sprayer, fitted with flat fan nozzle 

with water volume at 350 litres ha-1. Light irrigation was given just before application for pre 

emergence herbicides to activate chemical molecules. The pre-emergence herbicides were applied 

on the same day after sowing whereas early post emergence was applied at 15-20 days after seed 

sowing .The weed data were recorded at 90 DAS from two quadrat of 50 cm2 totaling 0.5m2area. 

Specieswise weeds were counted for weed density estimation in the laboratory for major weeds, 

and mixed count was done for minor weeds. Weeds were oven dried at 65ºC for 24 hours to 

determine dry weight. The data on weed density and dry weight were square root transformed. 

Plant height was taken from 10 random plants, and number of branches, pod/plant and seed/pod 

were taken at the stage of crop maturity. Economics of lentil production were calculated using the 

cost incurred in the Khumaltar situation for all the inputs used and the benefits obtained. The data 

of 2015 and 2016 were pooled and were analysis of variance was done using MSTATC statistical 

package. 

Table 1: List of herbicides, dosage and time of application 

Treatment 
Herbicide 

Dose in a.i.  

(per ha) 
Application time 

1 Pendimethalin 1.0 kg Pre emergence (pre) 

2 Metribuzin 0.5kg Post emergence 

(post) 

3 Pendimethalin followed by (fb) HW 1.0 kg pre 

4 Metribuzin fb one HW 0.5 kg pre 

5 Pendimethalin*fb Metribuzin** 1.0 kg fb 0.5 kg Pre*, early post** 

6 HW ( 2Hand weeding)  30 and 60 DAS 

7 Rice straw mulch fb one HW   

8 No weeding (farmer practice as 
control) 

  

 

RESULTS AND DISCUSSION 

Effect on weed density and dry weight 

The dominant/major weed flora were Capsella bursa pastoris (57.4%), Phalaris minor (27.8 %) 

and Chenopodium album (6%). Others weeds (8.8 %) includes Fumaria parviflora, Anagalis 

arvensis, Vicia sativa and Spergula arvensis. Density of these major weeds ranged from 12 to 189 
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(Capsella bursa pastoralis),15 to 136 (Phalaris minor) and 1 to 52 per 0.5 m2 (Chenopodium 

album). 

 

Capsella pursa pastoralis density was less in treatments with metribuzin whereas it was high in 

pendimethalin applied treatment. Straw mulch and hand weeding treatments also had less weed 

number compared to control treatment. Metribuzin had good effect whereas pendimethalin was 

ineffective on control of this weed. Similarly, mulching with rice straw and hand weeding also had 

good effect in controlling this weed (Table 2). Similar result of use of metribuzin was also 

reported by Erdal et al (2010). 

 

Density of Phalaris minor was low wherever hand weeding combined with herbicides was used. 

Herbicides alone also had effective response in controlling the weed compared to control. Hand 

weeding was proved effective for controlling this weed. Straw mulch also performed better when 

compared with no weeding. (Table 2).These results are in agreement with the reports of others 

researchers (Singh et al 1994 and Yadav et al. 2013). All the treatments had good control on 

Chenopodium album compared with no weeding . Pendimethalin sprayed treatment was 

comparably effective on this weed compared to other treatments. Similar finding was also reported 

by Yadav et al. (2013). 

 

The total weeds density per 0.5m2 was significantly different and value ranged 47 per 0.5 m2 (two 

hand weeding treatment) to 391 per 0.5m2 (no weeding control). Hand weeding treatment had4 7 

weeds per 0.5m2and Pendimethalin fb Metribuzin had 75 weeds per 0.5m2(Table 2).This showed 

that hand weeding and metribuzin sprayed treatments are most effective in reducing the total 

weeds density by controlling weeds compared with others treatments. This result is in line with the 

finding of Erdal et al (2010). 

 

Weeds dry weight per 0.5m2 ranged from 15.6 g to 143g, and the differences are significant 

(p<0.05). Pendimethalin and Metribuzin spray had significantly reduced the dry weight of weeds 

whereas use of rice straw mulch had less impact in reduction of dry weight of weeds.(Table 2). 

Straw mulch  helps to boost up the crop growth, but also accelerate weeds growth by trapping the 

soil moisture to build up the dry weight. 

 

Table 2: Effect of weed management on major weeds species, weeds density, and biomass (pooled 

data of two years 2015 & 2016) 

Treatment 

Weed density (0.5m2) Total 

Weeds 

density 

/0.5m2 

Weeds dry 

weight 

/0.5m2 (g) 

Capsella 

bursa  

pastoris 

Phalaris 

minor 

Chenopodiu

m album 

Pendimethalin 
13 (187) 

* 
6.3(42)* 2.3 (4) * 276 93.3 
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Metribuzin 6 (42) 9 (84) 2.3 (4) 154 42.6 

Pendimethalin (fb) HW 12 (163) 4.3 (18) 1.0 (1) 239 71.0 

Metribuzin fb one HW 5 (28) 5.3 (27) 2.6(6) 96 42.0 

Pendimethalin fb 

Metribuzin 
4 (15) 6.3 (54) 1 (1) 75 22.3 

Hand weeding (2 HW) 3.6 (12) 3.6 (15) 1.3 (2) 47 15.6 

Rice straw mulch fb one 

HW 
3.6 (13) 6.6 (46) 2 (2) 161 143.6 

No weeding (control) 13 (189) 
11.3 

(136) 
7.3(52) 391 102.0 

Lsd (p= 0.05) 5.2 3.9 34 189.7 58 

CV (%) 44 33 1.5 60 49.7 

* Transformed values, Fb = Follow by  

Effect on crop growth and yield 

Plant height ranged from 22 cm to 27 cm. The highest value recorded in the treatment Metribuzin 

fb one, HW and the lowest was measured in the treatment Pendimethalin spray. The higher plant 

height of 25.6 cm was also measured with rice straw mulch fb one HW treatment. However, the 

differences in the plant height among the treatment are statistically non significant (p>0.05). 

Number of branches per plant ranged from 3.3 to 4.6; lowest value in the control, and highest 

value in the Rice straw mulch fb one HW treatment. But this was statistically non-significant 

(p>0.05). Number of pods per plant ranged from 36.3 to 75 (p>0.05). The highest value was 

recorded in Metribuzin fb one HW treatment, and the lowest, in control. The 200 grains weight 

ranged from 4.3 to 5.0 g, with lowest value for Metribuzin sole applied treatment (Table 3). This 

result is similar to the finding of Sharma et al (2016). 

 

Lentil grain yield ranged from 459 to 1447 kg ha-1, with highest (p<0.05) yield forthe treatment 

Metribuzin fb, one hand weeding whereas the lowest grain yield was estimated for the treatment 

no weeding. The pooled data revealed that herbicides alone could not increased yield significantly. 

However, when pre emergence herbicide pendimethalin and metribuzin was followed by one hand 

weeding, it produced considerably higher grain yield. Two times hand weeding also had 

comparatively higher yield of 1279 kg ha-1 (Table 3).This results are in line with that of the 

findings of Yadav et al (2013) and Erdal et al (2010). 

 

Table 3: Effect of weed management on growth and yield of lentil (pooled data of 2 years 2015 

and 2016) 

Treatment 
Plant 

ht.(cm) 

Branches 

plant-1 

Pods 

plant-1 

200 grains 

wt.(g) 

Grain Yield 

(kg ha-1 ) 

Pendimethalin 22.3 4.3 50.6 5.0 642 

Metribuzin 22.6 4.3 45.3 4.3 572 

Pendimethalin (fb) HW 25.0 4.3 68.6 5.0 1179 

Metribuzin fb one HW 27.0 4.0 75.0 5.0 1447 
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Pendimethalin fb 

Metribuzin 
22.0 4.3 58.0 5.0 719 

Hand weeding (2 HW) 25.3 4.3 53.3 5.0 1279 

Rice straw mulch fb one 

HW 
25.6 4.6 46.3 5.0 706 

No weeding (control) 24.0 3.3 36.3 5.0 459 

Lsd (p= 0.05) NS NS NS 0.35 160 

CV (%) 13 25.8 28.1 4.1 10.4 

 

Economics of production 

The highest gross return (NRs 173640), benefits (NRs 110008) and B: C (1.73) value was 

recorded with the application of Metribuzin followed one hand weeding (Table 4) Economics of 

production was also better with the application of pendimethalin followed by hand weeding. 

Similarly, the treatment with two hand weeding (2HW) also had a comparable high lentil 

economics and is feasible to practice if labour is easily available at low rate. Similar findings were 

also reported by Turk and Tawaha (2001). 

 

Table 4: Effect of weed management on economics of lentil 

Treatment Gross returns (NRs) 

ha-1) 

Total cost (NRS) 

ha-1 

Benefit 

(NRs) 

B:C 

ratio 

Pendimethalin 77040 44692 32348 0.72 

Metribuzin 68640 43632 25008 0.57 

Pendimethalin (fb) 

HW 

141480 64692 76788 1.19 

Metribuzin fb one HW 173640 63632 110008 1.73 

Pendimethalin fb 

Metribuzin 

86280 46932 39348 0.84 

Hand weeding (2 HW) 153480 71392 82088 1.15 

Rice straw mulch fb 

one HW 

84720 55392 29328 0.53 

No weeding( control ) 55080 41392 13688 0.33 

 

CONCLUSION 

The findings of these experimentsrevealed that weeds management in lentil could be effective by 

the application of pre emergence herbicide followed by one hand weeding which results better 

weed will control, higher grain yield, and good return. Application of Metribuzin as per–

emergence herbicide followed by one hand weeding proved to be the best weed management 

option followed by application of pendimethalin fb one hand weeding and two hand weeding 

treatment, respectively. Although Metribuzin as applied early post emergence herbicide controlled 

weeds effectively, but its effect on grain yield was not realized. This experiment sets the ground 
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for further research on crop toxicity of Metribuzin on lentil, and to identiy a suitable post 

emergence herbicide molecule to be used effectively. 
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ABSTRACT 
Rauvolfia serpentina (L.) Benth. ex Kurz. belonging to the family Apocynaceae 

is locally known as “Sarpagandha” with the common name Indian Snakeroot. It 

is widely used in the treatments of various diseases in both traditional as well as 

modern medicine due to high amount and number of medicinally active indole 

alkaloids in its roots and barks. This importance is causing a serious threat for 

its existence in the natural habitat due to over collection and illegal trade. We 
observed somatic embryogenesis from the calli obtained from nodes after 10 

weeks of culture in MS medium supplemented with various concentrations of 

NAA and BAP; however they failed to produce plantlets. In another experiment 

with the same treatments we tried to induce roots in vitro for which they are 

collected from the wild and observed massive root and a few shoot 

differentiations from the similar calli which ultimately were able to produce a 

complete plantlet. The source of explants is very important while to get a plant 

from the in-vitro culture technique.  

 

Keywords: Rauvolfia serpentina, medicinal plant, tissue culture, callus, somatic 

embryogenesis and organogenesis.  

 

INTRODUCTION 

Rauvolfia serpentina (L.) Benth. ex Kurz. of family Apocynaceae is locally Known as 

“Sarpagandha” and the common name is Indian Snakeroot. It is an erect, perennial under shrub of 
about 73 cm to 1 m in height with 2n = 20, 22, 24, 44 (Joshi and Joshi, 2001). Its roots are 

prominently tuberous and usually branched which are the parts used in medicine because their 

barks (skins) possess high alkaloid concentration (approx. 40-50 %) (Anonymous, 2008). 

Although, the plant is native of tropical humid climate, it grows in tropical and subtropical areas 

that are free from frost. So far, two species of Rauvolfia have been recognized from Nepal viz. R. 

serpentina and R. tetraphylla (efloras.org, 2018). It is found distributed in the foot hills of the 

Himalayan ranges, up to the elevation of 1300 - 1400 m and almost all over Nepal. R. serpentina 

is indigenous to moist deciduous forests of South East Asia including Nepal, India, Bangladesh, 

Burma, Sri Lanka, Thailand, Myanmar and Indonesia.  

 

Rauvolfia serpentina is one of those highly used medicinal plants, which had been used in Indian 
sub continent for more than 4000 years. This plant is listed in earliest Ayurvedic medicinal text the 

Charaka Samhita (700 B.C.) and has been used since that time to treat insomnia and certain forms 

of insanity (Kataria and Shekhawat, 2005). In Ayurvedic medicine, it was used for treatment of 

snake-bite, insect stings and mental disorders. This species is used in hypertension (borderline 
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hypertension, especially with elevated tension of the sympathetic nervous system) either in the 

powder or paste forms (Khare, 2007). It has been popular with certain tribals in Bihar (India) as 

mad man’s medicine for several thousand years. Cardiovascular disease is the number one killer in 

the world and hence Rauvolfia serpentina has been accepted for the treatment of cardiac diseases 

in modern medicine (Ahmad et al., 2006). U.S. National Formulary, (1965) have mentioned that 

in western medicine, either tablets or finely powedered roots of R. serpentina have been used to 
treat hypertension and migraine (Wiart, 2006). In addition, it is used in modern system of 

medicine for treatment of various disorders like sleeplessness, insomnia, mental disorders, fever 

etc (Anonymous, 2007a). Although, a number of species of Rauvolfia are reported to contain 

medicinally important alkaloids, only two species, viz., Serpent Wood (Rauvolfia serpentina) and 

African Serpentwood (Rauvolfia vomitoria) are commercially known to be important and used for 

isolation of therapeutically important indole alkaloids. The main hypotensive alkaloid - reserpine, 

was isolated by Muller and co-workers in 1952, which made the modern medicine to accept it as 

an effective hypotensive agent and tranquilizer; Zaire is the largest producer and exporter of this 

drug to Europe (Anonymous, 2007b). The root and root bark are rich in alkaloids, the most 

important being reserpine, others are, ajmaline, ajmalicine (raubasine), ajmalicine, yohimbine, 

coryanthine, iso-ajmaline, neo-ajmaline, papaverine, raubasine, rauwolscine, sarpagine, 

serpentine, serpentinine, serpinine and deserpidine. Ajmalicine and rescinnamine are also 
hypotensive and tranquilizer (Fabricant and Farnsworth, 2001), deserpidine is sedative, as well as 

hypotensive whereas ajmaline exhibits antiarrhythmic activity (Yarnell, 2004).  

 

This importance of R. serpentina is causing its excessive collection from the forests of Nepal 

though a few efforts have been made to conserve them in the community forests. Its indiscriminate 

use, poor germination rates ranging from 5-26 % (Baksha et al., 2007), conventional propagation 

methods and a very little conservation practices have led this species to be included in the list of 

endangered plants. R serpentina require special attention for their economic value and present 

critical condition in the ecosystem due to unsustainable extraction (Mishra, 2008). Understanding 

this fact, the government of Nepal, Ministry of Forest and Soil Conservation has identified these 

species for conservation and to study for the identification of methods to propagate and cultivate 
(Pant and Joshi, 2008). Most of the supply of this drug is obtained from wild sources and hence 

this species is listed in the Appendix II of CITES. This species is in the IUCN threat status E and 

has been listed in the National list of plants banned for export. It is believed that illegal collection 

and trade is prevalent in Nepal. Traders from Delhi markets stated in late 1990s that although the 

species was mainly supplied from Uttaranchal, substantial quantities were also imported from 

Bhutan, Nepal and Pakistan (Traffic India, 1998). Although trade data of this species are not easily 

available due to different ways of trades, in 2001-2002, Nepal had exported 6.0 metric tons of R. 

serpentina roots to India (Mulliken and Crofton, 2008). R. serpentina is traded under the names 

“Sarpagandha” and “Chandmaruwa" (Amatya, 2005). 

 

Hence an appropriate multiplication, alkaloid rich root induction and ex situ conservation strategy 

is essential to maintain its population and reduce the pressure in the wild. We attempted to 
multiply this species in vitro with somatic embryogenesis and organogenesis method to ensure 

least genetic variability, rapid multiplication rates and almost no damage to the mother plant.  
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MATERIALS AND METHOD 
The seeds of Asparagus racemosus were collected from Chitwan, Nepal. Sterile explants for the 

experiments were prepared by selecting the healthy seeds. They were treated with liquid detergent 

for 15 minutes and were washed under running tap water for 45 minutes and again they were 

treated with 90% ethyl alcohol for 5 minutes and washed with distilled water. Finally, they were 

treated with 0.2% mercuric chloride for another 5 minutes and washed with sterile water four 

times under the laminar air flow hood before inoculation in the hormone free (MS) medium 

(Murashige and Skoog, 1962). The nodes of in vitro germinated seedlings from the seeds on 

Hormone free MS media were used as explants. Nodes were excised and pieces of about 0.5-1cm 

were inoculated on the MS medium containing MS basal salts, 3% sucrose, 100mg myo-inositol, 

0.8% agar and different concentrations of a-naphthaleneacetic acid (NAA) and 6- 

benzylaminopurine (BAP) either singly or in combinations for various responses in glass tubes 

(150mm × 25mm containing approx. 12 ml media) and jam bottles (approx. 16.5 ml media) inside 
the laminar air flow cabinet.  

 

The concentration ranges for both the hormones used singly in the media were 0.1, 0.5, 1.0 and 2.0 

mg-l., similarly, in combination, NAA+BAP,  NAA concentrations were limited to 1.0 mg-l 

whereas BAP up to 2.0 mg-l. The media were adjusted to pH 5.8 with 0.1 N KOH/HCl and 

autoclaved at 121°C and 15lb pressure for 20 minutes. They were cultured under illuminated 

condition of 16-hour photoperiod using cool white fluorescent lamps at 25oC ±1oC. The calli 

induced from the first culture were sub cultured in the same but fresh media for further response 

after 6 weeks depending upon the response period. In each case a total of 6 replications were used 

for each treatment and the experimental trials were repeated three times. The responses of each 

media on calli were recorded at an interval of 1 week up to 12 weeks. 
 

For microscopic studies, the calli were dipped in 1% acetocarmine for 12 hours and heated in the 

test tube until boil. The calli then were squashed and analyzed under the various magnifications of 

a compound microscope for the study of different stages of somatic embryoids. 

 

RESULTS AND DISCUSSION 
Somatic embryogenesis:  
 

In our study, calli of age between 10 to 12 weeks induced from the shoots cultured on different 

media revealed different stages of somatic embryoids under compound miroscope (Table 1, Fig. A 

1-6). Not all the node induced calli were embryogenic. Out of 20 treatments only 5 (25%) 

treatments produced embryogenic calli. Both the auxin and cytokinin individually failed to induce 

somatic embryos although they produced calli. From the results it is obvious that auxin above 0.5 

mg/l along with cytokinin at moderate concentration (not more than 1.0 mg/l) have significant 

effect in inducing somatic embryos. Although the calli showed the development of somatic 

embryos, they failed to grow further and produce plantlets. Various workers around the world 

have done similar works but with other species and various media; and have found similar results 

[Sudha and Seeni, (2006), Jocelyne and Chenieux, (1991)]. Since there is no literature available on 
the somatic embryogenesis of this species, our initial work can be a step towards further research 

on mass production of plantlets through successful germination of somatic embryos. 
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Photo Plates. Photomicrographs from the callus study of Rauvolfia serpentina 

    
Fig. 1    Fig. 2    Fig. 3  

   
Fig. 4      Fig. 5    Fig. 6 

            

Fig. A: Photomicrographs: 

Fig. 1- Embryogenic callus from NAA 0.5 + BAP 1.0 mg/l.  

Fig. 2- Actively dividing embryogenic cell (10×40). 

Fig. 3- Embryoids at different stages (from NAA 1.0+ BAP 0.5 mg/l. 10×10). 

Fig. 4- A Globular stage of somatic embryoid (10×40).  

Fig. 5- Elongation of pro-embryo (10×40).  

Fig. 6- A typical mature germinating somatic embryo with two distinct cotyledons (10×10). 
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Table 1: Induction of somatic embryo and organogenesis from the callus of R. Serpentina 

 

S.N. Media MS + ---- ± 

SE 

±Caulogenesis S.N. Media MS + ---- ± SE ±Caulogenesis 

Roots Shoots Roots Shoots 

1 Control _ _ _ 12 NAA 0.1+BAP 1.0 _ _ + 

2 NAA 0.1 _ _ _ 13 NAA 0.1+BAP 2.0 _ _ + 

3 NAA 0.5 _ + _ 14 NAA 0.5+BAP 0.1 + _ _ 

4 NAA 1.0 _ + _ 15 NAA 0.5+BAP 0.5 + + + 

5 NAA 2.0 _ + _ 16 NAA 0.5+BAP 1.0 + + + 

6 BAP 0.1 _ _ _ 17 NAA 0.5+BAP 2.0 _ + + 

7 BAP 0.5 _ _ + 18 NAA 1.0+BAP 0.1 _ + _ 

8 BAP 1.0 _ _ + 19 NAA 1.0+BAP 0.5 + + _ 

9 BAP 2.0 _ _ + 20 NAA 1.0+BAP 1.0 + + _ 

10 NAA0.1+BAP 0.1 _ _ _ 21 NAA 1.0+BAP 2.0 _ + _ 

11 NAA0.1+BAP 0.5 _ _ + SE = Somatic Embryo; + = presence; - = absence 

 

Organogenesis 

Although the calli were obtained from the same explant (nodes), they exhibited different effects 

depending on the media and type of calli (Singh et al., 2009). Tough, yellowinsh green calli were 

found to be organogenic after at least 12 weeks of culture Ahmad et al., (2002). Among all, some 

induced roots whereas others induced shoots. The media that induced roots mentioned in the 

results (Table 1) indicate that NAA above 0.5 mg/l either alone or in combinations with BAP at 

almost all levels are good for root differentiation. Similarly, MS medium with BAP above 0.5 mg/l 

either alone or in combinations with NAA induce shoots from the callus frequently [(Ahmad et al., 

2002) and (Sarker et al., 1996)]. Roots and shoots at the same time from the same explants were 

also observed. In this case a clear and regular picture of auxin-cytokinin relation is established. 
Auxin alone induced roots whereas cytokinin alone induced shoots. In combination of auxin and 

cytokinin also the same rule was followed i.e. higher auxin vs lower cytokinin induced roots, lower 

auxin vs higher cytokinin induced shoots and an average of both induced both roots and shoots. 

The result obtained here clearly corresponds with the nature of the hormone and their 

concentration (Fig. B 7-12). Production of plantlets is useful for maintaining their population in 

nature whereas massive growth of roots from the calli as observed in our experiment can be very 

useful in in vitro production of essential alkaloids for which these plants are collected from the 

wild.  
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In overall, somatic embryogenesis from the calli failed to produce plantlets while explants 

collected from the wild develop massive root in-vitro and a few shoot differentiations from the 

same calli which ultimately were able to produce a complete plantlet. Our work suggests the 

source of explants is very important while to get a plant from the in-vitro culture technique. 

 

Organogenesis from the node induced callus of R. serpentina after 12 weeks of culture 

      
Fig. 7  Fig. 8          Fig. 9             Fig. 10               Fig. 11  Fig. 12                 

 

Fig. B: Organogenesis:  

Fig, 7- Massive root induction from shoot induced callus on MS+NAA 0.5 mg/l in 20 weeks. 

Fig. 8- Hairy roots coming directly from the leaves on medium containing MS + NAA 1.0 + BAP 0.1 mg/l 

after 12 weeks of culture. 

Fig. 9- Heavy induction of roots from the shoot induced callus 10 weeks after subculture on the same MS + 

NAA 1.0 + BAP 1.0 mg/l. 

Fig. 10- Profuse rooting with hairs from shoot induced callus on MS+NAA 1.0+BAP 1.0 mg/l. 

Fig. 11- Root and shoot formation from callus on MS+NAA 1.0+BAP 0.1 mg/l after 15 weeks. 

Fig. 12- Long and healthy multiple shoots induced from pieces of calli on MS + BAP 2.0 mg/l after 15 
weeks of culture.  

 

ACKNOWLEDGEMENT 
We are thankful to the Central Department of Botany for providing laboratory facilities. We are also 

thankful to the University Grants Commission (Nepal) for providing partial funding. 

 

REFERENCES 
Ahmad, I., Aqil, F., Ahmad, F. and Owais, M. (2006) Herbal Medicines: Prospects and Constraints. In: 

Ahmad, I., Aqil, F., Ahmad, F. and Owais, M. Ed: Modern Phytomedicine- Turning Medicinal 
Plants into Drugs. 2006 WILEY-VCH Verlag Gmb H & Co. Kga A, Weinheim. Pp. 59-77. 

Ahmad, S., Amin, M. N., Azad, M. A. K. and Ashik Mosaddik, M. (2002) Micropropagation and Plant 
Regeneration of Rauvolfia serpentina by Tissue Culture Technique. Pakistan Journal of Biological 
Sciences, 5(1): 75-79. 

Amatya, G. (2005) Medicinal and Aromatic Plants and NTFPs Project, IUCN Nepal:  In TRAFFIC 
International. 

Anonymous (2007a) In “Cultivation and Processing of Selected Medicinal Plants.” National Institute of 
Industrial Research. Downloaded on 14-08-2007 from http://www.niir.org/ books/book/ 
zb,,103_a_0_0_a/Cultivation + and + Processing + of + Selected + Medicinal + Plants/ 

Anonymous (2007b) Serpent wood is an effective. Downloaded on 14- 08-2007 from 
http://www.banajata.org/a/s4.htm 



Nepalese Journal of Agricultural Sciences, 2018, vol. 17 
ISSN 2091- 042X; e ISSN 2091- 0428 

173 
 

Anonymous, (2008) Rauwolfia Serpentina (Serpagandhha). Downloaded on 10-06-2008 from 
http://sanwariaherbals.com/ Rauwolfia%20Serpentina.htm.efloras.org, 2010) 

Baksha, R., Jahan, M. A. A., Khatun, R. and Munshib, J. L. (2007) In vitro Rapid Clonal Propagation of 
Rauvolfia serpentina (Linn.) Benth. Bangladesh Journal of Scientific & Industrial Research, 42(1): 
37-44. 

Fabricant, D. S. and Farnsworth, N. R. (2001). The Value of Plants Used in Traditional Medicine for Drug 
Discovery. Environmental Health Perspectives, 109(1): 69-75. 

Jocelyne, T. G. and Chenieux, J. C. (1991) Somatic embryogenesis from leaf protoplasts of Rauvolfia 
vomitoria shoot cultures. Plant Cell Reports, 10:102-105. 

Joshi, K. K and Joshi, S. D. (2001) Genetic Heritage of Medicinal and Aromatic Plants of Nepal. Buddha 
Academic Pub., Pp 239. 

Kataria, V. and Shekhawat, N. S. (2005) Cloning of Rauvolfia serpentina- An Endangered Medicinal Plant. 
Journal of sustainable forestry, 20(1): 53-65. 

Khare, C. P. 2007. India Medicinal Plants an Illustrated dictionary. Springer-Verlag Berlin/Heidelberg. Pp: 
750.  

Mishra, M. (2008). Harvesting practices and management of two critically endangered medicinal plants in the 
natural forests of central India. Downloaded on 10-06-2008 from .http://www.fao.org/ 
DOCREP/005/Y4496E/Y4496E33.htm. 

Mulliken, T. and Crofton, P. (2008) Review of the Status, Harvest, Trade and Management of Seven Asian 
CITES-listed Medicinal and Aromatic Plant Species. Bundesamt für Naturschutz (BfN) Federal 
Agency for Nature Conservation, Bonn, Germany. 

Murashige, T. and Skoog, F. (1962) A revised medium for rapid growth and bioassays with tobacco tissue 
cultures. Physiologia Plantarum, 15: 473-497. 

Pant, K. K. and Joshi, S. D. (2008). Rapid Multiplication of Rauvolfia serpentina Benth. Ex. Kurz. Through 
Tissue Culture. Scientific World 6(6): 58-62. 

Sarker, K. P., Islam, A., Islam, R., Hoque, A., Joarder, O. I. (1996) Plant Regeneration of Rauvolfia 
serpentina by Organogenesis from Callus Cultures. Plant Tissue Culture, 6(1): 63-65. 

Singh, P., Singh, A. Shukla, A. K., Singh, L., Pande, V. and Nailwal, T. K. (2009) Somatic Embryogenesis 
and In Vitro Regeneration of an Endangered Medicinal Plant Sarpgandha (Rauvolfia serpentina L.) 

Life Science Journal, 6(3): 74 – 79. 
Sudha, C. G. and Seeni, S. (2006). Spontaneous Somatic Embryogenesis on In Vitro Root Segment Cultures 

of Rauvolfia micrantha Hook. F.– A Rare Medicinal Plant. In Vitro Cellular & Developmental 
Biology- Plant, 42:119–123. 

Traffic India, (1998) Medicinal plants significant trade study. CITES project (S 109). India country 
report.103 pp., unpublished report, New Delhi, India. 

Wiart, C. (2006) Medicinal plants of Asia and the Pacific. Taylor and Francis Group. USA. 
Yarnell, E. (2004) Compendium of Pharmacological Actions of Medicinal Plants and Their Constituents. In: 

Actions of Medicinal Plants.1. pp. 59. 

www.efloras.org, (2018) Annotated Checklist of the Flowering Plants of Nepal. 
www.efloras.org/florataxon.aspx?flora_id=110&taxon_id=128021. 

 

 

 

 

 

 

 

 

 



Nepalese Journal of Agricultural Sciences, 2018, vol. 17 
ISSN 2091- 042X; e ISSN 2091- 0428 

174 
 

Evaluation of barley germplasms for stripe rust (Puccinia 

striformis westend. F.sp. Hordei) resistance in mid hill condition of 

Nepal 

1
S. B. Gurung, 

1
N. B. Dhami, 

2
B. Bhakta Pokharel

 
and 

1
D. K. Nepali 

1Hill Crops Research Program, Kabre, Dolakha 
2Regional Agricultural Research Station, Nepalgunj 

s.b.syangbo@gmail.com 

 

ABSTRACT 

Barley (Hordeum vulgare L.) is important cereal crop of hill and mountain 

livelihood in Nepal. Biotic constraints, mainly unpredictable climatic variations 

leading to disease factors limit the productivity of this crop. 128 Barley 

germplsms collected from different sources were evaluated for its response to 

Yellow rust (Puccinia striformis Westend. f.sp. hordei) in HCRP, Dolakha 

experimental block during winter of 2015 and 2016 in natural epiphytotic 

condition. Experiment was conducted in non-replicated  Rod row design. Each 

test entry contained 2 rows of 1 m long. Experimental block was surrounded by 

susceptible mixture of different plant height and maturity group of germplasm 

and sown 2 weeks earlier to test entries so as to achieve sufficient innoculum 

pressure. Disease observation was commenced just after susceptible check 

(ACC#GHV-0686) attained 50% severity. Tested germplasms showed 

differential reactions and severity to yellow rust in both growing seasons. Both 

the growing season was found conducive to stripe rust pathogen. Final rust 

severity (FRS) revealed higher degree of susceptible reactions in 2015/016 with 

lesser degree of infections. Among 128 germplasms, 11 were immune, 81 were 

resistant, 25 under moderately resistant category and 11 germplasms were 

highly susceptible based on average coefficient of infection (ACI) combined. It 

also showed that two rowed barley germplasms were comparatively more 

resistant to stripe rust than six rowed barley. Area under disease progress curve 

(AUDPC) also revealed 84 germplasms to be resistant to yellow rust. They were 

found suitable for breeding program. 

 

Key words: Barley, disease, powdery mildew, rust, germplasm 

 INTRODUCTION  

Barley (Hordeum vulgare L. subsp.vulgare) is believed to be domesticated 10,000 years ago 
(Zohary and Hopf, 2000). In its worldwide production, its fourth most important cereals after 

wheat, rice and maize (FAOSTAT, 2015).  But in Nepal it occupies fifth position (after finger 
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millet) among cereals in terms of area and production in Nepal with the productivity of 1.24 t/ha 

(MoAD, 2013). It can be grown from terai up to an elevation of 4000 masl in Nepal. It is 

successfully grown in low fertile and marginal land. It has a great religious value which was 

mentioned in the ancient Hindu religious books. It is staple food for the ultra-poor's in remote and 

food deficit mountainous regions containing 11.5% protein, 77.4% carbohydrate, 1.3% fat, 3.9% 

fiber and 1.5% ash (Annual Report HCRP, 2015).  So it has of particular importance in the 
mountains food security as well as a possible industrial malt crop in terai where irrigation could be 

scheduled.  

 

 
Figure 1: Trend of barley area (ha), production (mt) and productivity (kg/ha) in Nepal 

 

The major biotic constraints in hill and mountain regions of Nepal for sustainable barley production 

include seasonal epidemics of stripe rust (Puccinia striformis Westend. F.sp. hordei ) (Sharma et al 

1994) and (Baniya et al 1997). This obligate pathogen is responsible for remarkable yield loss by their 

wide spectra of variation within them (Park 2003; Chen et al. 1995; and Dreiseitl et al 2006). Marshall 

and Sutton (1995) in US reported 72% yield loss by stripe rust in susceptible barley cultivar whereas 

Dubin and Stubbs (1986) reported 30-70% yield loss in Asian countries. Yield loss estimation by this 
pathogens in Nepal is scanty however, rarely available and expensive fungicides like Tilt, Quadris, 

Stratego and Quilt are effective to control yellow rust (Chen 2005) but most economic approach to 

manage rust disease in barley is to grow resistant varieties. 

 

Nepalese east to west high hill agro-ecological region contains large numbers of local hulled and hull 

less barley germplasms (Valkoun and Konopka 2004). These germplasms are being used in different 

research stations worldwide to identify the trait of agronomic importance (Dreiseitl and Jørgensen 

2000; Kaneko et al. 2001; Hartung et al. 2006) but not much for assessing their disease resistant 

properties (Pandey et al. 2009). So, this study aimed on characterizing Nepalese barley 

germplasms for their response to stripe rust. 

 

MATERIALS AND METHOD 
 

A total of 128 barley germplsms including hullless, hulled, two rowed as well as six rowed barley 

collected at Hill Crop Research Program (HCRP), Kabre Dolakha were evaluated for its adult 
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plant response to Yellow rust (Puccinia striformis Westend. F.sp. hordei) in HCRP, Dolakha during 

winter of 2015 and 2016. Test entries were planted in non-replicated plot in two rows of 1 meter 

long and exposed to pathogen inoculums present naturally in abundance. Susceptible border 

mixture composed of different plant height and days to maturity were sown two weeks prior to test 

entries around the test plot to have regular supply of inoculums. Test materials were scored for 

resistance/susceptibility after attaining 50% severity by susceptible check (ACC#GHV-0686) in 7 
days interval. 

 

Disease Scoring and assessment of slow rusting parameters  

Stripe rust severity was measured by using modified Cobb's scale (Peterson et al 1948) and 

reactions based on Roelfs et al (1992). Percent severity was scored after boarder mixture attained 

50% severity.  

 

Slow rusting parameters: i) Coefficient of infection (CI) was derived by multiplying disease 

severity and response value as given by Afzal et al (2009) (Table 1). And germplasms were 

categorized into different resistant group according to Ali et al (2007) cultivars/lines with CI 

values of 0–20 – High resistance, 21–40- Moderately resistant and 41–60 -low levels of slow 

rusting resistance, respectively ii) Estimation of Relative Area Under Disease Progress Curve 
(rAUDPC) was performed according to Milus and Line 1986 i.e. AUDPC= N1 (X1+X2)/2] + (N2 

(X2 + X3)/2] where X1, X2 and X3 are the disease intensities recorded on the first, second and 

third recording dates. N1 is interval day between X1, X2 and N2 is interval day between X2, X3. 

And relativity was calculated by comparing AUDPC value with susceptible check ACC#GHV-

0686. Thus obtained result was categorized into two group; one containing rAUDPC value upto 

30% of check and considered as better slow rusting and others above 30% as susceptible varieties 

as slight modification of method followed by Safavi et al 2012.. iii) Final rust severity (FRS) was 

also estimated along with plant response. 

 

Table 1: Responses of Barley plant against stripe rust in field 

Response Disease Description Score CI value 

No Disease No visible infection 0 0.0 

Resistant Visible chlorosis or necrosis, no uredia are 

present  

R 0.1 

Trace Resistant Small uredia, few in number, covering 

least leaf area 

Tr 0.2 

Resistant –Moderately 

resistant 

Small uredia surrounded by 

chlorotic/necrotic areas 

RMR 0.3 

Moderately Resistant Uredia medium size with no necrotic 

margins but possibly some distinct 

chlorosis 

MR 0.4 

Moderately resistant- 

Moderately susceptible 

Mix of MR and MS MR-MS 0.6 

Moderately Susceptible Large uredia with necrosis and little or no 

chlorosis 

MS 0.8 

Moderately susceptible- Mix of MS and S MS-S 0.9 
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Susceptible 

Susceptible  large uredia are present, generally with 

little or no chlorosis and no necrosis 

S 1 

source: Afzal et al (2009)    

Statistical analysis of data was calculated using MS-Excel. 

 

RESULTS AND DISCUSSION 
Final Rust Severity (FRS) 

Tested barley germplasms responded differently towards yellow rusts in both years. During final 

rust score (FSR), all the categories of host reactions were observed. Most of the two rowed barley 

were found resistant to yellow rust as found by Baniya et al (1992) and Chen et al (2013). Based 

on final plant response, 33 germplasms showed immune response to yellow rust in 2015/016 

whereas 42 were susceptible in 2015/016. Both of the seasons were found very conducive to stripe 

rust as ACC#2082 and ACC#GHV-0686 showed nearly 100% infections in both growing seasons 
(Annex-1). But cropping season of 2014/015 observed to be more conducive to stripe rust 

pathogen in its late season than in 2015/016 as higher numbers of susceptible reactions observed 

in FRS in 2014/015 (Figure 2).  

 

 
Figure 2: Different types of terminal plant responses to yellow rust in cropping seasons of 2014/015 

and 2015/016 at HCRP, Kabre 

 

Coefficient of infection (CI) value 

Based on values of average coefficient of infection (ACI), more numbers of the tested entries were 

resistant to yellow rust in both season.  Few were immune and not affected but same numbers 

i.e.13 germplasms were found susceptible to in both growing season (Figure-3).  Bhatta et al. 

(2012) had also identified 8 genes responsible for yellow rust resistance in Nepalese barley 

accessions as were from common area of collection and those may be present in these test entries 
but not confirmed. Bonus a two rowed  variety as detected by Bhatt et al (2012) contained stripe 

rust resistant genes YrpstY1, QTL on 1H, QTL on 4H, and QTL on 6H is also showing immune 
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reaction till the date and showed immune reaction. Though higher numbers of germplasms showed 

susceptible reactions in 2014/015, severity values being lesser CI value become low.  

 

 

 

 
Figure 3: Different plant responses based on average coefficient of infection (ACI) in 2014/015 and 

2015/016 at HCRP, Dolakha 

 

From the combined analysis of average coefficient of infection (ACI) (Figure 4) too, 81 germplasms 
were found highly resistant to yellow rust having ACI value less than 20 and 11 were immune with 

ACI value zero This finding resembles with the Bhatta et al. (2012) and of Sherchan (1990) that 

Nepalese barley germplasms contains different major genes and QTL that governs immune and 

resistant reaction to stripe rust in Nepal. But 12 entries were susceptible among the tested germlasms. 

It also prevailed 25 germplasms fall under moderately resistant category. According to Pathan and 

Park (2006) in wheat stripe rust study, such germplasms contains high level of slow rusting properties 

and in case of barley too, moderately resistant germplasms can be used in barley resistant breeding 

program.   

 

 
 

Figure 4: Combined average coefficient of infection (ACI) of tested germplsms from 2014/015 and 

2015/016 at HCRP, Dolakha 

 

Relative Area Under Disease Progress Curve (rAUDPC) value 

Combined AUDPC values (Table 2) also revealed different level of infection in test entries. 84 
germplasm got rAUDPC value below 30% of check (1103) and considered as high slow rusting 

including immune as well. These contained resistance to partial resistant gent to rust despite of high 

infection during Final Rust Score (FRS) as given by Parlevliet 1988.    Remaining 44 germplasm 

were fall under susceptible group. Immune cultivar sometime may loose their resistance but 

cultivar with partial resistant gene having property of slow rusting restrict evolution of new 

virulent rust race as multiple point mutation are very rare in nature (Ali et al 2007).   
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CONCLUSION 

The result of the two years experiments on barley germplasms showed that germplasms had 

different levels of resistance to stripe/yellow rust (Puccinia striformis f.sp. hordei).  Large 

numbers of barley germplasms showed resistant reactions to stripe/yellow rust based on each slow 

rusting parameter. Results from both ACI as well as from area under disease progress curve 

(AUDPC) revealed similar kinds of outputs. Final rust severity (FRS) revealed higher degree of 

susceptible reactions in 2014/015 with lesser degree of infections. Among 128 germplasms, 11 

were immune, 81 were resistant, 25 under moderately resistant category and 11 germplasms were 

highly susceptible based on average coefficient of infection (ACI) combined. Area under disease 

progress curve (AUDPC) also revealed 84 tested entries to be resistant. It also re-validate that two 

rowed barley are more resistant to stripe rust in comparison of six rowed barley. 

 

ACKNOWLEDGMENTS 
Authors express their sincere thanks to Executive Director of NARC for valuable directives in 

time to time and NARC management for providing budget in time and all line directors; 

particularly Crop and Horticulture Research for their directives in carrying out the programs. 

Authors are thankful to Mr. Pragya Pokharel, Mr. Navraj Subedi, and Damali Sherpa and Junior 

Technicians for their sincere work while carrying out experiments on station. Authors are thankful 

to all those who directly or indirectly cooperated to carry out this experiment. 

Barley germplasm slow rusting parameters evaluated in Hill Crops Research Program, 

Baiteshwor-4 Kabre Dolakha during 2015 and 2016 

EN Entry Name Row type Avg-AUDPC Avg ACI 2014-015 2015-016 

1 B86079-K2-0K3 6 0 0 0R 0R 

2 ACC#2065 2 0 0 0R 0R 

3 ACC#1540 2 0 0 0R 0R 

4 ACC#1585 2 0 0 0R 0R 

5 ACC#5157 2 0 0 0R 0R 

6 ACC#2033 2 0 0 0R 0R 

7 ACC#1554 2 0 0 0R 0R 

8 B86152-2-3-0-0K 2 0 0 0R 0R 

9 NB-1003-37/1034 2 0 0 0R 0R 

10 ACC#2467 2 0 0 0R 0R 

11 ACC#246 6 7 0 1R 0R 

12 B86146-1-2-0K 6 7 0 1R 0R 

13 ACC#2087 6 7 0 1R 0R 

14 Coll#112-4 6 7 0 1R 0R 

15 B90K-014-0-3-1-0-0K 6 7 0 1R 0R 

16 XVEOLA-28 6 7 0 1R 0R 

17 TRAMPCO 6 7 0 1R 0R 

18 B86122-1K-3K-0K3 6 7 0 1R 0R 

19 ACC#1612 6 9 0 1R 1R 
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EN Entry Name Row type Avg-AUDPC Avg ACI 2014-015 2015-016 

20 ACC#1584 2 9 0 0R 5MR 

21 ACC#2032 2 26 1 5MR 0R 

22 ACC#2053 6 28 1 5MR 0R 

23 B86065-1-4-0-0K 6 28 1 5MR 0R 

24 ACC#1548 6 33 1 0R 5MR 

25 ACC#2494 6 35 1 0R 5MR 

26 ACC#1597 6 35 1 1R 5MRMS 

27 ACC#2464 6 35 1 0R 5MR 

28 ACC#1539 6 35 1 5MR 5MR 

29 XVEOLA-2 6 35 1 5MR 5MR 

30 XVEOLA-5 2 35 1 5MS 0R 

31 ARUPO"S"/0Y-1B 6 35 1 0R 5MR 

32 ACC#2476 6 37 1 10MR 1R 

33 ACC#2078 6 39 1 5MR 5MR 

34 ACC#1538 2 42 1 0R 5MRMS 

35 ACC#1537 6 46 2 5MR 5MRMS 

36 B90K-014-1-1-2-0K 2 46 2 0R 15MRMS 

37 ACC#2013 6 49 2 10MR 5MR 

38 ACC#7286 6 60 2 10MR 5MR 

39 ACC#2083 6 61 2 5MR 5MR 

40 ACC#2494 6 61 2 10MR 5MR 

41 BD6023-1K-2K-0K3 6 65 2 1R 5MR 

42 B86038-1K-1K-0K 6 70 2 0R 15MRMS 

43 ACC#2015 6 70 2 5MR 5MRMS 

44 ACC#2010 6 70 2 5MR 10MR 

45 B90K-014-1-1-3-0K 6 70 2 10MRMS 0R 

46 XVEOLA-3 6 70 2 1R 15MRMS 

47 B86023-1K2-0K3 6 70 3 10MS 0R 

48 ACC#1592 6 70 3 10MS 0R 

49 ACC#2008 6 72 3 10MS 0R 

50 ACC#2035 6 79 3 10MS 0R 

51 ACC#6316 6 79 3 5MR 10MSS 

52 ACC#2441 6 79 3 10MS 5MR 

53 ACC#2470 6 79 3 15MS 0R 

54 ACC#2005 6 81 4 10MS 5MR 

55 ACC#2474 6 88 4 10MS 10MS 

56 ACC#1573 6 96 4 10MS 10MR 

57 ACC#2517 6 105 4 10MS 5MSS 

58 ACC#1576 6 105 4 20MS 5MR 

59 LG-51/XVEOLA-14-0-77 6 114 5 20MS 5MRMS 

60 B86152-2-2-0K 6 114 5 0R 15MSS 

61 ACC#2496 6 116 5 20MS 0R 

62 ACC#3839 6 123 5 20MS 0R 

63 B86019-1K-3K-0K3 6 131 6 10MS 15MRMS 

64 ACC#2030 6 140 6 20MRMS 10MSS 

65 ACC#2497 6 140 7 10MS 20MS 

66 ICB-105969-3-2-0K 6 140 7 30MSS 5MR 

67 ACC#2489 2 149 9 40MSS 0R 
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EN Entry Name Row type Avg-AUDPC Avg ACI 2014-015 2015-016 

68 NB-1003-37/903 6 168 9 20S 20MS 

69 ACC#1601 6 193 10 10MS 30MS 

70 ACC#1609 6 194 10 30MSS 20MRMS 

71 ACC#1597 6 219 11 30MS 10MRMS 

72 ACC#2091 6 236 11 20MS 20MSS 

73 ACC#1552 6 263 12 40S 20MRMS 

74 ACC#1545 6 271 13 40MS 20MRMS 

75 B86099-2K-1K-0K 6 271 13 50MSS 0R 

76 ACC#2487 6 271 13 50MSS 10MRMS 

77 ACC#1626 6 289 14 30MS 30MRMS 

78 ACC#6467 6 289 14 30S 30MRMS 

79 ACC#1610 6 291 14 50MSS 10MR 

80 ICB90K-0497-0K 6 298 15 40S 5MRMS 

81 ACC#2079 6 298 15 50S 5MRMS 

82 ACC#1602 6 306 16 30S 15MS 

83 ACC#6062 6 315 16 30S 40MS 

84 ACC#6062 6 324 17 60MSS 15MRMS 

85 ACC#2468 6 333 17 40MS 60MS 

86 ACC#1664 6 333 17 50MS 40MSS 

87 ACC#2087 6 368 18 60S 5 MRMS 

88 ACC#2088 6 368 19 50S 30 

MRMS 

89 ACC#2016 6 376 20 80MS 5 MRMS 

90 ACC#GHV-06823 6 376 20 50S 20MSS 

91 ACC#1622 6 385 21 30S 50MSS 

92 ACC#2081 6 394 22 40S 40MSS 

93 ACC#1623 6 404 22 60S 40MSS 

94 ACC#2033 6 411 23 60S 20MSS 

95 ACC#2454 6 438 25 50S 30MSS 

96 ACC#2453 6 455 25 20MS 70MS 

97 ACC#2066 6 464 26 60S 40MSS 

98 ACC#2441 6 464 27 60S 50MS 

99 ACC#2069 6 473 27 70S 30MSS 

100 ACC#2526 6 473 28 60S 50MSS 

101 ACC#2074 6 481 28 30MS 60S 

102 ACC#1554 6 481 28 30S 70S 

103 ACC#2050 6 490 29 80S 30MS 

104 ACC#2064 6 508 30 60S 70MSS 

105 B86152-2-2-0K 6 508 30 70S 60MSS 

106 ACC#1563 6 516 30 80S 40MSS 

107 B.N. Hona 6 560 30 40S 60MS 

108 ACC#2518 6 569 33 60S 70S 

109 B86157 6 578 34 70S 50MSS 

110 ICB-90L-496-0AP 6 595 37 50MS 75S 

111 ACC#1620 6 639 37 70S 70S 

112 ACC#2072 6 674 38 20S 85S 

113 ACC#1592 6 674 38 90S 60MSS 

114 ACC#2662 6 691 39 80S 60S 
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EN Entry Name Row type Avg-AUDPC Avg ACI 2014-015 2015-016 

115 ACC#2030 6 726 40 90S 60MSS 

116 ACC#2463 6 753 42 70S 75S 

117 ACC#2010 6 753 42 80S 50S 

118 ACC#2059 6 779 44 80S 70S 

119 ACC#2052 6 788 50 60S 90S 

120 Mattico "S"/Y-1B-OY 6 788 50 80S 80S 

121 ACC#2082 6 796 51 60MS 90S 

122 ACC#1616 6 805 52 90S 70S 

123 LG-51 6 893 52 80S 60S 

124 B86023-1K-0K3 6 945 52 80S 70S 

125 ACC#GHV-06816 6 945 57 80S 80S 

126 ACC#GHV-0686 6 1103 61 100S 80S 

127 Solu Uwa 6 224 2 30MS 20MS 

128 Bonus 2 0 0 0R 0R 
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ABSTRACT 
An experiment was done to estimate the herbage mass productivity and chemical 

composition of three riverine grasslands in the Magui Khola of Madi Valley, 

Chitwan. The major dominated herbage species- Imperata cylindrica was dense 

(about 60% cover) in open patches of the forested areas whereas Saccharum 

spontaneum (about 20% coverage) and Saccharum benghalense (about 13% 

coverage) were dense in national park site where the open grassland existed. 

The herbage cover was lowest at the periphery of human settlement. The 

productivity per unit area was always highest for grasses at third harvest, but in 

the case of legume, it was for the second harvest, such as Cyperus and forbs 
were dominating in presence at the areas close to Churia forest. The site had a 

significant effect (p<0.05) to the major chemical constituents, except CF, whilst 

both site and harvesting time had a significant effect (p<0.05) to the EE, CP,and 

CF, respectively. It was also observed that the CP content declined from11 to 

8% as time progressed. The detailed study on herbage mass production based 

on total herbage harvest days considering the year-round feeding needs to be 

done to produce further concrete evidence about the productivity of herbage 

mass in the site. 

 

Keywords: Herbage cover, herbage productivity, rangeland, stocking, chemical 

constituents  
 

INTRODUCTION 
 

Rangelands in Nepal are often taken synonymously with pasturelands that are usually considered 

the piece of uncultivated open land with natural vegetation across the altitude, aspect, and climate 

(Pariyar, 1993). Most of therangelands in Nepal are diversified, often nutritionally poor and 

unpalatablespecies (Miller, 1997).The grasslands in Terai region of Nepal have been described for 
the purpose of wildlife conservation. However, there has been the history of usage of these 

grasslands by the local people, e.g. Bardia National park (Brown, 1997). Protected areas in the 

lowland Terai of Nepal contain some of the few remaining examples of tall grassland/forest 

mosaics and their fauna, which were previously widely distributed across northern India and 

southern Nepal in the valleys of the Ganges and Brahmaputra rivers and their tributaries (Bell and 

Oliver, 1992). These important grasslands support a wide range of biodiversity (Dinerstein, 1979; 
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Mishra, 1982), and are a subsistence resource for local people (Lehmkuhl, et. al., 1988; Sætre, 

1993).  

 

Land use change (e.g., land conversion and overgrazing) contributes directly to patchy grassland 

landscapes that result from changes in plant communities (Levy et. al., 2004). The buffer zone 

around the Chitwan National park has numerous riverine grasslands whose productivity and 
nutrient flow available to both domestic and wild ungulates are yet to be explored. Madi valley, a 

newly declared municipality area has a lot of grasslands that have been supporting different plant 

and animal resources. Theis study focuses mainly abouthe three riverine grasslands of Magui 

Khola watersheds which have distinct features of anthropic usages i.e. one is close to the Churia 

hill, close to the river banks and adjoining human settlements, and thirdly connecting to the 

Chitwan National Park in the north. Estimation of pasture productivity and thereby understanding 

the chemical constituents over the growing season help to manage the pastureland in terms of 

productivity maintenance and developing sustainable grazing system.  

 

MATERIALS AND METHODS 
Site selection 

The Magui Khola basin was selected as a potential site for this study in the Madi valley of 

Chitwan. Accordingly, three grasslands were selected; nearer to Churia forest, settlements and 

near to national park forest respectively. 

 

Fencing of the experimental plots 

With prior consent from the herders and local government, the experimental plots in the respective 

grasslands were fenced to prevent the wild and domestic animals grazing for the experimental 
duration.Fencing at each sampling frame (plot size of 50˟50 m2 was fenced prior to the start of 

observationsin order to get the samples from unaltered vegetation by domestic and wild ungulates. 

 

Herbage sampling 

About 10 samples at each sampling area per grassland and a frame of 1˟1 m2were used for 

sampling from a line transect of 50 meters and at least 5 line transects were randomly chosen at 

each selected grassland. The observations were carried within the sampling frame in the same 

transects respectively. The regrowth potential both in terms of biomass and the nutritive value was 

taken into account from the same fenced plots. Later total herbage from the three subsequent 

cuttingswas estimated in all the fenced plots selected for study purpose. 

In his approach, the plant cover was estimated by following Bonham (2013) before the first 

harvest. Note: Cover-Abundance calculated as total cover considering 100% including open for a 
1˟1 m2. Openness subjectively expressed in percentage then the herbage species cover expressed 

in percentage according to their abundance from higher to lower.  The range gave in the table and 

average figures described in the text from the given range. 

Later, botanical composition and aboveground biomass were analyzed at least for three times 

representing different seasons (summer, rainy and autumn) by bringing them at AFU Animal 

Nutrition lab. 

 

Analysis of the chemical composition 

The herbage harvested was subjected to oven drying for proximate analysis (AOAC, 1991).For 

this, laboratory facilities available at Department of Animal Nutrition and Fodder Production of 
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AFU was be used. The major energy fractions of herbage harvested such as CP, CF, and EE was 

analyzed for 1st and 3rd harvests respectively. 

 

Statistical analysis 

Data have been presented in a table using descriptive and inferential statistics using R Statistics 

where necessary.  
The following statistical model was adopted to analyze the data for herbage mass productivity and 

chemical composition. 

…………………………………………………(1) 

where, 

=Output variable,µ=constant factor,  

effect of ithsithete, 

 

and  

 

RESULTS AND DISCUSSION 
Cover-abundance 

In this study, the vegetation characteristics of the three grassland sites at Madi valley of Chitwan 

were analyzed. Major studies were done on vegetation cover, biomass productivity and associated 

changes in quality. 

 
Table 1: The cover abundance of major herbages across the measurement sites during May 

(Unknown species expressed in local Tharu tongue) 

Herbage species Vegetation Survey Sites 

Forest areas 

(N=10) 

Settlement Areas 

(N=10) 

National Park Areas 

(N=10) 

Kans (Saccharum sp) 0-6 4-7 20-38 

Narkat (Saccharum benghalense) 2-7 0-9 5-20 

Patpate 1-7 0-14 0-2 

Lajjawati (Mimosa pudica) 2-6 1-3 2-4 

Siru (Imperata cylindrica) 48-70 42-72 11-20 

Pteridophytes 0.5-3 0-2 1-4 

Vine and unknown legumes 0.5-3 0-1 2-3 

Aankhle 0-5 0-3 0-2 

Other broadleaves 0-5 0-5 0-2 

Bhattapate 0-3 0-2 0-2 

Fallow/ open 11-30 15-32 30-35 

 

The vegetation cover of top 10 species has been presented in table 1.Among the dominated species 

there was pretty dominance of grasses mainly of Kans (Saccharum spontaneum), Narkat 

(Saccharum benghalense) and Siru (Imperata cylindrica). However, there was little coverage of 

leguminous species at all the sites (0-6%). The majority of land coverage was found by Imperata 

cylindrica in the forest (59%) and close to settlement areas (57%), whilst Saccharumspontaneum 
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was observed as a densely covered (29%) in the national park site, followed by Imperata 

cylindrica (15.5%). The lowermost coverage was higher in the vicinity of settlements and national 

park sites (65-70%), whilst it was rather higher upto 89% at forest areas. 

 

Herbage mass productivity 

The site and harvesting time had significant effect to the total herbage productivity and 
productivity of grasses (p<0.05), whilst only the harvesting time had significant effect to other 

botanical groups (table 2). The open grasslands close to national park areas had rather highest 

herbage productivity and that might be due to the siltation from Churia forests by the Magui 

Khola. The productivity per unit area was always highest for grasses at third harvest, but it was 

forthe second harvest for legumes, cyperus, and forbs at areas close to Churia forests, whilst the 

trend remained almost the same for the settlements and nearby national park grasslands. The detail 

of the herbage mass productivity has been presented in the table 2. 

 

 

Table 2: Productivity associated quality changes in herbages (g/m
2
) at different harvest regimes in 

riverine grasslands of Madi valley of Chitwan 
Attrib
utes 

Forest Settlement National Park S
D 

p-value 

Harvest 1st 2n
d 

3rd Cumu
lative 

1st 2nd 3rd Cumu
lative 

1st 2n
d 

3rd Cumu
lative 

 S H S ˟ 
H 

  Grass 275.5

0
g
 

478.4

3
ef
 

911.28
c
 

1665.21 

 

 

 

 

 
 

337.8

5
gf

 

609.

28
de

 

1160

.41
b
 

2107.

54 

 

53

9.4

0
e
 

782

.23
c

d
 

1387

.15
a
 

2708.7

8 

 

367.

68 

<0.

001 

<0.0

01 

0.0

75 

 

  Legume 24.60
b
 70.0a 32.6

4
b
 

127.2

4 

22.60
b
 

66.6

9
a
 

52.8

6a 

142.1

5 

 

14.

20
b
 

60.

97
a
 

60.3

9a 

135.56 

 

24.1

3 

0.36 <0.0

01 

0.0

00

2 

  Cyperus 17.6
b
 

 

369.0
a
 

 

104.

0
b
 

 

490.6 23.0
b
 

 

302.

2a 

 

80.2

b 

 

405.4 

 

27.

8
b
 

 

457

.0
a
 

 

119.

5
b
 

 

604.3 

 

198.

93 

0.13

8 

 

<0.0

01 

0.4

38 

  Forbs 12.9
c
 

 

353.5
a
 

 

91.2

bc 

 

457.6 19.9
c
 

 

296.

5
a
 

 

99.1

b
c
 

 

415.5 

 

18.

4
c
 

 

395

.90
a
 

 

127.

3
b
 

 

541.6 

 

156.

68 

0.05

1 

 

<0.0

01 

0.1

64 

  Others 
 

13.20
b
 

 

181.5

0
a
 

 

205.

0
a
 

 

399.7 15.84
b
 

 

181.

50
a
 

 

216.

0
a
 

 

413.3

4 

 

15.

60
b
 

 

170

.60
a
 

 

200.

0
a
 

 

386.2 

 

94.3

0 

0.71

2  

 

<0.0

01 

0.9

70 

  Total 343.5
c
 

 

1452.

4
b
 

 

1344

.1
b
 

 

3140 418.9
c
 

 

1445

.3
b
 

 

1592

.6
ab

 

 

3456.

8 

 

61

5.6
c 

187

7.6
a
 

 

1910

.3
a
 

 

4403.5 

 

619.

48 

<0.

001 

<0.0

01 

0.2

09 

Note SD=Standard deviation, S= Site, H= Harvesting time. Cumulative herbage mass= sum of all 

the three harvests in terms of dry matter. 

1st harvest realized at 15th May 2016, 2nd harvest at July 15th and 3rd harvest on September 15th.  

Disturbance of smallwild animals (rodents etc) was not considered while the quadrat cutting was 

realized from fenced enclosures. 
 

Herbage chemical composition 

The quality of herbage is influenced by both site and time of harvest in general. Results on 

herbage chemical composition had shown that neither site nor the harvest time had a significant 

effect on ether extract content of the herbage harvested (table 3). The site had no effect on the CP 

content of the herbage, while the harvesting time was highly significant (P<0.05). CP content 
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declined with the increasing harvest time mostly at the national park site only. In contrast to CP 

changes, CF was increased at the third harvest as compared to the 1st harvest at all the sites. Both 

site and harvest time was significant for CF. The effect of site on harvesting time (interaction) was 

non-significant for all the three quality factors analyzed in the present study. The flow of 

compositional aspects of herbage harvested has been shown in Table 3. 

 
Table 3: Chemical composition of herbages across the survey sites 

 Forest Settlement National Park SD p-value 

Harvest 1st 3rd 1st 3rd 1
st
 3rd  S H S ˟ H 

EE 3.24 3.14 3.21 3.20 3.27 3.08 0.23 0.917 0.096 0.465 

CP 11.04

a 

9.20a 10.84a 9.11a 11.21
a
 8.07

b
 2.29 0.752 <0.001 0.482 

CF 24.44

b 

35.93a 25.95b 37.17a 26.50
b
 38.21

a
 6.21 0.009 <0.001 0.938 

Note: SD=Standard deviation, S= Site, H= Harvesting time. 

 

 
DISCUSSION 

Research results in the present study had clearly demonstrated that the variation in bothquantity 

and quality of the herbage was governed by the site and time of harvest whilst the harvesting time 

had major effects on the chemical composition. The results further proved that the CP and CF 

remained the most changeable components across the sites throughout theharvesting regimes. 

There is commonly expressed in scientific experiments that CP is declined and CF is increasing 

towards the herbage maturity due to lignification of the cell wall (Dabo et al., 1988, Fraser et al., 

2001).Though much studies were not carried out in this respect in case of terai grasslands, but can 

be well hypothesized that plants adapted at the third sites could be tolerant and could colonize well 
to produce the land cover and biomass attenuated by further deposition of soil nutrients towards 

the plain areas across the gentle slopes from the Churia hills. 

 

The selected sites had been suffering from continuous stocking problems.Grazing animal species 

and time both can alter the spatial heterogeneity of vegetation, influencing ecosystem processes 

and biodiversity (Adler et. al., 2001)) and grazing influences the plant diversity itself (Milchunas 

and Lauenroth, 1993). However, the present study sites were grazed by not only the domestic 

animals but also expectedby the wild angulates and by other tiny animals. Thus changes occurred 

in spatial heterogeneity caused further imply changes in habitat diversity and thus influence the 

consumers of all kinds (Dennis et. al., 1998). The pattern of grazing is almost unknown but could 

be guessed continuous round the year with the mix species i.e. small and large ruminants in the 
present study sites, and however, they were uncontrollably grazed almost for the pasture growing 

season. While grazing reduces the quantity of available forage, in many systems it increases forage 

quality, typically measured as nitrogen or crude protein content (McNaughton, 1984; Jefferies et. 

al., 1994)), although other essential minerals such as sodium may respond similarly (McNaughton 

et. al., 1997), which was not measured in the present study. The subsequent harvests in the present 

study have been taken from other plots which were not altered before. 

 

 In the present study, it seems that the changes in nutritive quality are associated with the seasonal 

changes and thus it remained decreased at each harvesting time. Possible mechanisms for the 

increases in CF content may include anincrease in senescent material, stem in a later stage of 

lignification (Hobbs, 1999), or decrease in belowground available nitrogen (Holland and Detling, 
1990) could also be expected, which however was not measured in the present study.. Several 
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studies have shown that changes in management intensity could affect sward structure, plant 

species diversity, productivity as well as the nutritive value of the forage (Pavlů, et. al., 

2006).Research results had shown that there was somewhat decline in the productivity of legumes 

and cyperus and forbs at third harvest. This might prove that these species are less competitive to 

grasses or either they have early senescent characteristics in the present study sites.The nature of 

competition to resources between the botanical groups might be differently happening in the 
selected sites which needs further clarification in the pasture ecological research.Later it has been 

proved from the results that CP and CF determine the forage quality than the EE in the grasslands. 

However, it might have also been affected by ecological sites and proved there are significant 

changes in CP content at national park site which might be due to openness and may perhaps due 

to rapid lignification indicating early maturity. A previous review (Diaz et. al., 2007) has shown 

that grazing favors the changes in herbage species composition and this may be not well reflected 

in the present study as the site has been chosen in continuously and traditionally grazed areas since 

time. These results suggest the necessity to consider not only taxonomic indices but also the 

botanical groups to evaluate the effects of site and harvesting time over many years. The soil 

fertility plays an important role on herbage productivity and chemical composition, measurement 

of soil fertility part was lacking in the present study but its role could also be expected much for 

biomass and changes in chemical composition of the herbages. It has been proved that mineral N 
in open grasslands has a detrimental effect on grassland diversity (Jacquemyn et. al., 2003). The 

alluvial deposition of fertilizer N and P might have reduced the appearances of many types of 

herbage in the grasslands and might have hindered the colonization of other species. Though not 

muchmeasured such components except the herbage cover in the present study needs to be verified 

in the future studies. Or, the Saccharumand Imperata might have the toxic effect to others in the 

newly formed grasslands which needs to be further verified though pasture ecological research. 

 

CONCLUSION 
 

Grassland in Terai region of Nepal, especially, the riverine belt of Terai has huge potential for 

providing feed for livestock all the year round. Pastures based on native perennial grasses may 

require adequate attention for stocking and or cutting for livestock feeding purposes to ensure the 

quality components Moreover, the additional gains in biomass production and stability of the 

nutritive value could be obtained by ensuring an adequate legume component along the Magui 

Khola basins. Awareness campaign on grassland management for local farmers in Madi Valley 

could be suggested to the relevant authorities for better stocking and sustainable production based 

on appropriate grazing system. 
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ABSTRACT 

Soil testing is a prerequisite factor for boron recommendation for the crops. 

There is various extraction methods are in use in the different regions of the 

world. But we are using tedious hot water extraction method only. Considering 

this factor the present study was conducted to determine strength of four 

different boron extraction methods for deep soil conditions. Altogether 62 soil 

samples (0-20cm) were collected from three site from east to west namely 

Tarahara, Sunsari; Jitpur, Bara and Khajura, Banke during April, 2017. The 

collected samples were air dried, grind and passed through a 2 mm sieve and 

analyzed by four extraction methods; Hot water, 0.01M CaCl2, 0.01M CaCl2 

+0.05M Mannitol and 0.05M HCl in Soil Science Division lab, Khumaltar. The 

result was compared statistically and revealed that, the effect of extraction 

methods was non-significant on boron concentration. The amount of available 

boron extracted decreased in the order as 0.01M CaCl2 +0.05M Mannitol> Hot 

water>0.01M CaCl2>0.05M HCl. The relationship between all the methods was 

positive and significant. The hot water method possessed highest correlation 

(r=+0.88**) with 0.01M CaCl2. Among all the studied method, hot 0.01M CaCl2 

can be suitable option for hot water method. Therefore, to remove remedies 

from hot water method we can use hot 0.01M CaCl2 boron extraction method for 

deep soils of terai region of Nepal.    

Key words: Available boron, azomethine-H, boron analysis, deep soils, hot 

water  

INTRODUCTION 

Boron is a micronutrient element that plant requires in trace amounts. It is a major 

limiting micronutrient in Nepalese soils (Anderson, 2007). The deficient status was also 

reported by various researchers (Tripathi, 1999; Khatri-Chettri and Ghimire, 1992; 
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Anderson and Sandvold, 2000; Karki et al., 2005; Sapkota and Anderson, 2005; Khadka 

et al., 2016; Khadka et al., 2017; Khadka et al., 2018) in the various sites of Nepal. The 

deficiency symptoms of boron can also be seen in various crops like cauliflower, radish, 

wheat etc. in different sites of Nepal. The dominancy of phyllite, schist, sandstones, 

quartzite, granite infertile clay minerals, intense cultivation without adding boron 

fertilizer, reduced content of organic matter day by day, high erosion and leaching loss in 

the mountainous region etc. are the causes of deficient boron status in Nepal.     

 

The boron analysis is most complicated, after molybdenum in soil chemistry lab (Motsara 

and Roy, 2008; Tandon, 1999). There are lots of methods developed for determination of 

plant available boron. The different methods are; Hot water (Berger and Truog, 1939), 

0.01M CaCl2 (Houba et. al., 1990), 0.01M CaCl2 +0.05M Mannitol (Cartweight, 1983), 

0.05M HCl (Ponnamperuma et al., 1981) etc. Among them, hot water extraction is a 

foundation of among all other developed method in the world (Berger and Truog, 1939). 

In Nepal, most of the soil testing lab using hot water extraction method.  

The major limitation of hot water extraction method is filtration, where more chance of 

turbid aliquot. This increases cumbersome in laboratory work like re-filtration, hence also 

increases filter paper cost. Moreover, this method is difficult to standardize, time 

consuming, and tedious for routing analysis if reproducible results are to obtained 

(Novozansky et al., 1990; Deabreau et al., 1994). Considering this factor, the present 

study was initiated to determine next alternate suitable extraction method for deep soils 

of terai regions of Nepal. 

 

MATERIALS AND METHODS 

Soil sampling 

The total 62 samples were collected from the three sites namely; Tarahara, Sunsari; 

Jitpur, Bara; Khajura, Banke during April, 2017. The soil samples were collected at 0-20 

cm depth using soil sampling auger. 

The positioning of the soil sampling site is shown on Table 1. The soil sampling sites lies 

in the terai region of Nepal (Figure 1).  
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 Figure 6. Location map of the soil sampling sites  

 

Table 2: Global positioning of the soil sampling sites 

SN Sampling sites Latitude Longitude Altitude 

1. Khajura, Banke 28.11279 81.58999 133 

4. Jitpur, Bara 27.11526 84.95587 94 

5. Tarahara, Sunsari 26.70483 87.27886 125 

 

Laboratory analysis  

The collected samples were analyzed in the lab of Soil Science Division, Khumaltar, 

Lalitpur, Nepal. The four different extraction methods were used individually for 

analyzing all the samples (Table 2). The common Azomethine-H [1-

(saliccylideneamino)-8-hydroxynaphthalene-3, 6-disulfonic acid] spectrophometeric 

method was used after extraction for boron determination colorimeterically (Capelle, 

1961; Wolf, 1971). 

 

Table 2: Different extraction methods used for laboratory analysis 

SN Parameters Unit Methods 

1. Available mg/kg Hot water (Berger and Truog, 1939) 
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Boron 0.05M  HCl (Ponnamperuma et al., 1981) 

0.01M CaCl2 (Houba et. al., 1990) 

0.01M CaCl2+0.05M Mannitol (Cartweight, 

1983) 

 

Statistical analysis 

Data from each method was analyzed independently. Extraction methods were 

considered as a factor. R statistical software was used for analysis of variance and 

correlation. Significant means were separated using Least Significant Difference (LSD) 

Test as described by Gomez and Gomez (1984). The absolute value of correlation 

coefficient (r) was also categorized accordingly suggested by Evans (1996) as 0-0.19 

(very weak), 0.20-0.39 (weak), 0.40-0.59 (moderate), 0.60-0.79 (strong) and 0.80-1.0 

(very strong). 

 

RESULTS AND DISCUSSION 

Available boron  

The hot water boron ranged from 0.01 to 2.55 mg/kg with a mean of 0.66 mg/kg. 

Similarly, hot 0.01M CaCl2 boron varied from 0.01 to 2.43 mg/kg with a mean of 0.64 

mg/kg. Moreover, 0.01M CaCl2 + 0.05M Mannitol boron   ranged from 0.03 to 2.35 

mg/kg with a mean of 0.74 mg/kg. Furthermore, 0.01M HCl boron ranged from 0.01 to 

1.91 mg/kg with a mean of 0.48 mg/kg (Table 3). Available boron extracted by all the 

studies methods showed high variability among the soil samples. 

 

Table 3: Descriptive statistics of different methods of boron extraction 

 

Descriptive 

Statistics 

Available boron 

Hot 

water 

Hot 0.01M 

CaCl2 

0.01M CaCl2 + 0.05M 

Mannitol  

0.01M HCl 

mg/kg 

Mean 0.66 0.64 0.74 0.48 

SEM  0.09 0.09 0.06 0.06 

SD 0.70 0.69 0.47 0.51 

Minimum 0.01 0.01 0.03 0.01 

Maximum 2.55 2.43 2.35 1.91 

CV% 105.96 106.84 63.95 105.81 

SEM=Standard error of the mean; SD=Standard deviation 

      

Effects of extraction methods on available boron concentration in soils 
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The data regarding effects of extraction methods on the plant available boron 

concentration is shown on the Table 4. The data revealed effects of methods on the boron 

content was non-significant. The highest content (0.74 mg/kg) was determined by 0.01M 

CaCl2 +0.05M Mannitol, while lowest content (0.48 mg/kg) was determined by 0.05M 

HCl. Similar result was determined by Dibyendu et al. (2014), where amount extracted 

by 0.01M Calcium Chloride +0.05M Mannitol and Hot 0.01M Calcium chloride was 

non-significant in neutral entisols and saline inceptisols soils of West Bengal, India.  

Table 4: Effects of extraction methods on plant available boron concentration 

Extraction methods 

Plant available B 

mg/kg 

0.01M CaCl2+0.05M Mannitol 0.74 

Hot water 0.66 

Hot 0.01M CaCl2 0.64 

0.05M HCl 0.48 

LSD  ns 

CV% 95.24 

Treatment means separated by Least Significance Difference  (LSD) Test and columns   represented with 

same letter (s) are not significantly different among each other at 5% level of significance; ns =non-

significant; CaCl2= Calcium chloride; HCl= Hydrochloric acid 

 

Relationship between hot water extraction with other methods 

The correlation between hot water and all other methods was positive and significant 

(Table 5). The very strong correlation was determined with Hot CaCl2   (r=+0.88**), 

strong correlation was with HCl (r=+0.76**) and weak   with CaCl2 + Mannitol 

(r=+0.36**) method.  Christos and Panagiota (2005) also found strong correlation 

between hot water and HCl extraction method in Greece. Similarly, Li and Gupta (1991) 

also compared hot water, 0.05 M HCl, and 0.01M CaCl2 methods of extraction, and also 

found 0.05 M HCl was the best extractant followed by hot water, and hot 0.01 M CaCl2.  

 

Table 5: Correlation matrix between the four different methods of boron extraction 

Methods Hot water Hot CaCl2 CaCl2 + Mannitol HCl 
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Hot water 1    

Hot CaCl2 0.88** 1   

CaCl2 + Mannitol 0.36** 0.34** 1  

HCl 0.76** 0.75** 0.36** 1 

** Significant at 0.01 

CONCLUSION 

The extraction strength is similar among all the four methods used for the study. 

Comparing with hot water boron extraction method (principal method), hot 0.01M CaCl2 

can be more optional because of high correlation between them. Therefore, hot 0.01M 

CaCl2 can be optional boron extraction method in the place of hot water boron extraction 

method for the deep soils of terai region of Nepal. Moreover, this method also helps to 

overcome the problem occurs during boron extraction by hot water method. 
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ABSTRACT 
A field experiment was conducted during kharif season of 2017 at Saraswotikhel, 
Changunarayan-2, Bhaktapur in Central Hills to evaluate the performance of 

transplanted rice under different nutrient management practices. The experiment 

was laid out in Randomized Complete Block Design with popular rice variety 

Taichung with 6 nutrient management practices (T1: Farmers’ practice, T2: 

Government recommended dose, T3: NE based SSNM dose, T4: LCC-N+ SSNM-

P, K, T5: SSNM-N+farmers’ P, K and T6: NARC recommended dose) and 6 

replications in the farmers’ field condition. The experimental finding indicated 

that LCC-N based SSNM exhibited significantly higher grain yield and biomass 

yield over government recommended dose of fertilizer and farmers’ fertilizer 

practice.  LCC-N based SSNM and NE based SSNM was productive over 

farmers’ practice by nearly 14% and 6% respectively. The nutrient uptake of 

nitrogen and phosphorus was also recorded comparably higher under LCC-N 
based SSNM by 16% and 57% respectively. The time and need based nutrient 

application could enhance the proper growth and development that lead to the 

higher nutrient uptake and ultimately higher yield output in SSNM based 

treatments. Thus it could be inferred that Nepalese farmers can significantly 

raise their yield output through the fertilizer guidelines generated through 

Nutrient Expert and Leaf color chart. 

 

Keywords: SSNM, nutrient expert, leaf colour chart, yield, nutrient use 

efficiency 

 

INTRODUCTION 

 
Rice is the most important and extensively cultivated food crop next to the wheat for human 

consumption. Asian countries produce 89 percent of world’s rice - China and India alone account 

for 55 percent of the production. Rice ranks the first among cereal crops in Nepal in terms of area 

and production with average coverage area 1.55 million hectares and 5.23 million tons average 
annual production with average productivity of 3.37 tons ha-1  (AICC, 2018). It contributes nearly 

20% to the agricultural gross domestic product (AGDP) and 7% to GDP (Crop development 

Directorate, 2015).  In the present context of shrinkage of agricultural land due to increasing 
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population, horizontal expansion of rice area is not possible. Hence, only one avenue left is to 

increase production of rice by vertical means through introduction of high yielding varieties, 

improved nutrient management practices and so on (Islam et.al., 2016). 

 

Existing fertilizer recommendations for rice often consist of predetermined rates of N, P, and K for 

vast areas. But, the management of nutrients for rice requires an approach that enables adjustments 
in N, P, and K applications to accommodate the field-specific needs of the crop for supplemental 

nutrients (Buresh, 2010). Owing to the balanced fertilization, Site- specific nutrient management 

(SSNM) was developed in Asia by the International Rice Research Institute (IRRI). SSNM is a 

low-tech, plant need-based approach for optimally applying nitrogen, phosphorus, and potassium 

fertilizers to rice when they are needed (Buresh, 2010).  A recently developed an innovative, 

information and communications technology (ICT)-based decision support systems (DSS) tool 

Nutrient Expert® (NE) for maize, rice and wheat developed by IPNI and CIMMYT, synthesized 

the on-farm research data into a rationale nutrient supplying system that ensures rice, wheat 

farmers to rapidly implement site-specific nutrient management (SSNM) for their individual fields 

(Islam, et al., 2018).The NE is an easy-to-use, simple computer based DSS or delivery tool that 

can rapidly provide nutrient recommendations for N, P and K for the crops for individual farmer’s 

fields in presence or absence of soil testing results (Qureshi et al., 2016). Another handy tool 
based on SSNM for real time N management is Leaf color chart. LCC is easy to use and an 

inexpensive diagnostic tool for monitoring the relative greenness of a rice leaf as an indicator for 

the plant N status. 

  

In the context of Nepal the study conducted by IPNI in collaboration with FORWARD, a leading 

non-governmental organization in Nepal, and the Non-Resident Nepalese Association of Australia 

(NRNA) aimed at developing and disseminating improved fertilizer recommendations, using the 

Nutrient Expert® (NE) fertilizer decision support tool, for the Nepalese farmers. The NE fertilizer 

recommendations were compared with  government recommendations and farmers' fertilizer 

practice with 600 farmers growing rice, maize and wheat in Jhapa and Morang districts of Eastern 

Nepal. The results revealed that NE-based fertilizer recommendations improved the yield of rice, 
maize, and wheat by 16, 47, and 42% over the farmer practice (Sen, 2018). Raised an issue 

whether SSNM-NE for rice will perform better over the short and long run than the current 

practices of rice farmers in the Central Hills, thus this study was conducted to access the field 

validation of Nutrient Expert® Rice in this area. 

MATERIALS AND METHODS 
Experimental details 

A field experiment on transplanted rice was conducted in the farmers’ field in Saraswotikhel, 
Changunarayan-2, Bhaktapur district of Central Hills from May to November during the rainy 

season of 2017. The experimental site (27.6978° North latitude and 85.4083° East longitudes) has 

a warm temperate climate with average temperature 17.8ºC and average rainfall 1604 mm. The 

soil pH ranges from 5 to 5.5 with 3.03% soil organic matter, total nitrogen 0.17 to 0.19%, 

available phosphorus 31.3 to 37.9 kg ha-1 and available potassium 141 to 816 kg-1 . 

At first six farmers were selected randomly from that area. Preliminary survey was done with the 

Nutrient Expert questionnaire by interviewing with the corresponding farmers and Nutrient 

Expert® 2014 model was run to get the NE recommended fertilizer doses and application details. 
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Soil sampling was done for each of the farmers’ field and analyzed in the soil laboratory of Soil 

Management Division at Hariharbhawan, Lalitpur. A randomized complete block design was used 

in this study, involving 6 treatments, with 6 replications. One farmer’s field was regarded as one 

replication.  

 

Table 1: Treatments with application details 

S.N. Treatment details Fertilizer dose Application details 

1 Farmers’ practice 87.6: 49.32 :0 kg ha-1 NPK 
(Table 2) 

P and K as basal , Half dose of N 
as basal and  half N as top 

dressed at 30 DAT 

2 Government 

recommended NPK  

100: 30: 30 kg ha-1  NPK  One third N and full P and K as 

basal and remaining N as top 

dressing in two equal split at 

maximum tillering and PI  

3 Nutrient Expert based 

SSNM  

102.33: 25.83: 43.8  kg ha-

1
 NPK (Table 2) 

Full P and K  and recommended 

N by NE as basal and remaining 

N as top dressing in  equal split 

at maximum tillering ,PI and/or 

heading as per NE. 

4 LCC-N based SSNM 

(LCC-N and SSNM-P 

and K) 

114: 25.83: 43.8  kg ha-1 

NPK (Table 2) 

30 kg N ha-1 and full P and K as 

basal application and LCC based 

application every 10 days 
interval from 14 DAT till 

flowering  

 

5 SSNM-N and farmers’ 

P and K  

102.33: 49.32 :0 kg ha-1 

NPK (Table 2) 

Recommended N by NE and full 

P and K as basal and remaining 

N as top dressing in two equal 

split at maximum tillering and PI 

as per NE 

6 NARC recommended 

NPK 

120: 60: 40 kg ha-1 NPK One third N and full P and K as 

basal and remaining N as top 

dressing in two equal split at 

maximum tillering and PI  

 

Table 2: Fertilizer requirement for each of the respondent farmers 

S.No. Farmers N kg ha-1 P2O5 kg ha-1 K2O kg ha-1 

  FFP NE LCC FFP NE FFP NE 

1 Farmer 1 89.6 104 114  64.4 34 0 48 

2 Farmer 2 67.2 110 142  48.3 28 0 45 

3 Farmer 3 91.6 110 114  46 25 0 42 
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4 Farmer 4 91.3 96 114  46 22 0 42 

5 Farmer 5 92 97 114  45 23 0 41 

6 Farmer 6  94 97 114  46.23 23 0 45 

 Average  87.6 102.33 114  49.32 25.83 0 43.8 

 

 

The 20-25 days old seedlings of Taichung variety (144 days growth duration with yield capacity 

6.9 ton ha-1 ) raised on dry nursery bed was transplanted on June 1st,2017 with spacing 20*15 cm2 

in each plot of size 30m2 . All the cultivation practices was same for all treatments except the rate 

and time of application of nutrients. LCC reading was taken at an interval of 10 days on fixed 10 

plants from 14 days after transplanting (DAT) to flowering in each replication. Readings were 

taken on the top most fully expanded leaf of randomly selected fixed 10 disease free plants by 

placing its middle part on top of the color strips in the chart. If six or more leaves read bellow a set 
critical value (4), predetermined rate of N was applied as 25 kg N ha-1 as prescribed by IRRI 

(2006). Observations on yield and yield attributing characters were taken using net plot area 15m2 

.The proximate analysis was done in Animal Nutrition Laboratory, Khumaltar for determining 

nutrient content (N and P) and hence nutrient use efficiency viz. Internal efficiency (grain 

produced per unit uptake of nutrient) and Partial factor productivity (grain produced per unit of 

nutrient applied) using below mentioned formulae. The total Nitrogen content in grain and straw 

were determined through K eldahl’s method. Likewise the plant sample phosphorus i.e. total P in 

grain and straw were determined through Colorimetric method. 

 

Nutrient uptake in grain =  

 

Nutrient uptake in Straw =  

 

Total nutrient uptake (TNU) = Nutrient uptake in grain + Nutrient uptake in Straw 

 

Internal efficiency (IE) =  

Partial factor productivity (PEP) =   

 

 

The statistical package GenStat® 15th edition was applied to analyze data. The significant 

differences between treatments were determined at probability level of 0.05 using Duncan’s 

Multiple Range Test (DMRT). 

 



Nepalese Journal of Agricultural Sciences, 2018, vol. 17 
ISSN 2091- 042X; e ISSN 2091- 0428 

204 
 

RESULTS AND DISCUSSIONS 
 

Effect of nutrient management on yield and yield attributes of rice 

 

Grain yield in rice is a function of tillers (or panicles) per unit area, number of grains per panicle, 

1000-grain weight and spikelet sterility.  The yield of rice (including grain yield and straw yield) 

and yield attributing parameters like number of filled grains per panicles and sterility percentage 

were significantly affected by different nutrient management. The average number of effective 

tillers per square meter was 322 which was statistically at par for all treatments. The result was 

close to the findings of Rawal, Chalise, & Khatri, 2017. But contrast to this result Mannade in 

2016 found the significant difference in the number of effective tillers   m-2   influenced by SSNM 

treatments. The number of filled grains per panicles ranges from 90 to 102, maximum for LCC-N 

based SSNM followed by NE based SSNM treatments and least for farmers, practice. It might be 
attributed to the sufficient application of Nitrogen fertilizer at split based and real N management. 

In spite of ample dose of N application in NARC based nutrient management, filled grain per 

panicle was lower than SSNM based treatments because of lodging of plant in NARC based 

treatment due to higher level of N fertilization (up to 120 kg ha-1 ), during grain filling period even 

due to slight rainfall.  Evidences showed that suppression of grain formation by pre-heading 

lodging was partly due to failure in blooming and fertilization of the ears and partly to 

photosynthetic and metabolic disturbances in kernel development (Basak, Sen and Bhattacharjee, 

1962). This might attribute for higher sterility percentage in the NARC recommendation. The 

sterility percentage was nearly 27% lower in LCC-N based SSNM compared to farmers’ practice. 

The grain yield was 6 ton ha-1 ha in farmers’ field and as high as 6.86 ton ha-1 in LCC-N based 

SSNM treatment which was 14% higher than farmers’ practice. Similarly NE based SSNM 
treatment also out yielded the farmers’ practice by 6.3%. The estimated yield by Nutrient Expert 

was 5 ton ha-1 under favorable rain fed condition but the actual yield obtained in the farmer’s field 

as recommended by NE was much more than the estimated value i.e. 6.40 ton ha-1. The highest 

grain yield under LCC-N based SSNM than other might be attributed to the ample dose of 

balanced nutrition accompanied by the real time N management. The results were in close 

conformity to the findings of Zhou et al., 2017. An adequate nutrient supply based on precision 

SSNM principles caused yield enhancement with SSNM-NE based fertilizer application. The 

minimum grain yield was obtained under farmers’ practice due to low and unbalanced 

fertilization. The biomass yield was highest for NARC recommendation. Average harvest index 

was 0.4 and was statistically at par for all the treatments. 

 

Table 3:  Yield attributes and yield associated traits of rice as influenced by the nutrient 
management practice on farm experiment at Saraswotikhel, Bhaktapur, Nepal, 2017 

Treatments Yield Attributes Yield (ton ha
-1

)
 

No. of 

tillers 

m-2  

Filled 

grain  

panicle-1 

Thousand 

grain 

weight (g) 

Sterility % Grain 

yield  
Straw 

yield  

HI 

Farmers’ practice 293.81 90.05b 25.49 18.10ab 6.02d 7.43b 0.4 

GR 311.58 92.63b 26.20 15.46ab 6.34bcd 7.84b 0.4 

NE 337.59 99.36a 25.64 11.58b 6.40bc 8.11ab 0.4 

 LCC-N+ SSNM-P,K 323.95 101.88a 25.78 13.22b 6.86a 8.34ab 0.4 
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SSNM-N +farmers’ P,K) 311.41 98.44a 24.78 17.74ab 6.05cd 7.53b 0.4 

NARC recommendation 350.46 91.80b 25.52 22.63a 6.55ab 8.94a 0.38 

GM 321.47 95.69 25.60 16.46 6.37 8.03 0.4 

SEm(±) 22.60 1.82 0.69 2.29 0.12 0.311 0.01 

LSD (5%) NS 5.30 NS 6.66 0.34 0.907 NS 

CV% 8.20 1.70 3.60 15.60 2.30 4.4 1.6 

 
Means followed by the same letter(s) in the same column are not significantly different at 5% 

probability level by Duncan Multiple Range Test. NS- non significant at 5% level of significance. 

GR-Government recommended dose of NPK; NE- Nutrient Expert recommended dose of NPK; 

SSNM-N,P,K- NE recommended doses of respective nutrients. 

 

Effect of different nutrient management on Nutrient use efficiency in rice 

 

This study defined NUE as grain production per unit of N supplied (i.e. available N for the plant 

during the growth period, including initial inorganic N in the soil, applied N fertilizer, and 

mineralized N from organic N during this period) (Semenov et al., 2007). The internal efficiency 

of N was found to be higher in the farmers’ practice which received relatively lower amount of N, 

in which the total uptake of N was least than others. Mamun et al. (2016) had also found similar 
result that the internal efficiency of rice was higher in the control plot than N applied plot. The N 

& P uptake was higher in LCC-N + SSNM- P and K than farmers’ practice by 16.25% and 57%. 

The increase uptake might be due to the improved synchrony between plant N demand and supply 

from soil and fertilizer. Fageria and Baligar (1999) also reported that N applied late during the 

reproductive growth stage absorbed by the crop and improve grain yield. The internal efficiency of 

phosphorus was also similar to N nutrient. It was higher for farmers’ practice and least for LCC-N 

based SSNM and converse was the total P uptake in these two treatments. The response to P was 

greater at low levels of soil N and P, respectively (Carmen, 1968). Similar trend was found by 

Sheng-guo et al. (2015). 

 

The partial factor productivity of nitrogen nutrient decreased with increasing rate of N and hence 
found highest for farmers ‘practice and least for NARC recommendation. When 87.6 kg ha-1 N  

(farmers’ practice) was used, PEP was as high as 60.05 kg kg-1 (grain yield produced by one kg 

N), whereas when 120 kg ha-1 N (NARC recommendation) was used, PEP was only 47 kg kg-1 , 

which decreased by 21.8%. When 23.83 kg ha-1 P2O5was used, PEP was as high as 233.9 kg kg-1 

(grain yield produced by one kg P2O5), whereas when 60 kg ha-1 N was used, PEP was only 94 kg 

kg-1 , which decreased by almost 60%. PEP for nutrients (N and P) also decline with the increasing 

rate of the applied nutrient as described by Xin-Kai et.al, (2012). 

 

Table 4: Nutrient use efficiency of rice as influenced by the nutrient management practice on farm 

experiment at Saraswotikhel, Bhaktapur, Nepal, 2017 

Treatments Total nutrient  

uptake ( kg ha-1 ) 

Internal Efficiency (kg 

kg-1 ) 

Partial Factor 

Productivity (kg kg-1 

) 
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 N P2O5 IE-N IE-P PFP-N PFP-P 

Farmers’ practice 96.6
d
 40.9

b
 62.34

a 
162.85

a 
60.05

a 
106.7

c
 

GR 108.62bc 40.5b 58.53a 163.8136a 54.56ab 181.9b 

NE 125.23a 46.7b 50.92b 142.1197ab 53.79ab 216.3a 

 LCC-N+ SSNM-P,K 112.3b 64.2a 61.13a 108.3555b 49.99bc 233.9a 

SSNM-N +farmers’ 

P,K) 

98.9d 44.7b 61.32a 136.292ab 50.98bc 107.1c 

NARC 

recommendation 

101.42cd 61.2a 64.57a 114.1097b 46.98c 94c 

GM 107.5 49.7 59.8 137.9 24.06 156.6 

SEm(±) 4.1 3.42 1.944 15.31 0.87 14.3 

LSD(5%) 8.7 14.5 5.663 44.6 2.54 19.71 

CV% 3.8 6.9 2 9.4 2.40 9.1 

Means followed by the same letter(s) in the same column are not significantly different at 5% 

probability level by Duncan Multiple Range Test. NS- non significant at 5% level of significance. 

GR-Government recommended dose of NPK; NE- Nutrient Expert recommended dose of NPK; 

SSNM-N, P, K- NE recommended doses of respective nutrients. 

 

CONCLUSION 
 

The productivity of transplanted rice raised to 6 to 14% using the NE based fertilizers guidelines 

and simple handy diagnostic tool Leaf color chart. SSNM based treatments (both NE and LCC-N) 

was superior in terms of productivity and nutrient uptake that ultimately improves the grain yield. 

That means time and need based nutrient application could enhance the proper growth and 
development that led to the higher nutrient uptake and ultimately higher yield output in SSNM 

based treatments The yield obtained in the farmers field as recommended by NE was higher than 

estimated yield by NE. Hence NE can be appropriate tool in combination with leaf color chart to 

accelerate the grain yield as well as nutrient uptake in plant. Therefore Nepalese farmers are able 

to significantly improve the yields of rice and also raise their income through the use of site-

specific fertilizer recommendations generated by NE and hence such approaches should be 

promoted in the Central Hill. 
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ABSTRACT 
This study is about export and import situation of rice in Nepal. The duration of 
the study was from June 3rd to August 2nd, 2018. This study tries to address the 

issues of rice import through formal and informal channels in the country. 

Despite huge government efforts in increasing rice production in the country 

import is in increasing trend. Twenty rice suppliers, wholesalers, and mills of 

Kathmandu, Lalitpur and Kavre Districts were surveyed to determine the 

demand for rice according to grain types. Data were also taken into account 

and analyzed from secondary sources that include directories of Trade and 

Export Promotion Centre, Central Bureau of statistics and other published 

resources. Nepal used to export rice to several countries at around 1970s and 

after that, the scenario has been found significantly changed. The population 

and import of rice in Nepal are found strongly and positively related with each 

other (R=0.998, P=0.04<0.05). Similarly the urbanization, labor out-migration,  
internal migration and import of rice in Nepal has been  found significantly and  

correlated positively with each other (R=0.885, P=0.002<0.01), (R= .886, P= 

.019<0.05) and (R= .981, P= .003<.01) respectively.  Due to increasing 

population, urbanization, internal migration, migration of people to other 

countries for labor, change in food habit, excessive rice intake than 

recommended, preference of fine aromatic rice by consumers, the comparatively 

cheaper price of Indian rice and post-harvest utilization, consumptions and 

modifications, rice imports have been increasing. These are the main drivers of 

increasing rice imports in Nepal. 

 

Keywords: Export, import, fine grain aromatic rice, grain type 

 

INTRODUCTION 
Rice is one of the most widely grown crops in the world that provides food for half of the world's 

population. In all of Asia, rice is the staple food grain accounting for approximately 30% of daily 

calorie intake, and in several countries in South and Southeast Asia, the calorie intake derived 

from rice is more than 50 % (FAO, 2014). Most of the rice is produced and consumed in 

producing countries. Therefore, a small amount of production is traded internationally. However, 
international trade is progressing rapidly from less than 4% in the mid-1990s to almost 10% in 

2015 (CIRAD, 2016). Only a few exporting countries are interacting with a large number of 

importing countries. With 83% of exports and 85% of imports, developing countries are the main 
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players of rice international trade (Hedge and Hedge, 2013). India is the topmost rice exporter. In 

2013, India exported 11,300,105 tons of rice followed by Thailand, Vietnam, Pakistan, and USA. 

Global rice trade is based on non-fragrant and fragrant rice. Jasmine and basmati rice fall under 

fragrant category while parboiled, glutinous and other long grain rice fall under non-fragrant 

categories. Parboiled and other common non-fragrant rice are mainly exported to Middle Eastern 

and African countries by India and Thailand. Thailand is a dominant exporter of Jasmine rice. 
Cambodia and Vietnam is becoming a competitor of Thailand in Jasmine rice export Trade of 

Basmati rice, which is primarily exported to Middle East countries, is dominated by India and 

Pakistan (Mohanty, 2015). 

 

Topmost rice importer in the world is China, followed by Nigeria, Iran, and EU. Demand for new 

varieties tends to increase as the modernization and diversification of diets occur in the world's top 

consumers that allows other countries to play important role in global rice market. It is estimated 

that an additional rice supply of around 112 million tones will be required by the year of 2040 to 

meet the growing demand, especially if Sub-Saharan African (SSA) countries fail to address their 

growing needs since most of the rice consumed in SSA is imported (Mohanty, 2015). 

Nepal has an agrarian-based economy. Two third of its population is engaged in Agriculture. Rice 

is intricately linked with Nepalese culture and tradition. More than 90 % of people use rice in their 
dietary in the country. It is the major crop of Nepal grown from low land Terai to High Hill 

regions of Nepal. Of the 75 districts in Nepal, rice is grown in 73 districts except in cold dry arid  

Manang and Mustang districts of trans- Himalayan region. This crop is being grown in diverse 

agro-ecological zones and agro-ecosystems ranging from 60 meters above sea level (masl) to 2600 

masl (NARC, 2016/17). Out of the total rice area in Nepal (1,531,494 ha), 70% is in the Terai, 

26% in the mid-hill and 4% in the mountains (CDD, 2015). Paddy area in the Terai region 

contributes more than 71% of the total production. The hills contribute to about 26% in area and 

26% in production. Similarly, the remote mountains also contribute about four percent of the total 

paddy area with 3% contribution in production (Regmi, 2017). The land area coverage and 

production are nearly the same for all regions.  Rice land in Nepal has the largest variations in 

altitude in the world. Rice is grown in four distinct major agro-ecological zones, which are Terai 
and inner Terai (60-300 masl), foothills and river basin (300-900 masl), mid hills (900-1500 masl) 

and high hills (1500-3050 masl) (Upreti, 2017). Region wise, the central region produces the 

largest amount of paddy followed by eastern region. Paddy produced in Terai is the highest 

amount as compared to hills and mountain belts (Ghale, 2017). It is a major source of people's 

livelihood, food security, income, and employment in Nepal (Mishra, 2015). Rice farming 

dominates the agricultural sector of Nepal, which itself dominates the economy. Rice production 

accounts for 20% of the total AGDP and fulfills more than 50% calorie requirement of the people 

(Prasai et al., 2013). There was a time when Nepal used to export rice. But, Nepal's rice import has 

been increasing in recent years (Panthi, 2018).  

 

MATERIALS AND METHODS 
 

This exploratory research was carried out from June 3rd to August 2nd, 2018. Altogether 20 mills 

were selected from Kathmandu, Lalitpur and Kavre districts. Both qualitative and quantitative data 

were gathered from primary and secondary sources. Primary data were collected through survey 

with the help of semi-structured questionnaire from July 15th to August 2th 2018 by visiting rice 

suppliers, wholesalers, and retailers in Kathmandu, Lalitpur and Kavre districts. Secondary data 
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were collected from various sources. Data were analysed using MS Excel, SPSS and online data 

forecasting tool based on historical data. 

 

RESULTS AND DISCUSSION 
 

Production area and productivity trend of rice in Nepal 

Productivity, production and area have also increased over the past years in Nepal. Highest 

production area was 1560044 ha in 2000/2001. In 1960/61 and 1961/62, production area was 

1088000 ha which is the lowest among all years. Lowest productivity (kg/ha) was 1449 kg/ha for 
1982/83. 3394 kg/ha was the highest rice productivity for the year 2013/14. Lowest production 

was 1832600 tons in the year 1982/83 while the highest production (tons) was 5072249 tons for 

the year 2011/12. The production, area, and productivity were lower at the time period when 

Nepal was exporting rice compared to that of today.  

 

The situation of rice export and import  

Production of basmati rice (fine grain aromatic rice, FGAR) is low compared to coarse rice 

according to suppliers. According to the rice suppliers and mills, FGAR is imported more from 
India and consumers prefer FGAR over coarse rice. The factor behind import of FGAR from India 

is Indian rice is cheaper than Nepalese rice. Of late, the trend of consuming rice, especially the 

FGAR, has contributed an increase in import of rice. The population has been increasing in Nepal 

at a rapid rate (Figure 1).  

 
Figure 7:  Population growth trend of Nepal 

(World Population Review (Online) 

 

As a number of people prefer to consume rice, import trend of rice has been increasing. Since 

1970s Nepal used to export rice to many countries but thereafter the import trend of rice has been 
increasing and export is decreasing (Table 1). 

Table 1: Total import and export of rice in Nepal 

Year 

Exported 

quantity, Kg 

Import  

Value, Rs  

Imported 

quantity,  

Kg 

Export 

Value, Rs  

1971-1972 .    

1972-1973 .    

1973-1974 13211096   2,97,01,458  

1974-1975 17,48,100    38,36,205  
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Year 

Exported 

quantity, Kg 

Import  

Value, Rs  

Imported 

quantity,  

Kg 

Export 

Value, Rs  

1975-1976     

1976-1977 .    

1977-1978 4,91,91,500   13,85,43,006 

1978-1979 6,34,56,200    24,38,63,582 

1979-1980 1,03,74,450    3,94,21,953 

1980-1981  686,26,480   

1981-1982 22489500 86080193 4061000 115271529 

1982-1983  12,41,61,624     

1983-1984 16670000     7,47,83,598           7,57,19000 

1984-1985     

1985-1986  15,60,156       

1986-1987     

1987-1988     

1988-1989 1000   11000 

1989-1990  29,982,909   

1990-1991     

1991-1992  206524552   

1992-1993  2,09,54,899  140372 

1993-1994  587798562   

1994-1995  456056235   

1995-1996  805956284   

1996-1997  379100000   

1997-1998 7876000 168999676  105,895,159 

1998-1999  1886859974  98166761 

1999-2000 20000 3038253844  496 

2000-2001    16600000 

2001-2002  226400000   

2002-2003  745207020   

2003-2004  555502373   

2004-2005 1800000 446822976  23060506 

2005-2006  2527804379   

2006-2007 776115 1641424423  19769948 
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Year 

Exported 

quantity, Kg 

Import  

Value, Rs  

Imported 

quantity,  

Kg 

Export 

Value, Rs  

2007-2008 297123 1437061395  29326922 

2008-2009  1854779355 104151350  

2009-2010  2635825504 102846902  

2010-2011  24086633966 133489857  

2011-2012  9288121694 398482902  

2012-2013  1.43X10^10 529913576  

2013-2014  1.73X10^10 502233303  

2014-2015  2.48X10^10 723241026  

2015-2016  2.300x10^10 545982796  

2016-2017  2.39x 10^10 590015393  

  

Note: The years with no data between 1971 to 2017 means no recorded data of rice import/export 

during that particular year in TEPC 
(Source: Trade and Export Promotion Centre) 

 

Import and Export situation of rice in Nepal 

Import quantity is much higher than the export quantity till date. Nepal has exported large 

quantities of rice in the past (Table 2). Average export till now has been ~7015648 kg. Minimum 

export has been ~1000 kg and maximum export has been ~22489500 kg. The range of export is 

extremely high which 22488500 kg (Table 3). Similarly, Average import of rice in Nepal has been 

~360000000 kg. Minimum import has been ~4061000 kg and maximum import has been 
~720000000 kg. The range of import has been ~715939000 kg (Table 2). 

 

Table 2: Basic stats of export and import (Kg) 

Central tendency Export Amount, Kg 

Import 

Amount, 

Kg 

Mean 7015648.22 360000000 

Measures of dispersion 
 

 

Minimum 1000 4061000 

Maximum 22489500 720000000 

Range 22488500 715939000 

 

The relation between population growth and import 

The population and import of rice in Nepal are strongly and positively related with each other 

(Table 4, R=0.998, P=0.04<0.05). This indicates that with the increase in population, the import 

has also been increasing over the last ~30 years. The main factors are population growth and 

increasing demand that have compelled Nepal to import rice. 
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Table 3: Relation between different variables and import 

Variables Pearson correlation P-Value Level of significance 

Population growth 0.998 0.044 0.05 

Urbanization 0.885 0.002 0.01 

Labor out-migration 0.886 0.019 0.05 

Internal Migration 0.981 0.003 0.01 

 

The relation between urbanization and import of rice 

The urbanization and import of rice in Nepal are strongly and positively related with each other 

(Figure 2, Table 4, R=0.885, P=0.002<0.01). Due to increasing urbanization particularly in Terai 

and city areas, the migratory population has been changing their food habit. This may be due to 

the changing food habit of migrant people who started consuming rice as staple food than other 

kinds of foods. 

 
Figure 8: Share of urban population trend of Nepal 

Source:  (Urbanization in Nepal, 2018) 

Rice import as a function of labor out-migration 

Labor out-migration and imports are found significantly correlated (Figure 3 and Table 4, R= .886, 

P= .019<0.05). As there is seen the rise in labor migration trend, the consumption pattern of rice in 

the country has been found risen. The living standard of family improves due to the migration of 

family members to other countries which results in an increase in rice consumption pattern. It is 

because consuming rice is considered prestigious.  
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Figure 9: Labor out-migration trend of Nepal 

(Source: http://www.dofe.gov.np/new/pages/details/35) 

 

The relation between internal migration and imports of rice in Nepal 

Internal migration and imports are significantly correlated. (Figure 4 and Table 4, R= .981, P= 

.003<.01). As people from hilly regions migrate to the Terai region their consumption habit 
changes. They start consuming rice for other kinds of food this significantly contributes to more 

rise demand.  

 

 
 

Figure 10: Regional, zonal, district level internal migration in Nepal 

(Source: Adopted from (CBS, 2014)) 

 

Production forecasting 

According to Auto Exponential Forecast Algorithm (Online Forecast Tool based on Historic 

Data), production of rice in Nepal will be 653614 tonnes in 2050. Production will increase in the 

coming years too. It may be due to improvement in agricultural technologies, modernization, 

mechanization, more agricultural manpower etc. 

http://www.dofe.gov.np/new/pages/details/35
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Figure 11: Forecasted production of rice 

Food and calorie wastage 

According to a joint report of MOALD and CBS prepared for FAO Nepal (2016), there has been a 

steady growth in DES in the 2008-13 periods: from 2,772 Kcal in 2008 to 2,922 Kcal in 2013, 

with an annual growth rate of 1.4 percent. Of the total DES in Nepal, 65 percent is contributed by 

cereals (30 percent by rice, 20 percent by maize, 12 percent by wheat and three percent by other 
cereals) (Kaphle, 2017). This is quite high for a least developed country. It also suggests that 

Nepal might be wasting a considerable amount of food, which may be one of the reasons why 

Nepal imports such a large quantity of food. People are consuming more calories in the form of 

rice than required. 

 

The contribution of rice to food security in Nepal 

The demand for rice is increasing by 10% each year (Kaphle and Bista, 2017). With an average 

174 kg per capita consumption, rice is the single most important food item in terms of calorie 

intake, providing, on average, around 39% of energy, 29% of protein (16.62% g/capita/day) and 

7% fat (2.11 g/capita/day) in the Nepalese diet. Of the 2830 kcal, 69% of the total calorie and 50% 

of total protein come from it. Currently, the contribution of home produced cereals is almost 50% 
in the food basket of which around 21% is contributed by rice alone (Dhungel and Acharya, 2017). 

 

Post-harvest, consumption, and modifications of rice 

There was a low demand of beaten rice in Kathmandu 15 years back. Compared to that time, there 

is now 20 times more demand of beaten rice due to population growth. 95% beaten rice is from 

Nepalese paddy and very negligible quantity is imported from India. Moreover, of total domestic 

production of paddy sold, 65% goes for rice and remaining 35% beaten rice. This also hampers the 

availability of domestic fine rice resulting in demand for import (Kaphle, 2017). 
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Demand and supply of rice in Nepal 

In recent years, total demand has been greater than total supply and it is projected to be the same 

in the coming years. In fact, the demand for rice is projected to increase to a great extent in the 

upcoming years (Table 5). 

Table 5: Demand and supply of rice in Nepal 

Year Supply 

(thousands of 
tons) 

Total demand 

(thousands of 
tons) 

Deficit (-)/ 

Surplus (+) (%) 
** 

Direct 

demand 
(thousands of 

tons) 

Deficit (-)/ 

surplus (+) 
(%) ** 

PS OS PS OS PS OS PS OS PS OS 

2010 2,691 2,712 3,851 3,846 -43.1 -41.8 3,244 3,240 -20.6 -19.5 

2015 2,645 2,838 4,276 4,267 -61.7 -50.4 3,602 3,594 -36.2 -26.7 

2020 2,600 3,238 4,671 4,778 -79.7 -47.6 3,935 4,025 -51.3 -24.3 

2025 2,556 3,653 5,002 5,245 -95.7 -43.6 4,214 4,419 -64.9 -20.9 

2030 2,512 4,085 5,364 5,764 -113.5 -41.1 4,518 4,856 -79.9 -18.9 

Note: PS: Pessimistic scenario; OS: Optimistic scenario 

Source: Prasad and Pullabhotia (2011) 

 

Rice used to be exported to Bangladesh, Mauritius, Singapore, Malaysia etc. But now rice is 

imported from China, Korea R, Philippines, Vietnam, and India etc. The population has also been 

increasing with 1.09% growth rate (Nepal Population 2018, 2018). India is the largest exporter of 

rice: the total rice production in India stood at 104.32 million tons for the year 2015-2016 (Today, 

2018). Total rice production of Nepal in the same year was four million two hundred ninety-nine 

thousand seventy-eight tons. Nepal has high production as compared to India considering that 

Nepal is very small in size than India.  
 

The demand for fine rice increases by 0.9% with every percent increase in income (Khush, 2000). 

According to the surveyed rice suppliers, literature and from the trade data, rice is mainly 

imported from India (99%) and occasionally from Thailand, the US and Japan.  

  

CONCLUSION 
Production area, production; productivity of rice in Nepal is increasing over the years. Production 
is projected to increase further in the coming years. The demand for rice is also predicted to 

further increase in the coming years. FGAR is preferred by most of the Nepalese consumers and 

Indian rice along with FGAR is found cheaper than Nepali rice. Due to increasing population, 

urbanization, internal migration, migration of people to other countries for labor, change in food 

habit, excessive rice intake than recommended, preference of fine aromatic rice by consumers, the 

comparatively cheaper price of Indian rice and post-harvest utilization/consumption/modifications, 

rice imports have been increasing. These are the main drivers of increasing rice imports in Nepal. 

Increasing the production and productivity of FGAR and other rice varieties are seen necessary. 

Nepal must strengthen research and extension on the development of HYV coupled with FGAR 
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with better adaption to different agro-climate. Protection and promotion of local landraces with 

FGAR quality is a must. Intervention with minimizing too much rice consumptions as a staple 

food and higher calorie intake habit is important. Awareness about change in food habit must be 

created and promoting diversity in staple food consumption is very important to alter the driving 

forces of rice import in Nepal. 
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ABSTRACT 
A study was done representing typical hill district of Nepal with the objective to 

understand the existing condition of household labour dynamism also 

considering positive and negative consequences of labour migration in the 

agrarian context. This study was done in Arkhawang of Malika Rural 

Municipality of Gulmi district in September 2018. Among 292 households of the 

study area, 124 households received remittance from migrated members since 
couple of years. Considering this fact, 62 households were randomly chosen for 

this study to collect the primary information. Secondary information was 

collected from different sources. Sample household had one or more members 

working abroad currently. Any member working within country and India were 

not considered as migrants to avoid the vagueness of this research as it 

represented only a typical scenario of migration. The SPSS software was 

applied to analyze the data. Findings revealed that about 94 percent of the 

respondents were having agriculture as major occupation. The majority of the 

respondents belonged to Brahmin/chhetri (69 %) followed by Janajati (16%). 

More households were having joint family structure (53%) and more than one-

third of them were illiterate. Members from each household have migrated 
abroad for employment (mean, 1.37±0.68). Majority of the Brahmin/Chhetri 

households have both remittance and farming as the major sources of household 

income followed by remittance only. Average annual remittance earning was 

ranging from 350 thousand to 450 thousands per household per year. Majority 

of the respondents had used remit for repay loan, expense for education, and to 

purchase land. Adjustment of workload related to migration led labour 

deficiency was such that more than half of the respondents opined that they use 

hired labour. 

 

Keyword: Migrants, remittance, poverty, agrarian, ethnicity 

INTRODUCTION 
Migration is a form of spatial mobility, which involves a change of usual residence of a person 

between clearly designed geographical units. Migration of people from one place to another has 

been historically a part of every society’s construct. Migration in returns has always affected 

functioning and features of society through diffusion of cultural practices and acculturation. 

Migration of people bear significant effect on societies’ functioning. According to Cohen (1996), 

population shift existed from the beginning of the human history throughout period of hunting and 

gathering, transhumance and nomadism. The modern population shift is marked by the flourishing 
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long distance trade and globalization, which is not only limited to the flow of commodities but 

also incessant flow of people. 

 

Over the years, labour migration for foreign employment has been a vital livelihood option for the 

Nepali population (GIZ and ILO, 2015). Like other developing countries Nepal is facing a low 

level of employment and income along with high levels of poverty and inequality in the 
distribution of revenue acted as push factors for the youth to explore foreign markets for 

employment opportunities. Similarly, we found that seasonal labour migration to India especially 

from certain areas of Nepal has had a long history. The liberalized economy and political 

environment adopted by country after the political changes in 1990s formalized labour migration 

as an opportunity for employment. 

Remittances are the money and other non-monetary goods that are transferred to households by 

migrant workers who are working away from their communities of origin. Nepalese international 

migrants are increasing day by day. Official data shows that in the last 6 years, about 3 lakh youth 
per year were out-migrated for foreign employment in the international labour market (DoFE, 

2014, as cited by Thapaliya & Devkota, 2018). 

The current trend in obtaining labour permits from the Department of Foreign Employment in 

Nepal from fiscal year 2008/09 – 2016/17 is shown in the following table (Table 1) that shows the 

increasing trend of migration over the past few years.  

Table 1: Nepal's trend in granting labour permits, 2008/09 – 2016/17 

Fiscal year Total no. of Nepali labour migrants 

Male Female Total 

2008-09 211,371 8,594 219,965 

2009-10 284,038 10,056 294,094 

2010-11 344,300 10,416 354,716 

2011-12 361,707 22,958 384,665 

2012-13 423,122 27,767 450,889 

2013-14 490,517 29,121 519,638 

2014-15 477,690 21,412 499,102 

2015-16 385,226 18,467 403,693 

2016-17 362,766 20,105 382,871 

(Source: Department of Foreign Employment, 2017) 

Migrants' remittances are also increasing year to year. The World Bank (2016) estimated 

worldwide remittances as US$ 601 billion in 2015, out of which developing countries portion was 

US$ 441 billion (73.4%). Developing countries such as Tajikistan, Nepal and Tonga have a larger 

share on remittance in terms of their gross domestic product (GDP). World Bank (2018) reported 

that Nepal has 28.31% share of remittance on its GDP's composition of 2017. The trend of 

remittance inflows to GDP for Nepal through foreign employment from year 2009 to 2017 is 

presented in Table (2). 
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Table 2: Status and trend of remittance inflows to GDP since 2009 to 2017 in Nepal  

Year % of GDP 

2009 23.20 

2010 21.64 

2011 22.29 

2012 25.42 

2013 29.00 

2014 29.43 

2015 31.43 

2016 31.28 

2017 28.31 

(Source: World Bank, 2018) 

 

Remittance receiving households in Nepal is increasing in recent year. According to CBS (2011) it 

has reached 55.8 per cent whereas it was only 23.4 percent in 1995. The large scale migration and 

remittance inflow over the last two decades have shown Nepal to be "a remittance economy", 

presenting challenges for policy makers (Devkota, 2014). The author argued that over the last 
fifteen years, the poverty head count decreased appreciably in Nepal, from 42 percent in 1995 to 

31 percent in 2004, and to 25 percent in 2010.  On the other hand, inequality has increased from 

35 to 44 percent between 1995 and 2004 (CBS, 2011). 

Nepal has less opportunity for off-farm employment thus rural youths by and large, are exhibiting 

exemplary dynamism, getting increasingly disinterested in agricultural work and are moving out 

of agriculture and rural areas (Agasty and Patra, 2013). The trends in the destination countries of 

migrant workers from Nepal are similar to the trends in other South-Asian countries. According to 
Ministry of Labour and Employment (2018) Nepali labour migrants have obtained permits to work 

on 153 countries across the world over the past nine fiscal years (2008/09-2016/17). The report 

further stated that among 3,554,683 permits issued; 29.88 per cent were for Malaysia, followed by 

Qatar (21.57%), Saudi Arabia (20.37%), UAE (10..62%), Kuwait (2.54%), Republic of Korea 

(1.32%), Bahrain (0.86%) and Oman (0.63%) (MoLE, 2018). 

As world system theory suggests that the capitalist countries seek low cost labour, the peripheral 

countries grow economically dependent on core countries (Jenision, 2007). With a quick benefit 

through remittance, they tend to negate the fact that it is just a temporary relief and that migration 
is a safety valve. Lack of proper study and deeper analysis on the issue of youth migration is 

harmful to society, which is reflected in our land. There is a wide scope to analyze whether 

migration is heading in search of better wages, or they are only being supplied in the capitalist 

world labour market with least incentive. In this context a study was done representing typical hill 

and mountain district of Nepal with the objective to learn the existing scenario of household 

labour dynamism also considering positive and negative consequences of labour migration in the 

agrarian context of Nepal. 

Piore (1979) claimed that permanent demand for immigrant labour is inherent to economic 
structure of developed countries. The structure of economy is divided into the high wage level 

sectors characterize by capital intensive method of production and low wage level sectors 

characterize by labour intensive method of production. It is the low wage sector which needs the 
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immigrant workers. Piore has thus suggested three possible explanations; general labour shortages, 

the need to fulfill the bottom positions in the job hierarchy, and labour shortages in the secondary, 

low wage level segment of a dual labour market. When the labour shortage is a threat of structural 

inflation (if the wages are increased in low wage level sector, they must be increased 

proportionally throughout the job hierarchy) the so called economic dualism with jobs at the 

bottom hierarchy would be unstable demographic and social changes and motivational problems. 
In short, international labour migration is largely demand-based in developed societies. This 

demand grows out of structural features of developed economies: international wage differentials 

are neither sufficient nor necessary for migration to occur. 

Conceptual Framework 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 1: Conceptual framework of the study 

Low-level wages in immigrant receiving societies are not likely to increase if immigrant supply 

decreases because they are held down by social and institutional mechanisms (job hierarchies). 

Low-level wages may fall in response to an increase in labour supply. 

The work of Wallerstien (1974) has further inspired towards the sociological approaches of 

migration. World system theory is macro-sociological perspective, which explains the origins of 

international migration by dynamics of the capitalist world economy. The drive behind capital 

accumulation forced capitalist countries to search for new raw materials, land, and new low-cost 

labour. Such penetration of capitalist economic relations worldwide has created a mobile 

population in peripheral, non-capitalist societies, i.e. the flows from center induce counter-flows 

from periphery such as labour migration. Migration of these types happens to be facilitated by 
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various links between the country of origin and destination, namely cultural, transportation, 

communication links, or linguistic proximity. According to this theory, migration is therefore 

more likely to occur between past colonial powers and their former colonies and it is particularly 

useful for explaining the existence of linkages between countries, which are located over large 

geographical distance (Bijak, et. al., 2006). Along with these scenario, agriculture based countries 

also have to face consequence of labour shortage due to migration as youth are the most 
productive force in performing agriculture activities. Both positive and negative consequences 

might be emerged at the household level that is directly related to the migration.  

 

RESEARCH METHODOLOGY 
 

This study was done in Arkhawang i.e. Ward no 4 of Malika rural municipality of Gulmi district 

in September 2018. Among 292 households of the study area 124 household received remittance 
from migrated members since couple of years. Out of 124 households 62 were chosen as study 

households. This research aimed to analyses the impact of remittance on agricultural practices of 

the research area and labour dynamics of particular localities. The primary information was 

collected through questionnaire survey and observation. Similarly, secondary information were 

also collected from different sources to help support the major findings for better interpretation 

and analysis. All sample households were chosen randomly. Sample household has one or more 

members who are working abroad currently. Any member working within country and India were 

not considered as migrants to avoid the vagueness of this research as it represented only a typical 

scenario of migration. The major aspects of the questionnaire survey contained questions such as 

information of household head and migrants, duration of migration, positive and negative effects 

on work load, amount of remittance and source of receiving, and use of remittance. The SPSS 
software was applied to analyze the data obtained through questionnaire survey for descriptive 

analysis.  

 

RESULTS AND DISCUSSION 

Household demographics  

Mean age of the respondents was 43.40 ±13.33 with the minimum age of 24 to 78 years. 

Respondents were randomly chosen. Accordingly 42 percent of male and 58 percent of female 

were interviewed as per the availability during the household survey. It was learnt that about 94 

percent of the respondents were having agriculture as major occupation whereas the rest of them 

were engaged in other areas such as service, business and working as a wage labour. The majority 

of the respondents were belongs to Brahmin/chhetri (69 %) followed by janajati (16%) and dalit 
(15%). The study findings revealed that more households were having joint family structure (53%) 

than the nuclear family (47%). Among the surveyed respondents more than one-third of them were 

illiterate and a very few were having secondary and intermediate level education (Table 3). 

Migration of people in the overseas labour market is a kind of general trend at the present context 

across the country. This study has also proven the similar findings that each household people 

have migrated in the overseas labour market ranging from one to four members with the mean 

1.37±0.683. If we observe the occupational status of the migrants, we can find that more than half 
of them were dependent on agriculture followed by student (Table 4). 
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Table 3: Respondent's educational status at the study sites of Gulmi 

Level of education Frequency (%) 

Illiterate 26 (41.9) 

Literate 15 (24.2) 

Primary level 14 (22.6) 

secondary level 4 (6.5) 

Intermediate 3 (4.8) 

Total 62 (100) 

Source: Field Survey, 2018 

 

Table 4: Occupational status of the migrants before migration at the study sites of Gulmi 

Occupation Frequency (%) 

Agriculture 34 (55.7) 

Student 18 (27.9) 

Wage labour 5 (8.2) 

Seasonal migration to India 4 (6.6) 

Service 1 (1.6) 

Total 62 (100) 

Source: Field Survey, 2018 

 

Ethnicity and sources of household income 
Majority of the Brahmin and Chhetri households have both remittance and farming as the major 

sources of household income followed by remittance only. Very few of the Brahmin and chhetri 

households were also relied on service along with the remittance and farming (Table 5). The 

similar scenario was found in Janajati and Dalit ethnicity as well (Table 5). 

 

Table 5: Sources of household income across the ethnicity in the study sites of Gulmi 

Sources of income Brahmins/ 

Chhetri Janajati Dalit Total 

Remittance only 11 1 4 16 

Service, remittance and farming 7 1 - 8 

Remittance and farming 25 8 5 38 

Total households 43 10 9 62 

Source: Field Survey, 2018 

 

Ethnicity and household remittance earning 

The study finding revealed that the average remittance earning of migrants was ranging from 3 

lakh 50 thousand to 4 lakh 50 thousands per household per year across the ethnicity (Table 6). 

However, few of the migrants have even lower earnings than the above scale. Some of the 
migrants are able to earn more than 7 lakh per year (Table 6). It was learnt that there was a quite 

variations in terms of remittance earning, and it might depends on the individual skill, capacity 

and the nature of job they receive in the labour market.  
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Table 6: Household remittance earning per year across the caste and ethnicity in the study sites of 

Gulmi 

S. N Annual income (Rs.) Brahmins/ 

Chhetri Janajati Dalit Total 

1 150000-250000 5 - 1 6 

2 250000-350000 7 1 1 9 

3 350000-450000 11 6 4 21 

4 450000-550000 4 1 1 6 

5 550000-650000 9 - 1 10 

6 650000-750000 3 2 - 5 

7 More than 750000 4 - 1 5 

Total households 43 10 9 62 

Source: Field Survey, 2018 

 

Ethnicity and use of remittance  

It was learnt from the findings of this study that majority of the respondents had used remit for 
repay loan, expense for education, and also to purchase land. Again, if they had some extra 

money, they also used to save it for future use. This scenario was similar across the ethnicity 

(Table 7). Many scholars have concluded similar findings in line with the findings of this study in 

terms of the use of remittance. Accordingly, Mishra (2014) has pointed out the reality of use of 

remittance as a remitter, always wants to ensure that the remittance money has been spent for the 

benefit of the household members such as nutritional, educational, and health care of family 

members and invest to generate income for future use. Thus, our findings match well with the 

specific report of the similar studies. 

 

Table 7: Use of remittance across the ethnicity at the study sites of Gulmi 

Use of remittance Brahmins/ 

Chhetri Janajati Dalit Total 

Repay loan 1 - - 1 

Expense for education 1 - - 1 

Repay loan, expense for education, land 
purchasing and saving 41 10 9 60 

Total 43 10 9 62 

Source: Field Survey, 2018 

 

Likewise, Bhandari and Chaudhary (2017) also reported that most significant portion of the 

remittance income in Nepal is being used for consumption purpose followed by repaying loan. For 

most of the countries, remittance not just contributes to recipient families and communities, but to 

the whole national economy where they are being used (Arnold, 2017). These scenarios further 

explain the fact that poor families are migrant and recipient of remittance that supports household 

economy and thus improve the rural livelihood. 

Adjustment of workload after migration 

Table (8) describes the scenario about workload adjustment in the absence of migrants. 

Accordingly, more than half of the respondents opined that they use hired labour when it is deem 

needed to adjust with the situation of labour requirement. About one-third of the respondents also 



Nepalese Journal of Agricultural Sciences, 2018, vol. 17 
ISSN 2091- 042X; e ISSN 2091- 0428 

226 
 

reported that they share workload among the family members to adjust with the situation (Table 

8). 

 

Table 8: Workload adjustment in the absence of migrants at the study sites of Gulmi 

Workload adjustment Frequency (%) 

Use of hired labour 29 (51.8) 

Use of exchange labour 10 (17.9) 

Skip farming 1 (1.8) 

Share workload among the family members 16 (28.5) 

Total 56 (100) 

Source: Field Survey, 2018 

 

Migration and its impact 
Table (9) describes the scenario of migration and its impact in the research site. It was learned 

from the analysis of the data that about nine tenth of the respondents reported about the fact of 

decrease agricultural production in overall, mainly due to the reason associated with migration. 

Little concern was there also about possible conflict at household level (Table 9). 

 

Table 9: Migration and its impact at the study sites of Gulmi 

Impact areas of migration Frequency (%) 

Decrease agricultural production 46 (92) 

Household conflict 1 (2) 

Decrease agricultural production and household 

conflict 
3 (6) 

Total 50 (100) 

Source: Field Survey, 2018 

 

Positive aspect of migration 

Pertinent information about positive aspects of migration has been described in Table (10). 

Accordingly, it was learned that more than half the respondent use remit money to purchase seed 
and fertilizer that should have positive impact to the overall agricultural production. Likewise 

about one fifth of the respondents also reported that they would use remit money in purchasing 

land (Table 10). 

Table 10: Positive aspects of migration at the study sites of Gulmi 

Positive aspect Frequency (%) 

Remit income support to land purchase 6 (20) 

Cattle purchase 1 (3.3) 

Seed and fertilizer purchase 16 (53.3) 

Construct a new house 2 (6.8) 

Land and cattle purchasing 4 (13.3) 

Tractor purchase 1 (3.3) 

Total 30 (100) 

Source: Field Survey, 2018 
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Pant (2008) pointed out that remittances can generate a positive effect on the economy thorough 

various channels such as savings, investment, growth, consumption, poverty, and income 

distribution. Similarly, most of the literatures showed that one of the major positive impacts of 

remittance receiving countries is that- it helps to alleviate poverty (Martin, 2006; Pant, 2008; 

Ratha, 2013). Ratha (2013) further come up with the findings that remittances has increased 

household income and is therefore powerful anti-poverty force in developing countries. 

 

Negative aspect of migration 

Like in the case of positive impact of remit money at the household level, responses were 

collected in terms of its negative consequences. Accordingly, more than two fifth of the 

respondents reported that due to migration and labour related effect, agricultural production at 

household level has been decreased; worst scenario is such that farmers have now stopped raising 

livestock. Likewise one third of the respondents also thought about increase fallow land decrease 

crop coverage due mainly to the shortage of labour (Table 11). 
 

Table 11: Negative aspect of migration at the study sites of Gulmi 

Negative aspect Frequency (%) 

Agricultural production decrease and stop 

livestock rearing 

10 (43.5) 

Shortage of labour and labour cost is high 2 (8.7) 

Increase fallow land 8 (34.8) 

Family breakdown has started due to 

migration 

1 (4.3) 

Land sold 2 (8.7) 

Total 23 (100) 

Source: Field Survey, 2018 

 

Adams (2011) concluded that international remittance in most of the case have positive impact on 

poverty reduction and healthcare at the same time it can have negative effects like labor supply, 

education and economic growth. In our study we also found that both of these options were 

equally strong suggesting the consequences of both facts at the household level. 

Challenges of migration 

It was learnt that there are some challenges of migration especially at the household level. We can 

see those challenges into two aspects for example in the one hand perhaps due to the absence of 

spouse there have been high chances of family breakdown (63.6%) on the other hand family 

conflict (36.4%) may arise due to variation between earner and non-earner.  

 

CONCLUSION 
Findings from this study- which was conducted as a representative scenario of hill district of 

Nepal revealed that migration is the major cause of labour shortage with its both positive, such as 

household income contribution and more scope for spending to the schooling and food at the 

household level whereas negative effects are clearly visible in reducing agricultural activities, 

production and then deviation from agricultural sector. These facts are important to consider while 
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formulating policies and related planning about migration and its consequences in the agrarian 

context of Nepal. 
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ABSTRACT 

The study consists of 30 wheat genotypes evaluated at Regional Agricultural 

Research Station (RARS), Dipayal, Doti during wheat growing season of 

2014/2015 in alpha lattice design with 3 replications to study genetic variability, 

heritability, genetic advance and correlation between grain yield and yield 

associated traits. Analysis of variance revealed statistically significant 

differences indicating the existence of inherent genetic variability among 

genotypes for grain yield and yield associated traits. Higher phenotypic 

coefficient of variation (PCV) estimated as compared to their corresponding 

genotypic coefficient of variation (GCV) for all the traits showed environmental 

influence on the expression of traits. Higher PCV and GCV values were 

exhibited by grain yield, spike/m2and grain/spike. All traits recorded high 

heritability except grain/spike suggesting these traits are under high genetic 

control. High heritability coupled with higher genetic advance were estimated 

for grain yield, spike/m2, thousand grain weight, days to heading and plant 

height indicating that these characters are governed by additive gene effects and 

direct selection can be applied for improvement on those traits. Positive 

correlation between grain yield with test weight, grain/spike and number of 

spikes/m2 indicating that selection in favour for these characters can be used for 

simultaneous yield improvement in wheat. Furthermore, negative correlation of 

days to heading, maturity and plant height with yield indicating the possibility of 

yield improvement by selecting dwarf and early types. 

Keywords:  Wheat, variability, heritability, genetic advance, correlation 

  

INTRODUCTION 

 
Wheat (Triticum aestivum L.) is a widely cultivated crop as it is being growing from latitudes 350 

to 650N (Trethowan et al, 2005). It is ranked third in terms of area (745823 ha) and production 

(1736849 Mt) after rice and maize in Nepal and contributing about 23% in area and 20% in 

production of cereal with 2.33 t/ha national average productivity (MOAD, 2017). It is grown in 
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terai, mid and high-hills which shares 58, 34 and 8 percent area and contributes about 70, 25 and 5 

percent production respectively. This statistics shows the lower productivity of wheat in hilly 

areas. The most important factor for lower productivity is the lack of adaptable drought tolerant 

high yielding varieties for hilly regions, lack of irrigation facility and wheat yield is mostly 

depends on residual moisture and winter rainfall. Further low seed replacement rate, low soil 

fertility, slow varietal replacement rate also limiting wheat productivity in hills.  

 

Genetic improvement is a major tool to develop high yielding drought tolerance varieties 

(Farshadfar et al. 2013). The genetic variation present in the breeding populations is of prime 

importance for success of any breeding program. Therefore, success on plant breeding entirely 

depends on the existence of genetic variability in a population with respect to desired traits, 

breeding methods and selection skill of a breeder (Adhikari et al., 2018). Variability is the 

presence of differences among the individuals of plant population because of genetic composition 

and the growing environments (Sumanth et al., 2017). So, information of genetic parameters and 

correlations between yield and yield components are important to plant breeders to design and 

implement efficient breeding methods for crop improvement program (Joshi et al., 2015).  

Variability, genetic diversity, expected genetic advances and heritability of the traits are key basis 

for genetic improvement of the trait. Moreover, nature and magnitude of genetic variation 

governing the inheritance of yield and yield components is essential for genetic improvement. 

Genetic advance measures the difference between the mean genotypic values of selected 

population and the original population from which these were selected. In general, Heritability is 

the ratio of variation due to differences between genotypes to the total phenotypic variation for a 

trait in a population. It shows the component of a character transmitted to future generations. 

Heritability estimates along with genetic advance is more precise in predicting the genetic gain 

under selection than heritability alone. In addition relationship between yield and yield attributing 

traits are prime important for direct and indirect selection of traits to which contributes to yield 

(Aditya and Bhartiya, 2013). Therefore, this study was under taken to know information on 

variability, heritability, genetic advance and traits correlation in advanced wheat genotypes breed 

for rain fed drought prone mid hill environment of Nepal. 

 

MATERIALS AND METHODS 

 
The experiment was conducted at Regional Agricultural Research Station, Dipayal, Doti. 

Geographically, it is situated at 80° 55' east longitude and 29° 15' north latitude and the altitude of 

this station is 510 masl. In general, the climate is sub tropical, pre-monsoon period is dry and very 

hot. Monsoon starts very late in July and it is very erratic. Generally, annual rainfall does not 

exceed 1000 ml. High solar radiation and wide variation in day and night temperature is the 

climatic features of the area. Experimental field soil was shallow in depth and porous, sandy loam, 

slightly acidic with pH 5.5-6.0, low in nitrogen and organic matter i.e. 1-2% and 0.6 % 

respectively. Because of light texture soil and low organic matter content, the water holding 

capacity of the soil is very low.  
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Thirty wheat genotypes breed for mid-hills (Table 1) received from Agricultural Botany Division 

(ABD), Khumaltar was experimented on alpha lattice design in 3 replications during winter season 

of 2014/15 (Nov. 2014 to April 2015). Seed was sown on flat bed @ 120 kg ha-1 on 12th 

November, 2014. Spacing used was 25 cm between rows and continuous in a row. Individual plot 

size was 4 m2 (8 rows of 2 m long). In addition to 10 t FYM, 40:40:20 N P2O5 K2O kg/ha were 

applied during land preparation. Side dressing with N was done twice i.e. @ 20 kg/ha during CRI 

stage and 20 kg during panicle initiation stage. A pre-sowing irrigation was given just before land 

preparation. Subsequent 3 irrigations were given at crown root initiation stage, panicle initiation 

stage milk formation stage.  

 

Table 1: List of wheat genotypes used for the study 

Source EN Genotypes EN Genotypes EN Genotypes 

Agricultural 

Botany 

Division 

(ABD), 

Khumaltar 

1 WK2519 11 WK2485 21 WK2505 

2 WK2525 12 WK2492 22 WK2506 

3 WK2530 13 WK2494 23 WK2508 

4 WK2537 14 WK2495 24 WK2509 

5 WK2544 15 WK2555 25 WK2510 

6 WK2545 16 WK2562 26 WK2511 

7 WK2546 17 WK2564 27 WK2513 

8 WK2548 18 WK2566 28 WK2514 

9 WK2551 19 WK2503 29 WK2515 

10 WK1204 20 Munal#1 30 WK1481 

 

Observed quantitative characters and their abbreviation used on this manuscript were presented in 

Table 2. Observations on days to heading, days to maturity, grain yield, 1000 grain weight were 

recorded on plot basis by excluding 2 border rows. Number of spikes was recorded from 1m2 area 

on the centre of the plot. Plant height and filled grains/spike were recorded form 10 randomly 

selected plants from middle row. Grain yield and 1000 grain weight were adjusted at 14% 

moisture. 
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Analysis of variance and correlation among traits were done by using Genstat 18th edition at 0.05 

level of significance. Significance of correlation coefficient was done as proposed by Kothari 

(2004). The phenotypic and genotypic variances were computed according to Falconer (1981) and 

broad sense heritability was calculated according to Allard (1960). Genetic advance estimated and 

categorized as high, medium and low as suggested by Johnson et al. (1955). Coefficients of 

genotypic and phenotypic variation were categorized as proposed by Sivasubramanian and 

Madhavamenon (1973). 

 

Table 2: List of quantitative characters studied 

SN Characters Abbreviation 

1 Days to 50% Heading DH 

2 Days to 90% maturity DM 

3 Plant height (cm) PH 

4 Number of spikes/m2 Sp/m2 

5 Number of filled grains/spike G/S 

6 Thousand grain weight (g) TGW 

7 Grain Yield (t ha-1) GY 

 

RESULTS AND DISCUSSION 

Mean and Range 

Mean value and range for 7 quantitative characters were presented in Table 4. Wheat genotypes 

showed considerable phenotypic variation on yield and observed yield components. Highest 

phenotypic variation is observed for grain yield which is followed by number of spike/m2 whereas 

days to maturity showed lowest phenotypic variation as percent of mean value. Variation for days 

to heading ranged from 95 days (WK 2509) to 129 days WK 2513 with mean 105 days, however, 
WK 2595 was earliest in maturity took 139 days to mature while WK 2514 was late in maturity 

took 168 days to mature. Likewise plant height ranged from 89.3 cm (WK 2508) to 135.3 cm (WK 

2492) with mean 111.90 cm. Variation on spikes/m2
 ranged from 142.7 (WK 2564) to 376.7 (WK 

2519) with 259.40 mean value while number of filled grains/panicle ranged from 35 (WK 2513) to 

80 (WK 2564) with 51.1 mean. Thousand grain weight ranged from 37.67 g (WK 2545) to 59 g 

(WK 2495) with mean 50.37 g. Grain yield ranged from 1547 kg/ha (WK 2485) to WK 2506 

kg/ha (IR09F34-36) with mean 4287 kg/ha. 

 

Analysis of Variance 

The analysis of variance for seven quantitative characters among 30 wheat genotypes showed 

highly significant differences (P<.001) for all traits except grains/spike in which significant 
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difference (P<.005) was observed (Table 3). The results showed the presence of inherent genetic 

variability among the genotypes which gives an opportunity for wheat breeders to improve those 

traits through selection and hybridization. Significant difference on wheat yield and yield 

attributing traits were also reported by Bhushan et al. (2013), Mesele et al. (2016), Khan and 

Hassan (2017), Nishant et al. (2018) and Kumar et al. (2017).  

 
Table 3: Analysis of variance (ANOVA) for yield and contributing traits 

 

 

Genetic variability, heritability and genetic advance 

Phenotypic coefficient of variation (PCV), the genotypic coefficient of variation (GCV), broad 

sense heritability, and genetic advance (at 5% selection intensity) as percent of means are 

presented in Table 4. The extent of the influence of growing environment on observed traits is 
explained by the magnitude of the differences between GCV and PCV. Large difference between 

PCV and GCV indicate high environmental influence on the expression of particular traits. In  the  

present  study,  phenotypic  coefficient  of variation  in  general  were  higher  than  genotypic 

coefficient of variation for all the traits indicating environmental effect on the expression of these 

traits except days to heading and maturity which were less affected by environment for expression. 

Traits showing greater difference between GCV and PCV indicating that these traits were more 

influenced by growing environment can be improved by providing optimum growing 

environments but selection is ineffective in favour of traits of interest. Likewise traits having small 

difference between GCV and PCV indicated that there was very little environmental influence on 

these traits and cannot be improved by providing favorable environment and selection is effective 

in favour of traits of interest. 

 
High PCV were observed for grain yield, number of spikes/m2 and number of grains/panicles. 

Medium PCV observed for thousand grain weight. Plant height, days to heading and days to 

maturity showed low PCV. Likewise, grain yield showed high GCV, number of spikes/m2 and 

grain/panicles have medium and remaining traits showed low GCV. These findings are in 

accordance with the findings of Bhushan et al. (2013), Fellahi et al. (2013), Mesele et al. (2016), 

Jamil et al. (2017), Khan and Hassan (2017) and Kumar et al. (2017). Similar findings for days to 

SN Trait Rep  Treatment Error F cal CV P value 

1 DH 10.34 173.87 4.279 40.63333 1.97 <.001 

2 DM 30.4 138.6 17.22 8.04878 2.72 <.001 

3 PH 64.43 253.43 23.61 10.73401 4.34 <.001 

4 Sp/m2 48276 9791 3170 3.088644 21.7 <.001 

5 G/S 207.3 301.7 119.2 2.53104 21.37 0.002 

6 TGW 47.08 73.64 11.40 6.459649 6.7 <.001 

7 GY 1604323 4194582 1211350 3.462733 25.67 <.001 
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heading, days to maturity were reported by Kumar et al. (2016), Rajput (2018) and Nishant et al. 

(2018), however, they reported low PCV and GCV for grain yield which is contradictory to our 

findings.  

 

Among the 7 studied traits broad sense heritability ranged from 0.34 (grains/spike) to 0.93 (days to 

heading. Heritability is grouped as low (<0.2), moderate (0.2-0.4) and high (>0.4). So, this study 
showed grains/spike as moderately heritable trait and remaining traits (days to heading, days to 

maturity, plant height, spikes/m2, thousand grain weight and grain yield) showed high heritability. 

These findings are supported by Bhushan et al. (2013), Singh and Upadhyay (2013), Kumar et al. 

(2016), Hamja and Elhashim (2017), Jamil et al. (2017), Khan and Hussan (2017), Kumar et al. 

(2017) and Rajput (2018). In contrast to this findings Fellahi et al. (2013) and Mesele et al. (2016) 

reported low heritability for grain yield. High broad sense heritability indicates the characters 

under study are less influenced by environment in their expression. Therefore, breeders may make 

superior genotypes by selection based on phenotypic performance for those highly heritable traits. 

 

Estimated heritability itself alone is not very much useful because it includes the effect of both 

additive and non additive gene. Therefore, the genetic advance is useful indicator to estimate 

expected gain on the trait of interest of a population after selection. Genetic advance in percentage 
of mean give more precise result in comparison to only genetic advance as it give expected 

phenotype on selected population. Genetic advance as percent mean was categorized as low (0-

10%), moderate (10-20% and high (≥20%).  

 

Genetic advance as percent mean ranged from 7.21% for days to maturity to 32.17% for grain 

yield indicating that selecting the top 5% of the genotypes could result in an improvement range of 

32.17% for days to maturity to 32.17% for grain yield. In the present study high genetic advance 

as percent of mean were estimated for grain yield kg ha-1 and spikes/m2; moderate for grains/spike, 

test weight, days to heading and plant height; and days to maturity showed low genetic advances 

(Table 4). In supportive for present finding, high heritability with high genetic advance for grain 

yield was previously reported by Singh and Upadhyay (2013), Jamil et al. (2017), Iqwal et al. 
(2017) and Kumar et al. (2017). Moderate to high genetic advances on plant height, days to 

heading, spikes/m2, grains/spike and thousand grain weight were reported by Singh and Upadhyay 

(2013), Hamja and Elhashim (2017), Jamil et al. (2017), Kumar et al. (2017) and Rajput (2018) 

which are supportive for present findings. Low genetic advance for days to maturity were reported 

by Kumar et al. (2016), Hamja and Elhashim (2017), Iqbal et al. (2017) and Nishant et al. (2018) 

which supports our finding. High heritability coupled with high to medium genetic advance were 

recorded for grain yield, number of spikes/m2, test weight, days to heading and plant height 

indicating that these characters are governed by additive gene effects and direct selection for these 

traits would be more effective for desired genetic improvement.  

 

Correlation 

Correlation coefficient is a measure of the degree association and relationship between two 
variables. It is important in plant breeding as it can be used for indirect selection. The study of 

correlation between different characters may help the plant breeder to know how the improvement 

of one character will bring simultaneous changes in other characters. Degree of correlation is 

categorized as weak (0-0.3), moderate (0.3-0.7) and strong (0.7-1.0). Phenotypic correlation 

between seven quantitative traits of 30 wheat genotypes is presented in Table 5. 
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Wheat yield showed highly significant moderate positive correlation to thousand grain weight, 

significant weak positive to number of spikes/m2 and weak non-significant with grains/spike. On 

the other hand, wheat yield showed highly significant moderate negative correlation with days to 

heading and days to maturity; and non significant weak negative with plant height. This 

experiment indicated that positive selection based on thousand grain weight, number of spikes/m2 

and negative selection on days to heading and maturity would be effective to increase yield. 
Sokoto et al. (2012) also reported positive correlation of thousand grain weight, spike density and 

number of grains/spike to the wheat yield, which is supportive to the present findings. In addition, 

Fellahi et al. (2013), Khan and Hassan (2016), Nishant et al. (2018) and Rajput (2018) also 

reported significant positive correlation between wheat yield and thousand grain weight. In favour 

of present findings, Singh and Upadhyay (2013), Rajput (2018) and Nishant et al. (2018) reported 

significant negative correlation of days to maturity on wheat yield. Further negative correlation 

between grain yield and days to heading were also reported by Fellahi et al. (2013) and Nishant et 

al. (2018) which supports present findings. Likewise Singh and Upadhyay (2013) and Khan et al. 

(2013) also reported negative correlation between plant height and grain yield. 

 

Table 4:  Mean, range, phenotypic (vp) and genotypic variance (vg), phenotypic coefficient (PCV) 

and genotypic coefficient of variance (GCV), broad sense heritability (Hbs), genetic advance (GA) 
and genetic advance as percent of mean (GAM) for all the traits 

SN Trait 
Mean Range Vg VP Hbs GCV PCV GA 

GAM 
% 

1 DH 105.10 95-129 56.53 60.81 0.93 7.15 7.42 14.93 14.21 

2 DM 152.30 145-168 40.46 57.68 0.70 4.18 4.99 10.97 7.21 

3 PH 111.90 89.3-135.3 76.61 100.22 0.76 7.82 8.95 15.76 14.09 

4 Sp/m2 259.40 142.7-376.7 2207 5377.00 0.41 18.11 28.27 62.00 23.90 

5 G/S 51.10 35-80 60.83 180.03 0.34 15.26 26.26 9.34 18.28 

6 TGW 50.37 37.67-59 20.75 32.15 0.65 9.04 11.26 7.54 14.96 

7 GY 4287 1547-6718 994410.67 2205760.67 0.45 23.26 34.64 1379.28 32.17 

 

Flowering days showed highly significant moderate positive correlation with days to maturity 

indicated that selection on early flowering types can be use to select early maturing population. 

This result is further supported by the previous findings of Khan et al. (2013), Iqbal et al. (2017) 

and Nishant et al. (2018). Days to heading and maturity have observed negative correlation with 

thousand grain weight, grains/spike which is in close agreement with the findings of Singh and 
Upadhyay (2013), Fellahi et al. (2013), Nishant et al. (2018) and Rajput (2018). In addition weak 

positive correlation observed for days to heading and days to maturity with plant height with is 

similar to the findings of Singh and Upadhyay (2013).  

 

Plant height has found positively correlated with number of spikes/m2 which is also supported by 

Khan et al. (2013). Similarly the negative correlation of plant height with grains/spike and 
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thousand grain weight are in accordance with the previous findings of Singh and Upadhyay 

(2013). In the present study negative correlation between spikes/m2 and thousand grain weights 

observed which is supported by findings of Iftikhar et al. (2013). In addition weak negative 

correlation is observed between spikes/m2 and grains/spike. Similarly weak positive association 

between grains/spike and thousand grain weights observed which is in agreement with the findings 

of Khan et al, (2013) and Khan and Hassan (2016). 
 

Table 5: Phenotypic correlation coefficients between 7 characters of wheat 

 DH DM PH Sp/m2 G/S TWG 

DM 0.6155**      

PH 0.1642 0.0278     

Sp/m2 -0.0716 -0.1593 0.26**    

G/S -0.3287** -0.2217* -0.1634 -0.178   

TGW -0.2269** -0.1213 -0.2723** -0.2803** 0.0774  

GY -0.3404** -0.3121** -0.168 0.2155* 0.037 0.4041** 

*, ** Significance at P ≤ 0.05 and P ≤ 0.01 level of significance respectively 

 

CONCLUSION 
 

The overall results confirmed the existence of significant variability for yield and yield attributing 

traits, which makes this population suitable for breeding purpose. In the present study, the high 

heritability coupled with high to medium genetic advance were recorded for grain yield, number 

of spikes/m2, test weight, days to heading and plant height indicating that these characters are 

governed by additive gene effects and direct selection for these traits would be more effective for 

desired genetic improvement. Positive correlation between grain yield with test weight, 

grain/spike and number of spikes/m2 indicating that selection in favour for these characters can 

directly be followed for yield improvement in wheat. Furthermore, negative correlation of days to 

heading; maturity and plant height with yield indicating the possibility of yield improvement 
though selection for dwarf and early heading and maturing traits.  
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CASE STUDY 

 

Intestinal obstruction in golden retriever due to the ingestion of a 

stone: a case report 
 

R. Shrestha 
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Kathmandu, Nepal 

 

ABSTRACT  
 

Dogs are naturally curious, and they tend to eat a lot of strange things such as 

toilet paper to rocks, shoes to sticks, clothing, and even garbage. Similar case 

was encountered at The Kennel Private Limited, Kalanki, Kathmandu. A Golden 

Retriever dog was brought with the history of vomition after meal. On the 

Clinical Examination, hard mass was felt in the abdomen. Radiography of 
abdomen confirmed irregular shaped foreign object in the intestine. A Ventral 

midline Laparotomy was performed on general anesthesia to remove the foreign 

object by enterotomy and foreign object was found to be stone. Stone was 

irregular in shape and its weight was about 250 g. After enterotomy, dog was 

kept off feed for 4 days. Oral feeding was done from the 5th day of surgery. Early 

diagnosis and successful surgical intervention saved the life of the dog. 

 

Keywords: Foreign body enterotomy, stone, radiography, oral feeding 

 

INTRODUCTION 
Intestinal obstruction is commonly associated with vomiting in dog (Ellison, 1993). Ellison (1990) 

had recorded their findings that because of the indiscriminate eating habits of puppies and kittens, 

the foreign bodies and intussusceptions were usually be recorded. Ettinger and Feldman (2000) 

had revealed that the intestinal obstruction in dogs causes vomition and it was the major problem 

also, but complete obstruction could not be associated with vomiting. The linear foreign bodies 

such as thread, fabrics, carpet and pantyhose strings were very common in dogs and cats (Evans et 

al., 1994). Felts et al., (1984) had reported that diagnosis of intestinal obstruction was 

confirmatory by radiographs while by abdominal palpation, it was rarely diagnostic. Dogs and cats 
may ingest foreign bodies that cause intestinal obstruction, which is one of the most common 

intestinal disorders requiring emergency surgical treatment. Foreign bodies may lodge in any part 

of the intestinal tract; obstruction most often develops in the small intestine when the luminal 

diameter becomes smaller (Papazoglou et. al., 2003). The present case report records an intestinal 

obstruction due to the ingestion of a stone and its successful surgical treatment. 

 

MATERIALS AND METHODS 
A male Golden Retriever dog, aged 3 years, of 20 kg, from Chhauni, Kathmandu was presented to 

The Kennel Private Limited, Kalanki, Kathmandu, Nepal with complain of vomiting, anorexia, 

dullness and passing stool with blood tinge since 10 days.  
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Clinical observation 

The dog was dehydrated and dull. Vital sign was normal (Heart rate: 80 beat per minute, 

Respiration rate: 20 per minute and temperature: 102-degree Fahrenheit). Abdominal palpation 

showed the feeling of hard object inside the abdomen and increased pain. Radiography of 

abdomen was recommended, and foreign object was seen in intestine (Fig ure 1) and decided to go 

for surgery for removal of foreign object as seen in X ray. Before surgery the dog was infused 
with 200 ml DNS. 

 

 
Figure1. X-ray of abdomen showing foreign opaque object in abdomen. 

(a) Right Lateral view (Left)                                                  (b) Ventrodorsal view (Right) 

 

Surgical procedure 

Ventral midline was prepared for enterotomy. Dog was premedicated with Atropine Sulphate @ 

0.02 mg/kg body weight sub cutaneously and general anesthesia with Xylazine 1 mg per kg body 

weight and Ketamine 5 mg per kg body weight. General anesthesia was given intramuscularly and 

Top up (Xylazine and Ketamine) was given intravenously. 

 

A ventral midline laparotomy incision was carried out and the intestine was exteriorized. Incision 

in Jejunum was given over foreign object and foreign object was identified as stone. Stone was 

irregular in shape and its approximate weight was about 250 g. The intestine was rinsed with RL 

saline and incision was closed with 3-0 vicryl in a simple continuous suture pattern. The simple 

continuous closure pattern is an acceptable alternative to simple interrupted closure for small 
intestinal anastomosis or enterotomy closure (Weisman et. al., 1999). The abdomen muscle was 

closed with vicryl of size 1. The subcutaneous was closed with continuous manner with same 

vicryl size and similarly skin was closed with vicryl intradermally. 

 

Post-operative treatment 

Post operatively, the dog was treated with Ceftriaxone @20mg per kg body weight for 8 days, 

fluid therapy (DNS) and Pantoprazole @1mg per kg body weight for 4 days.  After 4 days the dog 

was feed with small amount of rice and pulses.  
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RESULT AND DISCUSSION 
Stone was found in Jejunum (small intestine) in this case which supports the reporting of 

Papazoglou et al., (2003).  Evans et. al., (1994) had reported that linear foreign bodies such as 

thread, fabrics, carpet and pantyhose strings were very common in dogs and cats. But, in the 

present case, it was stone as foreign body. Diagnosis of intestinal obstruction was confirmed by 

radiography which supports the report of Felts et al., (1984).   
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ABSTRACT 
 

Vitamin C, selenium and total phenols are important for human health due to 

their health promoting properties. They help in the termination of chain reaction 
having antioxidant properties and thus protect our body from oxidative damage. 

The daily requirements of vitamin C and selenium are 75 mg and 70 g 
respectively and leads to deficiency situations when their amounts in the body 

are below requirements. For effective dietary or pharmacological interventions, 

it is central to assess the levels of various antioxidants such as Vitamin C, 

selenium and phenolic compounds in a variety of diets. This review will shortly 

present the importance of vitamin C, selenium and total phenols in relation to 

human health and common laboratory techniques for the determination of these 

compounds in different plant samples.  

 

Key words: Vitamin C, selenium, total phenols, antioxidants, human health  

 

INTRODUCTION 
There is much more awareness in human now in consumption of fish, fruits and vegetables to 

satisfy nutritional needs of vitamins and mineral than few years before. Vitamins and minerals act 

as antioxidants that scavenge free radical and protect our body from oxidative damage (Kaur and 

Kapoor, 2001). This document presents about the introduction of common antioxidants: vitamin 

C, selenium and total phenols, their relation to the human health and their determination inside 
laboratory.   

 

Vitamin C 

Vitamin C is one of the important water-soluble vitamins which constitutes L-ascorbic acid (LAA) 

and its oxidation product dehydroascorbic acid (DHA). Mostly plants and animals are able to 

synthesize vitamin C inside their body. However, human body cannot synthesize vitamin C inside 
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our body due to lack of enzyme gulonolactone oxidase (Chen et al., 2003). Therefore, Vitamin C 

should be supplied from the extra dietary sources. More than 90 % of the vitamin C in the human 

diet is supplied by fruits and vegetables. Ascorbic acid is present in fruits like orange, kiwi, mango 

and pine-apple, and vegetables like tomato, broccoli, cauliflower and cabbage.  

 

Selenium  
Selenium (Se) is a naturally occurring element that belongs to VIA group in the periodic table. 

Selenium has similar chemical behavior with sulfur and exists in the four oxidation states as 

sulfur, Se2- (Na2Se), Se0 (elemental selenium), Se4+ (Na2SeO3, selenium selenite; H2SeO3, 

selenious acid) and Se6+ (Na2SeO4, sodium selenite; H2SeO4, selenic acid). Elemental Se is very 

stable and highly insoluble. Selenium exists both in inorganic (Selenite and Selenate) and organic 

form (Selenomethionine and Selenocystein). In soil, selenate is soluble, mobile and available in 

alkaline conditions (Fordyce, 2005). Selenomethionine and selenocysteine have similar structures 

to methionine and cysteine, except that selenium replaces sulfur and incorporated to protein to 

form selenoprotein (Whanger, 2002). Selenium bioavailability is determined by several factors 

including soil, the redox potential, pH, soil texture, organic-matter contents, the presence of 

competitive ions and artificial fertilization (Séby et al., 1997).  

 
Plants differs greatly on the ability of Se accumulation when they are grown in Se-rich soils and 

they are classified normally into three groups (Broadley et al., 2006). Accumulators: they can 

accumulate from 1,000 to 10,000 g Se g-1 dry weight when they are grown on Se-rich soil; 
secondary selenium accumulators: most of Brassica species (broccoli) and Allium species (onion) 

are secondary Se- accumulators: They can accumulate up to 1000 g Se g-1 when they are grown 

in Se-rich soils and; non-accumulators: they can rarely accumulate more than 100 g Se g-1 dry 
weight. Cereal crops such as wheat, oats, barley and rye belong to this group.   

 

 

Total phenols 

Phenolic compounds are large and chemically diverse group of secondary metabolites in plants. 

They are composing of one or more aromatic rings bearing one or more hydroxyl groups (Bravo 

1998). They are the widespread group of substances in flowering plants, occurring in all vegetative 

organs, as well as in flowers and fruits, vegetables, cereals, grains, seeds and drinks. All plant-

based foods have phenols and thereby affecting color, appearance, taste and oxidative stability 

(Naczk and Shahidi, 2004). Phenolic compounds are in a wide range of plant-derived foods and 
mainly divided in four groups: phenolic acids, flavonoids, stilbenes and tannins (Ozcan et al., 

2014). Flavonoid is the extensively studied group of phenolic compounds which has a C6-C3-C6 

skeleton and two aromatic rings joined by a three-carbon link. They include anthocyanins, 

flavanols, flavones, flavanones and flavonols. More than 5,000 flavonoids have been identified in 

nature (Yao et al., 2004). Anthocyanin is the dominating phenol for blue, purple or red color in 

plant (i.e., blue berries, black berries and strawberries).  

 

 

Vitamin C and human health 
Ascorbic acid is an antioxidant vitamin and plays an important role in the synthesis of collagen 

which represent about one-third of the total body protein. It is the main component of blood 
vessels, bone, tendons, teeth, cartilage, cornea and eye lens. Ascorbic acid is essential to maintain 
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the enzyme and lysyl hydroxylase in an active form that is responsible for the hydroxylation of 

proline and lysine using ascorbic acid as co-factor. The deficiency of ascorbic acid results in 

reduced hydroxylation of proline and lysine thereby affecting collagen synthesis (Naidu, 2003). 

The deficiency of ascorbic acid leads to anemia, poor healing and fragility of blood vessels. Other 

deficiency includes bleeding of gums, swollen and painful joints and rough skin (Lee and Kader, 

2000). The daily recommendation of vitamin C is 75 mg/per day for adults.  
 

Selenium and human health 
 

Selenium is important for all the age groups. The daily recommendation of Se is 70 g/day for 
adults. The recommendation value of Se with respect to different age groups is shown in the table 

1 below.  

 

Table 1. Dietary recommendation of Se (EFSA, 2015) 

Age 

 

 

Adequate Intake (g/day) 

 

 

7-11 months 15 

1-3 years 15 

4-6 years 20 

7-10 years 35 

11-14 years 55 

15-17 years 70 

>- 18 years 70 

Pregnancy 70 

 Lactation 85 

 

Keshan disease is an endemic cardiomyopathy caused by the deficiency of Se that affected 

children and women of child bearing age in China. The disease derived its name as it was outbreak 

in Keshan country, northern China in 1935. The visible symptoms are heart cannot function 

properly or chronic moderate-to-severe heart enlargement and result in death. Keshan disease 

occurred in the area where the Se intake was very low (10 gday-1) (Tapiero et al., 2003).   
 

At higher dosages Se may be toxic for all organisms. Toxic concentrations cause hair and nail 

loss, garlic breath, disorders of the nervous system and skin, poor dental health and paralysis in 

human (Johnson et al., 2010). The range of deficiency and toxicity of Se is quite low in human.  
 

 Total phenols and human health 
 

Free radicals are generated inside our body due to aerobic respiration or from external sources 

such as pollution and chemicals. They will start chain reaction and results in disintegration of cell 

membrane, oxidation of cellular components like DNA and protein. (Kaur and Kapoor, 2001). 
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Phenolic compounds are the vital antioxidants which exhibit scavenging efficiency on the free 

radicals or reactive oxygen species (ROS) (Prior and Cao, 2000). Phenolic compounds act as 

protection role against oxidative damage of diseases like coronary heart disease, stroke and cancer 

(Bravo, 1998). 

 

Antioxidants are classified into two groups according to mechanistic categories. They are chain-
breaking antioxidants and preventive antioxidants. Chain-breaking antioxidants scavenge oxygen 

radicals and start oxygen radical sequence. Polyphenols and vitamin C are the common 

antioxidants of this group. Preventive antioxidant inhibits formation of ROS. Superoxide 

dismutase, Glutathion peroxidase are the common antioxidants of these groups (Ou et al., 2002). 

Selenium is not antioxidant by itself, but it is able to produce several enzymes like glutathion 

peroxidase and superoxide dismutase that function as antioxidants.  

  

Determination of L-ascorbic acid, selenium and total phenols 

 

Analysis of L-ascorbic acid 

 

High-performance liquid chromatography (HPLC) is a separation technique that can be used for 
the analysis of organic molecules and ions. HPLC involves mass-transfer between solid stationary 

phase and a liquid mobile phase. It utilizes a liquid mobile phase to separate the components of a 

mixture. The materials needed for the preparation of samples are homogenizer, Oxalic acid (10 

mM HCL), beaker, filter, Sep-pak column, syringe, millipore filters, vials and HPLC (Agilent 

Technologies, 1100 Series, USA). The apparatus consists of pumping system, an injector, a 

chromatographic column, stationary and mobile phases, connecting tubing and fittings, a detector 

and a software for data processing. L-ascorbic acid is detected at absorbance of 254 nm. The value 

is expressed as mg L-asc/100 g fresh weight. The detail process about the determination of 

ascorbic acid in plant tissue is described in Adhikari (2012).  

 

Ascorbic acid content varies among vegetables; 87-100 mg in broccoli cultivars (Adhikari, 2012) 
34-45 mg in cabbage cultivars, 31-39 mg in Kohrabi cultivars, and 52-71 mg in cauliflower 

cultivars (Rawat, 2012).  

 

Analysis of Selenium 
 

Instrumental determination of selenium comprises two parts: separation and detection. Separation 

methods include gas chromatography (GC), HPLC. The detection part mainly consists of atomic 

spectroscopy and mass spectrometry (MS). Inductively Coupled Plasma-Mass Spectrometry (ICP-

MS) is commonly used for the determination of Se in plant tissue samples.  

 

Inductively coupled plasma-mass spectrometry (ICP-MS) is used for the elements that are not 

dissociated into ions (Crews, 1998). An ICP-MS combines a high-temperature ICP source with a 
mass spectrometer. The sample is introduced through a sample inlet, sample are broken down to 

atoms within the high temperature of the plasma. The elemental Se is ionized and detected in the 

mass spectrometer. Typically, a quadrupole mass spectrometer is used because of its speed, ease- 

of-use and robustness (Gross, 2006). The mass ionizer and the ion detector must operate at low 

pressures of 10-3 -10-9 torr to prevent possible collisions between ions and background molecules.  
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ICP-MS is very advantageous for the determination of elements that will not dissociate into ions; 

however, it does not provide any molecular information. It identifies the compounds solely by 

comparing the chromatographic retention times with known standards. In biological systems, due 

to the complexity of matrices, the determination of selenium could be very complicated (Wan, 
2007).  

 

Adhikari (2012) had found 0.19-0.28 g g-1 dry weight Se in broccoli and 0.04-0.05 g g-1 dry 
weight Se in onion with ICP-MS in the control group.  

 

Analysis of total phenols 
Total phenol is commonly analyzed in the presence of Folin-Ciocalteu´s phenol reagent (FCR) on 

a konelab 30i in the lab using gallic acid as a standard. Detailed procedure is described in Adhikari 

(2012). In short, the materials needed for the preparation of samples are Methanol, Vortex, 

Ultrasonic bath, Microtube, Centrifuge and FCR. This is based on the reduction of FCR, a mixture 

of tungsten and molybdenum oxides, resulting in blue colored product with absorbance maximum 

at 765 nm. The total phenol content is expressed as mg gallic equivalents (GAE)/100g of fresh 

weight.  
 

Total phenols vary among different vegetables. In broccoli cultivars 75-85 mg, onion cultivars 82-

104 mg (Adhikari, 2012), cabbage cultivars 29-153 mg, kohlrabi cultivars 28-39 mg and 

cauliflower cultivars 42-45 mg (Rawat, 2012).  

 

CONCLUSION 
 
Vitamin C, selenium and phenolic compounds are important for human health due to their 

antioxidant properties. Vitamin C deficiency can lead to anemia, poor healing, bleeding of gums; 

selenium deficiency can lead to keshan disease. Thus, it is important to incorporate those 

antioxidants into human´s diet and this requires a proper quantification of these compounds in a 

variety of dietary sources using advanced and well-equipped laboratory facilities.  
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ABSTRACT 
Chemical properties of selenium (Se) are similar to oxygen (O) and sulphur (S), 
the lighter member of the family, as well as the heavier and less abundant 

tellurium (Te) and polonium (Po). Its vaporization temperature is high; 

therefore, it is released in gaseous state in volcanic eruption along with steam. 

Soil and sediment contains low concentration of selenium (mg/kg), but crude 

oils and coals contain hundreds of mg/kg in some cases. Generally, the 

atmospheric water contains less than 1µg/L of selenium in the absence of its 

direct source. Selenium enters the food chain when plants accumulate it from 

soil and incorporate it during synthesis of new molecules, typically as Se-

substituted analogues of thio-molecules. Selenium is toxic to animal life when it 

occurs in sufficiently high concentrations. The standard of recommended intake 

levels of Se is under debate. WHO/FAO/IAEA expert group recommended an 
intake level of only 40μg per day for men and 30μg per day for women, 

assuming only two-third of the full expression of GPx activity is required. This 

article presents review of selenium in terms of water contamination, its presence 

in plants, animal also about its toxicity.  

 

Keywords: Glutathione peroxidase (GPx), recommended dietary allowance 

(RDA), selenomethionine, selenosis, neurotoxicity 

 

INTRODUCTION 
Selenium (Se) belongs to one of the member of group16 of the modern periodic Table. The other 

members of this group are oxygen (O), sulfur (S), tellurium (Te) and polonium (Po).Its chemical 

properties are similar to oxygen and sulphur, the lighter member of the family, as well as the 

heavier and less abundant tellurium (Te) and polonium (Po) (Bauer Francie.,(1997). Its unique 

physical, chemical and biological properties make it interesting from variety of aspects.  It has 

atomic number 34 and atomic weight 78.96 (Periodic table). It is present in the nature in the form 

of six isotopic states Se74, Se76, Se77, Se78, Se80 and Se82 having natural abundance 0.8900, 9.3700, 

7.6300, 23.7700, 46.9100 and 8.7300 percentage (Viswanathan S. Saji and Chi-Woo Lee 2013) 

respectively. It occurs in four redox states: Selenate (SeO4
--), Selenite(SeO3

--), Elemental 

selenium(Se0) and Selenide (HSe--) having oxidation states of +6,+4,0 and -2, respectively.  
 

Selenium is a component of minerals, most being sulfides (Boyle, 1979) and used as indicator for 

precious metal in mineral explorations. Selenium concentration in the Earth’s mantle is ~ 0.09mg 

Se/kg (NRC, 1983). Its vaporization temperature is high; therefore, it is released in gaseous state 

in volcanic eruption along with S (Bauer Francie 1997). On cooling, it becomes a layer of ionized 
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particles and precipitates along with rainfall. The atmospheric selenium concentrates in water 

during active volcanic period and is richly supplied in sedimentary rocks (Bauer Francie 1997). 

 

Geological raw materials, sediments and soils contain low amounts of selenium. Soil and 

sediments contain low concentration of selenium (mg/kg) but crude oils and coals contain 

hundreds of mg/kg in some cases (Fordyce, F., 2005).  In ores, the concentration of selenium may 
be >50% (=500,000mg/kg) in selenide materials and in low % (=10,000mg/kg) in sulfide 

materials (Keller, 2000). The concentration of selenium is generally low in other types of 

materials. The concentration of selenium in soil and sediments vary with geographic distribution. 

Even in a short distance, its concentration varies in soil due to the difference in bedrock formation 

and its mobility with water (Fordyce, F., 2005; Keller, 2000).Its concentration is low in hills as 

compared to those nearby low land areas. Its concentration varies from 0.01mg/kg in deficient 

areas to1200 mg/kg inorganic rich soils (Keller, 2000). 

 

METHODS OF DETERMINATIONS 
The determination of Se has different challenge from the analytical point of view. Environmental 

systems consists of low Se concentrations in the solid (0.05 mg kg−1) (Fernández-Martínez and 

Charlet., 2009), surface waters usually contains(<1 µg L−1),and gas phases (few ng m−3) (Mosher 

et al. 1987). These low concentrations can be detected by the most sensitive Mass spectrometry 

(MS). Se analytical methods can be broadly classified into three types: total Se quantification, 

fractionation, and species-specific methods. For Se- species determination requires the extraction 

of Se-species without change in its chemical form from the matrix. Microwave assisted enzymatic 

method, hot water bath shaking and sonication method can be used to extract Se-species from the 

matrix. The separation of Se-species and its quantification is the most important aspect form the 
chemical point of view. Se-species were separated and quantified using capillary electrophoresis 

or high performance liquid chromatograph (HPLC) paired with a quadrupole inductively coupled 

plasma mass spectrometer (ICP-MS) equipped with a hydrogen reaction cell to provide analysts 

with a rapid and sensitive method to measure Se speciation with suitable accuracy and precision 

(Zhao Y.Q., et al. 2011; Hu et al., 2013). Hu et al, (2013) separated and quantified the Se species 

(L-Se-cys, Se-Me-Se-L-Cys, Se(IV), Se-Me and Selenate (SeVI)) extracted from the rice seedling 

by a pre-column and a Hamilton PRP X-100 anion exchange column (250 × 4.1 mm, 10 μm) using 

5 mM ammonium citrate (pH 4.3) containing 2% methanol (flow rate 1mL Min -1) as a mobile 

phase and quantified using 80Se isotope that yielded low limits of detection (<10 ng L−1). Spectral 

interference from plasma generated diatomic argon ions (40Ar2+; m/z = 80) on 80Se was eliminated 

by hydrogen gas (H2) in the reaction cell. Polyatomic 
79

Br
1
H+ (m/z = 80) did not interfere with 

80Se for quantification of common Se species (SeVI and SeIV) due to different column retention 
times (Hu.Y., et al 2013).  

 

Selenium in water 

In the absence of its direct source, the atmospheric water contains less than 1µg/L in general 

whereas marine water contains 0.02-0.04µg/L but the systematic analysis of background 

concentration of fresh water has not been found (Denina, 2005). It seems reasonable to guess that 

it would be close to marine water value. Due to geogenic Se emissions, its concentrations in water 

vary 1-10µg/L and sometimes exceed 100µg/L in exceptional cases (Fordyce F., 2005).The 

industrial effluents normally contain 10-100µg/L of Se but sometimes it may exceed 1000µg/L in 

rare cases. The concentration of Se in industrial effluents depends on the treatment method and 
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water supply management facility. In the environment, its concentration depends on the mixing 

ratio of effluent to the receiving water as well the fate after discharge (Fordyce F.2005). 

 

The present regulatory value of Se include 5µg/L in US and 1µg/L in Canada, but these values are 

not strict because of lack of laboratories where we can measure  these levels of concentrations as 

well as the availability and economic feasibility of suitable treatment options. As a result of the 
complexity of biogeochemical Se cycle in the environment, we cannot ascertain the relationship of 

selenium concentration in water and the observed Eco toxicological effects (USEPA.1994). 

 

Two major species: the oxyanions selenite (SeO3
--; oxidation state +IV) and selenate (SeO4

--; 

oxidation state +VI) typically exist in surface waters. Selenite is unstable and would be converted 

to selenate over time thermodynamically. Actually, unless microbes are involved, the kinetics of 

this reaction is so slow that it does not occur in ambient waters. Well-oxidized water mostly 

contains selenate, and as the redox potential decreases, selenite initially increases in terms of 

relative importance over selenate. Contrary to selenate, selenite is adsorbed strongly on the surface 

of Fe and Mn hydroxide minerals, so it may be lost from the aqueous phase, leaving a Se pattern, 

which could be uncharacteristic of the system’s redox state. Additionally, selenite as well as 

selenate cannot be further reduced to insoluble elemental Se. Therefore, in strongly reducing 
waters, neither selenite nor selenate may exist (Denina, 2005). 

 

Selenium in plants 

When plants accumulate selenium, it enters the food chain from soil and to form into the body 

during synthesis of new molecules, especially as Se-substituted functionally similar thio-

molecules. Cereal grains, legumes and soybeans as well as in Se-enriched yeast, Selenomethionine 

is the major organo-selenomolecules used in the selenium supplement (Rosenfeld and Beath., 

1964). But some inorganic species of selenium are also present. Some plant species accumulate 

large amount of selenium from soil even though they have no known physiological requirements. 

Rosenfeld and Beath (1964) and Terry and Zayed (1998) divided the plant into three groups based 

on their capacity for accumulating and tolerating Se. Primary accumulators (hyper accumulators), 
such as some Astragalus, Stanleya, and Xylorhiza species. These species preferentially grow in 

seleniferous soil and are able to accumulate several thousand mg Se/kg of leaf tissue (Terry and 

Zayed., 1994, Brooks., 1998).  These species often contain levels of Se that are toxic to horses and 

cattle. Secondary accumulators (Se absorbers), such as some Brassica species, not confined to 

seleniferous soil, can accumulate up to 1,000mg Se/kg of leaf tissue (Bañuelos et al. 1997). These 

species are able to accumulate Se if it is present in soil. Nonaccumulators, these groups do not 

accumulate more than 50mg Se/kg under field conditions (Bañuelos et al. 1997). Most grains and 

grasses are included in this group. Selenate, selenite, and organic Se are the major species taken up 

by the plants. The limiting factor is the presence of sulfate and phosphate, which influence the 

uptake of selenium. Hopper and Parker (1999) suggested that phosphate concentration influences 

the uptake of selenium, which gives the hint at a common uptake pathway. It is believed that, 

selenium in place of sulfate is taken by the plants other than hyper accumulator. Selenium enters 
into the plant as selenite and it is reduced and converted to selenocysteine. Selenocysteines are 

incorporated into proteins as seleno-aminoacids, which cause the dysfunction of protein (Brown 

and Shrift, 1982). This is the one mechanism for toxicity. Whatever the amount of sulfate present, 

hyper accumulators take in Selenium. They possess an alternate pathway for uptake and retention 

of Se. Large amounts of non-protein amino acids (Se-methylselenocysteine and 
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selenocystathionine) are produced by the Se tolerant plant. The high rates of synthesis of these 

amino acids may be the possible means of Se detoxification (Terry and Zayed., 1994). 

 

UV-B stress in plants can be reduced by use of selenium. UV-induced oxidation damage under 

greenhouse conditions can be alleviated by the addition of Se (Hartikainen and Xue, 1999). In low 

selenium soil, the recovery of chlorophyll from light stress (Seppanen et al., 2003), and anti-
oxidative capacity of senescing plants also can be increased (Xue et al., 2001). Protection of plant 

from herbivores and fungal infection, selenium hyper accumulator is effective. Root/stem 

pathogen (Fusarium sp.) and a leaf pathogen (Alternariabrassicola) are less susceptible in selenium 

containing plants (Hanson et al., 2003). Snails (Mesodonferrissi) had not showed any signs of 

toxicity whereas the caterpillars feel toxic in the same Se levels and prefer the leaves containing 

Se (Hanson et al., 2003). Protection of plant from insect feeding is caused due to both deterrence 

and toxicity of selenium. The sensitivity of Green peach aphids (Myzuspersicae) are so high that 

they are able to detect and avoid Se containing leaves with levels as low as 10mg Se/kg dry weight 

(Hanson et al., 2003).  

 

Selenium in animals 

 In sufficiently high concentrations, selenium is toxic to animal life. The geological concentrations 
of selenium are quite low and its threshold of toxicity is also low in comparisons with the other 

elements commonly considered as toxins in the environment (Keller.,2000).When animals 

consume selenomethionine and other organo-selenium compounds, it will be absorbed and non-

specifically incorporate into proteins in place of methionine. Selenomethionine serves as a reserve 

supply of Se for selenocysteine. Inorganic selenium, selenite and selenate, are also absorbed and 

rapidly converted into selenocysteine in vivo (Whanger, 2002). Ultimately the hydrogen selenides 

are the catabolized products of these selenomolecules and either used in de novo synthesis of 

selenocysteine or methylatedselenocysteine. Hydrogen selenides are exhaled in breathes as 

dimethylselenide or excreted in urine as the trimethylselenonium ion (Janghorbani et al., 1999). 

The possession of selenium- selenomethionine and selenocystine helps to distinguish two amino 

acids that occur in proteins. Selenomethionine is biochemically equivalent to methionine and is 
chiefly regarded as an unregulated storage compartment for Se. In contrast, selenocysteine 

synthesis is genetically regulated and incorporated into numerous proteins that perform essential 

biological functions. Dietary Se occurs in a variety of molecular forms, but the biochemical 

distinctions between the amino acids selenomethionine (predominant form present in plants) and 

selenocysteine (actively synthesized in animal tissues) are particularly significant (Rayman M., 

2000). 

 

In protein synthesis cycles, there are no distinctions between selenomethionine and methionine but 

in ultimate degradation (Ralston et al., 2008). Selenomethionine loses Se, which becomes 

available for the synthesis of selenocysteine in animal cells. The difference of selenocysteine with 

other amino acids is that it is not reused in subsequent cycles of protein synthesis. The pre-existing 

selenocysteine molecule must be degraded to release its Se before the creation of new 
selenoprotein and synthesis of a completely new selenocysteine molecule. However, there is 

evidence that selenocysteine can be reincorporated into proteins in place of cysteine (Unrine et al., 

2006; Unrine, Jackson and Hopkins, 2007). 
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The bioavailable selenium in our nutrient food is used for the selenocysteine synthesis which 

counteracts the neurotoxicity of mercury, cadmium, lead and vanadium (Whanger, 2001).Arsenic 

induced cancers are inversely related to selenium concentrations (Chen et al., 2007). Mercury, 

cadmium, lead and vanadium have higher binding affinities for Se than for S, e.g. a million times 

higher affinity between Se and Hg than between S and Hg (Dyrssen and Wedborg, 1991), and 

mass action effects leads to the formation of metal selenides. In mercury, toxicity occurs through 
irreversible inhibition of selenoenzymes due to the formation of complexes with selenocysteine at 

the active sites of the enzymes (Ralston et al., 2008). Other metal toxicities also have the same 

mechanism and could be a contributing factor in arsenic (As) carcinogenicity (Ralston et al., 

2008). 

 

Selenocysteine is genetically, biochemically and functionally unique even though it is structurally 

analogous to cysteine. The thiol functional group (-S) of cysteine is protonated (pKa~8.5) at 

cellular pH and reduction potential is not as great as selenocysteine’s Se. The biochemistry of 

these selenocysteine present at their active sites determines the catalytic activities of selenium 

dependent enzymes (Behne and Kyriakopoulos, 2001).The highly negative redox-potential of 

selenocysteine enables it to conduct reactions that cysteine cannot accomplish. Selenocysteine is 

biochemically active and its selenol is ionized at physiological pH (pKa 5.7). In the brain, 
selenoenzymes use the extensive redox potential of selenocysteine in their active sites to perform 

their antioxidant functions(Chen and Berry, 2003).This illustrates why almost all forms of animal 

life that have nervous systems express and preserve selenoenzyme activities in their brain and 

neuroendocrine tissues (Behne andKyriakopoulos,  2002). 

 

It is under debate for the standard intake level of selenium (Rayman, 2000). In UK, 75µg per day 

for men and 60µg per day for women has been determined to maximum the activity of antioxidant 

glutathione peroxidase (GPx) in plasma (MacPherson et al., 1997) where as 55μg per day for both 

men and women are recommended by American dietary allowance (RDA) on the basis of plasma 

concentration of GPx (Standing Committee, 2000).  

 
On the basis of two thirds of full expression of GPx, 40µg per day for men and 30µg per day for 

women were recommended by the WHO/FAO/IAEA expert group (WHO, 1996) whereas Rayman 

(2000) reported that 80-100µg per day is needed if the levels of GPx activity saturation are 

determined using platelets rather than plasma. 

 

The intake levels that saturate plasma GPx activity are not sufficient to optimize the immune 

response and to reduce cancer risk. This insufficiency is amplified at intake levels suggested by 

the WHO/FAO/IAEA, which only support two thirds of plasma GPx activity. Selenium is a 

powerful antioxidant. It acts as a growth factor and has anticancer properties. It supports normal 

thyroid hormone homeostasis, fertility and immunity. 

  

Selenium toxicity 
The body controls the internal selenium balance by retaining more when the supply is short and 

excretes more when it is excess in body. This process is called selenium homeostasis. This is not 

always possible to discharge from the body as much as coming in. If this happens, selenium 

toxicity will occur. Mental dullness, skin lesions, brittle hair and nails are the symptoms of 
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selenosis in mammals. When selenium intake is reduced, these symptoms disappear because the 

body can discharge and restore the homeostatic balance (Helzlsouer et al., 1985).  

 

Selenosis is very rare in humans, even though the cases have been reported. Nausea, vomiting, 

hair loss, nail changes, irritability, peripheral neuropathy, tooth decay, abnormalities of the 

nervous system and fatigue are the most common symptoms of selenosis (Science Report 
SC050021).  

 

The consumption of selenium by the mammals depends on the amount of different species of 

selenium present in the soil and the ability of different species of plant to accumulate Se-species 

because the major diets are of plant products. It has very narrow concentration range being 

deficient or toxic to humans. Se should be consumed in dosesthat are neither too low (<40 to 55 

µg day-1) nor too high (400 µg day-1) for optimal health benefit (Gissel-Nielsen et al., 1984; 

Navarro Alarcon and Cabrera-Vique, 2008). 

 

In animal studies, chronic consumption of 4-5mg Se/kg diets causes growth inhibition and result 

in tissue damage (Hafeman et al., 1974). The acute toxicities of various forms of Se have been 

studied in animals using graduated injections (mg/kg body weight) to establish the lethal dose that 
results in 50-75% lethality. 

 

The uncharged volatile molecule of dimethyl selenide is readily excreted in breath. 

Dimethylselenide is discharged through breath when large amount of Se is consumed. It has 

perceptible garlic odor in the breath. For other species of selenium, the lethal toxicity is far greater 

because it requires an induction period to develop efficient biochemical means for chemical 

modification and excretion (Rayman, 2000; Raisbeck, 2000). 

 

As a part of essential element for the human body, it plays an important role in anti-oxidation in 
human body system. It is accompanied with vitamin C and E in the cells and protects the cell from 

free radicals. It helps to protect the body from the risk of having cancer, heart disease and sterility 

of masculine (Mach, 2008). The possibility of having AIDS and virulence is also decreased by 

selenium. Selenium also participates in thyroid hormone metabolism and immune system. 

Selenium is supposed to reduce the risk of abortion also (Rayman, 2000). In appropriate amount, it 

helps to reduce the risk of having complication from diabetes and asthma in human body (Surai., 

2006). In appropriate concentration in human body, it helps for the appropriate function of 

neurotransmitters and reduces the risk of having epilepsy in childhood. Its deficiency causes the 

senility and Alzheimer’s disease. Any way, it was proved to have positive response for human 

mind wellbeing. 

 

CONCLUSION  
Selenium's unique chemistry and biochemistry lead to challenges in analysis as well as in 

environmental biology, animal physiology and toxicology. The healthy range of dietary Se 

concentrations is most common in the environment. It is important to note that toxicity syndromes 

with similar symptoms, but different etiologies have often been mistakenly attributed to selenosis. 

 

Identifying molecular species that vary in biological and toxicological importance requires being 
able to accurately and precisely measure them. Advances in analytical capabilities that enable 
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determination of Sespeciation will improve the abilities of environmental scientists to recognize 

how, and at what concentrations these molecular species induce toxicity. Eventually, these 

capabilities will allow us to differentiate Se rich soils and water that may be associated with 

beneficial effects from those that contain excesses that might cause harmful effects. 
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ABSTRACT 
Riverine grassland is a common source of feeds and shelter to the wild 

ungulates and domesticated livestock. The herbage productivity is directly 

associated to the livestock productivity. In Terai plains, grasses from riverine 

grasslands are used as feed sources. Their productivity is dependent on various 

factors which could be anthropogenic and non-anthropogenic in nature. Among 

the non-anthropogenic causes, the soil physical and chemical properties, water 
availability, the drought and flooding situations, floristic composition, stocking 

rate, the season of grazing, grazier species, the recycling of organic and 

minerals from dung and urine would have special significances to maintain the 

productivity of grasslands. This paper discusses these important aspects from a 

thorough review of available literatures. Likewise, the anthropogenic effects 

such as fire and cutting and mowing might also have induced certain significant 

changes in herbage species diversity. Thus this review has broadly covered role 

of major anthropogenic and non-anthropogenic causes in relation to the 

productivity scenario of tropical grasslands that will ultimately aids in the 

understanding of factors affecting the grassland and its productivity. 
 
Keywords: Grassland, grazing, herbage, productivity, riverine 

 

 

INTRODUCTION 
Grasslands are either natural or semi-natural (Transley, 1939). In Nepal, natural grassland is 

limited to high altitude areas above 3800masl, while semi-natural grasslands are mainly found in 

hills and Terai regions (Jha et. al., 1996). Wild ungulates and domestic animals feed on the natural 
grasslands and these grasslands are important aspects for the biodiversity conservation as well 

(Richard et. al., 2000). In Terai, grasslands are mainly found by the river-basins and the flooded 

plains. In the case of Nepal, protected areas such as Koshi Tappu Wildlife Reserve, Shuklaphanta 

Wildlife Reserve, Chitwan National Park, and Bardia National Park protect the semi-natural 

grasslands of Terai. Chitwan grasslands fall under the range of woody savanna. (Coupeland, 

1974). Chitwan grassland is dominated by the grasses; more than 50 species have been recorded in 

Chitwan National Park and its buffer grasslands. The common species are- Saccharum 

spontaneum, S. bengalensis, Imperata cylindrica, and Cynodon dactylon. The herbage 

productivity of grassland is a function of many factors that impact directly or indirectly to the 

growth and development of grass species. In other word, herbage productivity of the grassland is 

the combined result of the various factors that directly or indirectly affect the growth and 
development of the forage plants.  
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Soil factors affecting herbage productivity of grasslands 

There have been repeated evidences that both chemical and physical properties of the soil attribute 

to the herbage productivity and quality. Soil is an important factor that contributes to the herbage 

mass productivity of the natural grasslands. According to Kemp et al. (2000), perennial grasses 

outperformed annual grasses in terms of water use and acidity tolerance when soil and water 
sustainability experiments were conducted in summer and winter dominant rainfall environments. 

Similarly, the herbage productivity aligned with the change in the physical properties of soil. Even 

though there is information about the optimum soil macro-porosity for maximum pasture and crop 

yield, which ranges from 6 to 17% v/v, there is less information about critical or optimum values 

of soil physical properties that affect the yield response of the pastoral system (Drewry et. al., 

2008). Actual transpiration of plant is correlated with the soil moisture content which decreases 

when the soil moisture content is low and potential transpiration is high (Denmead and Shaw, 

1962). Biran et. al., (1981) concluded that water availability is one of the major limiting factors in 

the growth of turf grass under warm semi-arid zone conditions. 

 

N, P, K has a significant role in crop production as well as in herbage mass production of 

grasslands. Most of the grasses efficiently respond to N application but according to the 
Jacquemyn et. al. (2003), mineral N has a detrimental effect on the grassland diversity and it also 

interferes with the nodulation in the leguminous grass species. Hejcman et. al., (2007) reported 

that phosphorus application is one major responsible factor for the decrement in species richness, 

due to competitive exclusion (Wassen et. al., 2005). Thus the decrease in species richness could 

lead to low biomass production while other unfavorable species would grow well. When used 

together with potassium, phosphorus application could play lead role in producing higher biomass 

in leguminous species enriched grasslands (Divito and Sadras, 2014). However, the higher 

deposition of phosphorus over time might be the cause of failure of pasture reestablishment of 

endangered species in the agricultural lands (Bakker and Berendse 1999). In acid soils, plant 

species richness increases with increased soil pH until neutrality is reached (Nilsson et. al., 2002). 

This information reviewed clearly suggests that the efficiency of mineral uptake of herbage 
species determines the herbage composition. 

 

Effect of grazing on herbage productivity of grasslands 

The potential benefits of herbivory to plants have been debated over the last decade. Grazing is an 

ecological process wherein the primary producers (herbage stand) are consumed by the primary 

consumers (wild and domestic animals). The benefits of grazing and its drawback have been 

reviewed by Vallentine (2000). In general, grazing response of the grassland can be predicted by 

the plant height, life history, and leaf mass. Their combined study provides the best prediction of 

the grazing response. Diaz et. al. (2001) reported that specific leaf area (SLA) was a comparatively 

poor predictor of grazing response. It is also reported that removal of, or damage to the productive, 

absorptive, or reproductive tissue of plants by herbivores benefits some plant species by increasing 

their net primary productivity, seed production, or longevity and that these changes increase plant 
fitness and result in the evolution of herbivore-plant mutualisms (Belsky, 1986). 

 

Grazing can alter the spatial heterogeneity of vegetation, influencing ecosystem processes and 

biodiversity (Adler et. al., 2001). Not only that most soils under grazed pasture, even those 

managed to minimize soil physical degradation, will be compacted to some extent and that may in 
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turn be able to result in low seed dispersal and reduction in water holding capacity. However, the 

magnitude of this compaction is usually small and limited to the upper 50–150 mm of the soil. 

Compaction to a greater depth and other changes in soil physical properties are more likely in 

recently tilled or wet soils (Greenwood and McKenzie, 2001). The pastoral fallowing over a 

growing season (October–May) has a profound effect on standing biomass and sward structure 

and should have an impact on below ground plant growth and soil biological activities (Nie et. al., 
1997). 

 

Most of the scientific literatures have been repeating the statement that grazing is a disturbing 

factor in terms of grassland management. Hickman et. al. (2004) stated that grazing disturbs plant 

species composition in permanent grasslands.  Stocking rate dramatically influences the botanical 

composition of grasslands, working on the recruitment, survival, and dispersion of species 

(Gaujour et. al., 2012). The Change in the ruderal and competitive species in the grassland is a 

function of the stocking rate (Grime et. al., 1988) which also causes early flowering and seed 

dispersal, rosette habit, and the lower minimum height (Pakeman, 2004). Conversely, low-

stocking rate favors stress-tolerant grasses (Grime et. al., 1988) and forbs but depending on the 

starting floristic composition and site conditions (Dumont et. al. 2009). Stocking rate can 

influence the plant diversity of permanent grasslands through two mechanisms: the removal of 
vegetation, and trampling (Gaujour et. al., 2012). Thus, it is clear that stocking rate management is 

a critical issue in the grassland management. Grazing by herbivores leads to spatial heterogeneity 

of the plant canopy, light penetration to lower canopy (Rook and Tallowin, 2003), and in such 

situations, the creeping vines could grow faster (Pavlů et. al., 2007). Stocking rate determines the 

underground root distribution of the herbage. Greenwood and Hutchinson (1998) reported that 

there were a greater proportion of fine roots near the soil surface at the higher stocking rates which 

was probably due to the differences in botanical composition. Thus maintained gaps could be the 

source of seedling recruitment and species diversity (Lavorel et. al., 1994). In conclusion, it can be 

said that grazing is the main cause of spatial heterogeneity in the natural grasslands by mowing, 

trampling, or tethering. The high or low stocking rates act differently on herbage mass 

productivity and species diversity that may influence to the suitability of grazing animal types i.e. 
small or large ruminants. 

 

Season of grazing 

The seasonality of grazing and grazing species also affect the floristic composition of the 

grasslands. There are controversial reports on grazing seasonality and pasture productivity in case 

of sheep (Joe et. al., 2001), whilst grazing cattle throughout the year has higher plant species 

richness than the occasional grazing (Sternberg et. al. 2000). Some studies findings have revealed 

that in the temperate pastures, combination of spring and winter season grazing has increased 

species richness (Smith et. al., 1996; Watt et. al., 1996), and that is mostly for the dicots (Watt et. 

al., 1996) and especially after summer grazing (Bullock et. al., 1994). It could be summarized 

from this information reviewed that the grazing habits of animals may affect the herbage species 

composition and productivity, respectively. 
 

Dung and urine deposition 

The deposition of dung and urine by animals during grazing has a special significance in grassland 

management. The deposition of decomposable feces and urine can create nitrogen-rich areas (Dai, 

2000) and stimulate the mineralization of nitrogen (Hatch et. al., 2000) , increases the availability 
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of soil nutrients, especially nitrogen and phosphorus (Aarons et al., 2004), and favors the 

conservation of humidity (Dai, 2000) in grassland soils. This process might contribute to the 

development of special patches of vegetation growing directly on or close to manure deposits 

(Shiyomi et. al., 1998). Herbivores can therefore indirectly influence the nitrogen cycle by altering 

species composition and plant biomass (Olofsson et. al., 2001). Sometimes the dung piles might 

be the cause of colonization of the alien species (Dai, 2000) whereas feces are beneficial for 
pasture establishment due to adequate moisture holding capacity. Thus where P is removed largely 

during grazing, dung can incorporate into the soil (Moe and Wegge, 2008). It can be summarized 

that the herbivores have indirect effect in the grasslands that the dung and urine deposition 

increases the soil nutrients availability and this may be favorable to the vegetation development, 

alteration of herbage species composition, thereby to the biomass production. 

Grazing species 

The selective defoliation of plant species and organs by herbivores during grazing enhances the 

structural heterogeneity of permanent grassland vegetation (Adler et. al., 2001). Herbivorous 
species show different spatial and temporal patterns in their use of herbages (Huntly, 1991) and 

this is known for many domestic animals i.e. cattle, horse, and sheep (Ménard et. al., 2002; 

Dumont et. al., 2002). For example, cattle use the selective grazing to the attractive plant parts but 

constrained by plant height, whilst sheep has greater ability to browse on high-quality plant parts 

i.e. flowers and young buds (Oliván and Osoro, 1997). Diet selection is further influenced by the 

sodium and phosphorus content of the herbage (Wallis de Vries, 1998). In deed the differences in 

biomass availability and nutritive value of the herbage communities affect the herbage selection 

activity of different domestic animals. 

 

Direct and indirect effect of fire on grasslands 

The controlled firing is a common process used to manipulate the herbage vegetation in the natural 

grassland. Fire and herbivore effects on the nutritive quality of grassland vegetation can occur 

directly, independent of changes in the plant community, or indirectly.  The indirect effects can be 

further subdivided into those occurring because of changes in plant species composition or plant 

abundance (i.e., quality versus quantity) (Anderson et. al., 2007).  The authors further reported that 

fire is associated with reduced leaf nutrient concentrations through changes in plant community 

composition (Anderson et. al., 2007). The response of fire is sometimes different from the species, 

for example, Knapp (1985) reported that there was a visible change in early stage during the 

growing season in a burned plot; leaves of Andropogon. gerardii exhibited greater photosynthesis, 

leaf conductance, leaf nitrogen content, nitrogen use efficiency, leaf thickness, and shoot biomass 

compared to shoots from an unburned plots, and it was better tolerant than Panicum virgatum. In 

the tropical grasslands, fire indirectly helps to build the structural adaptations of selected herbage 
species. 

In the temperate grasslands fire has some negative effects, for example, it helps to increase 

afternoon soil temperature, thereby decreasing soil moisture; and a decrease in total species 

composition (Antos et. al., 1983). In tallgrass prairie, periodic spring fires often result in enhanced 

aboveground net primary productivity (ANPP) that exceeds the productivity of either annually 

burned, or unburned sites (Blair, 1997), and that exerts a non-equilibrium response in vegetation 

growth.  
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The review implies that the effect of fire is much debated in the sense of herbage quantity and 

quality; however, its effect could be beneficial in the perennial grasses both in temperate and 

tropical world. 

 

Response to drought and flooding 

In temperate pasture species, it has been reported that grass tended to grow well if moisture level 
is quite good, whilst legumes grow with the diffused oxygen availability (Finn et. al., 1961) even 

at the flooding level of 0-40 cm. The Seasonal drought and flooding would limit pasture growth in 

tropical conditions, and the response is species dependent (Baruch et. al., 1994a, b; Striker et. al., 

2005). In drought and flooding conditions, the leaf growth and biomass are limited while the 

stoloniferous grasses species can adjust well to drought and flood than the non-stoloniferous 

species (Baruch, 1994a). 

 

Baruch and Merida (1995) reported that the response of tropical grasses to flooding is more 

conspicuous than the drought as morphological and anatomical changes in tropical grasses was 

prominent. Baruch (1994b) in another study reported that moderate drought resulted in reduced 

stomatal conductance and thereby reduced photosynthetic rate. In higher flood tolerant grasses 

such as Brachiaria mutica and Echinochloa polystachya, there was the enhancement of oxygen 
diffusion to the roots through the hollow stolons, development of adventitious roots, and the large 

aerenchyma that compensates the surface respiration. It can be further implicated that herbage 

species tended to adapt environmental changes i.e. drought and flooding, by altering with some 

changes in their morphological characteristics. 

 

CONCLUSION 
 

There are several factors affecting the herbage productivity of the grasslands. Basically, they can 

be grouped into two broad categories i.e. anthropogenic and non-anthropogenic causes. Among 

the non-anthropogenic causes, the soil physical and chemical properties, water availability, the 

drought and flooding situations, floristic composition, stocking rate, the season of grazing, grazier 

species, the recycling of organic and minerals from dung and urine would have special 

significances. Likewise, the anthropogenic effects such as fire and cutting and mowing might also 

have induced certain significant changes in herbage species diversity. If these factors are 

considered, depending on the scenario of natural herbage mass productivity and use, long-term 

sustainable use of terai and inner terai grasslands would have sound health maintenance. 
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ABSTRACT 

The main objective of this paper is to generate constructive discussion and 

national debate on advancing agricultural research within the scope of 

Agriculture and Forestry University (AFU) to contribute to the economic 

development of the nation. My basic argument is that Nepal needs to 
fundamentally restructure the existing AFU: agricultural research priorities, 

legal-regulatory and institutional arrangements, contents and syllabus and 

research infrastructures to meet the sustainable economic development need of 

the country. Hence, this paper highlights the scope of advancing research at 

AFU and looks for different aspects of further advancing future research in the 

country through AFU and other allied agricultural academic and research 

institutions, expansion of collaboration with and engagement of private and 

cooperative sectors. Therefore, I have put forward a bit provocative perspective 

with the hope that it will generate an informed national debate needed to 

finalize the restructure the existing AFU and would create data base to 

formulate appropriate higher education policy in agriculture in the country. 
 

Key words: Debate, agricultural research, development, knowledge system, 

infrastructure 

 

CONTEXT 

Globally, it has been proven that agriculture plays a crucial role in reducing poverty and achieving 

economic growth and overall development, especially in developing countries (Coulson and 
Dyiamett (2012). History of developed countries has demonstrated that agriculture was one of the 

great contributors for their economic development. One of the major reasons of successful 

contribution of agriculture was investment in agriculture research. The developed counties were 

able to achieve rapid growth in agricultural productivity in 2nd half of the 20th century, which was 

due to channelling public and private investment in agricultural research and development (R&D) 

(Evenson et. al., 1979; Evenson, 2002). Unfortunately, agricultural research in developing 

counties is not getting enough attention despite of being the most important basis of livelihoods, 

generator of employment, and contributor to poverty and hunger reduction. One of the reasons 

policy makers of developing counties are not prioritizing investment in agricultural research is 

because of its complex nature, requires long time and uncertainty of outcomes as well as long gap 

perhaps decades, for research to affect productivity between initial investment in research and 
achieving the returns (Alston et al., 2009). Hence, developing countries have persistently 

underinvested in agricultural research.  
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Even when agricultural research is marginalized, agriculture is the main basis of economic 

development, food security and livelihoods of vast majority of population in developing nations 

(Gauchan 2012). Regrettably, investment in agricultural research and innovation is largely ignored 

by both public and private sector and therefore it is either lagging, or excluded from the global 

agricultural markets, as its contribution is only 5% of global agricultural exports in the early 1970s 

which is even reduced to barely 1% in the late 1990s (FAO, 2002). One of the main reasons for 
such a situation was lack of investment in agriculture research. According to Alston et al., (2009), 

developing countries in the past have heavily relied on spill overs of knowledge and technology 

resulting from agricultural research undertaken by a few developed countries (like SA, Australia 

and some EU members). In developing countries, even if agricultural research provisions are 

made, they are narrowly focused without giving proper attention to the entire value chain and 

system approaches, as well as market, climatic, geographical and cultural needs. 

 

Even if there are several interrelated factors responsible for the poor performance of agriculture in 

developing counties such as low productivity, narrow & selective production base and trade 

structures, poor agricultural knowledge, poor infrastructure, and inadequate institutional and 

policy frameworks (FAO, 2002), research could provide ways and options to address these 

challenges. Since the past few decades, the hegemonic approach of the developed countries (e.g., 
extraction of genetic resources and patenting, development of genetically modified organisms and 

terminators technologies, sanitary and phyto-sanitary provisions and unfavourable trade rules 

imposed, etc.) has added new challenges in the agriculture sector in developing countries and 

therefore strong agricultural infrastructures and resource allocation to produce high quality 

research in own countries is a pre-condition to address these challenges. 

  

Experiences of countries having advanced in agriculture research indicate that addressing internal 

and external barriers of the agricultural development is to invest in the agricultural research and 

innovation, integrate research as an integral part of academic programmes and ensure responsive 

institutional arrangements, conducive legal provisions, and adequate resource allocation and 

develop competent human resources (Coulson and Diyamett, 2012; FAO, 2012; Lele et al., 2010; 
Upreti 2012). However, it is not easy. For example, Pardey et. al., (2006) highlight that several 

developing countries are facing serious funding and institutional constraints including governance 

that inhibit the effectiveness of agricultural research and consequently causing serious food 

shortages and hunger. On one hand, agricultural research in developing countries has weak 

performance because of inadequate capacity of individual and institutions engaged in research. On 

the other hand, enhancing the capacity of individual researchers and agricultural research 

institutes/universities is not getting proper attention both at the highest political and policy 

decision levels without which high quality research is impossible. So far, research in general and 

agriculture research in Nepal is not a priority of political decision makers, lawmakers as well as 

policy makers & planners. Further, neither academic institutions themselves are serious about 

research nor international development partners consider research as an integral component of 

development. Even business or private sector gives priority to research in Nepal. Hence, research 
is a totally marginalized issue in Nepal. 
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DEBATING ON NEED OF DIFFERENT TYPES OF RESEARCH 

APPROACHES AND KNOWLEDGE SYSTEMS 
In a general definition, research is a systematic inquiry process that entails problem context, 

objectives, methodology, specific questions and finding definitive answers with interpretation and 

analysis of the collected data or information based on conceptual or theoretical frameworks, and 

generalisation of the findings (Upreti 2012). The main aim of research is to generate knowledge 

and understanding. Two schools of thought are prominent. One school emphasizes on generating 

knowledge for better understanding the unknown and the other goes beyond and adds that 
generating knowledge for understanding leads to solving the problems. In this paper, I am 

emphasizing on the second school of thought, i.e., research has to contribute to solving 

individual/specific to societal problems. I argue that science and technology becomes irrelevant if 

it is not able to address the challenges brought by local and global change process. Hence, all four 

types of research (fundamental/basic, action, applied and development oriented) have to focus on 

addressing contemporary scopes, options, and challenges. Different types of research are presented 

below: 

 

 Fundamental research: it is a process of inquiry or examination to seek facts or principles
1
. In 

other words, it is a systematic observation of phenomena for the purpose of learning new facts 

or testing the application of theories to known facts. It is also referred to as scientific research 

or basic research (Upreti, 2012). 

 Action research: It is a reflective process of inquiry specifically aimed at solving immediate 
problems faced by people and society. Therefore, it is the simplest form of research. This type 

of research is often aimed at improving day-to-day strategies, practices, and solving 

immediate problems. Hence, it is a process of learning about consequences of different forms 

of social action. It focuses on interpretative approach and social reality (reality interpreted by 

people) and therefore it fits with the concept of trans-disciplinary approach of solving societal 

problems (Hadorn et al. 2008). 

 Applied research: This is a scientific inquiry process, which aims to solve practical everyday 

problems. It is advanced than the action research
2
 and oriented to applications of findings for 

the societal betterment (Upreti, 2012). 

 Development-oriented research: It is a special type of inquiry process that generates 

targeted knowledge for solving development related problems. Hence, participation of 
local people, development practitioners and policy-makers is key in this research to ensure 

that research findings are accepted by the stakeholders. Hadorn et al. (2008, p 26) argue 

that active participation of local people in research process helps bring diversity and 

complexity of social, political, economic and environmental problems into inquiry 

processes and address them.  

 

Agricultural research entails all 4 types of research discussed in the preceding paragraphs. 

Agriculture research provides evidences for policy and decision makers for resource allocation, 

human resources planning, new knowledge &technologies for solving problems of farmers, 

agricultural entrepreneurs, policy makers, decision makers and implementing agencies. 

                                                             
1 See Collaborative International Dictionary of English v.0.48 
(http://onlinedictionary.datasegment.com/word/fundamental+research) for details.  
2Source: http://psychology.about.com/od/aindex/g/appres.htm. Retrieved on 4 November 2010 
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Agricultural research in the contemporary context has to innovate knowledge and technologies 

that are environmentally friendly, adaptive to climate change risks, cost effective, equity based 

and market relevant and beneficial for the society and nation. Many of the challenges brought 

by the current global change process are also related to agriculture and natural resources and 

demands a holistic approach of addressing them. Hence, agriculture & natural resources 

research institutes need to tackle them in a holistic way.   
 

However, in recent decades some debates are going beyond the conventional research approaches 

and highlighting the need for conducting disciplinary, multidisciplinary, interdisciplinary and 

trans-disciplinary research, which are briefly discussed below:  

 

 Disciplinary research approach: It is an inquiry process executed by experts of individual 

disciplines and is still dominant in the academic and research community. This approach 

believes that the solutions of the problems are possible to be found within a single discipline 

(Upreti, 2012).  

 Multidisciplinary approach: Multidisciplinary approach of research, according to Pohl and 

Hadorn (2008, p 429), deals on the issues through a range of disciplines but each discipline 
works in a self-contained manner with little cross fertilisation among the disciplines, or 

synergy in the outcomes (Upreti, 2012). 

 Interdisciplinary research approach: Hadorn et al., (2008: p28) referring to National 

Academics, (2005) defines interdisciplinary research approach as "a mode of research by 

teams of individuals that integrates information, data, techniques, tools, perspectives, concepts 

and/or theories from two or more disciplines of bodies of specialised knowledge to advance 

fundamental understanding or to solve problems whose solutions are beyond the scope of a 

single discipline or area of research practice". 

 Transdisciplinary research approach: It is relevant when disciplinary or scientific or expert 

knowledge alone is not enough to tackle the societal uncertainties or problems and require 

bringing societal actors to grasp the complexity of dealing with different perception of life-

world situations together with a scientific perception of problems (Pohl and Hadorn, 2008). 

 

Use of different knowledge systems in research 

Knowledge is defined as human faculty resulting from interpreted information; understanding that 

germinates from combination of information, experience, and individual interpretation.
3
 It is a 

capacity of individuals to act effectively. Of course, knowledge is contextual. However, often, the 

purpose of generating knowledge is debated into two ways. The first school of thought focuses on 

knowledge for understanding (generally anthropological perspective). The second one goes 

beyond the understanding and focuses on 'knowledge for understanding and understanding for 

action'. Hence, the second school of thought is directly related to the development-oriented 

research. 

Pohl and Hadorn (2007) have categorised knowledge from the perspective of trans-disciplinary 
research. They are: 

 

 Systems knowledge: focuses on understanding the functioning of system in a society, to be 

generated from fundamental, basic research 

                                                             
3 Source: Businessdirectory.com (http://www.businessdictionary.com/definition/knowledge.html) 
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 Target knowledge: focuses on understanding specific problems to find solutions, and therefore 

to be generated from action research 

 Transformation knowledge: focuses on changing situation through corrective actions. 

 

SCENARIO OF INVESTMENT IN AGRICULTURAL RESEARCH 
According to the Statistical portal

4
 (2018), the top 10 countries investing (in billion dollars) in 

gross research and development (R&D) are the United States (552.98 billion $), China (474.81 

billion $), Japan (186.64 billion $), Germany (116.56 billion $), South Korea (88.23 billion $), 

India (83.27 billion $), France (53.12 billion $), Russia (58.62 billion $), UK (49.61 billion $), and 

Brazil (37.45 billion $) respectively. Nepal is not included in the list since it failed to invest the 

minimum amount, $50 million which serves as the main criteria for inclusion. Though the global 

spending on R&D has reached 1.7 trillion USD, only top 10 counties account for 80%. Investment 
in R&D could increase far more by 2030 as many countries have committed to allocate budget for 

research to achieve the Sustainable Development Goals (SDGs)
5
. Many developing countries are 

not yet able to internalize the role of research and therefore have not allocated resource required to 

conduct meaningful agricultural research that is needed to tackle the agricultural problems faced 

by the country.  

 

The success of high growth and high productivity of agriculture in developed countries such as 

USA, France, the Netherlands, and Australia was mainly because of high investment in agricultural 

research. According to Paul Heisey and Keith Fuglie, 'universities and public research institutes in 

developed countries are carrying out outstanding research that bridge the gaps between inventions 

in basic biology and other basic sciences and their applications to agriculture'6. 
 

The QS World University Rankings by Subject 2016 on world's top five agriculture and forestry 

university report lists Wageningen University as the top most followed by University of California 

Davis, Cornell University, University of California Berkeley, Agro Paristech respectively 2nd, 3rd, 

4th and 5th rank in the world. One of the three main criteria used to assess the ranking was 'research 

impact' and other two were academic reputation and employer reputation. This clearly indicates the 

importance of research within the university.   

 

POTENTIAL OF AGRICULTURE RESEARCH FOR ECONOMIC 

GROWTH IS SOUTH ASIA 
Creating an effective agricultural research and innovation systems is vital for economic growth. 

Ghose (2014) argues that effective agricultural research is essential to ensure food security in 

South Asia. South Asia is home to one-fourth of the world's population with the largest proportion 
of undernourished people with the identity of world's second poorest region contributing only 

2.2% in the global annual GDP. Hence, it is also a fertile ground for conflict and instability. 

Therefore, in order to achieve peace and stability and livelihood security in the region, investment 

                                                             
4.https://www.statista.com/statistics/732247/worldwide-research-and-development-gross-

expenditure-top-countries/  
5.http://uis.unesco.org/apps/visualisations/research-and-development-spending/  
6 https://www.ers.usda.gov/amber-waves/2018/may/agricultural-research-in-high-income-

countries-faces-new-challenges-as-public-funding-stalls/  

https://www.statista.com/statistics/732247/worldwide-research-and-development-gross-expenditure-top-countries/
https://www.statista.com/statistics/732247/worldwide-research-and-development-gross-expenditure-top-countries/
http://uis.unesco.org/apps/visualisations/research-and-development-spending/
https://www.ers.usda.gov/amber-waves/2018/may/agricultural-research-in-high-income-countries-faces-new-challenges-as-public-funding-stalls/
https://www.ers.usda.gov/amber-waves/2018/may/agricultural-research-in-high-income-countries-faces-new-challenges-as-public-funding-stalls/
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in agricultural research is a must. Ghose (2010) highlights that agriculture is an important 

contributor for the economy of South Asia because it employs 60% of the total workforce and 

generates 20% of the total GDP. Even playing such an important role, agricultural research is not 

getting enough attention in the region. Ghose (2014) expresses frustration mentioning that 'though 

there is growing evidence that technological innovation has a key role to play in increasing 

agricultural production and strengthening food security system, agricultural research and 
development sector has failed to garner sufficient attention till now' (P1).  

 

According to the Global Food Security Index (2013), South Asian countries have very low food 

security level (Sri Lanka: food security score of 48.6 with 60th rank globally, India: 70th rank 

with 44.4 score, Pakistan: 75th with score 39.7, Bangladesh 81th rank with 35.3 score; and Nepal 

with worst situation of 33.8 score and rank 84th out of 107 countries). Hence, potential for 

agricultural research is high for ensuring food security and enhancing economic growth in the 

region. 

 

In recent decades many universities in South Asia are also aspiring to manage universities in a 

land grants model. How feasible it is, how willing the decision makers are, and how it should be 

handled in South Asian counties is still an issue of debate. However, it is good to reflect on 
how/why the US was successful to create and enhance performance of agricultural colleges and 

universities. 

 

LAND GRANT MODEL OF MANAGING AGRICULTURE 

UNIVERSITIES 
President Abraham Lincoln had established United States Land Grants Colleges and Universities 

of Agriculture through the Morrill Land-Grants Act in 1862. Consequently, the Land Grants 

Colleges and Universities of Agriculture model opened a new horizon of research and 

development in the agriculture sector of USA (Rahman, 2017). Additionally, this model opened 

access of average Americans to technical and higher education in agriculture (ibid). 

 

Land Grants System is a legalized and institutionalized provision in which the federal government 

provides state owned land to either build a college or university (for agriculture and mechanic arts) 
or sell the land, and use the money to build at least one college for agriculture or mechanic arts 

(Rahman, 2017). Over time, together with the change in the dynamics of higher education and 

agriculture, the land grant colleges were upgraded to universities. 

 

While signing the Morrill Act 1862, President Lincoln said, 'The land grants university system is 

being built on behalf of the people, who have invested in these public universities their hopes, 

their support, and their confidence' (Cordova, 2005). Hence, even after 156 years, the land grant 

model is operating well with world-class research, education, innovative public outreach programs 

and extension schemes and supporting USA economy. Colleges and universities under the US 

land grant model are now leading sources of policy input to the US government in research, 

education and extension services (Rahman, 2017; Cordova, 2005). The US land grant system is 
still relevant today because of the time-tested, tripartite mission of these public universities: 

teaching, research, and public service. This model has not only promoted universities to focus on 

agriculture and mechanic arts but also ensured access of ordinary Americans to college education 

for the first time. Later, another act called the Hatch Act 1887 provided legal scope for the 
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establishment of the research mission by founding an agricultural experiment station in 

conjunction with each of the land grant universities. Further, the Smith-Lever Act passed in 1914 

gave legal framework for creating the Cooperative Extension system – a county, state, and federal 

partnership aimed at dissemination of knowledge from the university to the end users of research 

(Cordova, 2005).  

 
China is revolutionizing agriculture through integrating advanced research and education. In 

recent decades, China is also exploring the option of having land grant model in the context of 

redefining itself and its position in the world (Cordova, 2005). China’s agricultural sector has 

achieved a rate of 6% per capita growth for two full decades mainly because of its emphasis on 

agricultural biotechnology research. However, China is continuously looking to improve on an 

already productive agriculture sector to make it more environmentally sustainable and highly 

competitive by opting for a highly successful land grant university system of the United States 

(Cordova, 2005). China has developed its own National Agricultural Technology Extension 

Service under the Ministry of Agriculture first without engaging agricultural universities. In 

contrast, cooperative extension is embedded in the US land grant universities. Hence, now China 

is looking for land grant model to utilize seamless continuum from basic research to applied 

research to outreach by cooperative extension (Cordova, 2005). 
 

In the land grant model university-based research, it enables scientists to take an integrated, 

systems approach in advancing agriculture in collaboration rather than a top-down manner that 

engages farmers, industries, traders and exporters. Universities in the land grant model not only 

impact food production, environmental protection, technology transfer and ultimately the economy 

but also play an important role in public policy (e.g., serve as honest brokers in public debates 

about controversial topics, provide objective, provide science-based evidences to help inform 

decision makers(Cordova, 2005).Cordova (2005) in his key note address to a Chinese university 

highlighted that the US land grant universities are in the forefront of genomics-based discovery, 

leading to safer and more nutritious foods, stress-resistant crops, disease resistant animals, foods 

with prolonged shelf life, and noble bio-based products such as plastics, alternative fuels, and 
pharmaceuticals. Major criticism of advancement of biotechnology is its social, economic, 

political, environmental, and ethical consequences. Hence, it is essential for universities to serve 

as an honest broker to identify relevant policy issues; act as a clearinghouse for credible 

information by disseminating sound, science-based information to both the public and decision 

makers; and initiate research to explore the potential impacts of biotechnology (ibid). 

 

SITUATION OF AGRICULTURAL RESEARCH PRIORITY IN NEPAL 

Nepal's reliance on the spill-over of the research done in the west or developed counties will not 

lead to agricultural advancement. Rise of modern biotechnology and enhanced Intellectual 

Property Rights (IPR) regimes in developed counties mean that technologies that were once freely 

accessible will be less accessible in the future. Developed counties and especially, biotech 

companies are limiting incentives to develop technologies suitable for less-developed countries 

(Pardey et al., 2006). One of the several examples is external intervention in agricultural research 

in Africa. When the national research capacity is weak, international research agencies become 

dominant. An example is the dominant involvement of Consultative Group in Agricultural 

Research (CGIAR) in agricultural research in Africa for four decades of its existence (Roy-

Macauley et. al, 2016). However, instead of drastically changing the hunger situation, it created 
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more dependence. Hence, it is the right time for Nepal to invest in agriculture research for 

developing capacity to innovate new agricultural technologies.   

 

Nepal's agricultural sector needs to boost investment in agricultural research in order to contribute 

to reduce poverty, to improve livelihoods & wellbeing of farmers, to enhance productivity without 

deteriorating the environment, and to contribute to trade promotion and overall macroeconomic 
development. For this, it is essential to develop competent human resources capable of conducting 

theoretically grounded, methodologically sound and pragmatically relevant research that paves 

ways of modernizing and commercializing agriculture, to improve market access, to ensure 

effective dissemination of research findings, to facilitate designing a strong legal framework for 

developing robust technologies and production processing marketing infrastructures. It is essential 

to ensure farmers’ access to capital and inputs and safeguard natural resources available in the 

country. Unfortunately, however policy and decision makers of Nepal so far have not been able to 

understand the importance of research in economic development, social justice and sustainable 

impacts in the country.  

 

According to the UNESCO Institute of Statistics, Nepal spends 0.3% of GDP in research. All the 

research spending is from the government (no private funding) USD 158904.4 and the Purchasing 

Power Parity comprising of 92 % male and 8 % female researchers
7
. This amount covers all types 

of research and therefore it is very difficult to find total allocation only for research in agriculture. 

 

According to Parajuli and Uprety (2018), less than 7% of total budget of Nepali universities are 

allocated for research and even this amount is mostly used for the administrative costs related to 

research than the actual research. Referring to the 20 years (2052-53 to 2071-72) of research 

grants (80 million rupees) provided by the University Grant Commission (UGC) to different 

eligible universities, they highlight that only 350 of 800 million was allocated for actual research 

and remaining was invested in conference, seminars and administrative costs. Even the 350 

million was not actually spent in research. This description clearly demonstrates the unsatisfactory 

situation of research in Nepal.  
 

As the global population will reach 9 billion in 2050 and the declining fertility rate and agriculture 

profession in developed world (Lele et. al, 2010) provide opportunities for universities like AFU 

to advance education-research-extension in Nepal. Hence, it is urgent to strengthen the national 

research capacity and integrate them in university systems is fundamental for national 

development. 

 

If Nepal wants to maximize the agricultural potential of the country and utilize it to achieve 

overall economic development, and protect bio-piracy, biodiversity and plant genetic resources, 

agriculture research is indispensable and for which restructuring of the existing key agricultural 

research institutions like AFU, NARC and national agricultural research systems (that includes 
private sector, individual researchers, state, academics, etc.) a precondition. What went wrong in 

our agricultural country that was exporting food 5 decades back is now known as net food 

importing? Where is the role and contribution of research? Who is responsible for such a shameful 

situation? 

                                                             
7http://uis.unesco.org/apps/visualisations/research-and-development-spending/  
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Creating several institutions without providing an enabling environment to function properly and 

to exploit their full potentials will not only delay the pace of agricultural development but also 

cause waste of resources and will ultimately induce conflict. Is AFU able to operate with its full 

potential and scope? In my assessment, it is not and therefore legal, policy and institutional 

restructuring is essential to meet the national demand. Creating new institution leaving AFU as 
such is inappropriate and short-sighted. In such a situation, why is the need of Deemed University 

(DU) in Agriculture envisioned? What additional contributions DU will make that is not possible 

from AFU? Why is it not possible to integrate the work of NARC and existing AFU to have 

complimentary effects? Why not expand mandate of AFU and strengthen it to serve the national 

need of country? Why conflict over property between TU and AFU if both are state universities 

with their own scope and mandate? Why is AFU not able to fully carry its mandate and instead 

entering the cycle of protests, conflict and violence? Who is responsible for such deterioration of 

AFU within a few years of its creation? Why is the government letting it go as it is? Why is the 

provision of 'education-research-extension' stated in the Agricultural Development Strategy (2015-

2035) not able to translate into action? Is trade unionism and political partition of employees 

relevant in AFU and other research and educational institutions? These are few of many pertinent 

questions the key stakeholders must answer if AFU is to be relevant and deliver the impacts as per 
the mandate and spirits. These issues must be debated in public to make an informed choice of 

options for restructuring.    

 

For achieving the government motto of 'prosperous Nepal and Happy Nepali", the government 

must put agricultural research as a priority national agenda that requires to be implemented at all 3 

tiers of governments.  

 

RESTRUCTURING AGRICULTURE AND FORESTRY UNIVERSITY 

(AFU) FOR ADVANCING RESEARCH 
A meaningful, informed, constructive debate about restructuring of the AFU is of utmost 

essentiality that can be achieved by engaging a wide range of stakeholders (legislators, scientists, 

students, teachers, farmers, traders, policy makers, planners, private sector). Restructuring is 

necessary in: 

 

 Legal (act/regulations),  

 Institutional (governing structures, human resource management, norms, procedures, values, 

culture of practice, international relations),  

 Policy (vision, focuses, priority, resources, linkages, coordination and collaboration),  

 Integration of education-research-extension, and  

 Thematic orientations (subject areas, research themes, etc.).  

 

While discussing the AFU restructuring in line with above points, it is relevant to discuss the 

possible options for restructuring. 

 

Possible options for AFU 

Like all other universities of Nepal, AFU was created in the unitary political system existent in 

the country. However, the political system has constitutionally changed to a federal provision. 
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Hence, restructuring of AFU is logical, legally required and contextually needed. In this aspect, 

here are the following possible likely options for AFU restructuring:  

1. First, federal university to entirely focus on a) carrying out high quality research and b) 

world class agricultural education- production of high-quality human resources required to 

fully utilize potentials of agriculture/natural resources sector. The implications could have a) 

no affiliated or branch campuses, b) no extension component, c) administratively less 
complicated (because of the smaller number of administrative authorities, only federal 

government, no engagement of provincial governments), and d) a larger impact, better 

efficiency and effective management. In this option, operation of AFU will be similar to the 

Wageningen University Research Centre of the Netherlands, which is the top most 

agricultural university of the world. 

2. Second, central university in which there will be a) existence and expansion of constituent 

colleges in different provinces and possibly in municipalities, b) A 'land-grants model' where 

'education-research-extension' is an integral operation of AFU, c) wide coverage but 

operationally more complicated in terms management, efficiency and scientific impacts, c) 

Role and engagement of provinces and local governments. If this model is opted, it will have 

to operate like the US 'land-grants universities' (some of them are also top ranked in 

agriculture and the world ranking). In this option, the government should decide of providing 
land-properties in provinces and legally binding arrangements to work with, for example 

recently established Agriculture Knowledge Centres in the districts. This option will be more 

administratively complicated because of the involvement of a greater number of the decision-

making authorities (federal or provincial governments). 

3. Third, combination of some characters of the first and second options: In this option, 

selected provisions of the both options can be integrated in the AFU management and 

operation as per convenience. 
 

Table 1: Possible options for AFU in the changing context 

Major Characters AFU as "Central 

University" Option   

AFU as "Federal University" 

Option 

Branch campuses  At Provinces/Local level No branch campuses 

Focus Education-Research-

Extension (land grant 

model) 

Mainly on education and 

research with some extensions 

Scope Present in all 3 level 

(federal, provincial, 

local) 

Present only at federal level  

Resource 

contribution 

From all 3 level (federal, 

provincial, local) 

From federal government  

Management-

administration 

More complex More efficient and effective  

Risks Possible political 
interferences from all 3 

levels  

Possible political interferences 
limits to federal level only  

 

The political decision makers, the legislators, policy makers, planners must consider the 

following areas of AFU restructuring in any options they chose:  
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Legal revision 

The basic principle of amending the AFU Act must be to empower the university, to keep away 

from dirty political interference and develop capacity to offer world-class education and research. 

Revision of many articles of the Agriculture and Forestry University Act 2067 (2010) is needed to 

translate the spirit of Preamble which states, "…for the development of agriculture which is spine 
of the country and to conduct study, teaching and research within the country by making high 

standard academic and skilled human resource in the concerned subject in an integrated manner 

for the upliftment of social and economic status of the rural people by modernization of 

agriculture".  

 

First, this act needs to amend as per the spirit of the Constitution of Nepal 2072. Further, one of 

the revisions is to relate with the federal structure and in my opinion, AFU must be legally defined 

either as 'federal university' or 'central university' depending on the choice of the decision makers. 

All other legal provisions need to amend/elaborate according to the chosen option ('federal 

university' or 'central university'). Further, provision of 'autonomous status in the Chapter 2 article 

4 is very narrow. It has to revise in the spirit of 'total autonomy' in management and operation of 

the university. The amendment must also include provision of 'Directorate of Extension Services' 
with clear legal mandate of extension of responsibility and defining operational relationship 

between the AFU's Agriculture Science Centre and the government's recently created Agriculture 

Knowledge Centre (Krishi Gyan Kendra).   

 

All other articles must be revised to address the issues and concerns raised in the preceding 

paragraph. The composition of the Senate (Chapter 4, Article 7) must be amended (e.g., no need of 

representation of trade union: unions of student and professors, DDC President, Mayor, secretaries 

of 5 ministries, etc.). Chancellor of university should not be a politician/head of government but 

the reputed academics or independent highly credible individuals. Further, the role of research 

centre (Chapter 7, Article 15) must be expanded. Granting research centres/stations currently 

operated by the government to the AFU must be clearly spelled out for better resource 
management. The law and regulations should also clarify the role of AFU in relation to provincial 

agricultural institutes and research centres as well as the NARC.   

 

Institutional restructuring 
Institutional restructuring is another precondition for AFU to achieve the aim stated in the 

Preamble. Even the aim stated in the Preamble of AFU needs to expand to meet the need of 

country in changing global and national contexts. The current approach of selecting officials of 

the university has to be replaced by the international standard of selection (e.g., academic 

recognition and merit, published in the high impact factor international journals, strong 

international networks and connections, good track record of generating financial resources, 

acquiring and supervision of large scale research projects and PhDs/Postdoc and 'vision and 

action plan to lead university'). The current practice of recruiting based on the membership of a 
trade union or a political party, or close to the Prime Minister or other influences must be legally 

and institutionally ended. There must be a clear provision of feedback/input from all students, 

administrative and academic staff, and researchers while selecting AFU officials (e.g., Vice 

Chancellor, Registrar, Deans, and other academic positions and administration). 
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AFU must demonstrate/practice transparent governing structures and practices, ensure fair and 

competent human resource, high quality education and research, and develop strong internal 

norms, procedures, values and culture of practice that demonstrate the character of true agricultural 

universities discussed in the preceding sections. How can AFU be globally recognised, competent 

and when practice of burning university buildings, padlocking offices, indefinite closure of 

university by coercive force, creating division and fear, and total politicization come to an end? 
Why are the key stakeholders of the AFU ignoring this glaring reality? Is it not the first and 

foremost responsibility of AFU officials and students to make it globally recognised, competent 

and academically friendly university? If AFU officials and students are determined to keep the 

university free form vested interests; and politicizations, it is possible to develop AFU similar to 

the 5 best universities discussed in section 3. The change must start parallelly from a) within AFU, 

b) the government decision makers, and c) every person associated with the university. 

 

Further, AFU has an important role to play in feeding the population of Nepal, promoting export 

of agricultural products, addressing environmental concerns, and stimulating the economic growth 

of the country and developing itself as one of the best universities in agricultural research and 

innovations, if it wants to be relevant. In order to make it possible, firstly the decision makers 

should decide which option AF  implements; “federal university” or “central university”  
 

If opted for restructuring AFU as a 'central university', the better option for the government of 

Nepal will be to adapt the land grant model adopted by the USA 156 years ago. Experiences show 

that university-based research under the land grant structure provides a mechanism for technology 

transfer, shifting research from laboratory to the field or to private enterprises for modernization 

and commercialization of agriculture sector. Modern agriculture must benefit from the latest 

advancements in genomics, global positioning systems, computer guided irrigation networks, and 

other emerging technology (Cordova, 2005). By opting for land grant model, there are seamless 

opportunities for continuum of basic research to applied research to outreach, that will ultimately 

address challenges faced by the agriculture sector and for developing national strategies to benefit 

farmers, allied industries, consumers, as well as care of nature and culture. However, this option 
needs a guarantee of providing huge areas of land and large number of human resources required 

for deliver the mandate.    

 

In both options, AFU can maximize its potential through creating different Research Institutes (for 

example, Animal Sciences (Livestock) Research Institute, Forest and Biodiversity Research 

Institute, Environmental Research Institute, Food Systems Research Institute, Social Sciences 

Research Institute, Interdisciplinary Research Institute and Impact Assessment Institute (to look 

the impacts of AFU on society, technology and economy and adapt as per the need of country) to 

carry out fundamental, basic, applied and action (field-based) research. There must be autonomous 

and strong 'business development and management' component within each of these Research 

Institutes to secure resources, to obtain commissioned research from the government, commercial 

businesses and non-profit organisations as well as collaborative research projects with other 
national and international research institutes and universities.  

 

Policy reform 
Another area of restructuring is policies, both government of Nepal as well as AFU and other 

related agencies. First and foremost, the government must develop agriculture research policy that 
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clarifies vision, focuses, priority, resources, linkages and coordination on agriculture research 

based on the present and future needs and challenges. For example, what is the relationship 

between the two institutions of the government (NARC and AFU), how they complement each 

other, how to maximize the available resources in each institution must be clarified. Different 

modalities (NARC under AFU; 2 separate institutions working together for maximizing research 

impacts, transferring some of the research centres under NARC to AFU etc.), can be envisioned to 
redefine the relations between these two institutions.  

 

There is also a discussion going on to create a Deemed University. Why it is needed if there is 

already a dedicated university for agriculture? Government must be clear on where to lead 

agriculture. Creating universities may be easy but making them functional as per the globally 

accepted standard is a daunting task. Instead of creating another Deemed University on 

agriculture, the priority must be to strengthen the existing AFU. Creating another agricultural 

university is not only a waste of resource and duplications but also results in creating conflict and 

pushing back agriculture research. Nepal government must focus on quality than number of 

agricultural universities.  

 

Second, AFU must reform its policy considering the need of the changing political context 
(unitary to federal structures in terms of thematic focus, geographical focus, government's trade 

policy and export promotion policy), need of private sector (what types of human resources are in 

demand in the private market). AFU must respond to the market need of agriculture sector in 

terms of human resources as well as agricultural production requirements, food systems, and 

comparative advantages if it wants to be relevant. Autonomy of the university with zero tolerance 

in politicization and interference from trade unions should be a core principle of making the 

university successful, which must be clearly articulated in policy, law and practices.  

 

All academics and students must be engaged in research as an academic requirement and 

publication in high impact journals must be an important part of performance assessment of 

academic staffs.   
 

Nepal government needs to concentrate its efforts and resources to strengthen the teaching-

research-extension capacity of AFU to fulfil the national human resources requirements for the 

development agricultural sector instead of teaching agricultural subjects by non-agricultural 

academic institutions. The current Institute of Agriculture and Animal Sciences should be 

transferred to AFU with its all property.  

 

The debate about whether AFU should be under ministry of Education, Science and Technology or 

Ministry of Agriculture and Livestock Development is irrelevant if full autonomy status is granted 

by law with clearly defined roles and responsibilities of line ministry. If the authority, roles and 

responsibilities of the coordinating ministry and the AFU are clarified by the Act, it does not 

matter within which ministry the AFU belongs to. The AFU, as either a 'federal university' or a 
'central university' must operate with full "autonomy, accountability and responsibility". 

 

Regarding the debate on possibility to form an Agricultural and Forestry Council, it may be less 

relevant to AFU at this stage. The most important priority of AFU must be to improve its 
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governance, to develop competency to fulfil the national requirement of agricultural human 

resources and to deliver high quality research that ultimately enhance its visibility and recognition.  

 

Integrating education-research-extension 
Often, there are all three modalities observed i.e., a) focused on teaching; b) focus on combination 

of teaching and research and c) teaching, research and extension. The land grant model of 
combination of teaching, research and extension is appealing because of its unprecedented success 

in USA. The "Central University" option with its branches in provinces and even local levels best 

fit with the land grant model of USA. The best example of 'Combination of teaching and research" 

is the Wageningen University Research of the Netherlands. The "Federal University" option 

presented in the preceding section represent this teaching-research model. In Nepal, "teaching-

research" (federal university) option or "teaching, research and extension" (central university 

option) is relevant once clearly defined by law, institutional arrangement and resources allocation. 

However, both options require: a) conducive policy, b) responsive institutional structures and c) 

favourable regulatory provisions in addition to d) commitment, e) resources and f) public 

ownership. If the government and AFU officials are ready to fulfil these 6 criteria, the one of the 2 

models (land-grant model of teaching-research-extension; or the Dutch model ('Combination of 

teaching and research) is suitable for AFU. 
 

Thematic reorientations: subject areas, research priorities  
Addressing the challenges brought by global change processes such as climate change, resource 

depletion and conflict, loss of (agro)-biodiversity, bio-piracy, and plant genetic resources, erosion 

of indigenous knowledge and skills, pollution and loss of aquatic resources, irrational exploitation 

of non-timber forest products and growing food insecurity require a robust understanding, research 

based concerted action and modified behaviour. The dominant knowledge paradigm, consumerist 

behaviour and greed focused responses (for example, selling plant genetic materials for individual 

interests at the cost of national interests) are not able to deal with emerging challenges (Upreti 

2012). Hence, AFU like all academic institutions has opportunities to develop robust new 

technologies, trans-disciplinary knowledge, problem solving skills, protecting bio-piracy, 
preservation of biogenetic resources and indigenous knowledge. AFU needs to combine different 

approaches ranging from applied disciplinary, multidisciplinary, inter-disciplinary and trans-

disciplinary research. 

 

AFU research priorities need to focus on the contemporary issues as per market demand and state 

responsibility (such as bio-diversity and plant genetic resources, conservation, agricultural 

diversification, specialization, natural resources management and dealing with resource conflict, 

aquatic resources and agro-climatic dynamics, non-timber forest products, agro-forestry, land 

management, forest-ecosystem, food systems and policies, staple food corps etc.) which are nicely 

outlined by Lele, et. al.,(2010) as:  a) the principles of subsidiary (problem solving research 

activities to be conducted where research results need to be applied with responsibility and 

accountability; b) build its priorities from the bottom-up through socially-inclusive processes 
involving the key stakeholders; c) combination of different approaches, technologies and 

practices, including combinations of traditional knowledge, conventional technologies, agro-

ecological methods and modern biotechnology; c) integrate participatory approaches and scientific 

and experimental methods; d) results-based management to effectively integrate innovative 

science and development; e) seek effective partnership and linkages with relevant agricultural and 
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rural development research and development interventions to build national agriculture and natural 

resources research capacity, to increase accountability and for better results in poverty reduction, 

productivity growth and environmental sustainability.  

 

Coordination and collaboration 
AFU has to play a leading role in coordinating agricultural research, forging collaboration with 
other agricultural research organisations within the country and abroad and providing substantial 

research-based evidences for the national agricultural policy. At present, working alone is not 

appropriate by any institution and therefore the AFU must extend its international cooperation by 

participating in global and regional consortiums, networks and platforms, promoting collaborative 

research and exchange. There is great scope for generating resources from local movements, 

provincial governments and private sector and therefore AFU must closely work with these 

agencies for mutually beneficial research and innovation. 

 

CONCLUSION 

Restructuring of AFU is a precondition in order to be relevant in the changing context (political 

change in Nepal, challenges brought by global change process, market demands and public 

expectation). Thus, revision of the existing AFU Act, change in AFU policy and governing 

structures and adaptive management and operation is of utmost importance to make AFU 

functional. AFU must be restructured to meet the national need of competent agricultural human 

resources; to support the provincial agricultural institutions, to fulfil the demand of private sector 

and to meaningfully engage in national agricultural policy process. The existing AFU is not able to 

carry out all these tasks and therefore restructuring is a precondition.    

 
Nepal government has recognised agriculture as one of the important contributors for national 

development. Hence, Nepal government must allocate enough core funds for agriculture research 

to meet the expected outcomes form agriculture sector. In this context, the government in 

consultation with all AFU stakeholders must decide on an appropriate option (either the 'central 

university' model or 'federal university' model) for restructuring. 

 

There is great scope for AFU to expand collaboration with international agricultural research 

institutions and within the country. The resources available with provincial and local governments 

are an opportunity for AFU to harness mutually beneficial research work.  

 

AFU needs to take a lead in research collaboration with existing research institutions (NARC and 

its centres, Forestry Research Centre, etc.), private sector and even with the cooperative sector for 
cross-cutting innovative research work. AFU must develop right regulations, appropriate 

procedural guidelines and strong inter-agency coordination to exploit potentials, expand 

collaboration with international research institutes and universities and participate in larger 

agriculture related consortiums and networks. 

 

It is very hard to find any convincing logic for the creation of Deemed to be University of 

Agriculture in Nepal at a time when there is a separate operational AFU. Further, the separate 

operation of Institute of Agriculture and Animal Sciences (IAAS) under the general university 

(TU) when there is a dedicated agriculture university operating is not convincing and therefore 

must be transferred to AFU with all its property. Resistance of TU to handover the IAAS 
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properties to AFU is neither appropriate nor convincing as both are state universities supported by 

the state and state has the responsibility to decide at the best of agricultural education of the 

country.  

 

AFU is also to identify priority areas with thematic focus in holistic value chain approach of 

agriculture (production, processing, marking), market demand, national requirements and concerns 
(such as bio-piracy and plant genetic resource protection) and areas of specializations.  

 

Politicization is damaging the credibility, reputation and potentials of AFU. Politicization at the 

AFU and high-quality agriculture education and research cannot go together. Therefore, any space 

for possible politicization and trade unionism must be closed by amending the AFU Act to make 

AFU as a true agricultural university. Research must be made an integral part of the academic 

requirement for students and professors and publication of research finding in high impact factor 

international journal must be the major criteria of performance evaluation of professors. Acquiring 

large-scale research projects and funding large number of PhDs and Postdoc researchers must be 

another major criterion of evaluation of professors.  
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