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ABSTRACT 

 

Under optimal conditions the PCR reaction is very efficient; microgram quantities may be 

synthesized from a single molecule of substrate DNA. DNA of four lines of common 

buckwheat (Kyusu, Canada, Miyazaki and Botansoba) was used to optimize PCR reaction 

and cycling program of 26 primers for DNA amplification of common buckwheat. 

Annealing temperature (Ta), PCR cycle number and MgCl2 concentration were considered 

optimum if the single clear band was observed. Of the 26 primers Ta of only 10 primers 

could be optimized. Three primer pairs performed best at Ta of 54oC. The optimum 

concentration of MgCl2 was found to be 1.5mM for all primer pairs. Similarly the number of 

PCR cycles was found to be 40 for all 10 primer pairs except for primer pair 57. Optimized 

PCR conditions were used for subsequent studies such as transferability of EST primers to 

other Fagopyrum species and construction of linkage map. 

 

Key words: Annealing temperature, buckwheat, EST markers, optimization of PCR 

conditions 

 

 

INTRODUCTION 

 

The polymerase chain reaction (PCR) has become an indispensable tool of molecular biology. In the 

PCR technique, DNA is amplified in vitro by a series of polymerization cycles consisting of three 

temperature-dependent steps: DNA denaturation, primer-template annealing and DNA synthesis by 

a thermostable DNA polymerase. The PCR sample may be single- or double-stranded DNA or RNA 

(Rychlik et al 1990). 

 

Under optimal conditions the PCR reaction is very efficient; microgram quantities may be 

synthesized from a single molecule of substrate DNA. Ordinarily, several experiments are required 

to achieve optimal conditions for PCR, even if good primers are chosen, ie those that do not form 

dimers by annealing of their 3'-termini and that are specific to one sequence in the substrate DNA 

(Rychlik et al 1990). Optimization of PCR involves testing a number of variables. Condition should 

produce high yields of specific DNA target sequences. Since no single set of conditions can be 

applied to all PCR amplifications, individual reaction component concentrations, and time and 

temperature parameters must be adjusted within suggested ranges for efficient amplification of 

specific targets (Applied Biosystem 2006). 

 

With some combinations of primers and genomic DNA templates, a non discrete size range of 

amplification products, appearing as a smear as visualized on a gel could be converted to discretely 

sized bands by reducing the concentration of either the polymerase or the genomic DNA (Williams 

et al 1990). Inclusion of formamide in the PCR eliminates most of the nonspecific products and 

increases the efficiency of the amplification (Sarkar et al 1990). Formamide is found to be a simple 

and inexpensive method of increasing the specificity of PCR.  

 

There is obviously no single set of conditions that can be applied to all PCR amplifications. For 

example, depending on the length and sequence of primer used, the annealing temperatures of the 
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PCR can differ from each other. Finding the optimal or the most stringent annealing temperature is a 

prerequisite for reliable results and efficient amplification of a specific target (Ishii and Fukui 2001). 

The requirement of an optimal PCR reaction is to amplify a specific locus without any unspecific 

by-products. Therefore, annealing needs to take place at a sufficiently high temperature to allow 

only the perfect DNA-DNA matches the reaction (Henegariu 2006). For any given primer pair, the 

PCR program can be selected based on the composition (GC content) of the primers and the length 

of the expected PCR product. In the majority of the cases, products expected to be amplified are 

relatively small from 0.1 to 2-3 kb (Henegariu 2006). 

 

EST-based markers are associated with the coding regions of the genome therefore, they enhance 

molecular germplasm evaluation by capturing variation across transcribed regions and in genes of 

known function (Buhariwalla et al 2005). In this article we experimentally determine the optimal 

annealing temperature (TaOPT) values for several expressed sequence tag (EST) primer pairs which 

were designed from the cDNA sequences from bud and style of common buckwheat (Fagopyrum 

esculentum, 2n = 2x = 16) (Jyotaro Aii 2006, personal communication). Optimal MgCl2 

concentration and number of PCR cycles were also determined. 

 

 

MATERIALS AND METHODS 

 

Plant materials and DNA extraction 

DNA samples of four lines of common buckwheat (Kyusu, Canada, Miyazaki and Botansoba) was 

used to optimize the annealing temperature (Ta), number of PCR cycles and MgCl2 concentration 

for 26 primer pairs (Table 1).  Leaves from 22 day old seedlings were collected in plastic bag and 

kept at -20oC. DNA was extracted from the frozen dried leaf using the DNeasy Plant Mini Kit 

(Qiagen, Japan). The extracted DNA was stored at -20oC and used directly without diluting for 

further study.  

 

PCR reaction 

Except three variables (Ta, PCR cycle and MgCl2 concentration) all other PCR protocols were same. 

Amplification reactions were performed in 30 µl reaction volume consisting of 14.7 µl sterile 

distilled water, 6 µl 5 x buffer (50 mM Tris-HCl pH 8.3, 250 mM KCl, 500 µM dNTP, 0.1% Triton 

X-100, 0.05% Gelatin, 7.5 mM MgCl2), 3 µl of each primer of 2 µM concentration, 0.3 µl Taq DNA 

polymerase and 3 µl template DNA. Two concentrations of MgCl2 (1.5mM and 2.0mM) were tested 

in final PCR reaction. DNA amplifications were performed in thermal cyclers (GeneAmp PCR 

system 9700 and 2700, and TAKARA) using the following cycling condition: one cycle of 94oC for 

3 min; different cycles of 94oC for 0.30 min, different annealing temperatures for 0.30 min, 72oC for 

0.30 min; one cycle of 72oC for 7 min followed by soaking in 4oC. 

 

Analysis of PCR products 

PCR products were analyzed in 2% Agarose gels containing 0.0025% ethidium bromide in 1 x TAE 

buffer. Electrophoresis was run at 100 V for 45 min. Gels were visualized and documented using 

Kodak 1D software (Kodak EDAS290). Annealing temperature, PCR cycle number and MgCl2 

concentration were considered optimum if the single clear band was observed. If the band was not 

observed, annealing temperature was decreased and in the case of multiple bands, the temperature 

was increased. The number of PCR cycle was increased if there was single band with low intensity 

and cycle number was decreased in the case of multiple and unclear bands. In some cases of very 

faint single band (low intensity), concentration of MgCl2 and number of cycle were increased. In the 

multiple bands with high and low intensity the number of cycle was decreased. The experiment was 

repeated until the single clear band of tested primers was achieved. 
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Table 1. Primers used for optimizing PCR conditions (Kindly provided by Jyotaro Aii, Japan 2006) 
PN Primer Sequence Product 

length, bp 

Tm GC 

content, % 

3 Fe_cb_0006_primer_4 GAGGCTACGGATTTTCTGCC 320 61.091  55.000 

  TCCTCGTCCTCTTCCTCCTC  60.870  60.000 

5 Fe_cb_0012_primer_2 CAAGCCAACAAGCTGGAGAA 307 61.481  50.000 

  AATGGGAGAATGCTTAGTTGCTTAC  61.137  40.000 

7 Fe_cb_0014_primer_0 CAGCATACCAATGGCAGAGAA 536 61.172  47.619 

  TCGATACGATAACCGGAAACA  60.329  42.857 

8 Fe_cb_0016_primer_0 TCCAAATAGTCCCAACTTTACGC 50 61.506  43.478 

  GTTGTTAATGCCGATTGCCG  63.507  50.000 

19 Fe_cb_0043_primer_2 GTTTCATGGCCGGTTTCATC 604 62.543  50.000 

  CACGAGAAAAGGAGCACAGTC  60.043  52.381 

24 Fe_cb_0052_primer_0 CGAGCAAAACATCTCATTCAGG 343 62.022  45.455 

  TTTCAGCCTCACGAGTTCCA  61.917  50.000 

26 Fe_cb_0061_primer_0 AATGTGGAGACGTGGGTGAG 157 60.987  55.000 

  GATTTATGAGCGCCAGAGCA  61.413  50.000 

28 Fe_cb_0066_primer_3 CCGAAACAGAAAGCATTACGA 401 60.250  42.857 

  AAACAATGGAAGGAGGCAGG  61.370  50.000 

37 Fe_cb_0089_primer_0 TCCTCCTTGAAATATCCTTCCC 448 60.609  45.455 

  TCCATACAGACGCGATTCTTG  61.172  47.619 

43 Fe_cs_0035_primer_0 TATTCTTTGATCTGGCCGGG 497 62.192  50.000 

  CTGGTTGTGGTGGTTGTGTG  60.949  55.000 

45 Fe_cs_0063_primer_2 AATGATGTCCTCCGCCACC 490 63.242  57.895 

  TTAGAACTGACCAGCGGCAC  61.375  55.000 

46 Fe_cs_0064_primer_0 AGCACCACCACCACCTCTTC 487 62.518  60.000 

  TTCCCATACTCTTCGGTGTCCT  62.104  50.000 

47 Fe_cs_0067_primer_0 ACTGGTTCTTGGTGAAGGGG 288 61.306  55.000 

  CCCATTTCCCATTGGCTTT  61.934  47.368 

54 Fe_cs_0171_primer_0 AGTGTTTAGGATGGCGAGAGG 231 60.635  52.381 

  TCTCATGGGTACAATCGGTCA  61.313  47.619 

55 Fe_cs_0173_primer_2 CTTTTCCGCCTCCTCTTCTC 578 60.455  55.000 

  CCACTCTCCCTAACACTTGACC  60.031  54.545 

57 Fe_cs_0177_primer_2 GCAGCCAGCAGTCGAGAAAC 428 63.553  60.000 

  GACAGCGCACAATCACACAA  61.944  50.000 

63 Fe_cs_0207_primer_1 GCAGCTGATTACGGCGTTC 276 61.879  57.895 

  TGTTTGGTTTACTTGGCCCTC  61.239  47.619 

65 Fe_cs_0214_primer_0 TCCGACATTGCGAATAACCA 651 62.331  45.000 

  AGGGAGGGAGAGAGGGAAAA  61.429  55.000 

68 Fe_cs_0221_primer_3 TATGAGCAAGAGCGAATGCC 225 61.413  50.000 

  TGAGGGTGGATGTTTTGACC  60.758  50.000 

69 Fe_cs_0222_primer_0 TGGCTGATAGCGGTGAAAGA 377 61.848  50.000 

  GGATTGTGGGCTGACAAAGA  61.046  50.000 

70 Fe_cs_0224_primer_0 AAGCATAGGTTGCCTTCCCA 124 61.875  50.000 

  CGAGGAATCATCTCCAACCA  61.004  50.000 

71 Fe_cs_0225_primer_3 TCCATCGTCATCCACCAAAC 178 61.749  50.000 

  ATTGCTCGCGATTCCTCACT  61.318  52.632 

73 Fe_cs_0227_primer_1 TGCACACCAAATTCACCAAG 138 60.552  45.000 

  AAAGGAAAGGAGTAATGAGGAAGTG  60.375  40.000 

88 Fe_cs_0272_primer_1 GGCAATCACATAAATGCAACC 100 60.,210 42.857 

  GGTCGAATAATGAATACGCCAA  61.027  40.909 

89 Fe_cs_0275_primer_0 TGGATTCCCAGATCAAGCAC 299 61.016  50.000 

  TCCTTCAATCCCTAACCGAAA  60.778  42.857 

90 Fe_cs_0279_primer_2 CACATACCAACCAGAACTCAATACA 184 60.208  40.000 

  GCCCGAGTATCGTTTGCTCTC  63.371  57.143 

91 Fe_cs_0287_primer_0 TCACAGACGGTATCTCCCCA 61 61.487  55.000 

    GGGCATTGAGAAGGAAGGAC   60.970  55.000 

Tm, Melting temperature. 
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RESULTS AND DISCUSSION 

 

The four lines of common buckwheat (Kyusu, Canada, Miyazaki and Botansoa) are self compatible 

and inbred. Therefore, EST band should be single if the annealing temperature (Ta) of primer is 

optimum. Annealing temperature is based on the Tm (melting temperature) of the oligonucleotides 

chosen for PCR amplification. Whenever unwanted bands were observed, the annealing temperature 

was raised by 2°C-5°C in subsequent optimization runs. We started Ta from 62oC with 40 cycles of 

PCR for optimizing these parameters. Single and clear band in all four lines were considered as 

indicator to know the optimum Ta and number of cycles. The PCR results tested in different Ta are 

given in Table 2. Optimum Ta of primer pairs, 3 and 57 was known by a single experiment (Figure 

1). On an average we conducted PCR 6.5 times for the same primer pair to know the optimum Ta. 

PCR had to be carried out 10 times to find out Ta of primer pair, 88. 

 

As an example, some PCR results are given in Figure 2. Primer 3 showed single clear band in all 

four lines at Ta of 62oC. Therefore its optimum Ta is 62oC. But in other cases, some showed 

multiple bands, some were faint, some were missing and in some case no band was observed. For 

these conditions we had repeated experiments at different Ta. Among 26 primer pairs we could 

optimize the Ta of only 10 and others 16 primers were discarded due to difficulty in optimizing PCR 

conditions (Table 2). Three primer pairs performed best at Ta of 54oC. The optimum concentration 

of MgCl2 was found to be 1.5mM for all primer pairs. Similarly the number of optimum PCR cycles 

was found to be 40 for all 10 primers except for primer pair 57 for which optimum cycle number 

was 30. 

 
Table 2. Optimized PCR conditions of primers 

SN Primer Ta Cycle  MgCl2 Product length, bp

1 3 62 40 1.5mM 300 

2 7 58 40 1.5mM 600 

3 8 66 40 1.5mM 900 

4 28 60 40 1.5mM 200 

5 57 62 30 1.5mM 400 

6 65 60 40 1.5mM 200 

7 71 54 40 1.5mM 200 

8 88 52 40 1.5mM 100 

9 89 54 40 1.5mM 300 

10 90 54 40 1.5mM 200 

 

The purity and yield of the reaction products depend on several parameters, one of which is the 

annealing temperature (Ta) (Rychlik et al 1990). At both sub- and super-optimal Ta values, non-

specific products may be formed, and the yield of products is reduced (Coyne et al 2001). If the Ta 

is too low, non-specific DNA fragments are amplified, causing the appearance of multiple bands on 

agarose gels (Nakao et al 2001). If the Ta is too high, the yield of the desired product, and 

sometimes the purity is reduced due to poor annealing of primers (Rychlik et al 1990). Optimizing 

the Ta is especially critical when long products are synthesized or when a total genomic DNA is the 

substrate for PCR. The optimum annealing temperature is a function of the melting temperatures of 

the less stable primer-template pair and of the product (Rychlik et al 1990). 
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Figure 1. Number of experiments conducted for 26 primers to optimize PCR condition. 

 

Annealing temperature is one of the most important parameters that need adjustment in the PCR 

reaction (Henegariu 2006). Moreover, the flexibility of this parameter allows optimization of the 

reaction in the presence of variable amounts of other ingredients (especially template DNA). If the 

same reaction is performed in the presence of a higher amount of DNA template, the low annealing 

temperature results in the appearance of many non-specific secondary products. Thus, it appears that 

by decreasing the amount of DNA template, the number of potentially non-specific sites is also 

decreased, making possible the drop in annealing temperature (Henegariu 2006, Yap and McGee 

1991). Annealing temperature is important in finding and documenting polymorphisms. Slight 

mismatches, (even 1 base-pair mutations) in one of sequences bound by the two primers used to 

amplify a DNA locus, can be detected by slight variations in annealing temperature and/or by 

multiplex PCR (Henegariu 2006). For segments with G + C content significantly greater than 75%, 

it may be necessary to either increase the denaturation and the annealing / elongation temperatures 

or to add denaturants such as DMSO or formamide (Dutton et al 1993). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. PCR products using different primers (indicated by primer number above the abbreviated 

buckwheat lines) at PCR 62oC annealing temperature and 40 and 30 cycles (SM, Size marker, K, 
Kyusyu, C, Canada, M, Miyazaki, B, Botansoba). 

Primer:     3            5     7           8        19               24 

SM   K   C   M  B K   C   M   B  K  C   M   B  K  C   M   B   K  C   M   B   K   C   M  B  x

  Primer:     26            28    37            43       45                46 

SM   K   C   M  B  K   C   M   B  K  C   M   B   K  C   M   B    K  C   M   B   K   C   M  B  x

3kb 

1kb 

500bp 
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In general, 30 cycles should be sufficient for a usual PCR reaction (Applied Biosystem 2006, 

Henegariu 2006). An increased number of cycles will not dramatically change the amount of 

product. The most obvious variation in the amount of products was around 24 cycles for ethidium 

bromide stained gels. 28-30 cycles are usually sufficient in a reaction. Little or no quantitative 

changes (ie relative amounts of PCR products) were observed with increasing cycle number up to 45 

(Henegariu 2006). Little quantitative gain was noticed when increasing the number of cycles up to 

60. 

 

Generally, larger PCR volumes require lower or longer annealing temperature programs, because the 

temperature in larger volumes of reaction mixtures changes more slowly than that in smaller 

volumes (Ishii and Fukui 2001). These results indicate that annealing temperature is an important 

parameter in PCR for molecular research. 

 

Optimization of PCR conditions is a critical precursor for accurate and robust large-scale marker 

screening and offers additional benefits for reducing the unit cost of genotyping. These optimized 

PCR conditions were used for further studies such as transferability of EST primers in other 

Fagopyrum species and construction of linkage map. 
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ABSTRACT 

 

Pre-basic seed potatoes are disease free potato minitubers produced by transplanting 

pathogen free in vitro potato plantlets under protected condition in aphid-proof glasshouse 

and/or screen house. Double antibody sand witched - enzyme linked immuno-sorbant assay 

is used to test six major potato viruses, namely PLRV, PVS, PVX, PVY, PVA and PVM. 

Thermotherapy cum meristem tip excision techniques are used to eliminate these viruses. 

Virus free in vitro potato plantlets are rapidly propagated by single nodal cuttings on 

modified MS media. For pre-basic seed production disease free in vitro potato plantlets are 

transplanted in the sterile sand soil substrate under glasshouse and screen house, once in 

autumn season and next in spring season. Since 1990, National Potato Research Program has 

been producing about 200,000 pre-basic seeds annually. So far, PBS of 19 different 

recommended and released potato cultivars has been produced. Till date 3,465,799 PBS had 

been produced and 3,217,666 pre-basic seeds distributed to the different seed potato growers 

groups, District Agriculture Development Offices, government farms/research stations, and 

NGOs/INGOs for subsequent basic seed potato production. After establishment of tissue 

culture facilities in National Potato Research Program, the productivity of potato has been 

increased by 71% due to utilization of pre-basic seed potatoes. 

 

Key words: DAS-ELISA, meristem excision, potato, pre-basic seed, thermotherapy 

 

 

INTRODUCTION 

 

Potato, being vegetatively propagated crop, is very prune to seed degeneration as several potato 

viruses accumulate to the seed tubers overtimes resulting into its reduced yield potential. So far, six 

major potato viruses, namely PLRV, PVS, PVX, PVY, PVA and PVM had been reported to infect 

potato crops in Nepal (Akius and Kloos 1990, Ranjit et al 1994). To overcome seed tuber 

degeneration, seed potatoes should be replaced by high quality seed potatoes at regular intervals 

(Sakha and Rai 2004). A continuous source of high quality seed potatoes is, therefore, necessary in 

the country. For this purpose, the National Potato Research Program (NPRP) has been established 

well equipped tissue culture facilities to produce a limited quantity of pre-basic seed (PBS) potatoes 

each year. These pre-basic seed potatoes are used as source seeds for the production of high quality 

seed potatoes for several generations. The adopted use of high quality seed potatoes on a large scale 

will, therefore, help significantly increase the productivity of the potato in Nepal. 

 

PBS potatoes are virus tested, disease free minitubers produced under aphid proof glasshouse and/or 

screenhouse. When multiplied using improved and recommended potato production techniques, 

these seeds produce large quantities of high quality seed potatoes for several generations. 

Cultivation with well-managed agronomic practices, these quality seeds will give a higher potato 

yield. The objective of PBS production is to increase productivity by replacing old degenerated seed 

potatoes from the major seed potato production pocket areas of the country. 

 

 

MATERIALS AND METHODS 

 

Virus elimination technique 

Double Antibody Sandwitched - Enzyme Linked Immunosorbant Assay, DAS-ELISA, (Clark and 

Adams 1977) technology was used to assess the presence of six major potato viruses in potato 
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cultivars. Then, thermotherapy cum meristem tip excision technique was used to eliminate potato 

viruses. For virus elimination, tubers were allowed to sprout at 37oC for 2-3 weeks as a thermal 

treatment and shoot tips were excised from the sprouts and washed in detergent water. Under 

laminar airflow chamber, their surface were treated with 70% Ethanol for 30 seconds, washed with 

sterile distilled water and then sterilized with 2% sodium hypochlorite solution for five minutes and 

again washed at least three times with sterile distilled water. By using a stereoscopic microscope, the 

apical meristem (with one or two leaf premordia, about 0.2 – 0.3 mm in diameter) was excised from 

the shoot tip and placed on top of a filter paper bridge on a liquid MS medium (Murashige and 

Skoog 1962) supplemented with 0.5 mgl-1 IAA, 0.4 mgl-1 Kinetin and 0.1 mgl-1 GA3 (Mellor and 

Stace-Smith 1977). The meristem was then cultured in an incubation room under 20 ± 2oC with 

proper illumination (2000 lux) and 16 h photoperiod. After few weeks, it became green and gave 

rise to stem and leaves. It was then transferred to a solid MS medium for proper rooting and 

shooting. This plantlet was multiplied into several clones by nodal cuttings. 

 

Virus testing 

Clones regenerated from meristem culture were utilized for virus testing by DAS-ELISA. In NPRP, 

there were testing facilities for major six potato viruses namely, PLRV, PVS, PVX, PVY, PVA and 

PVM. Once the virus-free clones were obtained, they were propagated by nodal cuttings for further 

multiplication and maintained in vitro as clean germplasm. Virus testing of the standing crops in the 

glasshouse/screenhouse was further conducted randomly after tuberization stage. 

                         

Germplasm maintenance 

Virus eliminated clones were maintained with subsequent subcultures as germplasm in the tissue 

culture laboratory of NPRP. Majority of the potato germplasm were imported from the International 

Potato Centre (CIP), Lima, Peru as disease-free in vitro plantlets, some introduced from India and 

the rest were of Nepalese origin. 

 

Rapid propagation 

Virus-free in vitro plantlets, maintained as mother plantlets, were rapidly propagated by single nodal 

cuttings on modified MS solid media supplemented with 2 mgl-1 calcium pantothenate. With 

subsequent subcultures, desired numbers of in vitro plantlets of required cultivars were obtained for 

transplantation in each season. The cultures were incubated in growth chambers with culture 

conditions of 16 h photoperiod, 2000 lux light intensity and 20 ± 2oC temperature. 

 

PBS production under controlled condition 

Four to six weeks old in vitro plantlets were transplanted into sterile mixture of 2:1 sand and soil 

substrate under aphid-proof glasshouse and screenhouse twice a year for pre-basic seed production. 

Special cultivation techniques such as planting at 20- × 10-cm spacing, irrigation with UV sterilized 

water, fertilizer application, earthing up, plant protection and haulm pulling were used between 

transplantation and harvest. Chemical fertilizers were applied at the rate of 200:200:120 kg N:P:K 

per hectare. Irrigation was stopped at least two weeks before harvest and haulms pulled a week 

ahead harvesting. Depending up on cultivars, minitubers were harvested three to four months after 

transplantation. 
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Figure 1. PBS production scheme adopted at NPRP, NARC. 

 

PBS packaging and storage 

After harvesting, PBS were graded into four different weight size categories, as >5 g, 1-5 g, 0.5-1 g 

and <0.5 g, and packed into screen bags with proper tagging. PBS produced during autumn season 

were harvested in November – December and stored in the cold store till August to October for 

about eight to ten months before being distributed for succeeding Tarai season field plantation. In 

case of spring season production, PBS were harvested in April - May and stored in the cold store till 

November - January for about six to eight months before being distributed for succeeding hill season 

field plantation. 

 

 

RESULTS AND DISCUSSION 

 

Virus elimination and germplasm maintenance  

So far 12 potato cultivars had been cleaned from the major potato viruses in NPRP (Table 1). Before 

virus cleaning, cultivars were found to be infected with single to multiple viruses and percentage of 

virus elimination was higher in case of single infestation as compared to multiple infestations. Out 

of six major potato viruses tested through DAS-ELISA technique, PVS infestation was found to be 

the highest for eight clones followed by PVM infecting three clones. More than hundred potato 

germplasms were maintained under in vitro condition in the NPRP's tissue culture laboratory (NPRP 

2006). 
 

Table 1. Potato viruses eliminated cultivars in NPRP, Khumaltar 

Cultivar Eliminated viruses  Reference Remark 

Sarkari Seto NA† NA Cleaned in 1989 

Syang Dorje NA NA Cleaned in 1989 

Kufri Sindhuri PVS and PLRV Akius and Kloos 1990  

Cardinal PVX, PVY and PVS Shakya et al 1992  

Kathmandu Local PVS and PVM Ranjit et al 1994  

Tharu Local PVS and PVM Ranjit et al 1994  

NPI-106 PVS Ranjit et al 1994  

Kufri Badshah PVX Sakha and Dhital 2006  

Jumli Local PVX, PVS, PLRV & PVM Sakha and Dhital 2006  

CIP 388572.1 PVS NPRP 2006  

CIP 388572.4 PVS NPRP 2006  

Gui Valley PVY Dhital et al 2006  
† NA, Not available 



Nepal Agric. Res. J. Vol. 8, 2007 

 

10

Rapid propagation  

During rapid propagation, the explants developed into fully grown plantlets within four to six weeks 

depending up on cultivars. It was found that multiple explants grow rapidly as compared to single 

explant per culture tube. About ten to twenty thousands in vitro plantlets are being propagated and 

supplied to the glasshouse/screenhouse each season for PBS production purpose (Table 2). 
 

Table 2. In vitro plantlets supplied to the glasshouse and screen house for PBS production 

Year Autumn season, n Spring season, n Total, n 

1990/91 12,400 14,625 27,025 

1991/92 10,976 13,280 24,256

1992/93 11,409 13,550 24,959 

1993/94 12,546 17,599 30,145 

1994/95 16,775 17,720 34,495

1995/96 16,058 8,720 24,778 

1996/97 14,593 7,666 22,259 

1997/98 14,094 22,264 36,358

1998/99 21,330 18,402 39,732 

1999/00 21,578 18,823 40,401 

2000/01 20,193 21,150 41,343

2001/02 22,600 15,170 37,770 

2002/03 17,844 21,830 39,674 

2003/04 22,570 15,606 38,176 

2004/05 26,345 21,479 47,824 

2005/06 24,894 17,655 42,549 

Total 286,205 265,539 551,744 

 

PBS production and distribution 

Pre-basic seed potatoes were produced for the first time in Nepal during 1989/90 (Akius et al 1990). 

Since then PBS has been produced twice a year, once during autumn season and next during spring 

season. So far PBS of 19 cultivars has been produced in NPRP (Table 3). Out of them Cardinal, 

Desiree, Kufri Jyoti, Khumal Seto-1 and NPI-106 found suitable for both seasons. Depending up on 

the demand, PBS of five to ten cultivars are produced each season. There are altogether 20 benches 

of 12.88 m
2
 area each in the glasshouse and eight benches of 14.28 m

2
 area each in the screenhouse 

for PBS production in NPRP. So far about 200,000 PBS are being produced each year. 
 

Table 3. Potato cultivars suitable for autumn and spring season plantation 

SN For Tarai season/autumn plantation For hill season/spring plantation 

1 Cardinal† Cardinal† 

2 Desiree† Desiree† 

3 Kufri Sindhuri† Kufri Jyoti 

4 Kufri Jyoti NPI-106 

5 NPI-106 Khumal Seto-1 

6 Khumal Seto-1 I-1124 

7 Janakdev† CFM 69-1 

8 Khumal Rato-2† CFJ 69-1 

9 BR 63-65† Syang Dorje 

10 Tharu Local Sarkari Seto 

11 Kufri Badshah Kathmandu Local† 

12 Perricholi† Jumli Local† 
† Red skinned cultivars, rest are white skinned. 

 

Study of PBS production during last five years revealed that total number of PBS production during 

spring season is about 24% higher than that produced during autumn season (Table 4). However, 

production of larger sized (>1 g) PBS was much more (58.3%) during autumn season as compared 

to 37.6% only during spring season. Thus, production of higher number of potato tubers per unit 

area results in the decrease in average tuber size, and vice versa. It was found that in vitro plantlets 

produced about five minitubers per plantlet with the mean tuber size of 2.8 g (Sakha and Rai 2004). 
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Table 4. Size distribution of PBS produced during 2001/02 to 2005/06 in NPRP, Khumaltar 

Year 

Autumn PBS Spring PBS 

Production, n 
Size distribution, % 

Production, n 
Size distribution, % 

>5 g 1-5 g 0.5-1 g <0.5 g >5 g 1-5 g 0.5-1 g <0.5 g 

2001/02 110,331 17.9 48.6 23.0 10.5 131,003 8.5 37.4 33.0 16.4 

2002/03 67,945 22.3 42.2 25.2 10.4 192,113 3.2 33.3 46.6 16.9 

2003/04 104,289 7.1 40.3 44.0 8.5 103,186 7.7 42.4 48.2 11.7 

2004/05 100,170 6.8 47. 7 37.6 7.8 90,760 7.8 32.1 40.3 19.7 

2005/06 84,718 12.1 49.1 24.3 14.5 62,445 2.0 23.9 48.6 25.6 

Mean 93,491 13.2 45.1 30.8 10.3 115,901 5.8 31.8 43.3 18.1 

 

Initially PBS was distributed mainly to seed potato growers and seed potato grower groups (SPGs) 

through Field Coordinators in each Developmental Regions. After the establishment of 

Memorandum of Understanding (MoU) between Nepal Agriculture Research Council (NARC) and 

Department of Agriculture (DoA) in 1997, PBS are being distributed to the seed potato producers 

through District Agriculture Development Offices in collaboration with Potato Development 

Program, Department of Agriculture (Sakha and Dhakal 2006). Accordingly, 80% PBS has been 

distributed to the seed potato producers groups and the rest 20% to the Government farms, research 

stations, NGOs and INGOs within the country. Till date 3,365,799 PBS had been produced and 

3,217,666 PBS had been distributed so far (Table 5). 
 

Table 5. Production and distribution of pre-basic seed potatoes after the inception of tissue culture 

facilities in NPRP, NARC 

Year Production target, n Production, n Distribution†, n 

1990/91 100,000 135,860 149,550 

1991/92 100,000 108,722 123,696 

1992/93 100,000 84,991 103,207 

1993/94 200,000 222,987 86,000 

1994/95 200,000 440,533 197,095 

1995/96 200,000 297,268 400,802 

1996/97 200,000 283,240 237,342 

1997/98 200,000 162,843 203,525 

1998/99 200,000 142,780 254,985 

1999/00 200,000 208,496 140,057 

2000/01 200,000 231,119 195,393 

2001/02 200,000 241,334 226,624 

2002/03 200,000 260,058 238,201 

2003/04 200,000 207,475 239,167 

2004/05 200,000 190,930 233,568 

2005/06 150,000 147,163 188,454 

Total  3,365,799 3,217,666 
† PBS, produced in the preceding year distributed during succeeding year. 

 

Utilization of pre-basic seed potatoes 

PBS has been utilized for the production of high quality basic seed potatoes. Depending up on the 

environmental condition of the plantation areas and cultivation practices, PBS could be used to 

produce quality basic seeds for several generations: at least 3-4 years in plain areas, 5-6 years in 

mid-hills and 8-10 years in high hills. Depending up on the size of PBS, field plantation should be 

done at 60- × 10-cm, 60- × 15-cm and 60- × 20-cm spacing for PBS of <1 g, 1-5 g and >5 g sizes, 

respectively (Sakha and Dhakal 2006). Size of PBS, environment and cultivar were the three main 

factors affecting both multiplication rate and productivity. Average multiplication rates of basic 

seed-1 tubers produced per unit PBS were found to be 4.9 for the hills and 5.2 for the Tarai with 

average production of 116 g and 171 g of basic seed-1 per tuberlet in the hills and Tarai, 

respectively (Schulz et al 1998). 

 

After the establishment of tissue culture facilities in NPRP in 1990, the continuous use of PBS 

potatoes as source seeds resulted in the significant increase in productivity of potato (Figure 2). 
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Figure 2. Index of potato area, production and yield in Nepal.  
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 Source: ABPSD, 2006. 

 

 

CONCLUSION 

 

PLRV, PVS, PVX, PVY, PVA and PVM are known to be the major potato viruses of economic 

importance in Nepal. National Potato Research Program under Nepal Agricultural Research Council 

has facilities to test these viruses. Since 1990, NPRP has been producing about 200,000 PBS 

annually. So far, PBS of 19 different recommended and released potato cultivars has been produced. 

Till date 3,465,799 PBS had been produced and 3,217,666 PBS distributed to the different seed 

potato growers groups, District Agriculture Development Offices, Government Farms/Research 

stations, NGOs/INGOs and others for subsequent basic seed potato production within the country. 
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ABSTRACT 

 

Genotype x Environment interaction limits the effectiveness of selection when selection is 

based only on mean yield. This G × E interaction was studied for grain yield in 7 genotypes 

of mid-hill rice in five different environments across the Nepal. Significant difference was 

observed among genotype (G), environment (E) and interaction (G × E) but could not 

identify the stable high yielding genotypes for diverse environments. Therefore, stability 

parameters were calculated and analyzed. On the basis of stability parameters, two 

genotypes, NR 10414, NR 10492 and NR 10515 were found to be most stable over different 

environments. NR 10353 was identified as suitable genotypes with high grain yield for 

favorable environment. 

 

Key words: G × E interaction, grain yield, mid-hill rice, stability 
 

 

INTRODUCTION 

 

Rice is the main stay of Nepalese farmers and prefers to grow whenever possible. Hill rice 

contributes about 25% both in area and production (MoAC 2006). Rice yield is very low in this 

region due to diverse growing conditions in terms of altitude, soil type and depth, rainfall pattern 

and irrigation facility and input availability and crop management practices. Varietal adaptability to 

environmental fluctuations is important for the stabilization of crop production both over regions 

and years (Singh and Narayan 1993). Hence, several potential genotypes have to evaluate at 

different environments and years before selecting certain desirable genotypes. The relative 

performance of different genotypes often varies from one environment to another ie genotype 

environment interaction exist (Rashid et al 2002), and presence of G × E interaction in any genetical 

study leads to overestimation of genetical and statistical parameters (Sharma 1998) which makes the 

breeder difficult to decide which genotypes should be selected. 

 

Significant G × E interaction results from changes in the magnitude of the differences among 

genotypes in different environments or from changes in relative ranking of the genotypes ie two 

types of G × E interaction exist (a) a non cross-over G × E interaction, in which the ranking of 

genotypes remains constant across environments and the interaction is significant because of 

changes in the magnitude of the response, or (b) a crossover G × E interaction, in which significant 

changes in rank occurs from one environment to another where one genotype may be chosen for one 

environment and other genotype for other. Therefore, plant breeders look for non-crossover type of 

interaction when selecting genotype for wider adaptation (Won et al 1998). The study of G × E 

interaction provides useful information to identify stable genotypes over a range of environments or 

specifically adapted to low and high environment (Reddy et al 1998). Testing genotypes at more 

location is considered important than testing in more years for stability studies (Joshi et al 2003). 

The present investigation was therefore, under taken to study G × E interaction and stability analysis 

to identify stable high yielding genotypes over different situations of mid hill areas of Nepal. 
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MATERIALS AND METHODS 

 

Seven rice genotypes including two standard checks (Khumal-4 and Khumal-11) were evaluated in 

farmers' fields using a farmer as a replication during 2005. These trials were conducted at five 

locations with two replication in each site in the mid hill areas viz. Dhankuta and Dolakha in 

eastern, Khumaltar in central, Lamjung in western and Dailekh in mid western part of Nepal. Status 

and pedigrees of testing materials are given in Table 1. The plot size was 10 m2 and spacing was 20- × 15-cm. The recommended packages of practices were followed to raise the good crop at all the 

locations. Although all agro-morphological data were recorded, only the grain yield data is used in 

this study. Grain yield was recorded on plot basis and converted to ton ha-1 before analysis. 
 

Table 1. Status and pedigree of the testing materials 

Genotype Pedigree Status 

NR 10353-8-2-1 Jumli Marshi / IR 36 Pipeline 

NR 10414-34-2-3 Gyamja / YR 3825-11-3-2-3-1 Pipeline 

NR 10492-7-2-2 IR 36 / Khumal-5 Pipeline 

Khumal-4 IR 28 / Pokhreli Masino Released 

NR 10491-57-2-1 Khumal-4 / NR 10188-7-1 Pipeline 

NR 10515-69-1 Taichung 176 / Yongeng 3 Pipeline 

Khumal-11 Akiyudaka / Barkat Released 

 

Statistical Analysis 

The analysis of variance combine over locations was carried out to detect the differences among 

genotypes, environments and genotype × environment interaction using the statistical package 

MSTATC. Stability parameters were analyzed using Hanson's Composite Parameters of Stability 

Model (1970). This model is simple and suitable when number of genotypes and environments are 

small in which genotypic stability (Di) for a genotype is the deviation of its expected yield
^

(E ij ) 

from its stable yield ( ijS
^

). 

Di = [
2

^^

)( ijij

e

j

SE −∑ ] 0.5 

^

E ij = (xij+X-gi-yj)  and   ijS
^

 = bi (yj-X) 

 

Therefore, 

 Di= ∑e

j

( xij+X-gi-yj)-bi (yj-X) 2 

 

Where, 

xij = Mean of the ith genotype over replications at the jth environment. 

gi = Mean of the i
th
 genotype over replication and over environments. 

yj = Mean of the jth environment over replication and over genotypes. 

X = Experimental mean over all genotypes over replication and over all environment. 

bi = Regression coefficient of ith genotype on the environmental index (Ij) as calculated by 

Eberhart and Russel (1966). 

 

         e                   e 

bi = ∑xij x Ij/ ∑Ij
2       where Ij = Environmental index.    

         j               j 
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RESULTS AND DISCUSSION 

 

Analysis of variance combined over environments showed the highly significant differences among 

genotypes (G), environments (E) and G × E interaction. Mean genotype yield ranged from 4.1 to 5.8 

t ha-1.The highest yielding cultivars were NR 10353, NR 10414, NR 10515 and NR 10492 (Table 2). 

The environment effects were significant for the grain yield and it was the highest in Khumaltar 

followed by Dhankuta, Dolakha and the lowest in Lamjung. This indicates that environmental 

conditions at the testing sites were varied in terms of soil type and depth, altitude, rainfall and other 

factor affecting the crop yield. 
 

Table 2. Grain yield (t ha-1) of tested genotypes in farmer's field trials combined over location, 2005 

Genotype Dhankuta Dolakha Khumaltar Lamjung Dailekh Mean Di 

NR 10353-8-2-1 5.5 4.1 9.8 5.1 4.3 5.8 3.1 

NR 10414-34-2-3 4.9 5.0 7.3 4.7 4.6 5.3 2.2 

NR 10492-7-2-2 5.8 3.8 6.6 4.0 4.5 4.9 2.2 

Khumal-4 4.3 4.2 7.4 3.8 3.3 4.6 2.6 

NR 10491-57-2-1 4.4 4.5 4.4 4.1 3.4 4.1 0.9 

NR 10515-69-1 5.2 4.8 7.0 3.5 4.8 5.0 2.3 

Khumal-11 5.9 3.9 7.0 1.7 4.8 4.7 3.3 

Mean 5.1 4.3 7.1 3.8 4.2 4.9  

 Environment Genotype G × E CV, %   

F-test **  ** ** 17.26   

LSD (5%) 0.89  1.31 1.75    

**, Highly significant. Di, Genotypic stability. 

 

The significant G × E interaction effect demonstrated that the genotypes responded differently to the 

variation in the environmental condition of the testing sites and grain yield fluctuated accordingly. 

This indicates the necessity of multi-location testing of genotypes before recommending for general 

cultivation. The highest grain yield across the locations was produced by NR 10353 which ranked 

was first in Khumaltar and Lamjung only. NR 10414 gave the highest grain yield of 5.0 t ha -1 in 

Dolakha which was at par with NR 10353 across the locations. Similarly, Khumal-11 ranked first in 

Dhankuta and gave the lowest yield in Dolakha and Lamjung. Likewise, NR 10491 performed 

average in all the locations but its mean yield across the location was less than grand mean or 

experimental yield and could not considered as stable variety. 

 

Thus, analyses of variance combine over locations alone unable to give clear concept in identifying 

stable high yielding genotypes across the locations. Hence, stability parameters in addition to mean 

grain yield over location were calculated. 

 

The ideal genotype as proposed by Hanson (cited by Sharma 1998) would have the lowest Di value 

with higher mean yield than the grand mean. Lower the Di values smaller is the departure from the 

stable mean. Thus in this study, genotype NR 10491 has the lowest Di (0.9) but its mean yield (gi) 

was less than experimental yield or grand mean. Therefore, this genotype could not be considered as 

desire one. In the same line, NR 10414 and NR 10492 showed low Di followed by NR 10515 with 

higher mean grain yield than the experimental yield. Hence, these genotypes could be considered as 

stable over the environments and recommended for general cultivation if other parameters of 

varietal selection favors. However, cultivar NR 10353 with moderately higher genotypic stability 

(Di of 3.1) with the highest mean yield of 5.8 t ha-1 could be chosen for favorable environment or 

high input condition of cultivation. 

 

The results of this investigation demonstrated that the genotypic stability (Di) value with 

corresponding per se mean performance through light on the relative stability pattern of each 

genotype. Genotypes NR 10414, NR 10492, and NR 10515 are relatively stable in all location and 

NR 10353 is suitable in favorable environment. 
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ABSTRACT 

 

Full season maize genotypes were evaluated in on station coordinated varietal experiments 

during summer season at Agriculture Research Station (ARS), Pakhribas in three 

consecutive years 2003, 2004 and 2005. The experiments were laid out in randomized 

complete block design (RCBD) with three replications. The objective of this study was to 

identify high yield potential normal maize genotypes suitable for the existing cropping 

patterns in the eastern mid hill. Genotypes were evaluated in coordinated varietal trials 

(CVT) in 2003, 2004 and 2005 and in intermediate yield trial (IYT) in 2004. Five common 

genotypes including local and standard check were evaluated in the CVT 2003 and in the 

CVT 2004, another five common genotypes tested in the CVT 2004 and in the CVT 2005 

and six common genotypes of the IYT 2004 and CVT 2005 were analyzed over year. 

Genotype P501-SARCO-F1/P502-SARCO-F1 produced significantly higher grain yield 

followed by DRACOSYN- F1/DRBCOSYN-F1 in the 1st two years and found about one 

week earlier than Mankamana-3. Across 00502 and Across 9942/Across 9944 were found 

superior with respect to grain yield and phenotypic characters like husk cover, plant aspect 

and ear aspect both in CVT 2005 and IYT 2004 across the years and the genotype Across 

9942/Across 9944 was found tolerant to turcicum leaf blight (TLB) in 2005. 

 

Key words: Eastern Nepal, evaluation, genotypes, maize 

 

 

INTRODUCTION 

 

Maize (Zea mays L.) (2n = 2x = 20) is the main cereal crop of hilly areas and the second most 

important crop in Nepal. It serves as main diet of more than 55% of the people who live in the hilly 

regions (Baniya et al 2003). It is grown for food, feed and fodder in Nepal. It is mostly grown as a 

rainfed crop in the hills. The total cultivated area under maize in the country is 864885 ha, of which 

the eastern hill covers 178239 ha. The average productivity (1.66 t/ha) of the eastern hill is less than 

the national average productivity 2.0 t/ha (CBS 2005). National Maize Research Program, Rampur 

has released 17 open pollinated maize varieties for general cultivation for different agro ecological 

zones. Among these, 7 varieties have been recommended for the Mid Hill. More than 86% hill 

farmers prefer to grow white maize (ARSD 2001/02). Out of those varieties Mankamana-1, 

Mankamana-3 as well as newly released Shitala and Deuti, all white colored varieties are getting 

popularity among mid hill farmers of the eastern Nepal. However, the varieties, which are good for 

today, might not remain the same for long because of the reoccurrences of new biotypes of pathogen 

on account to the changing environment. Farmers need varieties having not only white colored but 

also flint type grains for good storing capability, strong stem, stay green characteristics, system 

accountability and stress tolerant. Therefore, there is a continuous need of studies to identify demand 

driven suitable cultivars in Eastern Mid Hill of Nepal. 

 

 

MATERIALS AND METHODS 

 

A co-coordinated varietal trial was conducted at ARS, Pakhribas for three consecutive years 2003, 

2004 and 2005.  Including the standard and the local checks, nine entries in CVT 2003; CVT 2004; 

16 entries in IYT 2004 and 11 entries in CVT 2005 were tested in RCBD with three replications. 

The unit plot size was of four rows of three meter length in CVT and two rows of three meter length 
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in IYT with the spacing of 25- × 75-cm. The planting dates were 15 April 2003, 3 May 2004, 28 

April 2004 in IYT, 28 April 2005. Fertilizers were applied at the rate of 120:60:30 NPK kg/ha. Half 

dose of N and full dose of P and K were supplied as a basal dose at planting and the rest half 

nitrogen was given as a side top dressing during the knee high stage of plant. Compost @ 15 ton/ha 

was also applied uniformly through broadcasting immediately before land preparation each year. 

Malathion 5% dust was applied @ 20 kg/ha to protect the seed and germinating plants from soil 

insects. One set of five genotypes in the CVT 2003 and in the CVT 2004, 2nd set of five genotypes in 

the CVT 2004 and in the CVT 2005, 3rd set of six genotypes in IYT 2004 and in CVT 2005 

including local and standard varieties were common tested entries across the years. The analysis of 

variances was performed for individual and over year for the traits recorded in trials using Genstat 

(1996). Ear aspect, plant aspect and husk cover were scored in 1 to 5 scale where 1 stands for 

excellent, 2 for, good, 3 for fair, 4 for poor and 5 for very poor. Similarly, Turcicum leaf blight 

(TLB) was also scored in 1-5 scales. Least significance difference (LSD) was used for comparison 

of means. 

 

 

RESULTS AND DISCUSSION 
 

Grain yield 

The genotypes which were common in the CVT 2003 and in the CVT 2004 differed significantly 

over year in grain yield. In both years P501-SRCO-F1/P502-SRCO-F1 produced significantly higher 

grain yield (5443 kg/ha) than Manakamana-3 (3805 kg/ha), farmers’ variety (3703 kg/ha) and ZM 

421 (3661 kg/ha). DRACOSYN-F1/DRBCOSYN-F1 produced higher grain yield than local variety 

and ZM 421 and performed similar to P501-SRCO-F1/P502-SRCOF1 and Manakamana-3 (Table 

1). P501-SRCO-F1/P502-SRCO-F1 and DRACOSYN-F1/DRBCOSYN-F1 genotypes were also 

identified better by Sah et al (2004), Sharma et al (2004), Adhikari et al (2004) and Sherchan (2004). 

Both the genotypes produced significantly higher grain yield than Manakamana-3 and local check as 

stated in ARSP (2004). They also produced significantly higher grain yield than Manakamana-2 

(2243 kg/ha), however, they were found at par with Manakanama-3 and local check (3458 kg/ha) 

and grain yield performance of ZM 421 was found similar to P501-SRCO-F1/P502-SRCO-F1 and 

DRACOSYN-F1/DRBCOSYN-F1 at Pakhribas (ARSP 2005). The result of combined analysis of 

five common genotypes of CVT conducted in 2004 and 2005 showed that Manakamana-3 (4973 

kg/ha), Iquitos 9325 (4321 kg/ha), SZSYNKITH/SZSYNECU573 (4062 kg/ha) and ZM 421 (4006 

kg/ha) produced significantly higher grain yield than local check (2849 kg/ha) and they were not 

different each other (Table 2).  Iquitos 9325 and SZSYNKITH/SZSYNECU573 performed poorer 

than Manakamna-3, P501-SRCO-F1/P502-SRCO-F1 and DRACOSYN-F1/DRBCOSYN-F1 

whereas Iquitos 9325 and ZM 421 performed same as Manakamana-3 (ARSP 2005).  

 
TABLE 1. OBSERVED TRAITS OF COMMON MAIZE GENOTYPES IN CVTS CONDUCTED IN 2003 AND 2004 

Genotype Grain yield, kg/ha Ear 

height, 

cm 

Plant 

height, 

cm 

Silking 

days 

(50%) 

Plant 

aspect 

Shoot 

lodging 

plant/ha, n 

Harvest 

plant/ha, 

n 
2003 2004 Mean 

P501--SRCO-F1/P502- SRCO-F1 6422 4464 5443 124 243 92 2.65 5741 46667 

DRACOSYN-F1/DRB-COSYN-F1 5522 3923 4723 113 228 91 2.65 7778 46296 

ZM 421 3956 3365 3661 119 221 93 3.25 3333 43148 

Manakamana-3 3526 4083 3804 151 266 93 3.05 9444 44074 

Farmers' variety 3947 3458 3703 165 278 88 3.3 7593 44074 

Mean 4675 3859 4267 135 247 91  6778 44852 

F-test     Entry ** * * ** * **  ** ** 

             Year   ** * ** *  ns ns 

            Year x Entry   ns * ** **  ns ns 

LSD     Entry 1301 1324 1005 16 20 4  7552 6388 

            Year   636 10 13 2    

            Year x Entry    23 29 5    

CV, % 14.5 21 19 10 7 3  91 11 

*,**, Significant at 0.05 and 0.01 probability level respectively. ns, Non significant. 

 

Over year variance analysis of six genotypes common in IYT 2004 and CVT 2005 showed 

significant (P < 0.05) differences among entries. Across 9942/Across 9942 (5976 kg/ha) and Across 

00502 (5509 kg/ha) were evaluated alike Manakamana-3 in grain yield but their yields were found 

significantly higher than Coxtla 59627 (4876 kg/ha), Across 9942 (4537 kg/ha) and local variety 
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(3384 kg/ha) (Table 3). Mankamana-3 (5599 kg/ha) also gave significantly higher grain yield than 

Across 9942 and local check. Across 9942/Across 9942 and Across 00502 were recorded high 

yielding genotypes alike Manakamana 3 in a study conducted at Pakhribas (ARSP 2006). Across 

9942/Across 9942 was also recognized the highest grain yielder genotype across locations as 

reported in NMRP (2006). 
 

Table 2. Different data of common entries  recorded in CVT normal maize 2004 and 2005 

Genotype Grain yield, kg/ha Ear 

height, 

cm 

Plant 

height, 

cm 

Silking 

days 

Root 

lodging 

plant/ha, n 

Shoot 

lodging 

plant/ha, 

n 

Ear 

aspect 

(1-5 

scale) 

Plant 

aspect 

 (1-5 

scale) 

Husk 

cover 

 (1-5 

scale) 

2004   2005  Mean 

Iquitos 9325 3596 5047 4321 141 247 85 4255 11111 2.67 2.75 1.83 

Szsynkith/Szsynecu 573 3101 5022 4062 149 265 85 4811 5889 2.92 2.9 2.83 

ZM 421 3365 4647 4006 112 206 81 3333 4078 2.83 3.5 3.17 

Manakamana-3 4083 5863 4973 144 251 86 6666 10367 2.42 2.5 1.33 

Farmers' variety  3458 2239 2849 171 284 80 12967 16667 3.5 1.16 0.5 

Mean 3642 4688 4042 140 251 84 6411 9633 2.87 3 1.93 

F-test:  Entry * ** ** ** ** ** ** **       

            Year   ** * ** ns ns **     

            Year x Entry   * ns ns ns * **       

LSD:   Entry 1324 1232 1064 25 13 3.8 4666 5378       

           Year   673 16 8 2.46 2888 3400     

            Year x Entry   1505 36 19 505 6555 7600       

CV, % 21 15.5 21.7 15 4.3 3.8 60 46       

*,**, Significant at 0.05 and 0.01 probability level respectively. ns, Non significant. 

 

EAR AND PLANT HEIGHT 

Five common entries of all three sets showed significant differences for plant and ear height. 

Farmers’ variety possessed taller ear and plant height in each set. P501-SRCO-F1/P502-SRCO-F1 

and DRACOSYN-F1/DRBCOSYN-F1 were recorded shorter both in ear and plant height than 

Manakamana-3 (Table 1). Plant and ear heights of Iquitos 9325 were found at par with 

Manakamana-3. SZSYNKH/S2SYNECU573 was measured taller than Manakamana-3 in plant 

height and found same as Manakamana-3 in ear height. ZM 421 was the shortest among all both in 

ear and plant heights (Table 2). Across 00502 was found alike Manakamana-3 both in ear and plant 

heights. Across 9942/Across 9944 and Across 9942 were shorter than Manakamana-3 and Across 

00502 in ear height and same as Manakamana-3 in plant height whereas Coxtla was found shorter 

than Manakamana-3 both in ear and plant heights (Table 3). P501-SRCO-F1/P502-SRCO-F1 and 

DRACOSYN-F1/DRBCOSYN-F1 produced ears almost in the mid portion of the plant and ZM 421 

produced ears above middle parts of plant. Across 9942, Coxtla 59627 and Across 00502 had the 

ears almost in mid portion whereas Across 9942/Across 9944, Iquitos 9325 and 

SZSYNKH/S2SYNECV573 had ears above mid portion of plants. Higher ear placed plants tend to 

lodge where as lower ear placement is more prone to damage by wild animals like Dumsi, monkey 

and Dheru particularly in the Eastern hilly areas surrounded by Jungles. 
 

Table 3. Observed traits of common entries in IYT 2004 and CVT 2005 normal maize 

Entry name Grain yield, kg/ha Ear 

height, 

cm 

Plant 

height, 

cm 

Silking 

days 

Ear 

aspect 

(1-5) 

Plant 

aspect 

(1-5) 

Husk 

cover 

(1-5) 

Root 

lodging 

plant/ha, n 
IYT 

2004 

CVT 

2005 

Mean 

Across 9942 5582 3492 4537 114 227 76 2.83 2.5 1.8 2966 

Coxtla 59627 5011 4741 4876 112 220 81 2.17 2 1.8 1300 

Across 00502 5761 6053 5909 131 236 88 2.05 2 2 2777 

Across 9942/Across 9944 6265 5688 5976 117 221 80 1.83 1.5 1.16 922 

Manakamana-3 5336 5863 5599 133 244 83 2 1.8 1.16 4077 

Farmers' variety  4528 2239 3384 162 262 80 3 3.16 1 9078 

Mean 5115 4679 4897 128 235 82    3522 

F-test: Entry ** ** * ** ** **    ** 

           Year   ns ** ** **    ** 

           Year x Entry   ns * ns *    * 

LSD    Entry 1666 1232 1615 13 20 2.2    4255 

           Year    8 11 1.3    2455 

           Year x Entry    18 27 3.2    6030 

CV, % 22.5 15.5 27 8.5 7 2.3    101 

*,**, Significant at 0.05 and 0.01 probability level respectively. ns, Non significant. 

 

Silking days 

Tested genotypes differed significantly (P < 0.01) in 50% silking days in all three sets. DRACOSYN 

F1/DRBCOSYN-F1 (91 days) and P501-SRCO-F1/P502-SRCO-F1 (92 days) were not different 
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from Manakamana-3 (93 days) and farmers’ variety (88 days). ZM 421 (93 days) was also evaluated 

statistically at par with Manakmana-3 and farmers’ variety in silking days in combined analysis of 

CVT 2003 and CVT 2004 (Table 1) and found significantly earlier than Manakamana-3 in combined 

result of CVT 2004 and CVT 2005 (Table 2), however, its yield potentiality was recorded poorer 

than others. Across 00502 was recorded very late (88 days) and Across 9942 was the earliest (76 

days) in silking than all other tested genotypes in combined analysis of IYT 2004 and CVT 2005 

where as silking days of Across 9942/Across 9944 (80 days) was alike with local variety but earlier 

than Manakamana-3 (Table 3). Similarly, Iquitos 9325 (85 days), SZSYNKH/S2SYNECU573 (85 

days) and Manakamana-3 (86 days) were evaluated same in silking days (Table 2). 

 

Ear aspect, plant aspect and husk cover  

DRACOSYN-F1/DRBCOSYN-F1 and P501-SRCO-F1/P502-SRCO-F1 were scored better with 

regard to ear and plant aspects. P501-SRCO-F1/ P502-SRCO-F1 were evaluated fair in husk cover 

whereas DRACOSYN F1/DRBCSYN-F1 was found poor in husk cover. Across 9942/Across 9944, 

Across 00502 and Manakamana-3 were evaluated better with regard to plant aspect, ear aspect and 

husk cover. Iquitos 9325 was better in husk cover and fair in ear and plant aspects.  

SZSYNKH/S2SYNECV573 was fair in ear aspect, plant aspects and husk cover scores. 

 

DRACOSYN-F1/DRBCOSYN-F1 and P501-SRCO-F1 / P502-SRCO-F1 were of good yield 

potential (4464 kg/ha) and same as Manakamana-3 in maturity. Both genotypes were recorded 

shorter in ear height and plant height than Manakamana-3, however, their ear placement was almost 

in middle part of plant (Table 1). P501-SRCO-F1/P502-SRCO-F1 was found promising considering 

recorded traits and is promoted for further verification. Iquitos 9325 and 

SZSYNKH/S2SYNECU573 possessed yield potentiality and silking days same as Manakamna-3 but 

Iquitos 9325 and Manakamna-3 were evaluated better with regard to ear aspect, plant aspect and 

husk cover than SZSYNKH/S2SYNECU573. ZM 421 was found earlier in silking, shorter both in 

ear and plant height and fair in plant aspect, ear aspect and husk cover. Its earliness trait could be 

used to make early population. Across 9942/Across 9944 and Across 00502 were high grain yielder 

varieties but their grain yield was not significantly different from Manakamana-3. Across 

9942/Across 9944 was found earlier in silking, shorter in both ear and plant height and better with 

regard to ear aspect, plant aspect and root lodging. Therefore, this variety is recommended to 

promote for further test on the farmers' field. Across 00502 was found high yielder and good with 

respect to ear aspect, plant aspect and husk cover, however it was late in silking days like Deuti. 

Coxtla is same as Across 00502 in many characters but earlier in silking. So this genotype should 

also be considered for on farm verification. 
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ABSTRACT 

 

Farmers value the diversity because of diverse environments both in production and 

consumption. On-farm morphological variation on pigeon peas (2n = 2x= 22 or 4x, 6x?) was 

studied at Kachorwa, Bara, Nepal to assess the household categories that have maintained 

diversity. Household diversity Index (HDI) of 10 different farmer categories was estimated 

based on Shanon-Weaver method. Eighteen quantitative and qualitative (quant-qualitative) 

traits were used for on-farm variation and HDI studies. On farm ANOVA was generated on 

eight quantitative traits. Highest diversity (HDI, 0.265) was maintained by farmer of 

medium wealth category who grows pigeon pea in upland bund. Pigeon pea grown in khet 

(low land) bund with Pajawa landrace expressed least diversity (HDI, 0.079). Pigeon pea 

growing in monoculture was more diverse (HDI, 0.224) for 18 traits than in other production 

environments. Maximum variation was observed in growth habit followed by seed color 

pattern. The highest grain yield among the Chanki growers was produced by the farmer of 

medium wealth category growing pigeon pea in upland bund. Significance variation among 

farmers in quantitative traits indicates the intra varietal diversity in pigeon pea. Diversity 

varied with respect to wealth category and production environments. Farmer who has 

maximum diversity on pigeon pea could able to receive the higher grain yield. Result related 

to where and who maintain the diversity may be useful for development of on-farm 

conservation strategy. Possibility of developing good varieties exits using Pajawa and 

Chanki landraces. 

 

Key words: Household diversity index, on-farm variation, pigeon pea, quant-qualitative 

traits 

 

 

INTRODUCTION 

 

Pigeon pea (Cajanus cajan (L.) Millsp.) is an important summer crop of farmers living in Tarai and 

Inner Tarai (< 600 m) of Nepal. It is a multipurpose crop grown as sole crop or an intercrop in many 

farming systems. It is also grown by small farmers on marginal lands where other crops are not 

suitable. Many landraces of pigeon pea exist in Nepal (Neupane 1995), which are suitable to diverse 

environments. Area coverage under pigeon pea is 25460 ha with productivity of 0.78 t/ha in Nepal 

(NARC 1998). Dehulled seeds of pigeon pea are used as dhal, seed husk are fed to animals, dry 

stems are used for firewood and to make huts and baskets. Root nodules of this crop fix N2 thus 

increasing the soil fertility and the deep roots of pigeon pea take up phosphorus, which is thus 

available to other crops (Johansen 1990). 
 

Kachorwa is one of selected ecosites to study on-farm agrobiodiversity in Nepal. This site lies in Tarai belt 

possessing low to moderate level of diversity with high degree of intervention (Upadhyay and Subedi 2000). 

Pigeon pea is one of the grain legumes growing in larger area in Bara (Sherchand et al 1998). Nepal 

Agricultural Research Council has released two pigeon pea varieties suitable for low altitude. Even though 

these improved varieties are not found in this site. Participatory rural appraisal and diversity fair indicated the 

existence of high landrace richness of pigeon pea in Kachorwa (Khatiwada et al 2000). Among these landraces 

Chanki is most common. Farmers cultivate pigeon pea under low external input without farmyard manure, 
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chemicals and agro chemicals (Rana et al 2000). Pigeon pea grains in the market fetches highest price amongst 

the pulses (Rana et al 2000). Pigeon pea is often self-pollinated and biannual crop. Knowledge on population 

structure and breeding system could be useful for the maintenance of diversity on-farm. Farmers also use 

small area to plant pigeon pea. Population genetic structure in such a small population if there is diversity 

could help in policy formulation for on-farm management of agricultural biodiversity. 

 

On-farm variation is important to farmers, breeders and in situ conservationists. Variation in 

production environments and food value or farmers’ need create diversity and help to maintain 

different forms of crop plants. For genetic resources conservation in situ method is treated as 

complement of ex situ conservation. Information on amount and distribution of genetic diversity 

maintained by farmer and farmers who maintain diversity on-farm is prerequisite for effective 

implementation of in situ conservation activities. Therefore this study was designed to have 

information about amount and distribution of pigeon pea diversity over household. Additionally 

population structure of pigeon pea landraces and on-farm characterization and evaluation of these 

landraces were studied. 

 

 

MATERIALS AND METHODS 
 

We reviewed baseline report 1998-99 of Kachorwa ecosite to identify/select landraces and farmers. There are 

12 different landraces in Bara (Sherchand et al 1998) and 5 landraces in Kachorwa site (Rana et al 2000). But 

only two landraces are being cultivated now in Kachorwa. Two landraces Chanki and Pajawa were selected in 

2003 growing season. Ten farmers were selected based on pigeon pea landraces, cultivation environments and 

wealth category. Farmers’ name and their category are given in Table 1. 

 

Table 1. Farmers’ name and their category 

SN Farmer Category 

Full name Short form 

1 Shiva Sah S Sah Rich growing pigeon pea in upland bund  

2 Janga Bahadur Raya Yadav JBR Rana  Rich growing pigeon pea in lowland bund  

3 Rup Narayan P Yadav RNP Yadav Medium growing pigeon pea in upland bund  

4 Mahanarayan P Raya Yadav MPR Yadav Pajawa grower  

5 Ram Lal Sah RL Sah Medium growing pigeon pea in monoculture 

6 Madandas Tatma M Tatma Poor growing pigeon pea in lowland bund  

7 Shovi Raya Yadav SR Yadav Medium growing pigeon pea in lowland bund  

8 Narayan Mahato Kahar NM Kahar Poor growing pigeon pea in monoculture 

9 Rajendra Raya Yadav RR Yadav Rich growing pigeon pea in monoculture 

10 Mahendra Mahato Kahar MM Kahar Poor growing pigeon pea in upland bund 

After discussing with farmers, they were categorized rich, medium and poor based on the wealth status, Three 

types of production environments are common in Kachorwa. These are upland bund, lowland bund and 

monoculture. MPR Yadav cultivates Pajawa and all others cultivate Chanki landrace. 

 

From each category of farmer, 10 plants were randomly selected from different pigeon pea growing 

areas of similar production environment of respective farmer. Number of parcels ranged from 1 to 3. 

We tried to include plant from all parcels in diversity study. Variation within and between parcels of 

each farmer was captured. 
 

A total of 18 quant-qualitative characters were measured based on descriptors for pigeon pea (IBPGR and 

ICRISAT 1993). These traits were recorded on individual plant of each farmer’s category. For household 

diversity index (HDI), 14 traits (Table 2) were used. Four quantitative traits, plant height, branch number, 

raceme number and yield were converted in qualitative traits. Individual plant was defined as tall (> 200 cm) 

and dwarf (≤ 200 cm) based on plant height. Classes based on total number of branches were high (> 30), 

medium (16-30) and low (< 16). Similarly classes were high (> 150), medium (51-150) and low (< 50) based 

on raceme number per plant and high (> 20g), medium (11-20 g) and low (< 11g) based on grain yield per 

plant. HDI was estimated using the formula of Shanon-Weaver index. This index was used previously for 

studies of variability in crop plants by Tolbert et al (1979) in barley, Holcomb et al (1977) in rice, and Cruz et 

al (1997) and Pandey et al (2003) in sponge gourd. The index is calculated as 

∑=−= n

i

pipiHDI

1

2log  
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where pi is the proportion of entries in the ith class and n is the number of phenotypic classes for a trait. Mean 

and standard error (SE) were also estimated for HDI. A hierarchical analysis of variance for testing the 

significance among farmers and between traits within farmers in HDI was applied. 

 

On farm variation between farmers was tested in quantitative traits. Least significance difference at 5% level 

was estimated for each trait. Student's t was used to test the yield of two landraces. Population structure of two 

landraces was studied. Mean, range and standard deviation (SD) were estimated in nine traits for Chanki and 

Pajawa landraces. Correlation coefficients were estimated among these characters.  Characters relation would 

help in selection process of pigeon pea on-farm.  Minitab and Excel computer software were used for analysis. 

 

 

RESULTS AND DISCUSSION 
 

Phenotypic proportion of classes of each trait with respect to farmers is given in Table 2. Distribution of 

phenotypic classes was observed in growth habit, plant height, branches, raceme number, seed color pattern, 

seed eye width, seed shape and grain yield. Distribution pattern of these classes was similar among the 

farmers. Probably this is due to the low number of observations taken per farmer and these farmers were taken 

from the same community. Most of the plant showed semi spreading type of growth habit. Trailing growth 

habit was rare, only observed in Pajawa landrace. Erect and compact was not also common. Such type of plant 

is important for inter crop planting. Pigeon pea is bund-adopted crop, therefore farmers try to minimize the 

shading effect of this crop to neighbor crops. All plants have green stem with lanceolate leaflet and smooth 

leaf surface. Mix pod color with flat shape was common to all populations of these landraces. Two types of 

seed color pattern were observed. Most of seed were oval and elongate shape was rare. There was variation on 

plant height, branching type, grain color, seed color and fruiting, which are used by farmers to distinguish 

landraces (Paudel et al 1999). This means that selection based on farmer’s traits could be resulted in positive 

direction on these traits. 

 

Household diversity index was zero for all farmers for leaf hairiness, leaflet shape, pod color, pod form, pod 

hairiness and stem color (Table 3). But variation was reported for these characters by Bajracharya et al (1999). 

This may be due to the inclusion of more landraces in her study. Though low diversity index was not 

necessarily associated with small sample size (Tolbert et al 1979). The highest HDI (1.00) was observed in 

grain yield of S Sah, JBR Yadav and R Sah. The lowest HDI (0.095) was recorded on seed shape of RR 

Yadav. Variation in number of landraces was not found at household (HH) level (Rana et al 2000), but 

variation exists within population grown by HH. HDI was the highest in pigeon pea grown in monoculture 

(0.224) followed by upland bund (0.219). Pigeon pea grown in lowland bund expressed the lowest HDI 

(0.166). Averaging HDI over traits, RNP Yadav expressed highest the HDI and MPR Yadav who grow 

Pajawa, the lowest. RNP Yadav is a medium wealth status farmer growing pigeon pea in upland bund. Among 

landraces Chanki gave the highest HDI (0.217). Within landraces medium wealth category farmer has the 

highest diversity but Rana et al (2000) reported that poor has the highest landrace diversity. Medium wealth 

category also grows pigeon pea in larger area (Rana et al 2000). Most of the farmers’ HDI fall within from 

0.18 to 0.26. HDI indicates the farmers that have maintained diversity on-farm. Highly significant difference 

was found for diversity indices between farmers and between traits within farmer (Table 4). 
 

Table 2. Phenotypic proportions based on percentage of plant numbers (N = 10) for each farmer categoy of pigeon pea for 14 

characters 

SN Trait  Classes S 

Sah

JBR 

Yadav

RNP 

Yadav

MPR 

Yadav 

RL 

Sah

M 

Tatma

SR 

Yadav

NM 

Kahar 

RR 

Yadav 

MM 

Kahar

1 Growth habit Erect and compact 0 0 0 0 20 20 0 0 0 0

Semi spreading 100 100 60 0 80 80 100 90 100 100

Spreading 0 0 30 100 0 0 0 10 0 0

Trailing 0 0 10 0 0 0 0 0 0 0

2 Plant height Tall 20 80 10 0 80 90 90 70 90 100

Dwarf 80 20 90 100 20 10 10 30 10 0

3 Branches High 80 70 80 100 90 80 30 60 0 40

Medium 20 30 20 0 10 20 60 30 80 50

Low 0 0 0 0 0 0 10 10 20 10

4 Stem color Green 100 100 100 100 100 100 100 100 100 100

Sun red 0 0 0 0 0 0 0 0 0 0

Purple 0 0 0 0 0 0 0 0 0 0

Dark purple 0 0 0 0 0 0 0 0 0 0

5 Leaflet shape  Lanceolate 100 100 100 100 100 100 100 100 100 100

Narrow elliptic 0 0 0 0 0 0 0 0 0 0

Broad elliptic 0 0 0 0 0 0 0 0 0 0

Obcordate 0 0 0 0 0 0 0 0 0 0
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SN Trait  Classes S 

Sah

JBR 

Yadav

RNP 

Yadav

MPR 

Yadav 

RL 

Sah

M 

Tatma

SR 

Yadav

NM 

Kahar 

RR 

Yadav 

MM 

Kahar

6 Leaf hairiness  Glabrous  100 100 100 100 100 100 100 100 100 100

Pubescent 0 0 0 0 0 0 0 0 0 0

7 Raceme number High 40 20 60 100 60 60 20 40 0 0

Medium 60 70 40 0 40 40 50 20 70 80

Low 0 10 0 0 0 0 30 40 30 20

8 Pod color  Green 0 0 0 0 0 0 0 0 0 0

Purple 0 0 0 0 0 0 0 0 0 0

Mixed (green + purple) 100 100 100 100 100 100 100 100 100 100

Dark purple  0 0 0 0 0 0 0 0 0 0

9 Pod form  Flat 100 100 100 100 100 100 100 100 100 100

Cylindrical  0 0 0 0 0 0 0 0 0 0

10 Pod hairiness  Glabrous  0 0 0 0 0 0 0 0 0 0

Pubescent  100 100 100 100 100 100 100 100 100 100

11 Seed color 

pattern  

Plain  100 40 60 20 100 100 100 90 100 100

Mottled  0 60 40 80 0 0 0 10 0 0

Speckled  0 0 0 0 0 0 0 0 0 0

Mottled and speckeled 0 0 0 0 0 0 0 0 0 0

Ringed  0 0 0 0 0 0 0 0 0 0

12 Seed eye width  Narrow 0 0 0 0 0 0 0 0 40 0

Medium 100 100 100 100 100 100 100 100 60 100

Wide 0 0 0 0 0 0 0 0 0 0

13 Seed shape  Oval  80 100 100 100 70 100 90 100 90 80

Globular  0 0 0 0 0 0 0 0 0 0

 Square (angular) 0 0 0 0 0 0 0 0 1 0

Elongate  20 0 0 0 30 0 10 0 0 20

14 Grain yield High 50 20 80 70 30 80 10 50 0 60

Medium 30 30 10 0 20 20 50 10 60 30

Low 20 50 10 30 50 0 40 40 40 10

 
Table 3. Household diversity indices (HDI) for farmers and characters and mean diversity and its standard error 

SN Trait S Sah JBR 

Yadav

RNP 

Yadav

MPR 

Yadav 

RL 

Sah

M 

Tatma

SR 

Yadav

NM 

Kahar

RR 

Yadav 

MM 

Kahar 

Mean SE

1 Branches 0.500 0.611 0.500 0.000 0.325 0.500 0.668 0.668 0.179 0.713 0.466 0.073

2 Grain yield 1.000 1.000 0.639 0.611 1.000 0.500 0.943 0.943 0.673 0.898 0.830 0.064

3 Growth habit 0.000 0.000 0.898 0.000 0.500 0.500 0.000 0.325 0.000 0.000 0.222 0.101

4 Leaf hairiness  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0

5 Leaflet shape  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6 Plant height 0.500 0.500 0.325 0.000 0.500 0.325 0.325 0.611 0.325 0.000 0.341 0.065

7 Pod color  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

8 Pod form  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0

9 Pod hairiness  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

10 Raceme number 0.673 0.572 0.673 0.000 0.673 0.673 0.668 0.688 0.250 0.179 0.505 0.081

11 Seed color pattern  0.000 0.673 0.673 0.500 0.000 0.000 0.000 0.325 0.000 0.000 0.217 0.093

12 Seed eye width  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.673 0.000 0.067 0.067

13 Seed shape  0.500 0.000 0.000 0.000 0.611 0.000 0.325 0.000 0.095 0.500 0.203 0.08

14 Stem color 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0

 Mean 0.229 0.242 0.265 0.079 0.260 0.179 0.209 0.254 0.157 0.164  

 SE 0.092 0.095 0.091 0.054 0.092 0.069 0.087 0.090 0.065 0.082    

On-farm variation on eight different quantitative traits exists among these farmers. Variation was observed 

between and within landraces. Significance yield variation (P = 0.006) was found between Chanki and Pajawa 

landraces. Pajawa produced grain yield three times more than Chanki. Due to the unwanted traits of Pajawa, 

farmers prefer Chanki even it produces less grains. Intra landraces diversity was also reported by Bajracharya 

et al (1999) and Khatiwada et al (2000). Plant height, stem thickness and seed characters were mentioned as 

important traits for measuring variability in pigeon pea (Bajracharya et al 1999). Our study also supports the 

finding of Bajracharya et al (1999). 
 

Table 4. Analysis of variance for diversity indices between and within farmers for 14 characters 

Source df MS % P 

Between farmers 9 0.04898 3.4 < 0.01 

Between traits within farmer 130 0.09598 92 < 0.01 
 

Significance variation was found in seven traits among farmers (Table 5). MPR Yadav has pigeon pea with the 

highest tertiary branches, raceme number per plant and the highest grain yield. The tallest plant was found in 

SR Yadav's field. Pod was the longest in pigeon pea of S Sah but the highest seed number per pod was in MM 
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Kahar. Among the Chanki growers NM Kahar produced highest yield. He is a poor farmer growing pigeon pea 

in monoculture. Rich farmer growing pigeon pea in low land received the lowest grain among Chanki 

growers. Much variation in the yield level of pigeon pea was already reported at Kachorwa, which ranged 

from 0.1 to 1.26 t/ha (Rana et al 2000). Medium wealth category had produced the highest yield than rich and 

poor (Rana et al 2000). 
 

Two populations of Pajawa and Chanki were different for 10 studied traits (Table 6). Chanki landrace showed 

relatively more variation than Pajawa in plant height, branches, pod number, seed number and 100-seed 

weight. More variation was observed in Pajawa than Chanki for raceme number, pod length and grain yield. 

Number of sample for each landrace was different which might have some effect on capturing variability. Due 

to the variation within and between populations, these landraces are able to cope different biotic and abiotic 

stresses. 
 

Table 5. Response of different traits with respect to farmers 

SN Farmer Plant 

height, 

cm 

Branches, n Raceme

/plant, n 

Pod/ 

raceme, n 

Seed/ 

pod, n 

Pod 

length, 

cm 

Grain 

yield/pl

ant, g 
Primary Secondary Tertiary 

1 S Sah 186.70 1.300 18.100 28.50 130.90 2.6800 2.930 4.5900 23.50 

2 JBR Yadav 215.90 1.400 21.000 21.00 115.50 3.2700 3.120 4.0800 11.70 

3 RNP Yadav 188.80 1.100 14.800 42.80 186.80 3.0500 3.510 4.5500 41.30 

4 MPR Yadav 183.40 1.200 17.700 63.40 365.60 3.0000 2.970 4.1900 57.50 

5 RL Sah 220.20 1.300 19.000 31.90 149.70 3.0100 2.980 4.3700 15.30 

6 M Tatma 231.40 2.800 13.200 34.70 206.00 2.7900 3.000 4.0200 30.50 

7 SR Yadav 235.40 1.600 13.300 14.00 105.10 2.6800 2.960 4.0500 14.30 

8 NM Kahar 219.90 2.800 33.800 16.70 141.90 3.0800 3.020 4.4100 33.20 

9 RR Yadav 224.70 1.100 15.900 5.30 69.20 2.8600 3.030 4.1400 12.50 

10 MM Kahar 272.60 1.200 16.100 10.60 79.80 2.9500 3.190 4.5000 28.90

 P 0.00 0.000 0.001 0.000 0.000 0.315 0.001 0.002 0.000 

 LSD (5%) 21.12 0.937 8.72 15.51 70.12 0.001 0.262 0.343 19.66 
 

Table 6. Population structure of Chanki and Pajawa pigeon pea landraces in Kachorwa 

Variable N Mean SD Minimum Maximum 

 Chanki Pajawa Chanki Pajawa Chanki Pajawa Chanki Pajawa Chanki Pajawa

Plant height, cm 90 10 221.7 183.4 33.95 10.08 145 166 316 200

Primary branches, n 90 10 1.622 1.2 1.241 0.422 1 1 8 2

Secondary branches, n 90 10 18.36 17.7 11.4 6.53 2 9 76 29

Tertiary branches, n 90 10 22.83 63.4 20.23 19.62 0 36 74 100

Raceme/plant, n 90 10 131.7 365.6 85.75 91.6 22 240 438 476

Pod/raceme, n 90 10 2.93 3 0.553 0.508 1.4 2.3 4.3 3.7

Seed/pod, n 90 10 3.082 2.97 0.336 0.221 2 2.7 4 3.3

Pod length, cm 90 10 4.301 4.19 0.418 0.489 3.5 3.3 5.7 4.7

100 seed weight, g 87 8 6.126 8.375 1.054 0.744 4 7 8 9

Grain yield/plant, g 90 10 23.47 57.5 19.2 47.8 1 1 95 133

SD, Standard deviation. 
Table 7. Correlation coefficients among nine characters based on 10 farmers’ field observations 

 Plant height 2 3 4 5 6 7 8 

2. Primary branches 0.075        

3. Secondary branches 0.018 0.508**       

4. Tertiary branches -0.268** 0.056 -0.075      

5. Raceme/plant -0.186 0.277** 0.183 0.846**     

6. Pod/raceme 0.083 0.114 0.162 0.328** 0.259**   

7. Seed/pod 0.160 0.028 0.136 0.159 0.163 0.378**   

8. Pod length 0.108 -0.008 0.313** -0.020 -0.016 -0.014 0.341**  

9. Grain yield -0.110 0.212* 0.260** 0.500** 0.647** 0.212* 0.247* 0.115 

*, **, Significantly different from zero at 5 and 1 % level. 

 
Traits relationship was given in Table 7. There is highly significance correlation between secondary branches 

and yield, tertiary branches and yield, and raceme number and yield. Coefficients indicate that for yield 

increment, branches (secondary and tertiary) and raceme number should be given priority during selection. 

Second important traits are pod number, pod length and seed number for yield improvement. Farmers 

commonly consider branches and raceme number during selection of pigeon pea plants. 
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Existence of on-farm variation for these traits indicates the possibility of improvement of these 

landraces. Branches and raceme number are the primary traits, which would response positively to 

selection. Rana et al (2000) documented the preferred and unpreferred traits of Chanki and Pajawa 

landraces. Chanki has more preferred traits but Pajawa produced more grains yield. Major traits 

considered by farmers are branching, yield and quality. Stem and branches are important for fencing 

and cooking purpose in Tarai areas. There was diversity at population level among these landraces. 

Improving Chanki landrace on branching and yield using Pajawa might be a better strategy to 

conserve landraces and meet the farmers’ need. Medium wealth category growing pigeon pea in 

upland has the greatest diversity. Farmer having the highest diversity could able to produce the 

highest grain yield. Because of on-farm variation especially in farmer’s traits, selection response is 

expected in both Chanki and Pajawa landraces. 
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ABSTRACT 

 

Saline water intrusion is a major problem and conflicting issue in south-west coastal region 

of Bangladesh. The increased salinity has negative impact on agricultural diversity in this 

region. The present study provides an assessment of perception of local farmers about 

changes of agricultural diversity mainly diversity of vegetable species (both summer and 

winter) and standing plants with the changes of salinity level in the nearby river. This study 

was carried out in January to August 2005 through semi-structured questionnaire in selected 

villages of different salinity prone areas such as high saline zone and moderate saline zone, 

namely Paikgacha and Rampal, respectively. The study has revealed that in Paikgacha, the 

salinity varies approximately within the range from 20,000 to 45,000 micro-mhos and in 

Rampal it is from 10,000 to 30,000 micro-mhos. Due to increased salinity, the summer 

vegetable species in Paikgacha and Rampal have been reduced from 16 to 2 and 15 to 9 

respectively during the period 1975-2005. For winter vegetable species, this figure was 

reduced from 13 to 9 in Paikgacha but in Rampal this number remained unchanged. 

Standing plant species in Paikgacha and Rampal have been reduced from 31 to 14 and 35 to 

21 respectively during that period. Agricultural diversity is reducing in substantial rate both 

spatially and temporally. 

 

Key words: Biodiversity, salinity, trend analysis 

 

 

INTRODUCTION 

 

Saline water in southwest coastal region of Bangladesh has created severe problems in agricultural 

diversity. Changes in tide and fresh-water flow retreat of the salinity limit of the area and 

productivity of soil and crop both reducing continuously. Under this process, during the wet season, 

local rainfall associated with flood flows from upland regions keeps the salinity limit near the 

coastline. Again, salinity starts increasing and introducing upland from the beginning of November 

with the cessation of the rains and consequent reduction of river flows (Pramanik 1986). The upland 

fresh water flowing from the Ganges through the Gorai-Madhumati channel governs the state of the 

salinity of the southwestern region. But the Ganges outflow during the lean period has been reducing 

since the commissioning of the Farraka barrage in 1975 (Rahman et al 2000). As a result of the 

reduced flow of water to the southwest region, the intrusion of saline water progressively upstream 

has made the region vulnerable to increasing salinity. Inundation of surface soil in inland during 

high tide is common phenomena, the salinity state in river water controls the soil salinity of the 

region (Chowdhury 1993). 

 

Salinity intrusion has developed a significant change in soil fertility and immunity, increases disease 

and insect infestation in field crops, restricts germination and normal growth of plants there by 

reducing the crop yield (Mannan et al 2004). Salinity is the single most important factor for limiting 

the improvement of crop intensity (Karim et al 1990). Gupta (1990) reported that salinity affect crop 

diversity in terms of plant growth and yields of plants by general osmotic effect and specific ion 

effect. Crop diversity is in fact correlated with the stability and resilience of an ecosystem which 

would have positive relationship with the well being of the existing species structure including the 

humans (Sengupta 2001). Farmers are leaving low productive crops and only concentrated high 

yielding crop which is encouraging monocropping. Therefore, reduced crop diversity is a serious 
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threat to the environment. With time these impacts will be severe if no measure is taken to manage 

it. So, salinity is now recognized as a serious issue in south-west coastal region of Bangladesh and 

has a direct impact on ecological sustainability. This study was focused on the changes of crop 

diversity due to change in river water salinity. 

 

 

METHODOLOGY 

 

The study area was selected randomly considering the factor that the area should have high or 

moderate saline zone. Considering the fact, Paikgacha under Khulna district (highly saline zone) and 

Rampal under Bagerhat district (moderately saline zone) were selected. Two unions were selected 

from the two sub-districts and from each union two villages were selected because two salinity 

measuring stations of Bangladesh Water Development Board (BWDB) for Shibsa river of Paikgacha 

and Passur river of Rampal are very close to the study area. Salinity data of these rivers represents 

the salinity state of the selected regions. Yearly maximum salinity level series of 27 years (1975-

2004; 3 yrs missing) of these two rivers was collected from hydrology department of BWDB. The 

statistical trend analysis was carried whether the time series data of salinity has statistically 

significant positive trend or not in both two regions. The procedure of testing linear trends is 

described herein: 

 

Assume that yt, t = 1, …, N is an annual time series and N is sample size. Simple linear trend can be 

written as: 

MtDyt +=  

where D and M are the parameters of the regression model. Rejection of hypothesis M = 0 can be 

considered as a detection of a linear trend. The hypothesis that M = 0 is rejected if 

)1(

)2(

2R

NR
Tc −

−=  > vT ,21 α−  

in which R is the cross-correlation coefficient between the sequences y1, …, yN and 1, …, N and 

vT ,21 α− is the 21 α−  quantile of the student t distribution with v = N – 2 degrees of freedom. 

Then, trend line was drawn by using MS Excel which represented the changed level of salinity 

graphically from the year 1975 to 2004. 

 

To detect the change of soil salinity state with the change of river salinity, secondary data were 

collected from Soil Research Development Institute (SRDI). To collect the crop diversity related 

data, a semi-structured questionnaire through purposive sampling was prepared. A household was 

selected as the sampling unit considering the factors that at least one member of each household was 

related with farming whose age was not less than 60 years during data collection period and 

permanent resident of the study area. The sample size was determined following the principle of 

Berensen and Levine (1992) and this was 35 and 45 for Paikgacha and Rampal respectively. The age 

of the respondents was not less than 60 years because the questionnaire was used to obtain 

information on the situation of the study area in the past from the year 1975 to 2005 from the local 

residents. The statistics of the respondent’s age profile was 67.67 yrs (0.30 SE) and 66.38 yrs (0.15 

SE) of Paikgacha and Rampal respectively. 

 

The year 1975 was selected as the base year as it reflected the year of lowest salinity level in the 

study area. Data of three years (1975, 1990, and 2005) with an interval of 15 years were undertaken 

for the analysis of the situation. The interval was relatively high so that local farmers could assess 

the changes clearly with this long year variation. As it was impossible to collect quantitative data 

about amount of crop species for the previous years; numeric values 0 to 10 were assigned against 

the qualitative data collected from respondents.  Here rank 0 represents non-availability of a species 

and 10 represents highly available for the species. Rank 0 to 10 was used to detect the subtle change 
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of qualitative amount. Based on the quantification of qualitative data, diversity calculation was 

accomplished.  

 

Shannon Diversity Index (H
-
), Species richness index (d) and Species evenness index (e), Index of 

dominance (c) following the methods described in Odum (1969), Shannon and Weaver (1963) and 

Simpson (1949) are mostly used in biodiversity calculation and these are the appropriate calculation 

of biodiversity. An actual number of individuals per species is obligatory to use the biodiversity 

index. As crop related previous data for the study area was no longer available to calculate diversity 

even in the agriculture department, the above indices were not used. So, local farmers’ perception 

was used to assess the change of crop diversity. Moreover, farmers were primarily involved with 

farming, supplying crops in local market for a long period, so they were the reliable source for 

collecting related data. That is why local farmers’ perception was used for better approximation of 

the changes of crop diversity. The farmers whom were interviewed were the residents of the villages 

of Charbanda and Golbunia of Paikgacha; Gonabelai and Durgapur of Rampal. The respondents and 

their predecessors were related with farming since long years ago. 

 

Finally, to detect the actual factors, which are responsible for biodiversity degeneration eight 

resource persons were interviewed. Among them, there were four agriculture scientists who were 

working on Paikgacha and Rampal, two soil scientists and two university teachers of agrotechnology 

disciplines of Khulna University. 

 

 
RESULTS AND DISCUSSION 

 

Assessment of changes of salinity 

The yearly maximum salinity level series of 27 years in Shibsa river of Paikgacha and in Passur 

river of Rampal have been considered for a comparison of the two study areas (Figure 1). It is 

shown that salinity level in Shibsa of 

Paikgacha is always higher than the 

salinity level in Passur of Rampal 

because Passur gets more upstream 

discharge through Nabaganga river from 

the Gorai channel. In Paikgacha, it 

ranges approximate from 20,000 to 

45,000 micro-mhos and in Rampal it is 

from 10,000 to 30,000 micro-mhos.  

Therefore, it is said that Paikgacha is 

under High Saline Zone (HSZ) and 

Rampal is in Moderate Saline Zone 

(MSZ) because it falls under the defined 

ranges (FAP 1993). In the study, the 

regression test for linear trend was 

carried out for the annual maximum 

salinity level series of salinity measuring 

station of BWDB at Shibsa and Passur 

river from the year 1975 to 2004. The 

result (Table 1) shows that linear trend 

could be detected in the annual sediment 

load at the 5% significant level. So, the 

time series data of salinity has the 

statistically significant positive trend in 

both two regions which eventually indicate the increased level of salinity from the year 1975 to 

2004. The trend line is also shown graphically in Figure 1. 
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 Figure 1. Comparison of highest salinity level between 

Sibsa of Paikgacha and Passur of Rampal in 

different years showing trend line. 
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Table 1. Result of trend analysis of salinity level series of Shibsa and Passur river 

Name of the River Correlation 

coefficient, R 

Trend: test 

statistics, Tc

Critical value at 5% significance 

level, T1-α/2, v  (t distribution) 

Existence of trend 

Shibsa (Paikgacha) 0.438 2.195 2.06 Trend exist 

Passur (Rampal) 0.383 2.073 2.06 Trend exist 

 

With the increase of river water salinity, soil salinity is also increased in the study area. SRDI (2001) 

made a comparison on soil salinity status in the study area between the year 1973 and 2000. The 

result of comparison is shown in Table 2 and it was found that over three decades, total saline 

affected area was increased by 21% in Khulna and 15.9% in Bagerhat. Among different salinity 

classes, the affected area of higher order classes (S3 and S4) was increased significantly. 

 
TABLE 2. DISTRIBUTION AND EXTENT OF DIFFERENT CATEGORIES OF SOIL SALINITY IN KHULNA AND BAGERHAT 

District  Total Salt affected 

area (‘000 hectare) 

Salt affected area in different salinity class % increase of total saline 

affected area over the 

period (1973-2000)  
S1 S2 S3 S4 

1973 2000 1973 2000 1973 2000 1973 2000 1973 2000 

Khulna 120.04 145.25 3.90 28.83 92.54 33.32 13.00 59.49 9.80 19.61 21.00 

Bagerhat 107.98 125.13 8.30 35.66 77.08 41.50 2.60 41.23 0.00 6.74 15.90 

Source: SRDI, 2001. 

 

Soil salinity class and effect of each class on plant is shown in Table 3. Brammer (1996) 

demonstrated that soil weathering process and saline water intrusion by surface inundation are the 

main source for soil salinization but surface inundation is dominant in the south west coastal 

Bangladesh. So, river water salinity is responsible for soil salinization. 
 

Table 3. Soil salinity class on the basis of electrical conductivity (EC) and its effect on plant 

Salinity Class Salinity level (micro-mhos) Plant growth condition 

Non saline (So) < 2000 Salinity affects mostly negligible 

Slightly saline (S1) 2000-4000 Yields of very sensitive crops may be restricted 

Moderately saline (S2) 4000-8000 Yields of many crops may be restricted 

Saline (S3) 8000-16000 Only tolerant crops yield satisfactory 

Highly saline (S4) > 16000 Only very tolerant crops yield satisfactory 

Source: Karim et al 1990. 

 

Assessment of changes in agricultural diversity due to salinity 

To assess the changes of diversity of vegetables (both summer and winter) and standing plants, 

perception of local farmers in Paikgacha and Rampal was used. About hundred percent respondents 

in both two regions thought that number of crop species are gradually decreasing. When they were 

asked how much a particular crop they produced in 1975, 1990, 2005; they responded qualitatively. 

Through the qualitative data it was difficult to assess the changes. Then, they were asked to put the 

value in between 0 and 10 against their qualitative amount per species; they chose the comparative 

number through their inherent capacity. Based on assigned ranking, statistical analysis (Mean & 

Standard) for Paikgacha (HSZ) and Rampal (MSZ) was carried out.  The result of the analysis for 

summer vegetables in different years is shown in Table 4. Statistical result of winter vegetables and 

standing crops is also shown in Table 5 and Table 6. The name of the species is shown in Table 7 

against each species ID which is used in Table 4, Table 5 and Table 6 for summer vegetables, winter 

vegetables and standing crops respectively.  

 

The mean value represents the average rank among the respondents and standard deviation 

represents the variation of their perception. The lower value of standard deviation in the study 

indicates accuracy of the approximation of amount of species. If we ignore the decimal places of 

mean value, Table 4 indicates that in 1975, 16 summer vegetable species was present in Paikgacha 

(HSZ) and in 1990, no species was extinct but availability of vegetables were reduced substantially. 

But in 2005, substantial change occurred and only 2 summer vegetable species was present. In 

Rampal (MSZ), 15 species was present in 1975, but in 2005 this figure was reduced to 11. Similarly, 

Table 6 indicates that in Paikgacha (HSZ) 13 winter-vegetable species was present, but in 2005 this 

was reduced to 9 and in Rampal (MSZ) number of winter-vegetables species remained unchanged 

but their amount was reduced. This is because in 1975, salinity level in river as well as in soil was so 
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small that it had insignificant impact on plant growth condition. In 1990, the level was increased and 

created impact on yield of each species. But in 2005, salinity level was so severe that most of the 

species were extinct and only few salinity tolerant species were available. 

 

Similarly, in Table 6, it is found that standing plants in Paikgacha (HSZ) was reduced from 31 

species in 1975 (as species No 19, 27, 32 and 34 are absent in HSZ) to 14 species in 2005. In the 

case of Rampal this figure was reduced from 35 species in 1975 to 21 in 2005. Only salinity tolerant 

species played dominant role in the study area. 
 

Table 4. Statistics of assigned rank against qualitative amount of summer vegetables produced by 

farmers in Paikgacha (HSZ) and Rampal (MSZ) in 1975, 1990 and 2005 

Species ID Paikgacha (HSZ) Rampal (MSZ) 

1975 1990 2005 1975 1990 2005 

Mean  SD Mean SD Mean SD Mean SD Mean SD Mean  SD 

Sp1  8.87 0.81 5.83 0.51 2.06 0.31 8.01 0.79 5.83 0.51 2.11 0.21 

Sp 2 6.24 0.92 5.00 0.43 0.03 0.21 6.13 0.91 2.13 0.49 0.03 0.25 

Sp 3 6.12 0.59 5.01 0.41 0.06 0.23 8.13 0.51 5.12 0.45 1.96 0.31

Sp4 6.01 0.58 2.63 0.60 0.03 0.20 8.29 0.60 7.68 0.52 5.61 0.41 

Sp 5 7.01 0.60 2.98 0.31 0.03 0.23 0.00 0.58 0.00 0.30 0.00 0.64 

Sp 6 8.19 0.52 4.98 0.30 0.03 0.02 9.01 0.41 4.31 0.35 2.13 0.26 

Sp 7 7.59 0.52 4.95 0.29 0.09 0.31 6.13 0.31 4.13 0.21 2.30 0.28 

Sp 8 8.13 0.51 4.86 0.30 0.03 0.20 5.16 0.61 5.10 0.31 1.96 0.17 

Sp 9 8.97 0.49 5.32 0.27 0.03 0.30 8.10 0.53 7.13 0.51 5.12 0.17 

Sp 10 6.25 0.36 2.12 0.30 0.07 0.31 8.10 0.39 5.10 0.30 2.10 0.38 

Sp 11 6.13 0.46 2.78 0.31 0.03 0.31 7.86 0.47 6.13 0.35 2.10 0.31 

Sp 12 9.13 0.42 4.13 0.42 1.10 0.26 8.10 0.21 4.62 0.45 2.96 0.52 

Sp 13 6.12 0.42 2.11 0.31 0.03 0.23 4.36 0.21 2.11 0.35 0.01 0.41 

Sp 14 5.23 0.43 1.98 0.41 0.03 0.19 5.02 0.23 2.33 0.32 0.02 0.71 

Sp 15 7.12 0.30 2.06 0.31 0.06 0.33 6.13 0.51 5.03 0.45 0.06 0.31 

Sp 16 7.12 0.26 1.98 0.39 0.07 0.21 7.12 0.21 4.85 0.18 2.15 0.21 

 Source: Field Survey, 2005. 

 

Table 5. Statistics of assigned rank against qualitative amount of winter vegetables produced by farmers 

in Paikgacha (HSZ) and Rampal (MSZ) in 1975, 1990 and 2005 

Species ID Paikgacha (HSZ) Rampal (MSZ) 

1975 1990 2005 1975 1990 2005 

Mean  SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Sp1  7.98 0.65 5.98 0.54 2.13 0.35 6.13 0.61 5.98 0.16 3.12 0.23 

Sp 2 6.94 0.76 6.01 0.45 2.35 0.25 8.15 0.39 4.96 0.29 2.13 0.29 

Sp 3 6.89 0.49 5.69 0.39 0.04 0.26 0.00 0.59 0.00 0.36 0.00 0.32 

Sp4 9.13 0.61 7.03 0.59 2.13 0.38 8.32 0.69 7.13 0.35 4.96 0.43 

Sp 5 8.13 0.51 6.15 0.39 1.98 0.39 7.13 0.39 4.13 0.45 2.15 0.59 

Sp 6 9.11 0.59 6.65 0.29 1.98 0.61 6.12 0.45 4.98 0.49 2.36 0.28 

Sp 7 9.16 0.49 7.15 0.39 2.10 0.54 7.89 0.35 6.94 0.48 4.69 0.27 

Sp 8 6.14 0.53 2.21 0.35 0.04 0.39 0.00 0.64 0.00 0.53 0.00 0.17 

Sp 9 9.14 0.49 5.32 0.35 2.13 0.36 9.12 0.39 7.16 0.59 4.97 0.19 

Sp 10 8.94 0.35 4.12 0.36 2.36 0.39 9.13 0.46 6.98 0.34 4.99 0.35 

Sp 11 9.10 0.54 6.13 0.35 4.12 0.37 8.98 0.37 7.13 0.29 5.12 0.34 

Sp 12 8.96 0.45 2.13 0.45 0.35 0.35 8.12 0.26 7.96 0.41 4.13 0.32 

Sp 13 7.13 0.41 2.13 0.54 0.39 0.29 7.84 0.29 6.15 0.31 4.11 0.39

Source: Field Survey, 2005. 

 

To detect the changing pattern for every species in Paikgacha and Rampal, graphical presentation is 

carried out. In Figure 2a, each line represents the changing pattern of every summer vegetable in 

Paikgacha whereas in Figure 2b, each line represents the status of every species in Rampal.  From 

Figure 2a, it is found that summer vegetables in HSZ could not bear the extent of salinity in 2005 

and substantial reduction occurred. Figure 2 (a) and (b) also indicate the spatial and temporal 

variation of summer vegetable species. In HSZ, about total species was extinct; only two species 
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remained but in MSZ reduction was lower compared to HSZ. Because in summer due to high 

temperature, evaporation of fresh water occur which eventually increases salinization. As salinity 

level in river and soil is high in HSZ compared to MSZ, this figure become high in high saline zone. 

Similarly, Figure 3 (a) and (b) indicate the spatial and temporal variation of winter vegetable 

species. From all comparative analysis it is concluded that agricultural diversity was changed both in 

Paikgacha and Rampal but it is noticeable in Paikgacha rather than Rampal due to high degree of 

salinity. The reduction of species in winter season is in smaller quantity rather than the summer 

season because of lower evaporation rate in winter compared to summer. 
 
Table 6. Statistics of assigned rank against qualitative amount of standing plants in Paikgacha (HSZ) and 

Rampal (MSZ) in 1975, 1990 and 2005 

Species ID Paikgacha (HSZ) Rampal (MSZ) 

1975 1990 2005 1975 1990 2005 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Sp1  8.02 0.55 2.41 0.41 0.02 0.31 8.11 0.52 3.12 0.49 2.11 0.49 

Sp 2 6.12 0.69 1.10 0.37 0.02 0.19 7.98 0.31 2.56 0.39 1.98 0.54 

Sp 3 5.98 0.37 0.06 0.35 0.31 0.35 8.13 0.45 0.06 0.36 0.32 0.59 

Sp4 5.43 0.29 0.13 0.31 0.07 0.49 6.98 0.31 2.31 0.32 1.31 0.31 

Sp 5 6.13 0.37 5.14 0.36 2.02 0.29 6.23 0.35 5.14 0.37 2.02 0.29 

Sp 6 7.16 0.25 2.91 0.35 0.07 0.47 7.69 0.29 2.91 0.45 0.07 0.47 

Sp 7 8.13 0.39 1.93 0.49 0.04 0.24 8.05 0.40 2.31 0.39 2.10 0.24 

Sp 8 5.16 0.38 0.09 0.47 0.02 0.31 6.91 0.39 0.10 0.45 0.03 0.31 

Sp 9 5.14 0.45 0.10 0.42 0.07 0.16 7.15 0.37 2.13 0.41 0.13 0.51 

Sp 10 7.02 0.49 0.99 0.36 0.03 0.34 9.11 0.39 1.15 0.39 0.03 0.54 

Sp 11 6.19 0.59 1.10 0.35 0.07 0.45 8.11 0.59 1.16 0.34 0.07 0.56 

Sp 12 8.02 0.61 3.10 0.48 0.03 0.15 7.91 0.61 2.10 0.49 0.29 0.26 

Sp 13 7.98 0.24 7.90 0.39 7.80 0.33 6.56 0.24 7.15 0.42 8.13 0.29 

Sp 14 6.91 0.26 3.15 0.31 2.04 0.31 7.12 0.26 4.65 0.31 2.11 0.80 

Sp 15 7.64 0.21 7.59 0.39 7.10 0.35 7.12 0.26 7.40 0.35 7.98 0.31 

Sp 16 7.69 0.15 4.95 0.28 2.10 0.26 6.91 0.21 4.16 0.29 3.54 0.45 

Sp 17 8.59 0.21 4.31 0.31 1.98 0.33 7.12 0.21 2.13 0.35 1.98 0.35 

Sp 18 7.15 0.21 0.41 0.37 0.07 0.33 6.19 0.29 2.31 0.39 2.01 0.56 

Sp 19 0.00 0.26 0.00 0.45 0.00 0.34 7.16 0.28 4.56 0.45 2.31 0.31 

Sp 20 2.13 0.26 2.00 0.49 0.04 0.21 4.65 0.27 2.31 0.39 2.14 0.49 

Sp 21 6.98 0.26 4.31 0.49 4.13 0.34 7.13 0.29 6.12 0.37 4.32 0.42 

Sp 22 8.15 0.21 7.07 0.47 6.93 0.33 8.20 0.35 8.10 0.47 8.00 0.39 

Sp 23 5.12 0.26 2.91 0.45 2.16 0.37 5.20 0.38 2.11 0.45 1.97 0.37 

Sp 24 2.13 0.37 0.07 0.38 0.06 0.33 4.13 0.37 2.15 0.38 0.06 0.34 

Sp 25 4.61 0.39 6.13 0.34 7.98 0.49 4.61 0.49 6.15 0.35 8.10 0.49 

Sp 26 2.13 0.26 0.91 0.42 0.02 0.47 4.25 0.41 2.11 0.47 0.02 0.47 

Sp 27 0.00 0.40 0.00 0.35 0.00 0.37 7.12 0.38 2.16 0.49 0.03 0.37 

Sp 28 4.31 0.26 4.10 0.29 1.21 0.21 6.98 0.37 4.21 0.31 2.11 0.21 

Sp 29 6.91 0.34 4.15 0.37 3.13 0.36 8.13 0.28 4.31 0.38 2.11 0.31 

Sp 30 8.12 0.32 9.12 0.45 9.12 0.16 6.54 0.31 7.12 0.48 7.50 0.35 

Sp 31 8.16 0.22 8.50 0.29 8.95 0.49 5.65 0.29 6.65 0.35 8.65 0.49

Sp 32 0.00 0.29 0.00 0.28 0.00 0.47 4.65 0.31 2.10 0.31 0.61 0.48 

Sp 33 2.10 0.34 1.00 0.27 0.03 0.31 4.13 0.34 2.16 0.32 0.04 0.31 

Sp 34 0.00 0.39 0.00 0.29 0.00 0.16 4.13 0.41 2.41 0.46 0.03 0.39

Sp 35 4.10 0.38 0.31 0.28 0.03 0.48 7.13 0.39 0.02 0.48 0.04 0.49 

Source: Field Survey, 2005. 

 

 

Through an open ended question in the questionnaire, the factors responsible for such changes of 

species diversity were captured. About cent percent local farmers assumed that salinity is the only 

factor which is responsible for such changes. As the farming habit and other instruments, which they 

used in farming were remained unchanged and salinity is increasing significantly, their perception is 

reliable. 
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Table 7. Scientific name of summer vegetables, winter vegetables and standing plants 
Species 

ID 

Summer vegetable Winter vegetables Standing plants  

Sp 1  Solanum melongena Brassica oleracea var. capitata Mangifera indica 

Sp 2 Benincasa hispida Vigna unguiculata var. Spondias mangifera 

Sp 3 Trichosanthes anguina Brassica campestris var. chinensis Aegle marmelos 

Sp 4 Luffa cylindrica Amaranthus oleraceus Punica granatum 

Sp 5 Momordica dioica Abelmoschus esculentus Diospyros peregrina 

Sp 6 Ipomoea aquatica Brassica oleracea var. botrytis Ficus carica 

Sp 7 Momordica charantia Amaranthus tricolor Syzygium cumini 

Sp 8 Cucurbita moschata Ipomoea batatas Syzygium samarangense

Sp 9 Lagenaria siceraria Raphanus sativus Citrus grandis 

Sp 10 Alocasia indica Beta vulgaris var. bengalensis Muca cvs. 

Sp 11 Dioscorea alata Basella alba Citrus aurantifolia

Sp 12 Colocasia esculenta Lycopersicon esculentum Artocarpus heterophyllus 

Sp 13 Amorphophallus campanulatus Lablab niger var. Phoenix dactylifera 

Sp 14 Corchorus oletorius Zizyphus mauritiana

Sp 15 Cucumis sativus  Cocos nucifera 

Sp 16 Luffa acutangula  Carica papaya 

Sp 17  Psidium guajava 

Sp 18   Moringa oleifera 

Sp 19   Areca catechu 

Sp 20  Borassus flabellifer

Sp 21   Tamarindus indica 

Sp 22   Manilkara achras 

Sp 23  Prunus amygdalus

Sp 24   Terminalia arjuna 

Sp 25   Acacia arabica 

Sp 26  Ficus benghalensis

Sp 27   Anthocephalus cadamba 

Sp 28   Albizzia sp. 

Sp 29   Delonix regia 

Sp 30   Azadirachta indica 

Sp 31   Excoecaria agallocha 

Sp 32   Bambusa sp. 

Sp 33   Bombax ceiba 

Sp 34   Terminalia belerica 

Sp 35   Terminalia chebula 

 

 

There are several factors like salinity, acidity, nutrients and minerals of soil, climatic conditions, 

application of fertilizer and insecticides etc which are responsible for crop diversity degeneration. 

To detect which factors are responsible in our study area, eight resource persons were interviewed 

who were working with agriculture and soil of the study area. All of them mentioned that climatic 

conditions and application of fertilizer and insecticides remained more or less unchanged. Other 

factors were not changed substantially which are able to create biodiversity degeneration. They 

remarked that salinity level was changed noticeably which eventually replaced minerals and reduces 

nutrient status of the study area. So salinity is a stressed condition, which changes the agricultural 

diversity in study area. 
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   (a)      (b) 
Figure 2. Changing pattern of amount of summer vegetables for every species in (a) Paikgacha (HSZ) and (b) 

Rampal (MSZ) based on assigned rank. 

 

 
(a)      (b) 

Figure 3. Changing pattern of amount of winter vegetables for every species in (a) Paikgacha (HSZ) and (b) 

Rampal (MSZ) based on assigned rank. 

 

 

 
CONCLUSION 

 

The study findings show that agricultural diversity of the study area is reducing with the increase of 

salinity. The reduced agricultural diversity eventually decreases the agricultural production and 

creates extinction of several species. Thus, desertification is going to be created in the study area. 
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These consequences eventually create instability in the socio-economic sector of the study area in 

terms of increased poverty of local farmers. So, salinity is now a terrible problem in south west 

coastal region of Bangladesh.  Immediately, Government should take step for reducing salinity level 

of the study area. The reduction of salinity level in south west region of Bangladesh can be 

accomplished by increasing upland freshwater flow from the Ganges through the Gorai-Madhumati 

channel. 
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ABSTRACT 

 

A field experiment was conducted during rainy season of 2003 and 2004 in 

farmers' field of Dang district (650 masl) to assess the yield loss caused by 

violet wood sorrel (Oxalis corymbosa Dc) for maize (Zea mays) and to work 

out effective measure to control this weed. Violet wood sorrel (Chari Amilo) 

infestation was observed in maize, ginger, and Toria fields of Dang and 

Salyan districts as well as various mid hilly areas of Nepal. The weed once 

introduced in uplands, spreads in large scale within few years. Six 

treatments, comprising 2,4-D Na salt 2 kg/ha, Glyphosate 2 l/ha, Soil 

digging, turning and expose to sun two months prior to maize sowing were 

compared with weed free, weed free except Oxalis and weedy check plots. 

The presence of violet wood sorrel (VWS) in maize field ranging from 38 to 

352.3 per square meter in 2003 and 18.6 to 195.5 per square meter in 2004 

one month after intercultural operation does not cause significant effect on 

maize grain yield, 4297 to 4694 kg/ha in 2003 and 3751.4 to 4473.6 kg/ha in 

2004 respectively. Thus significant loss in maize grain yield was not found 

due to higher VWS weed population (352.3 and 195.5/m
2
) resulted in weedy 

check treatment and lower weed population (38 and 18.6/m
2
) in herbicide 

applied treatment. Repeated application of herbicides at 17 and 37 days after 

maize sowing (DAMS) both 2,4-D and Glyphosate reduced the weed 

population in maize field but could not eradicate as it appears in next year 

but the population was significantly low (59.5 and 65.3/m
2
) in herbicide 

applied plots compared to weedy check plot (322.6/m
2
) at 26 DAMS. It was 

revealed that presence of violet wood sorrel weed in maize field does not 

affect the grain yield in farmer's practice of weeding i.e. intercultural 

operation at 20 to 30 DAMS. 

 
Key words: Chari Amilo, herbicide, Oxalis, violet wood sorrel, Zea mays 

 

 

INTRODUCTION 

 

Maize, the second important cereal, is the major staple food crop of the hilly regions in Nepal. Maize 

occupies 849,892 ha of land in Nepal with the productivity of 2.019 mt/ha (MoAC 2005). The 

national yield level of maize has been found lower as compared to its potentiality (Rampur 

Composite, 4.4 t/ha). Despite of various high yielding varieties of maize available, poor adoption of 

integrated production technology by farmers has been existing situation, which might be responsible 

for lower productivity of maize in Nepalese context. There is ample opportunity to increase the 

production and productivity of maize in the country. 

 

Maize is most sensitive to weed competition during its early growth period of 2-6 weeks after sowing due 

to profuse weed germination and rapid growth of weeds resulted by wider row spacing of maize. 
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The loss caused by weed in maize ranges 40-70% (Mandal 2000) and yield loss depend on type of 

weed flora and its severity. At ARS Pakhribas (eastern mid hill of Nepal) experimental result 

showed weedy environment resulted yield reduction up to 70% in maize (Mishra 2004). Maize - 

Toria + Lentil is the major cropping system in upland in Dang. The farmers of different area in Dang 

reported the violet wood sorrel (Oxalis corymbosa Dc) weed problem in maize based cropping 

system since two decades ago. That noxious weed is perennial in nature and locally called Chari 

Amilo. This weed and its related species O. europea, O. latifolia and O.corniculata comes under 

oxaladaceae family infest different upland crops like maize, ginger, turmeric, toria, lentil etc. 

Infestation of this weed was observed in different up land crops in mid hills of eastern, western and 

mid western Nepal. But, survey and statistics for such particular weed is not available at present 

context. The weed once introduced in field, it spreads and cover whole field within 3-4 years due to 

its nature of spreading through bulb and bulbils as one bulb contains 70 to 120 bulbils (Rao 2000). 

All the crops in rainfed upland have been found infested and infestation takes place in early stage of 

crops as it germinated in June-July and Oct-Nov when it receives adequate moisture in soil. Farmers 

reported that fodder grass to livestock from maize field was decreased due to this weed and the 

effect of this weed was found negative on lentil crop amongst Toria + lentil mixed cropping system. 

This weed causes uneasy to field work too. Rao (2000) reported that this weed can be eradicate with 

repeated spray of Paraquat, Glyphosate is very effective and 2,4 D is partially effective. Loss 

assessment of this weed has not been found studied yet. The objective of the study was to assess the 

grain yield loss caused by violet wood sorrel on maize crop. This also aims to find out effective 

measure to control this weed in maize field under up land Bari condition. 

 

 

MATERIALS AND METHODS 

 

The experiment was carried out during rainy season of 2003 and 2004 at farmer's field of Dang 

valley (650 masl). The violet wood sorrel (VWS) infested field was selected for experimentation 

that was acidic in nature (pH 5.0). The experiment was laid out in randomized complete block 

design with 3 replications and plot size was 11.25 m2. Six treatments were selected for the present 

study (Table 1) and treatments were post-emergence application of Glyphosate and 2,4-D Na salt, 

soil digging followed by turning and exposed to sun 2 months prior to maize sowing, weed free up 

to 45 DAMS, weed free except Violet wood sorrel and weedy check in both years. Crop was 

fertilized with 80:40:40 kg/ha N:P2O5:K2O through DAP, Urea and Murate of Potash. Half of the N 

was top dressed at knee-high stage. Manakamana–1 was sown in rows 75 cm apart and 25cm plant 

spacing. Planting was done in last week of May in 2003. Herbicides were applied at 17 days of 

maize sowing to those plots, which were with herbicides treatments and intercultural operation was 

done on 4th day of spraying to all plots as per farmers' practice. Herbicides were reapplied at 37 and 

45 days after sowing. Directed spray was done in inter row space of maize using plastic hood fitted 

at the nozzle of the sprayer. Soil digging followed by turning and exposed to sun two months before 

sowing was performed for soil turning treatment and for weed free up to 45 DAMS weeding of all 

weeds was done at 17, 37 and 45 DAMS while violet wood sorrel was not weeded and other weeds 

were weeded for weed free except Oxalis treatment. Intercultural operation was done for all 

treatments on 4th day of herbicide application as per local practice. Plant population of VWS at 55 

DAMS was observed for each treatment and effect in yield loss and variation was considered due to 

weed population difference. 

 

In 2004 season, experiment was conducted in same field and plots with standard package of 

practices. Maize was sown in first week of May. One superimposed treatment, application of 

Agricultural lime 2 t/ha was included in second year of study. Lime was applied during maize 

sowing because it could not applied earlier due to moisture unavailability in soil. First weed count 

was done at 26 DAMS and herbicide application was done at 26 and 45 DAMS as per treatments. 

Second observation on weed population was made after intercultural operation and re-germination 

of weeds at 65 DAMS. 
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RESULTS AND DISCUSSION 

 

In 2003, post emergence application of Glyphosate 2 l/ha reduced the violet wood sorrel (VWS) 

weed infestation with weed control efficiency over check plot 89.2 % followed by 2, 4 D Na salt 2 

kg/ha application (82.2%). VWS weed population at 55 DAMS was 192.3/m2 in that plot which was 

treated as soil digging, turning and exposed to sun while VWS weed population was found 62.5 and 

38.0 per square meter in 2,4 D and Glyphosate applied plot respectively. Presence of VWS 

population was very high (352.3/m2 at 55 DAMS) in weedy check plot. Being a perennial weed and 

propagated through bulb and bulbils this weed germinated repeatedly. Other weed flora found 

infesting the experimental field was dominated by VWS. However, Ageratum conyzoids, Digitaria 

spp. were present in small number. All the VWS weeds in experimental field were killed and found 

in process of decomposing during 67 DAMS. 
 

Effect of different treatments included in study was found non significant for maize grain yield 

variation in 2003 (Table 2). Oxalis weed infestation ranging from 38 to 352.2 per square meter was 

recorded in various treatments and there was no significant decrease in grain yield (4332 kg/ha) due 

to higher VWS weed present (352.3/m2 at 55 DAMS) in weedy check plot compared to VWS 

infestation (38/m2 at 55 DAMS) in Glyphosate 2 l/ha applied treatment which yielded 4468 kg/ha 

maize grain. Post emergence application of both herbicides does not affect the maize plants as all the 

treatments gave similar result of barren plants in percentage (6.3 to 8.3). 
 

In 2004, after maize sowing, drought was occurred and maize growth was affected and slowed as 

well as weed was also affected and germinated late. First weed count and herbicide application were 

accomplished in 26 DAMS and after hoeing Oxalis population was observed at 65 DAMS. Like in 

first year, other weeds in the field were dominated by Oxalis. At 26 DAMS, weed population was 

significantly lower (59.3 and 65.3/m2) in herbicide-applied plots in previous year compared to weed 

free except Oxalis and weedy check (307.1 and 322.6/m2). This revealed that VWS infestation could 

be controlled by application of 2,4-D or Glyphosate. However, it could not be eradicate. Again 

oxalis weed population was significantly decreased  (81.6 to 88.2%) over check in herbicide-applied 

plots compared to weedy check at 65 DAMS (Table 1). Soil digging, turning prior to sowing 

(130.6/m2) and lime application (195.5/m2) were significantly inefficient to control VWS weed 

population compared to herbicide application (18.6 and 29.8 /m2) at 65 DAMS. 
 

Table 1. Effect of herbicides and weeding on violet wood sorrel (Oxalis corymbosa) weed population (pop.) in maize 

field, 2003-2004 

S

N 

Treatment Oxalis Pop. /m2, 2003 Oxalis Pop./m2, 2004 

55 DAMS Decrease over 

check, % 

26 DA MS 65 DA MS Decrease over 

check, % 

1 Soil digging, turning and expose to sun 

60/30 days before maize sowing 

192.3 45.3 184.4 130.6 17.4 

2 2, 4 D  80WP Na salt  2 kg/ha (Post Emer) 62.5 82.2 59.5 18.6 88.2 

3 Glyphosate  41% LS, 2 l/ha   (Post Emer.) 38.0 89.2 65.3 29.8 81.6 

4 Weed free except Oxalis up to 45 DAMS 191.3 45.4 307.1 122.6 22.5 

5 Weed free up to 45 DAMS 101.0 71.3 93.7 52.9 66.5 

6 Weedy check (Farmer's practice) 352.3 - 322.6 158.2 - 

7 Agric. Lime, 2 t/ha -  356.8 195.5 -23.5 

 CV, % 10.4  16.6 11.0  

 LSD at 0.05 29.53  58.7 19.8  
 

Table 2. Maize grain yield as affected by different weed control regimes against violet wood sorrel weed, 2003-2004 

SN Treatment Maize, 2003 Maize, 2004

Grain yield, 

kg/ha 

Barren 

plants, % 

Plant 

pop/m2 

Grain yield, 

kg/ha 

1 Soil digging, turning and expose to sun 60/30 days 

before maize sowing 

4297 6.3 4.0 4054.2 

2 2, 4 D 80WP Na salt 2 kg/ha (Post Emergence) 4457 7.3 3.55 4342.0

3 Glyphosate 41% LS, 2 l/ha (Post Emergence.) 4468 6.4 4.19 4473.6 

4 Weed free except Oxalis up to 45 DAMS 4694 6.8 3.93 3751.4 

5 Weed free up to 45 DAMS 4349 7.3 4.12 4208.4 

6 Weedy check (Farmer's practice) 4332 8.3 3.49 4001.7 

7 Agric. Lime, 2 t/ha   4.19 3984.6 

 CV, % 8.1  6.9 13.2 

 LSD at 0.05 -  0.54 - 



Nepal Agric. Res. J. Vol. 8, 2007 

 

41

 

In 2004, significant variation was found in maize plant population and therefore covariate analysis 

was performed for grain yield. All the treatments gave statistically comparable maize grain yield 

ranged from 3751.4 to 4473.6 kg/ha. However, highest adjusted grain yield (4473.6 kg/ha) was 

obtained with Glyphosate 2 l/ha application followed by 2,4-D application (4342 kg/ha) and weed 

free up to 45 DAMS (4208.4 kg/ha). Lowest grain yield (4001.7 kg/ha) was obtained with weedy 

check treatment. 
 

This experiment result showed that the weed had no significant effect on maize grain yield variation, 

though VWS weed population ranged significantly. From this, it was revealed that, presence of 

VWS in higher number (352.3/m2 and 195.5/m2) and lower number (38.0/m2 and 18.6/m2) resulted 

in comparable maize grain yield indicate that this VWS weed does not cause significant yield loss of 

maize grain under one intercultural operation practice at 20 to 30 DAMS. 

 

CONCLUSION 

 

Result of two year experiment indicate that the presence of weed Violet wood sorrel (Chari Amilo) 

in maize field ranging from 38 to 352.3 in 2003 and 18.6 to 195.5 per square meter in 2004 under 

one intercultural operation practice does not cause significant effect on maize grain yield (4297 to 

4694 kg/ha in 2003 and 3751.4 to 4473.6 in 2004) respectively. Repeated application of both 

herbicides Glyphosate 2 l/ha and 2,4 -D 2 kg/ha reduced the VWS weed population in maize field 

and for its eradication more repeated application of herbicides has been required. Further study of 

yield loss assessment on other upland crops like toria, lentil, potato, ginger etc. caused by VWS 

(Oxalis corymbosa) will be helpful to know its harmful effect. 
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ABSTRACT 

 

Farmers’ field experiment was conducted at Outreach sites in Tanahun and Palpa districts of 

Western Nepal with the objectives of evaluating the effects of fertilizers and agricultural 

lime on grain production of the local and improved (Manakamana-1) maize varieties during 

summer season of year 2003 and 2004. Farmer's practice (without fertilizers) and with 

fertilizer 60: 30: 30 kg (N: P2O5: K2O) per hectare with or without agricultural lime (4 t ha-

1), were the treatments in experimental study that was conducted in factorial RCB design 

with four farmers as replications. The results revealed that response of fertilizers and 

agricultural lime was observed significant plant growth and kernels production including 

varieties in both sites of Palpa and Tanahun districts. The highest grain yield of 5.1 t ha-1 was 

produced by the local variety when the crop was supplied with 60:30:30 kg N, P2O5 and K2O 

ha-1 along with 4 t ha-1 of agricultural lime in Tanahun. Manakamana-1 variety produced the 

maximum grain yield (4.45 t ha-1) with the same level of fertilization. The two district mean 

grain yield result indicated that the highest grain yield of 3.9 t ha-1 was produced when the 

crop was supplied with 60: 30: 30 kg N, P2O5 and K2O ha-1 with agri-lime. Hence it is 

suggested that to increase maize productivity in the hills irrespective of the maize variety 

application of fertilizers (60: 30: 30) with agricultural lime (4 t ha-1) is needed. 

 

Key words: Agriculture lime, farmer's practice, yield increase, Zea mays 

 

 

INTRODUCTION 

 

Maize (Zea mays L.) is a principle staple food crop for over 55% of people in the hills of Nepal. 

Traditionally, farmers have been applying ample amount of organic manures to sustain maize 

production and maintain soil fertility. Because of low content of plant nutrients in organic manure 

the amount of nutrient supplied through FYM/compost is not sufficient to explore the genetic 

potential of improved maize varieties. Soil analysis data revealed wide variation in fertility status 

across the hills of Nepal that differed in land type, altitude and soil type (Bennett 1995).  

 

Increased use of high yielding maize varieties in intensive cropping system has led to increased 

demand of plant nutrients. Depletion of organic matter (OM) has been a key factor in overall decline 

of soil fertility in hills. Therefore, there is an increasing trend towards reduced nutrient balance in 

these soils (Ghani and Brown 1997). Much higher response to fertilizer is expected from crops when 

micronutrients are included in the treatments (Karki et al 2000, Karki 2003). 

 

Soil acidification is one of the major factors contributing soil fertility decline in the hills of Nepal 

(Karki and Dacayo 1990, Turton et al 1996). Since lime is the cheapest and widely used materials to 

ameliorate acid soils, Karki (1986), studied lime requirement and recommended 4 to 9 t ha-1 of 

agricultural lime to strong to extreme acidic soils. Similar results were also obtained by Isherwood 

(1978), Tripathi (2002), Adhikary and Ranabhat (2004). To increase efficiency crop production soil 

amelioration is not enough. Nitrogen is another limiting nutrient in Nepalese soils. Nitrogen 

application practiced by farmers’ is not responsive as expected. So split application of nitrogen with 

lime in upland condition has been found more effective (Joshy and Shrestha 1979). These treatments 

on both local and improved maize varieties responded well (NMRP 2005). Local maize varieties 

have been found performing well in soil acidity and low nutrients status and improved crop varieties 

are scarce in remote areas with the objective of promoting local maize variety that could be 
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comparable to improved one under similar condition and nutrient supply rate in western hills of 

Nepal this study was carried out. 

 

 

MATERIALS AND METHODS 

 

Series of experiments on maize genotypes using fertilizers and agricultural lime were conducted 

during the year 2004 and 2005 in the peri-urban areas of Tansen and Vyash municipalities to 

evaluate their effect on the grain production of maize (Zea mays L.). Four experiments were 

conducted in each site with local and improved maize varieties. Same local variety was used in the 

study with the four farmers that were available on the area and improved variety was Manakamana-

1. Experimentation was carried out in the summer season (last week of April) on both sites. The 

experiment was designed in factorial RCB with four replications (farmers as replicates) in each site. 

Farmer's practice was used as control. Chemical fertilizers were applied with or without agricultural 

lime. The plot size taken in the experiments were (4-m × 3-m) with the line spacing of 75-cm × 25-

cm. Plant growth and yield parameters were recorded and analyzed manually following Gomez and 

Gomez (1984). The following treatments were used in the experiment. 

 

Treatment 

 

Manakamana-1 
T1 (V1F1) = (V1) Farmers practice/FP (F1). 

T2 (V1F2) = (V1) 60:30:30 kg N, P2O5 and K2O ha-1 (F2). 

T3 (V1F3) = (V1) 4 t ha-1 of agricultural lime (F3). 

T4 (V1F4) = (V1) 60:30:30 kg N, P2O5 and K2O ha-1 plus 4 t ha-1 agri.-lime. 

 

Local variety 
T5 (V2F1) = (V2) Farmers practice/FP (F1). 

T6 (V2F2) = (V2) 60:30:30 kg N, P2O5 and K2O ha
 -1

 (F2).  

T7 (V2F3) = (V2) 4 t ha-1 of agricultural lime (F3). 

T8 (V2F4) = Local variety (V2) 60:30:30 kg N, P2O5 and K2O ha-1 plus 4 t ha-1 agri.-lime (F4) 

 

 
RESULTS AND DISCUSSION 

 

Fertilizer and agricultural lime significantly affected by the plant and ear head growth on both sites 

in Palpa and Tanahun districts (Table 1 and Table 2). Tallest plant height of 221.0 cm was observed 

in Tanahun district in Manakamana-1 when crop was fertilized with 60:30:30 kg N, P2O5 and K2O 

ha-1. Shortest plant height of 189.2 cm was recorded with this variety in farmer's practice (T1 in 

Table 1). Longest ear height (123 cm) was observed in Manakamana-1 fertilized with 60:30:30 kg 

N, P2O5 and K2O ha-1 along with 4 t of agricultural lime application (T4) and shortest (95.7 cm) also 

with this variety in farmers’ practice condition (T1) in Tanahun district  (Table 1). 
 

Effect of lime and fertilizer looks positive. Farmers’ practice looks inferior to all the treatments in 

both the varieties as indicated by straw and biomass yield (Figure 1). In both the varieties response 

of lime is apparent which is obvious and the results resemble the finding of Karki (1986). Fertilizer 

alone has given positive response and lime with fertilizer in Manakamana-1. Highest result is clearly 

observed with the T4 in Manakamana-1 and T6 in local varieties. Grain yield local variety did not 

result better grain yield with fertilizer application but performed well when fertilizers is combined 

with lime (T8). But the grain yield in T6 is decreased as compared to other treatments. 
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Table 1. Response of fertilizers and agri-lime on the plant growth and kernel production in Tanahun district 

Treatment Plant 

height, cm 

Ear site 

height, cm 

Ear length, 

cm 

Kernel 

rows ear-1 

Kernels 

row-1 

Stover 

yield, t ha-1 

Grain yield, 

t ha-1 

T1 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

189.2 

221.0 

206.2 

220.5 

200.5 

208.0 

191.7 

213.5 

95.7 

116.7 

108.5 

123.0 

109.7 

110.0 

102.7 

114.7

11.3 

13.7 

11.7 

13.4 

11.9 

14.3 

12.3 

14.0

11.0 

11.5 

11.7 

11.7 

12.0 

12.5 

11.7 

12.0

23.5 

27.7 

24.4 

26.0 

22.5 

26.2 

23.5 

27.3

 4.29 

7.29 

6.16 

6.91 

5.08 

6.79 

6.08 

8.00 

1.78 

4.10 

2.83 

4.45 

2.66 

4.55 

3.70 

5.10

Mean 

CV, % 

F-test 

LSD 0.05 

206.3 

8.8 

* 

26.9 

110.2 

9.3 

* 

15.1 

12.8 

11.9 

* 

2.2 

11.7 

6.8 

ns 

- 

25.1 

10.3 

* 

3.8 

6.32 

13.93 

** 

1.29. 

3.65 

23.82 

** 

1.27 

**, Highly significant. *, Significant. ns, Non significant. 

 
In this experiment treatments T1 to T4 are similar to T5 to T8. The same treatments were applied to 

other variety.  In Tanahun site, response of the two varieties to fertilizers and lime are compared. 

There was highly significant difference in the yield response. The local varieties performed 

significantly better than the improved one (Manakamana-1). In straw yield with T2 (application of 

mineral fertilizer alone) yielded much higher than T1 (farmers practice) and T3 (lime alone) but 

lime along with mineral fertilizer yielded highest irrespective of varieties (Figure 1). The longest   

ear length of 14.3 cm was observed in Tanahun district when the local maize crop was supplied with 

60:30:30 kg N, P2O5 and K2O ha-1 (T6, Table 1) whereas the shortest ear length (11.3 cm) was 

observed in this district in Mana-1 variety in farmer's practice condition (T1, Table 1). The effect of 

fertilizers and lime in kernel row production was observed to be non significant in Tanahun but 

significant in Palpa district. The number of kernel rows were to be highest (12.5 rows) in the local 

variety fertilized with 60:30:30 kg N, P2O5 and K2O ha-1 in Tanahun district (T6, Table 1) and 

lowest (11.0 rows) with the farmer's practice condition in Manakamana-1 variety (T1), however, 

non significant difference in   kernel rows was observed among the treatments in Tanahun district 

(Table 1). The number of kernel rows were to be highest (12.5 rows) in the local variety fertilized 

with 60:30:30 kg N, P2O5 and K2O ha-1 in Tanahun district (T6, Table 1) and lowest (11.0 rows) 

with the farmer's practice condition in Manakamana-1 variety (T1), however, non significant 

difference in kernel rows was observed among the treatments in Tanahun district (Table 1). 

 
The highest kernel numbers (27.7 kernels row-1) were produced in Manakamana-1 variety when the 

crop was fertilized with 60:30:30 kg N, P2O5 and K2O ha-1 (T2) followed by the local variety 

fertilized at this level of fertilizers applied along with 4 t ha-1 of agri-lime, and the lowest (22.5 

kernel/row) in the local variety in farmer’s practice condition in Tanahun district (T1, Table 1). 

 

In Palpa district the results was little deviated from the results of Tanahun. Tallest plant height 

(245.2 cm) was observed in local variety fertilized at the same level of   fertilizers whereas shortest 

plant height (171.2 cm) was observed in Manakamana-1 variety fertilized with 60:30:30 kg N, P2O5 

and K2O ha-1 (T2, Table 2). Longest ear length (138.2 cm) was observed in local variety when the 

crop was supplied with 60:30:30 kg N, P2O5 and K2O ha-1 (T6) and the effect were significant. But 

the cob length (12.3 cm) was longest when lime is applied along with mineral fertilizer (T8). 

Likewise, the shortest length (9.1 cm) was observed in the same variety (local) when the crop was 

not supplied with fertilizers (T5), however, the effect of fertilizers and lime was found to be 

significant. Lime helped amelioration of soil pH and enhanced nutrients uptake (Maskey et al 2004). 

Since nitrogen is one of the limiting elements lime induced microbial activities and applied nitrogen 

in organic and mineral form is mineralized and hence biomass is increased with the application of 

lime and fertilizer in T8, which is similar to the finding of Joshy and Shrestha (1979). 
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Figure 1. Response of lime and fertilizers on the yield of local and improved maize varieties in Tanahun 

district. 
 

The numbers of kernels rows-1 the cobs were also significant indicating 21 as grand mean. The 

kernels number varies from 17.3 to 23.2 kernels row-1. Highest numbers (23.2) were found in T2 and 

T8 both local and Manakamana. Effect of treatments on the kernel rows production was found to be 

significantly affected (Table 2). The highest kernel rows number (13.0 rows ear-1) was produced by 

the   Manakamana-1 variety when the crop was supplied with 60:30:30 kg N, P2O5 and K2O ha-1 

(T2). Besides these, kernel rows number ear-1, production of kernels in the rows was found to be 

significantly affected. Similarly, the highest kernel numbers (24.5 kernels row-1) were produced by 

Manakamana-1  variety when the crop was  supplied with 60:30: 30 kg N, P2O5 and K2O  and 4 t ha 
-1of agri-lime in Palpa district (T4, Table 2). The lowest kernels (17.3 kernels /row) were produced 

by the local variety in farmer's practice condition (T5). 
 

The effect of fertilizers and lime on stover production was observed to be highly significant in both   

districts. The highest stover yield (8.0 t ha-1) was produced by the local variety fertilized with 

60:30:30 kg N, P2O5 and K2O and 4 t ha-1 of agri-lime in Tanahun district (T8) and lowest stover 

yield (4.29 t ha-1) with the Mana-1 variety in farmer's practice condition (T1, Table 1). The 

production of stover yield was almost double (15. 41 t ha-1) in Palpa district when the crop was 

fertilized with 60:30:30 kg N, P2O5 and K2O ha-1 and 4 t ha-1 of agri-lime (T8, Table 2). The lowest 

stover yield (6.08 t ha-1) was produced   by both varieties, one supplied with agri-lime in farmer’s 

practice condition (T3) and another without lime but farmer's practice (T5). The second highest   

stover yield (12.41 t ha-1) was produced in Palpa district when the local maize crop was supplied 

only with 60:30:30 kg N, P2O5 and K2O ha-1 and 4 t ha-1 of agri-lime (T6, Table 2). 
 

Table 2. Response of fertilizers and agri-lime on the plant growth and kernel production in Palpa district 

Treatment Plant 

height, cm 

Ear height, 

cm 

Ear length, 

cm 

Kernel rows 

ear-1, n 

Kernels 

row-1, n 

Stover yield, 

t ha-1 

Grain yield, 

t ha-1 

T1 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

190.2 

171.2 

180.2 

208.0 

206.5 

246.2 

194.2 

267.0 

89.7 

98.0 

88.4 

119.5 

113.7 

138.2 

117.5 

162.5 

10.2 

11.4 

9.6 

12.2 

9.1 

11.1 

9.2 

12.3 

11.0 

13.0 

11.5 

12.7 

9.7 

10.8 

10.5 

11.5 

19.7 

23.2 

17.5 

24.5 

17.3 

22.8 

19.1 

23.2 

6.43 

8.45 

6.08 

11.12 

6.08 

12.41 

6.62 

15.41 

1.49 

2.43 

1.63 

2.96 

1.47 

1.97 

1.35 

2.71 

Mean 

CV, % 

F-test 

LSD 0.05 

207.96 

18.79 

* 

57.45 

115.95 

19.29 

* 

32.89 

10.62 

10.54 

** 

1.64 

11.36 

11.80 

* 

1.97 

20.92 

13.09 

** 

4.02 

9.08 

27.03 

** 

3.61 

2.00 

36.00 

** 

1.06 

**, Highly significant. *, Significant. ns, Non significant. 
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Effect of fertilizers and agricultural lime on the maize grain production          

A positive response of fertilizer and agri-lime on grain production of both maize genotypes was 

observed. Highly significant effect of treatments on the grain production was observed in both 

districts (Table 3). The highest grain yield (5.1 t ha
-1

) was recorded in Tanahun district when the 

local variety was fertilized with 60:30:30 kg N, P2O5 and K2O ha-1 and 4 t ha-1 of agri-lime (T8) 

followed by the same variety fertilized only with 60:30:30 kg N, P2O5 and K2O /ha (T6). Non 

significant difference was observed in grain production between the Manakamana-1 (4.1 t ha-1) and 

local variety (4.55 t ha-1) at the same level of fertilization at 60:30:30 kg N, P2O5 and K2O ha-1 (T2 

and T6, Table 3) in Tanahun. Similarly, non significant difference in grain yield was observed 

among the Manakamana-1 variety either in farmer's practice condition (1.78 t ha-1) or with farmers 

practice fertilized with 4 t ha-1 of agri-lime (T3) in Tanahun. The response of treatments on grain 

production in Palpa district was found almost similar to Tanahun district but the quantity of 

production in an area of land was almost half to that of Tanahun district (Table 3). A maximum of 

2.96 t ha-1 of grains were recorded by the Mana-1 variety when the crop was supplied with 60:30:30 

kg N, P2O5 and K2O ha-1 and 4 t ha-1 of agri-lime in Palpa district (T4, Table 3) followed by the local 

variety (2.71 t ha-1) at the same level of fertilization (T8); however, non-significant differences in 

grain production was observed between them. The lowest grain yield of 1.35 t ha-1 was observed in 

local variety in farmer's practice condition when crop was fertilized with 4 t ha-1 of agri-lime (T7), 

which was less than the Mana-1 variety at farmer's practice condition (1.49 t ha-1) in Palpa district. 

 

 
Figure 2. Yield response to local and Manakamana-1 maize varieties in Palpa. 

 
Table 3. Response of fertilizers and agri-lime on the grain production of maize genotypes tested in Palpa 

and Tanahun districts 

Treatment Grain yield, t ha-1 Two-districts mean, t 

ha-1 

Increment over the 

check, % Tanahun Palpa

T1 

T2 

T3 

T4 

T5 (Check) 

T6 

T7 

T8 

1.78 

4.10 

2.83 

4.45 

2.66 

4.55 

3.70 

5.10 

1.49 

2.43 

1.63 

2.96 

1.47 

1.97 

1.35 

2.71 

1.63 

3.26 

1.96 

3.70 

2.06 

3.26 

2.52 

3.90 

(-) 20.8 

58.2 

(-) 4.8 

79.6 

00.0 

58.2 

22.3 

89.3 

Mean 

CV, % 

F-test 

LSD 0.05 

3.65 

23.82 

** 

1.27 

2.00 

36.00 

** 

1.06 

2.82 

29.91 

** 

1.16 

 

**, Highly significant. 
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Table 4. Two-way table of means of grain yield at Palpa and Tanahun districts 

Treatment 

(Fertilizer), F 

Palpa district, yield, t ha-1 Tanahun district, yield, t ha-1 

Variety I, V1 Variety II, V2 Mean, t ha-1 Variety I, V1 Variety II, V2 Mean, t ha-1 

F1 

F2 

F3 

F4 

1.49 

2.43 

1.63 

2.96 

1.47 

1.97 

1.35 

2.71 

1.48 

2.20 

1.49 

2.83 

1.78 

4.10 

2.83 

4.45 

2.66 

4.55 

3.70 

5.10 

2.22 

4.32 

3.26 

4.78 

V-mean 2.13 1.87  3.29 4.00  

F-test, V 

F-test F 

F-test, VxF 

SEM, V 

SEM, F 

SEM, VxF 

CV, % 

ns 

** 

ns 

0.1805 

o.2553 

0.3610 

36.02 

* 

** 

ns 

o.2174 

0.3074 

0.4347 

23.82 

**, Highly significant. *, Significant. ns, Non significant. 

 

Two sites mean response revealed that highest grain yield (3.9t ha
-1

) was recorded in the local maize 

variety when fertilized with 60:30:30 kg N, P2O5 and K2O ha-1 and 4 t ha-1 of agri-lime (T8, Table 

3). The highest yield of 3.7 t ha-1 was produced by the Mana-1 variety at this level of fertilization 

(T4, Table 3) in Palpa district. Manakamana-1 variety produced less grain yield (1.63 t ha-1) by 

20.8% to that of the local check at farmer's practice (T5, Table 3). The crop yield was increased by 

89.3% over the local check crop (T5) when fertilized with 60:30:30 kg N, P2O5 and K2O ha-1 and 4 t 

ha-1 of agri-lime (T8). The second highest increment (79.6%) was recorded in Mana-1 variety at this 

level of fertilization (T4, Table 3). 
 

The mean grain yield results as shown in the two-way table (Table 4) revealed that higher grain 

production (2.13 t ha-1) was produced by the Mana-1 variety as compared to that of the local variety. 

Similarly, nitrogen mean effect on grain production was observed to be highest (2.83 t ha-1) in Palpa 

district when the crop was supplied with 60:30:30 kg N, P2O5 and K2O ha-1 and 4 t ha-1 of agri-lime 

(F4, Table 4). The lowest grain yield of 1.48 t ha-1 was recorded in the farmer's practice condition in 

Palpa district (F1, Table 4). The effect of variety, as shown in Table 4, was observed to be non 

significant, whereas the effect of fertilizer application on grain yield was observed to be highly 

significant. On the contrary, the effect of variety was observed to be non significant on the grain 

production in Tanahun district. However, the effect of nitrogen was found to be highly significant. 

The interaction effect on the grain production was observed to be non significant in both sites (Table 

4). The mean grain yield as shown in Table 4, indicated that increased grains (4.78 t ha-1) could be 

produced when the crop was supplied with 60:30:30 kg N, P2O5 and K2O ha-1 applied along with 4 t 

ha-1 of lime (F4, Table 4) followed by the crop (2.22 t ha-1) supplied only with fertilizers at 60: 30:30 

kg N, P2O5 and K2O ha
-1

 (F1) in Tanahun district. Mean results also indicated that higher grain 

production was obtained (4.0 t ha-1) from local variety (V2) compared to that of the Manakamana-1 

variety (3.29 t/ha) in Tanahun district. This increment of grain yield should be release of nutrients 

especially P, Ca and Mg due to amelioration of soil pH due to addition of agricultural lime and 

application of fertilizer. Joshy and Shrestha (1979) and Karki (1986) obtained similar results. 
 

Table 5. Soil test results before crop planting (BCP) and after crop harvesting (ACH) of the experimental plots in 

Tanahun and Palpa districts 

Treatment Tanahun district Palpa district 

Soil pH OM, % Total N, % Soil pH OM, % Total N, % 

BCP ACH BCP ACH BCP ACH BCP ACH BCP ACH BCP ACH 

T1 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

5.67 

5.78 

6.12 

5.83 

5.86 

5.88 

5.85 

5.83 

5.22 

6.00 

6.40 

6.78 

5.12 

5.93 

6.01 

6.16 

2.22 

2.35 

2.42 

2.37 

1.84 

2.38 

2.15 

2.03 

2.5 

2.4 

2.2 

2.3 

2.3 

2.3 

2.3 

2.2 

0.187 

0.227 

0.212 

0.185 

0.210 

0.265 

0.192 

0.190 

0.822 

0.647 

0.400 

0.770 

1.225 

0.690 

1.025 

0.762 

5.4 

5.5 

5.4 

5.4 

5.6 

5.3 

5.4 

5.4 

5.4 

6.0 

5.9 

6.0 

5.4 

5.7 

6.1 

6.0 

2.2 

2.6 

2.5 

2.8 

2.3 

2.5 

2.2 

2.6 

3.7 

2.8 

2.5 

2.9 

2.5 

2.8 

2.3 

2.7 

0.152 

0.153 

0.145 

0.177 

0.132 

0.191 

0.146 

0.173 

0.822 

1.015 

1.067 

0.717 

0.770 

0.700 

0.757 

0.735 

Mean   2.22  0.208    2.46  0.158  

Soil samples were analyzed at the soil laboratory of National Maize Research Programme (NMRP), Rampur, Chitwan, 

Nepal during the year 2005. 
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Effects on the nutrient status of the soil 

Soil samples were collected and analyzed for the pH, organic matter (OM) and nitrogen (N) content 

before the crop planting (BCP) and after the crop harvesting (ACH) in both sites. The results 

revealed that soil pH was observed to be increased with the application of fertilizers and agricultural 

lime in both districts (Table 5). Similarly the OM and N content was found increased after crop 

harvest with the application of fertilizers in the experimental plots in both districts. The mean OM 

and N content of 2.31% and 0.208% was observed before crop planting in Tanahun district. The N 

content was increased drastically in all the treated plots in Tanahun (Table 5). The highest N content 

of soil (1.025%) was observed in the Farmer’s practice plot that received probably only farmyard 

manures (T5). The lowest increment of N content (0.400%) was observed in the plot supplied with 4 

t ha-1 of agricultural lime in Farmer's practice condition (T3) in Tanahun district. Similarly, the mean 

OM content of 2.46% was observed before crop planting in Palpa district. The OM content was 

increased in all the plots after crop harvest (ACH) irrespective of the treatments used in the 

experiment (Table 5). The mean of total N content of 0.158% was observed before crop planting and 

its content was also increased after the application of fertilizers and agricultural lime in all the 

treated plots after crop harvesting (Table 5). Soil analysis results show increment in soil pH, soil 

organic matter and also nitrogen content of soil after crop harvest. Increment of 1 unit of soil pH 

after harvest of crop that is two year consecutive experiment on the same plot is not worthy. This 

increment enhances nutrients availability especially Ca++ and Mg++ and PO4 
-. This result is similar 

to the finding of Karki (1986). 

 

 

CONCLUSION 

 

It is noticed that the effect of fertilizers and agricultural lime was found to be significant on the plant 

growth and grain production on both local and improved (Mana-1) varieties in both districts. The 

tallest plant height (267.0 cm) was observed in the local maize variety with the application of 

60:30:30 kg N, P2O5 and K2O ha-1 and 4 t ha-1 of agri-lime in Palpa district. The highest number of 

kernels (27.7 kernels row-1) in a kernel row was observed in Tanahun district when the Mana-1 

variety was supplied with 60:30:30 kg N, P2O5 and K2O ha-1. The highest grain yield (5.1 t ha-1) was 

recorded in Tanahun district in the local variety when fertilized with 60:30:30 kg N, P2O5 and K2O 

ha-1 and 4 t ha-1 of agri-lime. Two districts mean grain yield of 3.9 t ha-1 was observed in this variety 

at this level of fertilization. A maximum of 4.45 t ha-1 of grains were produced by the manakamana-

1 variety when the crop was supplied with 60:30:30 kg N, P2O5 and K2O and 4 t ha-1 of agri-lime 

and was observed to be non significantly different to that of local variety at this level of fertilization. 

The productivity of maize crop was observed to be less in Palpa (lowest 1.35 t and highest 2.96 t ha-

1) as compared to that of Tanahun district (lowest 1.78 t and highest 5.1 t ha-1). Farmers are 

suggested to grow not only improved maize varieties but also local varieties in acidic and marginal 

fertility soils in the hills of Nepal. It is recommended to apply 60:30:30 kg N, P2O5 and K2O and 4 t 

ha
-1

 of agri-lime for increased grain production irrespective of maize genotypes.
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ABSTRACT 

 

Bacterial wilt caused by Ralstonia solanacearum E.F. Smith is one of the destructive 

diseases of tomato. Experiments were conducted to confirm the resistance and to evaluate 

varieties received from Asian Vegetable Research and Development Center against bacterial 

wilt disease in the farmers’ bacterial wilt sick fields at Thaiba and at Panchkhal during 1999 

and 2000-2001 respectively. A total of five varieties such as CLN 2026 C, CLN 2026 D, 

CLN 1466 J, CLN 1466 P and susceptible check Lapsigede or L 390 were included in the 

experiments. Randomized complete block design with 4 replications was commenced at 

both the locations. In terms of disease incidence and yield parameters as well as consumers’ 

preference on the fruit size, CLN 2026 C was found the best  variety followed by CLN 2026 

D. Wilt incidence was significantly lower in those varieties showing resistant reaction than 

in susceptible check. However, the marketable fruit yields were significantly higher with 

low wilt incidences in CLN 1466 P and CLN 1466 J also compared to susceptible check. 

But the large fruit size of those varieties was not acceptable to the consumers and the 

growers. Thus, CLN 2026 C and CLN 2026 D could be used as resistant variety to minimize 

crop losses from bacterial wilt disease. 

 

Key words: Bacterial wilt, Ralstonia solanacearum, resistant variety, Tomato 

 

 

INTRODUCTION 

 

Bacterial wilt caused by Ralstonia solanacearum E.F. Smith (RS) is widely distributed disease in the 

world. It is one of the limiting factors to the successful cultivation of solnaceous vegetables 

throughout the world, where warm and humid climate is prevalent (Kelman 1953, Vawdrey and 

Gounder 1993). In Nepal, Tomato (Lycopersicon esculentum L.) is one of the fruit vegetables grown 

extensively in terai, foothills and valleys of Nepal. After late blight, bacterial wilt is considered to be 

the second most important disease in tomato. In Nepal, it was first recorded in 1978 in tomato crop 

(Shrestha 1990) and proved to be one of the limiting factors for successful cultivation in lowlands, 

foothills and valleys. Its incidence was reported as high as 80% causing considerable yield losses in 

tomato growing areas of Nepal (Timila et al 1997). The primary source of inoculum for the 

occurrence and spread of the pathogen is considered to be infested soil, plant debris and weeds 

(Kelman 1953). Bacterial wilt is difficult to control, once established in the field because of soil 

borne nature of the pathogen, and having wide host range, wide spread distribution and vast genetic 

variability of the pathogen (Hayward 1991). In recent years, RS is reported to be capable of 

infecting more than 50 botanical families with more than 200 plant species (Marco et al 2005). Due 

to the limited efficacy of current integrated management strategies of bacterial wilt, this disease is 

continued to be economically important (Pradhananga et al 2003). 

 

Wide use of pesticides has favored the development of pathogen resistance towards pesticides. 

Concerns for human health and the environment have pushed the crop production to reduced use of 

pesticides. Host resistance plays an important role in the development of novel strategies to control 

bacterial wilt disease. Planting resistant varieties is the most effective and simplest methods for 

controlling bacterial wilt disease and also environmentally sound. Virulence differences among 

pathogen strains and biotic and abiotic factors can cause resistance instability in host (Hayward 

1991). The least aggressive strain affects least on the resistant cultivars. Instability in host resistance 

appeared to be a major problem in using resistant lines (Wang et al 1997). However, effective and 
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long-term disease control could be achieved with resistant or tolerant varieties as a part of integrated 

disease management strategies (Saddler 2005). So, the experiments were conducted in the farmers’ 

field to evaluate the varieties and to verify their resistance to bacterial wilt that was previously 

reported to be resistant at Asian Vegetable Research and Development Center (AVRDC). 

 

 

MATERIALS AND METHODS 
 

Seeds of the five tomato varieties (CLN 2026 D, CLN 2026 C, CLN 1466 P, CLN 1466 J supposed 

to be resistant and susceptible check, L 390 were received from AVRDC, Taiwan under South Asian 

Vegetable Research Network (SAVERNET). In the year 1999, the experiment was conducted at 

Thaiba, Lalitpur (1350 masl) in naturally infested farmers field. Five varieties from AVRDC and 

one of the popular hybrid variety (NS 815) in that locatons in addition to susceptible check from 

AVRDC were included in the trial. In the following consecutive years (2000 and 2001), experiments 

were conducted at Panchkhal of Kavrepalanchowk (850 masl) district in naturally infested farmers 

field. In both the locations, the experimental fields were chosen with uniform distribution of 

bacterial wilt disease in previous season. The basis for determining uniform distribution of bacterial 

wilt disease was uniform distribution of wilted tomato plants (which showed bacterial ooze in water 

from the cut surface) during previous season in the fields. Above five genotypes including local 

Lapsigede (susceptible check) were included in the experiment. Seedlings were raised under 

screenhouse conditions at Plant Pathology Division using steam sterilized soil to make sure of 

seedlings free from disease. The experimental design was randomized complete block with four 

replications. The number of plants per replication of each variety was 20. Plant to plant and row to 

row spacing were 30 and 60 respectively. Chemical fertilizer applied was 85:20:50 kg NPK/ha in 

addition to 10mt/h of compost. One month old seedlings were transplanted during first and third 

week of August at Thaiba and Panchkhal respectively. Agronomical practices were given as per 

need. Wilt incidence was recorded based on the survival of the plants every 7 days interval until 

disease became stable. Ripened fruits were harvested by hand plucking and calculated in terms of 

t/h. Marketable and unmarketable fruit yield due to late blight were separated. For determining the 

size of the fruit, average of 10 fruits were taken. Three sprays of 0.15% Krilaxyl (metalaxyl 8% plus 

mancozeb 64%) were given to save plants from Late Blight disease. Area under disease progress 

curve (AUDPC) for promising varieties at Panchkhal were calculated according to Shanner and 

Finney (1977) using following formula. 

 

    n 

 AUDPC   =     Σ  [(yi+1 +yi)/2] [xi+1 - x i] 

    i=1 

 

where, yi = disease index or incidence at the ith observation, xi = time at the ith observation, and n = 

total number of observations. 

 

For assessing resistance level of the genotypes categorization was followed according to Mew and 

Ho (1976) as given below. The data were analyzed using MSTATC after transformation whenever 

necessary.   

 

Resistant  = less than 20% wilt incidence 

Moderately resistant  = 21-40% wilt incidence 

Moderately susceptible = 41-60% wilt incidence 

Susceptible  = 61-100% wilt incidence. 

 

 

RESULTS 
 

At Thaiba, the varieties CLN 2026 C and CLN 1466 J were resistant with wilt incidences, 12.8% 

and 24, 3% respectively. Varieties, CLN 2026 D and CLN 1466 P were moderately resistant with 
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wilt incidences, 21% and 30.6% respectively. Those all varieties were significantly better and are at 

par in response to bacterial wilt (Figure 1). Yield could not be taken due to severe infection of late 

blight inspite of Krilaxyl spray. However the farmers at the location were highly impressed by the 

higher percentage of survival (less wilt incidence) of the plants compared to susceptible check 

variety, L 390 (90%) or Pusa Ruby (65%) and popular commercial variety, NS 815 (57%) of that 

location. 
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Figure 1. Onfarm evaluation of tomato varieties against bacterial wilt in the farmers' field at Thaiba, 

1999. (CV = 26.6%. Column with same letter are not significantly different at P ≤ 0.05 using DMRT) 

 

 

Wilting of the tomato plants were started two weeks after transplanting in susceptible check, local 

Lapsigede variety in both the years at Panchkhal. In the year 2000, disease incidence was found least 

in CLN 2026 C followed by CLN 1466 J, CLN 1466 P and CLN 2026 D based on terminal disease 

incidence. The latest variety was statistically different from CLN 2026 C (Table 1). Hundred percent 

wilt incidence was found in local susceptible check variety, Lapsigede before fruiting stage. 

Regarding yield parameter, highest marketable fruit yield was found in the variety CLN 1466 P in 

2000. Other three varieties CLN 2026 C, CLN 2026 D, and CLN 1466 J were not statistically 

different in marketable fruit yield. In fruit size, CLN 2026 C and CLN 2026 D, and CLN 1466 P and 

CLN 1466 J were at par. Lesser unmarketable fruit yield due to late bight infection was found in 

CLN 1466 J. Similarly in the year 2001, same trend of disease incidences were found in the test 

varieties. All test varieties from AVRDC were statistically similar but different from the local 

susceptible check in wilt reaction (wilt incidence). The disease incidence was higher in 2000 than in 

the year 2001, it could be due to slightly higher temperature in 2000 (more than 30oC). Similarly in 

the year 2001, highest fruit yield was found in CLN 2026 C and it was statistically different from 

other rest of the tested varieties. Size of the fruit was found better in the varieties CLN 2026 C and 

CLN 2026 D with medium sizes, which were closer to local Lapsigede variety (Table 1). 
 

Table 1. Response of some promising tomato genotypes to bacterial wilt disease and yield parameters at Panchkhal during 2000 

and 2001 

S

N 

Varieties 2000 2001 

Wilt 

incidence, 

% 

Yield, t/h Wilt 

incidence, 

% 

Yield, t/h 

Marketable Unmarketable Fruit size, 

g/fruit 

Marketable Unmarketable Fruit size, 

g/fruit 

1 CLN 2026 D 47.73 b 7.25 b 3.86  73.08 b 27.13 b 10.03 b 2.23 40.6 b 

2 CLN 2026 C 19.44 c 13,25 b 2.36 71.94 b 18.17 b 23.00 a 3.6 46.25 b

3 CLN 1466 J 38.18 bc 12.25 b 1.50 132.96 a 22.65 b 8.92 b 1.7 87.28 a 

4 CLN 1466 P 40.72 bc 21.00 a 2.99 132.41 a 23.59 b 12.35 b 1.9 80.4 a 

5 Lapsigede susceptible 

local check 

100.00 a - - - 69.08 a 8.18 b 1.0 20.75 c 

 CV, % 17.6 37.51 43.22 23.35 51.76 40.34 71.85 20.19 
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Mean in the column with same letter are not significantly different at P ≤ 0.05 using DMRT. 

 

Disease progress was much faster in local susceptible check than in other varieties. Disease 

incidence reached nearly 90% within 4 weeks where as, the incidence was less than 25% in CLN 

2026 C during that period (Figure 2). The disease progress much slower in other varieties compared 

to local susceptible check. Same trend of disease progress was found in the year 2001 also, however, 

disease progress curves were not drawn for that year. ANOVA showed that there was no significant 

difference among those varieties from AVRDC in AUDPC values. Those varieties were 

significantly different from the local susceptible check in terms of wilt incidence. The AUDPC 

values for CLN 2026 C was very low and it was very high in local Lapsigede. CLN 2026 C was at 

par with CLN 1466 P and J but different from CLN 2026 D in their AUDPC values (Figure 3). 
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Figure 2. Disease progress curves of bacterial wilt of different promising tomato varieties at Panchkhal, 

Kavrepalanchowk, 2000. 

 
DISCUSSION 

 

Tomato is number one fruit vegetable grown in terai, foothills and the valleys of Nepal. The crop is 

attacked by Ralstonia solanacearum causing wilting of the plants in warm and humid conditions. 

The farmers experienced considerable economic losses due to this disease. Because of soil borne 

nature, location specific strain, wide host range with wide spread distribution and vast genetic 

variability (Hayward 1991), bacterial wilt disease is difficult to control once established in the field. 

Use of resistant variety is the most effective and simplest methods of controlling bacterial wilt 

(Monma and Sakata 1983), however, the genetic basis of resistance breaks down due to the changes 

in the host or pathogen under condition of high temperature (Mew and Ho 1977). 

 

Four promising varieties with resistance to bacterial wilt from AVRDC were tested at Panchkhal of 

Kavrepalanchowk, which is one of the most bacterial wilt prone areas and at Thaiba of Lalipur 

where outbreak of bacterial wilt occurred in recent years. Our results showed that the varieties CLN 

2026 C and CLN 2026 D were better than other varieties in terms of disease and yield parameters. 

These varieties were preferred by the farmers and the consumers as well. However, CLN 1466 J also 

showed better performance. But the limitation with this variety was bigger fruit size, which do not 

preferred by the consumers. Concerning fruit characteristics same type of observation was found by 
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Budhathoki and Ahamad (2001). However, the yield and fruit size of Lapsigede could not be 

compared with the test varieties due to 100% wilt before fruiting during 2000. Better fruit yield in 

CLN 2026 C and CLN 2026 D were also reported by Budhathoki et al (2004) under plastic house 

conditions, thus suitable for off season cultivation. In Nepal previously, the variety CL 1131 (now 

NCL 1) was resistance to bacterial wilt but its resistance was found to be broken at Panchkhal area 

(Timila and Shrestha 2001).  

 

0

100

200

300

400

500

600

700

CLN 2026D CLN 2026C CLN 1466J CLN 1466P Lapsigede 

Tomato varieties

A
U

D
P

C
 V

al
ue

s

b

c

bc
bc

a

 
Figure 3. Area under disease progress curve (AUDPC) values for different tomato varieties at 

Panchkhal, 2000 (Bar indicates the standard error of the mean). CV = 24.9% Mean in the 

column with same letter are not significantly different at P ≤ 0.05 using DMRT. 

 

The variety CLN 2026 C and CLN 2026 D observed to be promising in all respect, however the fruit 

test may not replace the local variety, such as Lapsigede which is highly preferred by the consumers. 

Local variety get higher price than the bigger sized fruits. The later get good price only when the 

supply of local tomato is less in the market. But in absence of other resistant varieties these could be 

cultivated as an alternative to other susceptible varieties in disease prone locations to over come the 

losses caused by bacterial wilt disease. 
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ABSTRACT 

 

A farmer’s participatory field experiment was accomplished during three consecutive years 

(2003-2005) for the sustainable management of black scurf disease of potato at 

Mainapokhar, Bardiya, Nepal. A heavily infested field with Rhizoctonia solani was selected 

prior to experimentation. Experiment was laid out in randomized complete block design 

with three replications.  The efficacy of two concentrations (2% and 3%) of boric acid and 

0.15% of Thiophanate Methyl were tested for disease control through seed treatment. An 

antagonistic fungus Trichoderma harzianum was used as seed and soil treatment. As per 

treatment plan some plots were sterilized with formaldehyde 1% prior to planting. The plots 

having healthy seed (pre-basic seed) planted in sterilized plots showed minimum disease 

(6.8%) followed by 3% boric acid treated seed planted in sterilized plots (10.8%) and 2% 

boric acid without soil sterilization (13.1%) and seed and soil treated plot with T. harzianum 

(17.1%). Farmers did not accept treatments connected with soil sterilization by Formalin. 

After analyzing the overall results of three years experiment farmers choose seed treatment 

with 2% boric acid prior to planting and identified application of Trichoderma harzianum 

for black scurf management as second option. 

 

Key words: Boric acid, fungicides, potato, Rhizoctonia solani, Trichoderma harzianum 

 

 

INTRODUCTION 

 

Potato (Solanum tuberosum) is one of the important food crops after rice, wheat and maize which 

occupy total area of 1,50,864 hectares with the productivity of 13.09 t/ha (ABPSD 2006). Present 

productivity of potato in Nepal seems to be very low as compared to European countries (40-45 

t/ha). Diseases are one of the yield reducing factors, which causes low yield of potato. Black scurf 

caused by Rhizoctonia solani is one of the most important diseases of potato. Black scurf disease 

symptoms can be found on all underground parts of the plant at different times during the growing 

season. Disease is pronounced when black sclerotia cover the tuber surface. Under minimum disease 

severity it just lower down the market price but may not reduce the yield. Under severe conditions, 

when sclerotia cover more than 50% area hinders germination of tubers, if get germinated there will 

be poor plant growth and leads to low yield. Although yield losses associated with this disease are 

not well documented in Nepal, however, considerable losses due to this disease have been frequently 

reported. 

In Nepal yield losses due to this disease has been estimated ranging 5-60 percent depending on the 

prevailing weather during the crop period and crop rotation followed. Mid western region 

particularly Mainapokhar Bardiya is one of the black scurf affected areas, where highest yield losses 

observed in 2003. Some recommendations have been made for disease control through seed tuber 
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treatment with Sodium hypo-chloride (NaOCl). The seed treatment with mixture of Acetic acid 1% 

+ Zinc sulphate 0.05% solution for 15 min dip gave 100% kill of sclerotia (Dutta and Gupta 1982, 

NPRP 1994).  

The fungus survives from season to season primarily as black structures called sclerotia, which are 

present in soil and on potato seed tubers. After harvest of crop, sclerotia that can be seen on potato 

seed tubers do no wash off with water. The fungus maintained its life cycle and transmitted by 

sclerotia on the tubers and within the soil or plant residues. With optimal temperature (18oC) and 

soil moisture, the sclerotia germinate and penetrate stems, roots and stolons. Development of 

sclerotia on tubers is pronounced in poorly drained soils. 

 

The hyphae of Rhizoctonia, attacks developing sprouts, when the soil is cool (50-59oF) and moist. 

Symptoms on developing sprouts appear as reddish-brown, discolored areas, and the growing point 

of severely infected sprouts is often killed (DPP 2000). It was observed that the differences in the 

incidence of stem canker, stolon canker and black scurf were dominated by the effect of inoculums 

on seed tubers at planting (Simons and Gilligan 1997). 

 

It was also suggested in the previous report that, tuber treatment of either 2 min dip in 2% 

formaldehyde, spray with Peneyethorn, Iprodione or a spore suspension of 106 spores/ml 

Verticillium biguttatum were found most effective if planted in fumigated soil with 500 L/ha 

Metham (Wicks et al 1996) but they have not described effects on environment. 

 

Despite of these recommendations made by the different researchers, almost none of the farmers of 

Nepal applied these chemicals against this disease because either of low severity of disease in the 

past or high cost of treatment. Mainapokhar is one of the main potato seed production centers in the 

mid western development region of the country, where potato being grown continuously for more 

than a decade. Keeping these points in view farmer's participatory research was under taken at 

Mainapokhar, for empowering farmers to identify low cost, environment friendly and sustainable 

technology for black scurf management in collaboration with Regional Agriculture Research Station 

Nepalganj.  

 

 
MATERIALS AND METHODS 

 

A heavily infested field with Rhizoctonia solani was selected prior to experimentation. Treatments 

were fixed on consultation with participant farmers. Experiment was laid out in randomized 

complete block design with seven treatments and three replications. Black scurf infected farmers’ 

own potato variety ‘Cardinal’ was used in the field experiment. Experiment was planted on second 

week of November in all the experimental years (2003- 2005). Plot size was 2.4- × 3.0-m. Sprouted 

seed tubers were planted in 25- × 60-cm spacing at a normal depth. Recommended dose of Manures 

(10 t/ha) and fertilizers 150:100:60 kg N, P2O5 and K2O Kg/ha respectively were applied. Nitrogen 

was applied as three split doses. Half amount of Nitrogen, during planting as basal and remaining 

half was applied during two intercultural operations as split doses. As per the treatments soil was 

sterilized with Formaldehyde 1.0% ai concentration through commercial Formalin 39%. 

Trichoderma in the form of NIPROT was applied as seed and soil treatment and drenching after 

germination. As per manufacture's instructions Trichoderma was multiplied in well-decomposed 

FYM @ 10 g NIPROT/kg FYM. Commercial brand of Trichoderma ‘NIPROT’ was well mixed in 

FYM and kept for 10 days under polyethylene cover to maintain the conducive temperature. Seeds 

were treated with boric acid of two concentrations (2% and 3%) prior to panting. 

 

Crop was harvested at 105-110 days after planting. Total yield per plot was recorded. Finally, black 

scurf severity was recorded on percentage comparing the corresponding pictorial severity scale 

developed (key for black scurf scoring). Black scurf severity index was computed as reported by 

Tanil et al 1982. 
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Disease severity index = ∑ (n × r) × 100 

         5 × N  

Where, n = number of samples in each rating, r = each rating number, 5 = highest rating, N = Total 

number of samples examined. 

 

On completion of two-season experiment, a village level field workshop was organized involving 20 

farmers, two extension staff of concern district. Farmers experience on disease symptoms, 

experimental procedures and research outputs were shared with other potato seed producing farmers. 

 

In vitro efficacy test of antagonist (T. harzianum) against R. solani 
Trichoderma harzianum was isolated from the commercial product "NIPROT" manufactured by 

Bio-Control Research Laboratories, Bangalore and cultured on Potato Dextrose Agar (PDA). Causal 

pathogen, Rhizoctonia solani was also isolated from infected tubers collected from experimental plot 

and cultured on PDA medium. 

 

For competitive fungal growth studies 10 mm size culture disk was inoculated onto the freshly made 

PDA. Trichoderma culture was placed in the center and R. solani culture was placed four sides 

around the antagonistic fungus. Five such inoculated plates were incubated for 7 days at 22oC for 

their colony development. 

 

RESULTS AND DISCUSSION 

 

Disease index 

There were significant differences in the disease index observed due to the treatments. The plots 

having healthy seed (PBS) planted in sterilized plots showed minimum disease index by 6.8% 

followed by 3% boric acid treated seed planted in sterilized plots (10.8%) and in seed and soil 

treated with T. harzianum (17.1%). Seed treatment with Thiophanate methyl could not found 

effective in controlling the black scurf under field conditions (Table 1). 

 

Black scurf disease severity in 2003 was 27% whereas in 2004 severity reached up to 29%. Disease 

severity in 2004 was two percent higher than the previous experimental year. The mean disease 

index over the three experimental years is presented in Figure 1. Disease severity over the 

experimental years was significantly low as compared to adjoining farmer’s field where Cardinal 

variety was grown. The reason behind it could be the timely irrigation and shallow planting which 

enhanced the early germination and reduced the infection. 

 

Regarding with the efficacy of fungicides tested against black scurf (Rhizoctonia solani ) in other 

countries, Fludioxonil (Maxim) consistently provided superior protection (Bains et al 2002). Boric 

acid (17% ai Boron) a potential alternative after Benlate was tested against Eutypa lata of 

grapevines.  Five % boric acid (18.75 mg/ml water) significantly reduced the Rhizoctonia disease in 

vitro and in field trials (Rolshausen and Gubler 2005). 
 

Table 1. Black scurf disease index on potato tuber at harvest under field conditions 

SN TREATMENT DISEASE INDEX 

2003/04 2004/05 2005/06 MEAN 

T1 SEED AND SOIL TREATMENT WITH T. HARZIANUM 17.7 18.7 15.1 17.1 

T2 BORIC ACID (3%) TREATED SEED IN STERILIZED SOIL 14.7 7.6 10.0 10.8 

T3 BORIC ACID TREATED (2%) SEED IN INFECTED SOIL 18.3 8.4 12.6 13.1 

T4 INFECTED SEED IN STERILIZED SOIL 24.0 22.2 17.0 21.1 

T5 
TREATED SEED WITH ROKO FUNGICIDE IN 

INFECTED SOIL 
25.0 28.0 15.8 22.9 

T6 HEALTHY SEED IN STERILIZED SOIL 9.7 3.1 7.6 6.8 

T7 
INFECTED SEED IN INFECTED SOIL (FARMER’S 

PRACTICE) 
27.0 29.3 18.7 25.0 

  F-TEST ** ** * 

 CV, % 13.4 22.2 10.4  

  LSD 0.05 4.6 2.4 2.05  
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There was no significant differences between the disease control in the plots of 3% boric acid treated 

seed and of boric acid 2% concentration, in the first two consecutive experimental years, where as in 

third year disease index was found significantly low in boric acid 3% treated plots (Table 1). Despite 

of low mean disease index of three years due to seed treatment of boric acid 3% planted in sterilized 

soil (10.8) farmers choose seed treatment with boric acid 2% planted in unsterilised soil simply 

because of low cost on seed treatment and no need of formaldehyde for soil sterilization (Figure 1). 

Over all results of three years showed that planting healthy seed in sterilized soil was the best option 

for black scurf management. On the other hand, farmers hesitate to use chemicals like formaldehyde 

for soil sterilization, which increases the cost of production. Evaluating the pros and cons of all 

treatments farmers choose seed treatment with boric acid 2 percent. Application of antagonistic 

fungus (T. harzianum) to tuber treatment, soil treatment and drenching was found comparable with 

infected seeds planted in sterilized soil with formaldehyde (Table 1). Overall black scurf disease 

severity in the check plot was highest during 2004 crop season, whereas in 2005 disease severity 

was minimum. The reason behind it could be the cumulative rainfall during the tuber maturity 

period was high as compared to other years. In 2005/06, there was no rainfall in whole potato crop 

season (Figure 3). 
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Figure 1. Mean effects of treatments over the three years on black scurf disease index. 

 

In-vitro studies also showed that growth of R. solani was completely covered and suppressed by the 

profuse growth of T. harzianum, which was isolated from "NIPROT" under the temperatures of 

22oC. In-vitro results showed that use of Trichoderma harzianum can check the R. solani 

significantly if the population of antagonist sufficiently exists in the soils. 

 

Results of similar studies have been reported by Martin and Robert in 2005. They found that out of 

twenty eight potential bio control organisms tested for efficacy against Rhizoctonia solani on potato 

in series of greenhouse trial, one combination of bio-control organisms Bacillus subtilis and 

Trichoderma virens demonstrated some what better control of stem canker than each organism alone 

and has been suggested that this approach may provide improved bio-control efficacy. In 2001 Tsror 

et al had also reported the efficacy of Trichoderma harzianum on pathogenic Rhizoctonia in 

reducing the incidence of black scurf on daughter tubers using naturally infested soil and 

contaminated seed tubers. 

 

Disease control 

Treatments were assessed for impact on black scurf disease control based on the severity disease 

index as shown in Table 1. On an average disease control was achieved up to 70.9% where disease 

free tubers planted in sterilized soil (Table 2). Efficacy of T. harzianum showed effective control 

ranging 19.0 to 36.4%. Mean disease control was 30.0% over the three crop seasons (Table 2). 

Three percent boric acid treated seed plots showed significant control of black scurf (55.4%) 
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followed by boric acid 2% (41.7%). Efficacy of these boric acid concentrations were found 

comparable regarding with disease control. Soil sterilization with Formaldehyde 1% had a role of 

controlling 14.8%. Role of infected seed tubers on developing disease severity was found higher 

than the Rhizoctonia infested soil. 

 

Soil sterilization with Formalin is common practice in glass house crop cultivation. Formaldehyde at 

0.8% has been used for substrate (soil) sterilization in glasshouse by covering soils for 7 days for the 

control of soil borne diseases (NPRP 2005). It has been also reported that when formalin is used for 

soil fumigation, it does not harm to antagonistic fungus Trichoderma. In rhizosphere soil of potato 

field of CPRI Shimla eighteen pathogenic and non pathogenic fungi had been recovered. When soil 

was treated with Formalin at 400 ppm there was no effects on none pathogenic fungi like 

Trichoderma, Penicillium, Aspergillus and Gliocladium whereas Rhizoctonia and Fusarium spp 

were controlled in the treated plots (Rai 1984) 
 

TABLE 2. BLACK SCURF DISEASE CONTROL % ON POTATO TUBER AT HARVEST UNDER FIELD CONDITIONS 

SN Treatment Disease control, % 

03/04 04/05 05/06 MEAN 

T1 Seed and Soil treatment with T. harzianum 34.6 36.4 19.0 30.0 

T2 Boric acid (3%) treated seed in sterilized soil 45.7 74.2 46.2 55.4 

T3 Boric acid treated (2%) seed in infected soil 32.1 71.2 21.9 41.7 

T4 Infected seed in sterilized soil 11.1 24.2 9.0 14.8 

T5 Treated seed with ROKO fungicide 7.4 4.5 15.2 9.1 

T6 Healthy seed in sterilized soil 64.2 89.4 59.0 70.9 

T7 Infected seed in infected soil (Check) 0.0 0.0 0.0 0.0 

 

EFFECTS ON YIELD 

Tuber yield from the plot of pre basic seed (PBS) planted in sterilized plot was highest (29.73 t/ha) 

followed by seed treatment with boric acid 3% planted in sterilized plot (27.7 t/ha) and Trichoderma 

harzianum applied plot (24.88 t/ha). This yield was comparable with the yield of boric acid 2% 

treated plot (26.04 t/ha). Among the results of three years, yield differences between the two 

treatments boric acid 2% and 3% in the last two experimental years were found at par. Significantly 

higher tuber yield was produced in T. harzianum treated plot (25.12 t/ha) as compared to farmers 

practice (Table 3). Results indicate that biological control through T. harzianum would be one of the 

new options for long-term black scurf management under mid western terai conditions of Nepal. 

When population of T. harzianum gets well established in the soil, disease could be controlled 

significantly in the succeeding years. 

 

Abada in 1994, reported that Trichoderma harzianum caused a great reduction in the infection level 

of damping off and root rot disease of sugar beet and resulted increased root weight both in pot and 

in field experiment. 
 

Table 3. Effects of treatment on potato tuber yield (t/ha) under field conditions 

SN Treatment 

Tuber yield, t/ha Farmers 

Acceptance 

score (1-5)* 
03/04 04/05 05/06 Mean 

T1 Seed and Soil treatment with T. harzianum 27.41 25.12 22.11 24.88 2 

T2 Boric acid (3%) treated seed in sterilized soil 30.32 28.76 24.00 27.70 4 

T3 Boric acid treated (2%) seed in infected soil 27.08 27.66 23.38 26.04 1 

T4 Infected seed in sterilized soil 23.80 26.50 22.08 24.13 5 

T5 Treated seed with ROKO fungicide 24.81 22.89 21.71 23.14 5 

T6 Healthy seed in sterilized soil 32.87 30.50 25.81 29.73 3 

T7 Infected seed in infected soil (Check) 23.61 22.49 21.39 22.50  

  F-test ** ** *    

 CV, % 4.54 4.47 7.15   

  LSD 0.05 1.58 2.7 2.89    

* 1= HIGHLY ACCEPTED. 5 = POORLY ACCEPTED. 
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Regarding with the tuber yield of three years it was found in decreasing trend. The factors behind it 

could be fertile soil and better irrigation in the first year. On second and third year experimental plot 

was changed as per the farmers' crop rotation scheme. In addition, there was no rainfall during the 

crop period of third year (Figure 3). 

 

FARMER'S ACCEPTANCE 

The participants did not accept sterilization of soil with Formalin in a larger potato growing area. All 

the treatments connected with soil sterilization were poorly accepted (rejected) even yield was 

significantly higher (Table 3). Tuber yield in seed treatment with 2% boric acid planted in un-

sterilized soil was comparable with boric acid 3% along with soil sterilization. Therefore, farmers 

selected seed treatment with lower dose of boric acid. Similarly, Application of T. harzianum 

produced the significantly higher yield than the check plot. These two treatments were considered as 

effective and easy to use under farmers' conditions. 

 

During the experimental period, black scurf symptoms as whitish-gray mycelia covering over the 

base of stem near the soil surface, (Figure 2a), aerial tubers on the leaf axils (Figure 2b) and sclerotia 

were observed on tuber (Figure 2c) 
 

                          
Figure 2a. Sclerotia on tuber          Figure 2b. Aerial tubers on leaf axils   Figure 2c. White mycelia on 

base of stem 
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Figure 3. Weekly minimum and maximum temperatures (mean of three years) and weekly cumulative 

rainfall during the crop period of experimental years (2003-2005). 

 

 

CONCLUSION 

 

Potato seed growers empowered for the sustainable management of black scurf of potato and 

became able to diagnose the disease at different crop growth stages. Farmers selected the option of 

seed treatment dipping seed tubers in 2% boric acid concentration for 30 minutes prior to planting to 

manage the black scurf without soil sterilization with Formalin. However, best results were obtained 

with healthy seed planted in sterilized soil followed by seed treatment with 3% boric acid along with 
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soil sterilization. Farmers were found reluctant to soil fumigation with formaldehyde because it 

requires better technical skill otherwise it may be hazardous to user’s health. Farmers selected 

biological control of black scurf through T. harzianum as second option. Results obtained from the 

experiment under naturally infected field conditions of Mainapokhar Bardiya, antagonistic fungus T. 

harzianum could be the environment friendly option for black scurf disease management. 

Effectiveness of such antagonistic fungus may be increased in the succeeding crops because of its 

multiplication in the soil. 
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ABSTRACT 

 

Management of purple blotch in garlic was carried out in 2005/06 and 2006/07 at 

horticultural farm of Regional Agricultural Research Station, Parwanipur in Complete 

Randomized Block Design with three replications. First year’s results indicated insignificant 

effect of fungicides on Percentage Disease Intensity (PDI) of purple blotch disease of garlic 

as number of sprays used seemed to be inadequate. Second year’s result revealed that two 

sprays of Bavistin @ 0.2% had lowest PDI value but at par to other different number of 

sprays of different fungicides except no spray of fungicide. Bulb yield was highest in two 

sprays of Dithane M-45 @ 0.3% followed by two sprays of Krinoxyl @ 0.15%, three sprays 

of Blitox-50 @ 0.3%. Plant height was insignificant and highest bulb weight was found with 

three sprays of Blitox-50 followed by two sprays of Bavistin. Two year’s combined results 

indicated that two sprays of Bavistin @ 0.2% had lowest PDI value and all others PDI 

values were at par except control. The highest bulb yield was given by two sprays of 

Dithane M-45 followed by three sprays of Bavistin. Plant height and bulb weight were 

insignificant.  It can be recommended that purple blotch disease can be managed by spraying 

Bavistin @ 0.2% thrice at 15 days interval or any other tested fungicides to have less 

disease, higher bulb yield and more economic return. 

 

Key words: Alternaria porri, disease, percentage disease intensity, purple blotch 

 

 

INTRODUCTION 

 

Garlic (Allium sativum L.) is the most important spice crop of Nepal. It is extensively grown by 

every household in their kitchen gardens on small scale. It is used as spice in every vegetable dishes 

by Nepalese communities. It has medicinal value also. Most of the diseases reported on onion 

(Allium cepa L) are common on garlic (Miller and Lacy 1996). Garlic is heavily attacked by purple 

blotch disease, which is caused by Alternaria porri (Ell.) Neergard. Purple blotch is characterized by 

appearance of whitish sunken lesions on succulent leaves. The lesions appear on leaf tip and spread 

later to lower parts. With time they enlarge, several of them coalesce to cover large patches and 

girdle the succulent leaf. Pandey et al (2002) tested many fungicides and plant extracts against 

purple blotch which is a common disease of onion and garlic and reported that all fungicides and 

leaf extracts significantly controlled disease but Indofil M-45 (Mancozeb) was found the best in 

respect to disease control. In vitro screening of fungicides revealed them to be highly fungitoxic to 

leaf blight (purple blotch) of onion. Mancozeb was the effective fungicide against purple blotch 

disease (Quadri et al 1982). Vijay and Rahman (2004) reported that four sprays of Mancozeb @ 

0.3% with Monocrotophos @ 0.05% was the best treatment and recorded the least disease incidence 

and highest yield. This study was undertaken to find the most effective fungicide in managing purple 

blotch disease of garlic. 

 

 

MATERIALS   AND METHODS 

 

The trial was carried out in Randomized Complete Block Design with three replications in 2005/06 

and 2006/07. The plot size was 3.0- × 2.4-m. Row to row spacing was 15 cm and bulb to bulb 

spacing was 10 cm. Fertilizer were applied at the rate of 80:40:50 kg NPK/ha. Half of the nitrogen 

and all P and K were applied as basal at the time of planting and remaining half of nitrogen was 
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applied in two equal parts. First part of nitrogen was given on first irrigation just 30 days after 

planting and second part was given one month later. In both year the trial was planted on 13 

November 2005 and 2006 and harvested on 30 March 2006 and 28 March 2007. Fungicides were 

applied on 24
 
Jan and 8 Feb 2006 in first year and 2 Dec 25, Dec 2006 and 4 Jan 2007 in second 

year respectively. In first year one and two sprays of each fungicide were applied. However in 

second year two and three sprays of each fungicide were given. Fungicides used were Dithane M-45 

(Mancozeb) @ 0.3%, Bavistin (carbendazim) @ 0.2%, Blitox-50 (copper oxychloride) @ 0.3% and 

Krinoxyl (Metalaxyl + Mancozeb) @ 0.15%. The fungicides were started to apply when leaf tip 

started to become yellow. The fungicides were sprayed at 15 days interval. Disease was scored once 

just after a month of last spray of fungicides. A half meter quadrate was thrown in the centre of plot 

and garlic plants enclosed inside the quadrate were graded into different grades and Percentage 

Disease Intensity (PDI) was calculated using the scale and formula as under: 

 

Scale: 

1 = No disease symptoms on leaves 

2 = 1-5% leaf area covered with lesions 

3 = 6-20% leaf area covered with disease lesions 

4 = 21-50% leaf area covered with disease lesions 

5 = more than 50% leaf area covered with disease lesions 

 

     100 × Grade for each plant × Number of plants 

Percentage Disease Intensity (PDI) = -------------------------------------------------------- 

     Maximum grade × Number of plants observed 

 

PDI values were transferred to Arcsine values according to Gomez and Gomez (1983). 

 

 

RESULTS AND DISCUSSION 

 

First year results did not indicate significant effect of any fungicides used on management of purple 

blotch of garlic as number of sprays of fungicides were inadequate to bring significant effects (Table 

1). However, highest bulb yield was obtained with one spray of Dithane M-45 @ 0.3% and least 

PDI with two sprays of Blitox -50 @ 0.3%. 
 

Table 1. Effect of sprays of different fungicides on PDI of purple blotch, average bulb weight and bulb 

yield in 2005/06 

SN Fungicide Plant ht, 

cm 

Average bulb 

weight, g 

Bulb yield 

kg/ha 

Normal 

value 

1      Dithane M -45 @0.3% one spray 44.3 22.7 2210 19.0 

2 Dithane M -45 @0.3% two sprays 47.8 21.2 1650 15.5 

3 Bavistin @ 0.2% one spray 48.9 30.4 1958 14.3 

4 Bavistin @ 0.2% two sprays 48.0 19.8 2034 15.7 

5 Blitox-50 @ 0.3% one spray 47.7 22.2 1692 15.2 

6 Blitox-50 @ 0.3% two sprays 51.0 24.9 1983 14.2 

7 Krinoxyl @ 0.15% one spray 46.3 25.0 1983 17.2 

8 Krinoxyl @ 0.15% two sprays 48. 6 25.5 1983 14.7 

9 Control ( no spray0 50.0 25.4 1388 22.8 

 

The control had highest plant height and lowest bulb yield and average bulb weight was highest in 

case of one spray of Bavistin @ 0.2%. Vijay and Rahman (2004) found that four sprays of 

Mancozeb @ 0.3% was the most effective in controlling purple blotch of onion. In he current study, 

use of one and two sprays of different fungicides’ results was inconclusive. 

 

From second year’s results, it was evident that two and three sprays of different fungicides had 

significant effect on PDI of purple blotch, bulb weight (kg/ha), average bulb weight and arcsine 

value of PDI (Table 2). The lowest PDI value was recorded in two sprays of Bavistin @ 0.2% 

followed by three sprays of Krinoxyl @ 0.15%, two sprays of Blitox-50 @ 0.3%, three sprays of 
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Bavistin, three sprays of Blitox-50 @ 0.3% and two sprays of Krinoxyl @ 0.15% and two spray of 

Dithane M-45 @ 0.3% respectively. Control had significantly higher PDI value. Plant heights were 

insignificant and highest average bulb weight was found in case of three sprays of Blitox-50 @ 0.3% 

followed by two sprays of Bavistin @ 0.2%. The highest bulb yield was found in two sprays of 

Mancozeb (Dithane M-45) followed by two sprays of Krinoxyl and three sprays of Blitox -50. 
 

Table 2. Effect of two and three sprays of different fungicides on PDI, Arc sine value of PDI and other 

agronomic parameters 2006/07 

SN Fungicides Plant 

ht, cm 

Average bulb 

weight, g 

Bulb yield, 

kg/ha 

Percentage Disease Intensity 

(PDI) 

kg/ha Normal value Arc sine value 

1      Dithane M-45 two sprays @ 0.3% 40.9 27.2b 2328.7a 11.6 bc 19.8 bc 

2      Dithane M-45 three sprays @ 0.3% 42.0 22.7e 1254.6fe 12.1 b    20.4 b 

3      Bavistin two sprays @ 0.2% 47.3 30.4a 1505.3d 9.8 c 18.3c

4 Bavistin three sprays @ 0.2% 40.4 20.6f 1745.4cb 11.2 bc 19.4bc 

5 Blitox -50 two sprays @ 0.3% 42.7 24.3d 1486.1d 11.1 bc 18.4 bc 

6 Blitox-50 three sprays @ 0.3% 47.3 31.6a 1893.5b 11.4 bc 19.7 bc 

7   Krinoxyl two sprays @ 0.15% 41.8 27.9b 1898.1b 11.4 bc 19.7 bc 

8 Krinoxyl three sprays @ 0.15%  44.5 27.9b 1824.1b 10.7 bc 19.1 bc 

9 No spray, control 46.3 26.6c 1388.6e 20.6 a 26.9 a 

 CV, % 13.9 14.4 8.5 3 4.72 

Figures marked with same letters are not significantly different at P = 0.05% as judged by DMRT. 

 

Two year's pooled results indicated that three sprays of Bavistin @ 0.2%, three sprays of Blitox-50 

@ 0.3% and three sprays of Krinoxyl @ 0.15% gave better control and were at par in respect to PDI 

followed by three sprays of Dithane M-45 @ 0.3%, two sprays of Bavistin @ 0.2% (Table 3). 

Highest bulb yield was obtained with two sprays of Dithane M-45 @ 0.3% and lowest bulb yield 

was given by control (no spray of fungicide). 

 
 

This contracdict with others’ findings who had reported that four sprays of Dithane M-45 @ 0.3% 

was the most effective in controlling purple blotch of onion (Vijay and Rahman 2004, Panday et al 

2002). However, we have not tested four sprays of any fungicides so effects of four sprays of 

fungicides were unknown. From above discussion, it is clear that purple blotch of garlic can be 

effectively managed by applying three sprays of either Bavistin @ 0.2% or Blitox-50 @ 0.3%, 

Krinoxyl @ 0.15% or Dithane M-45 @ 0.3%. Maximum, minimum temperature and relative 

Figure 1. Metrological data of experimental period.
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humidity were favorable for disease development in both the years (Figure 1) during experimental 

periods. 
 

Table 3. Two years pooled effect of different number of sprays of different fungicides on PDI, Arc sine PDI 

value and agronomic parameters 

SN Fungicides Plant 

ht, cm  

Average bulb 

weight, g 

Bulb yield, 

kg/ha 

Percentage Disease Intensity (PDI) 

Normal value Arc sine value 

1 Dithane M-45 two sprays 44.3 22.7 2210 a 19.0 b 25.4 b 

2 Dithane M-45 three sprays 47.8 21.2 1650 f 15.5 c d 23.1 c d 

3      Bavistin two sprays 48.9 30.4 1958 d 14.1d 21.8 d 

4      Bavistin three sprays 48.0 19.8 2034 b 15.7 cd 23.0 c d 

5 Blitox two sprays 47.7 22.2 1692 e 15.2 d 22.8 d 

6 Blitox three sprays 51.0 24.9 1983 c 14.2 d 22.0 d

7     Krinoxyl two sprays 46.3 25.0 1990 c 17.2 c 24.2 b c 

8 Krinoxyl three sprays 48.6 25.0 1986 c 14.7 d 22.1d 

9 Control 50.0 25.0 1388 g 22.8 a 28.1 a 

 CV, %  21.27 21.27 27.14 3.68 

Figures marked with same letters are not significantly different at P = 0.05% as judged by DMRT. 
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ABSTRACT 

 

Tomato late blight caused by Phytophthora infestans (Mont.) de Bary is a 

serious disease of tomato and potato worldwide. The disease causes severe 

crop losses in the tomato growing regions of the world. Most of the cultivars 

grown in the world are reported to be susceptible to late blight. Systemic 

fungicides have been used widely in the past, but the disease has developed 

resistance over time. The present study was carried out to minimize 

fungicide use through integrated pest management. The bio-pesticides 

Azadirachta indica (Neem), Artemisia vulgaris (Mugwort) and Trichoderma 

viride were tested along with the fungicides Krilaxyl (metalaxyl 8% and 

mancozeb 64%) and Dithane M-45 (mancozeb 80%) in Nepal during 2000 

and 2001. All three bio-pesticides were found more effective than the control 

in reducing development of the disease and they increased yield over the 

control by 17 to 41%. However, the fungicides, Krilaxyl and Dithane M-45 

were observed even more effective. Two transplanting dates ie first and third 

week of July were tested against late blight in rainy season during 2000and 

2001 and observed its effect on yields. Lower disease incidence and better 

yield were found in the second planting. 

 

Key words: Dithane-M45, Krilaxyl, mugwort, Neem, Phytophthora 

infestans, Trichoderma 
 

 

INTRODUCTION 

 

Tomato late blight caused by Phytophthora infestans (Mont.) de Bary, is a destructive disease of 

tomato in many parts of the world. The disease also occurs commonly in potatoes, eggplant, 

nightshade and occasionally on peppers of the family, Solanaceae (Stevenson 1993). Wherever 

tomatoes are grown in tropics without excess use of fungicides, the disease is commonly present 

(Griffith et al 1995). The disease was reported having caused tomato and potato crops losses up to 

100% (Fry 1999, Shrestha 1999, CIP 1999, Shrestha and Shrestha 1997, Pohronezny et al 1986, 

Sherf and Macnab 1986). In California, United States, late blight appears in all tomato growing 

areas particularly in sprinkler irrigated fields during prolonged periods of rain and /or fog with mild 

temperatures (Nunez and Voss 2001).  An outbreak of tomato late blight occurred in Ontario, 

Canada in 1976 (Reyes et al 1977).  Since 1990, severe outbreaks of late blight have been observed 

in commercial and home garden crops of potato and tomato in the United States and Canada (Rowe 

et al 2002). 

 

At present, no tomato cultivars in the world are grown on a commercial scale without chemical 

protection from late blight disease. The interval between spraying and harvesting is usually 2 to 3 

days in Nepal (SK Shrestha 2002, personal communication) and 0 to 5 days in the United States (R. 

                                                 
1 The paper is based on PhD thesis of the first author submitted to University of Connecticut (UCONN), USA. 
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Ashley 2003, personal communication). The annual chemical application to tomato and potato crops 

is higher than any other food crops grown today (Niederhauser 1991). Such heavy use of pesticides 

could result in increased human health hazards and environmental pollution. Because of this, in 

recent years, cultural control and biological methods including botanical pesticides have been 

attracting considerable interest towards disease management (Upadhyay et al 1996). 

 

The phenylamide systemic fungicide, metalaxyl, is highly effective in controlling late blight disease 

of potato and tomato. However, Goodwin et al (1996) reported that populations of P. infestans had 

developed resistance to this compound in different parts of the world. Neem (Azadirachta indica A. 

Juss) has shown insecticidal properties as well as antifungal activity (UCONN 2002). It is a 

perennial tree belonging to Meliaceae family and is grown in sub tropical and tropical regions. A 

botanical pesticide, azadirachtin, is derived in India from neem leaves and/or seeds and is now 

available in different formulations of commercial products. Several tests have indicated that it has 

considerable promise in controlling plant diseases (Ruskin 1992). Some reports have shown that it 

has reduced severity of diseases like late spot and rust of groundnut (Sachan 1990) and diseases of 

chilli (Maharishi 1993). Mugwort (Artemisia vulgaris L) an aromatic under shrub belongs to 

Compositae family. It grows wild in Nepal, United States and in many countries. The plant is 

reported having antiseptic, repellent and fumigant properties (Regmi and Karna 1988). 

 

Trichoderma viride Pers. Ex Fr is a common saprophytic fungus, which can antagonize and also 

parasitize infections of plant pathogens like Phytophthora, Pythium, Rhizoctonia and Sclerotium 

(Wells 1988). The other species of the fungus, T. harzianum is also reported to have high potential 

as a bio-control agent of plant disease (Cook and Baker 1983). 

 

Considering the growing importance of the late blight disease and the lack of information on 

integrated management, the present study was undertaken to develop integrated approaches to 

manage this disease. These approaches were cultural controls such as manipulation of date of 

sowing, choice of less susceptible cultivars, minimal use of fungicides and bio-control agents. 

 

 

MATERIALS AND METHODS 

 Field Experiments 
Field experiments were conducted during the tomato growing seasons of 2000 and 2001 at the 

research farm of the Plant Pathology Division, Khumaltar, Nepal. The experiments were laid out in a 

split- split plot design with three replications (Gomez and Gomez 1984). Main plots included 2 

cultivars, Pusa Ruby (semi-determinate type) and CL 1131 (determinate type). Sub-plots had two 

dates of planting and sub-sub-plots had five treatments (Neem, Mugwort, Trichoderma, Krilaxyl and 

control) in 2000 and six treatments in 2001 in which Dithane M45 was included. Each sub-plot was 

2- × 3-m with four rows. Each row was spaced 50 cm apart. The distance from plot to plot was 60 

cm and from plant to plant 30 cm. The soil was sandy loam fertilized with a basal dose of NPK at 

the rate of 45-60-60 kg/ha during land preparation. A second dose of nitrogen, 45 kg/ha N, was 

applied as a top dressing 30 days after transplanting. 

 

Two commercial susceptible cultivars of tomato, Pusa Ruby and CL 1131 as mentioned above were 

used in the experiments. Seeds of each cultivar were sown in the nursery beds on the first and third 

week of June and transplanted into the field on the first and the third week of July during both years. 

Ten plants per row and 40 plants per plot were maintained. Earthing up of the plants was done forty-

five days after transplanting. Common cultural practices were followed during the cropping period. 

Besides late blight other diseases, insects and weeds were also monitored inspecting plants 

periodically in the fields. 

 

Fresh leaves of neem and mugwort were collected and weighed into 100 g batches. Each batch was 

then macerated with 100 ml of water 1:1 (w/v) and an extract of aqueous stock solution was 
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obtained by straining through two layers of cheesecloth. The stock solution was diluted to 10% (10 

ml stock solution + 90 ml water) before spraying in the field. 

 

The spray schedule commenced soon after the appearance of disease in the plots.  In the first crop 

season, the disease was observed on 12 July 2000 in the first planting and on 15 August 2000 in the 

second and the first spray was applied on 14 July and 17 August 2000, respectively. In the next 

season, the disease was observed on 7 July 2001 in the first planting and on 20 August in the second 

and the first spray was done on 9 July and 22 August 2001, respectively. Subsequent sprays were 

performed at the interval of 7 days. Altogether, five sprays were applied during each crop period. 

 

In-vitro test 

An in-vitro test was carried out in the laboratory of Department of Plant Science, University of 

Connecticut (UCONN) using neem (5% stock solution), mugwort (5% stock solution), Krilaxyl 

(0.75g/L) and Dithane M-45 (1.5g/L), to determine their effects on the development of mycelium of 

P. infestans. For this test, Jharrasi B isolate of P. infestans from Nepal was used. Trichoderma was 

test in dual culture with P. infestans. 

 

Preparation of Rye A Agar (RAA) amended medium 

Rye A Agar medium was prepared following protocol (Caten and Jinks 1968). The final volume of 

media was adjusted to 1 liter with de-ionized water and poured into 4 conical flasks each containing 

250 ml. The flasks were autoclaved at 121
o
C with 15psi for 20 minutes and allowed cool down to 

about 50-55oC. Each botanical/ chemical pesticide, neem extract (20 ml), mugwort extract (20 ml), 

Krilaxyl (188 mg), Dithane M-45  (375 mg) was added to each flask and mixed thoroughly. The 

amended medium was then poured about 15 ml in each 90- × 15-mm plastic petri plates and the 

control set was also prepared. 

 

Experiment setup   

The experiment was set up with five plates for each of the five treatments and replicated three times. 

Uniform sized agar discs (5 mm) from actively growing P. infestans culture were cut from a 10-12 

days old colony. One disc was put at the center of each plate. After inoculation, the plates were 

sealed with parafilm and incubated at 18-20oC in darkness for two weeks. The colony diameter of 

each plate was measured on every 4th day from the date of inoculation for 4 times. The average 

diameter for each treatment was calculated. 

 

Harvest 

The first harvest was done in the first and third week of September in both years. Subsequently, 

matured fruits were harvested regularly and weighed. The total yield per plot was calculated at the 

end of the experiment. 
 

DISEASE ASSESSMENT 

The first disease scoring was done on 13 July and 16 August in 2000 and 8 July and 21 August in 

2001 for the first and second dates of sowing, respectively. The disease was assessed visually on 

leaves, stems and fruits of all 40 plants of each plot following scale 0-6 (0 = no blight symptom and 

6 = 90-100% plant damage/dead, AVRDC 1996). Subsequent assessments were done on every 7th 

day until total blight infestation had occurred in the control plot. In total, 6 observations were taken 

in each plot. 

 

The percentage of disease for each plot was calculated using the formula of Townsend and 

Heuberger (1943): ∑ (n × v) 

P =  ----------- × 100    

    6N 

 

P = Percentage of disease   n = Number of plants in each index 

v  = Numerical value of each index  N = Total number of plants 

6 = Total number of disease severity index 
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Meteorological data 

Daily air temperature, precipitation and relative humidity were collected from the meteorological 

station located at the Khumaltar farm close to the experimental field. 

 

 

Statistical analysis 
Analysis of variance (ANOVA) was performed using the Statistical Analysis System (SAS 1985) and 

MSTATC statistical package. The least significant difference (LSD) range test (P = 0.05) was used for mean 

separation of late blight management treatments. Results from the field experiments are presented as highly 

significant (P < 0.01), significant (P < 0.05) or not significant (ns). None of the data was transformed. 

 

 

RESULTS 

 

Field experiments 

At Khumaltar, in both years, the incidence of late blight disease caused by P. infestans in the 

experimental plots was high as expected for untreated tomatoes. The plants were naturally infected 

with late blight. The weather data showed that the monthly mean maximum temperature ranged 

from 26.3-28.3
o
C, minimum temperature from 13-20.8

o
C, relative humidity 78.4-87.4% and total 

rainfall 1.8-316 mm during June to October 2000. These observed weather conditions were found to 

be quite favorable for the development of late blight disease in both seasons. 

 
During 2000, the symptoms of late blight on the plants from the first and second date of planting were first 

observed on 12 July and 15 August respectively. During 2001, the symptoms appeared on 7 July and 20 

August for the first and second plantings, respectively. In the beginning, water soaked lesions appeared on the 

lowers leaves, which progressed further, showing brownish black lesions with fluffy, white, mycelial growth 

under the lesions of infected leaves. Symptoms were quite prominent on leaves, stems and green fruits in the 

control plots. 

 

The disease spread rapidly in a spatial pattern and its intensity increased over time. A vertical 

gradient of disease infection developed in the plants. As the disease progressed, lesions appeared on 

the middle and upper leaves. There were distinctly visible effects of fungicides and bio-pesticides 

compared to control in both years. Disease progress was much higher in the control plots than in the 

treated ones. All plants in the control plots were blighted and defoliated within three-four weeks of 

the disease’s appearance. In the treated plots, the disease progress in the plants was much slower and 

the severity of disease was much less than in control plots (Figures 1 and 2). The leaves remained 

green and attached to the plants for a longer period until senescence. 

 

Statistical analysis indicated that the results were highly significant at P < 0.001. Table 1 and 2 

showed the mean disease index, percent of mean disease severity, yield of tomato fruit and percent 

increase of tomato yield over controls for 2000 and 2001 respectively. It was noted that both 

fungicides and bio-pesticides provided better control of the disease in the treated plots than in the 

control plots. Krilaxyl was most effective in controlling late blight and was significantly different 

from other treatments at P = 0.05. In 2001, Dithane M-45 was included and it was also effective 

against the disease, and significantly different from other treatments except Krilaxyl. All three bio-

pesticides (Neem, Artemisia and T. viride) were significantly better than controls as to the severity 

of disease in 2000 at P = 0.05. However, in 2001, Artemisia was at par with the control and also 

with other two bio-pesticides (Tables 1 and 2). There were no significant differences in effectiveness 

among the bio-pesticides. The effect of different treatments was supported by the results obtained 

from the in-vitro test (Table 3). 
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Table 1. Mean late blight disease index, mean disease severity, tomato fruit yield and yield increase over 

control at Khumaltar, Nepal, 2000 

SN Treatment Mean disease 

severity index 

(DSI)

Mean disease 

severity, %

Tomato yield, 

t/ha 

Yield increase 

over control, %

1 Neem 3.39b 56.53b 13.84b 17.49

2 Krilaxyl 1.29c 21.46c 26.61a 125.89

3 Trichoderma 3.49b 58.11b 14.40b 22.24

4 Artemisia 3.48b 58.00b 14.11b 19.78

5 Control 4.00a 66.61a 11.78c -

 F-test ** ** **  

 LSD at 0.05 0.47 7.90 1.86  

 CV, % 18.28 18.24 13.89  

Means in a column with different letters are significantly different at 0.05 level. 
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Table 2. Mean late blight disease index, mean disease severity, tomato fruit yield and yield increase over 

control at Khumaltar, Nepal, 2001 

SN Treatment Mean disease 

severity index 

(DSI)

Mean 

disease 

severity, %

Tomato 

yield, t/ha

Yield increase 

over control, 

%

1 Neem 3.89b* 64.83b 12.12c 36.49

2 Krilaxyl 1.16d 19.38d 24.95a 180.97

3 Trichoderma 4.05b 67. 50b 12.57c 41.55

4 Artemisia 4.01b 66.83b 11.20cd 26.13

5 Dithane M-

45 

1.79c 29.81c 19.28b 117.12

6 Control 4.51a 75.17a 8.88d -

 F-test ** ** **

 LSD at 0.05 0.318 7.15 2.77

 CV, % 11.62 15. 90 22. 65

Means in a column with different letters are significantly different at 0.05 level. 

 

Table 3. Mean diameter of growth of P. infestans in amended rye A agar medium against 

pesticides and bio-pesticides in-vitro test, 2001 

S

N 

Treatment Jan 31 

diameter, 

cm 

Feb 4 

diamete

r, cm

Feb 8 

diamet

er, cm

Feb 12 

diamet

er, cm

Averag

e 

diamet

er, cm

T-test 

between 

treatment and 

control

1 Neem 0.50 2.17 4.17 4.87 2.93 3.826*

2 Krilaxyl 0.10 0.30 0.50 0.90 0.450 3.303*

3 Artemisia 0.50 2.40 4.48 5.42 3.20 4.256*

4 Dithane M-

45 

0.10 0.50 0.80 1.20 0.650 3.325*

5 Control 1.00 3.87 6.25 7.50 4.655 -

*, Significant at P 0.05. 
 

Tables 1 and 2 also show that the tomato yield was much higher (11-27 mt/ha) in the treated plots 

and significantly different from the yield in control plots (9-12 mt/ha) at P=0.05. The average 

increase in yield over controls was 46.4% in 2000 and 80.5% in 2001. Within the treatments, the 

total yield in Krilaxyl treated plots was much higher (25-27 mt/ha) and significantly different from 

other treatments at P = 0.05 in both years. This was followed by Dithane M-45 (19 t/ha) and bio-

pesticides (11-14 t/ha).  The yield among the bio-pesticides was not significantly different. The 

relationship between fruit yield and disease severity was calculated by using the Pearson Product 

Moment correlation efficient and a linear regression model. A highly significant negative correlation  

(r = -0.641) and (r = -0.820) between disease severity and fruit yield was observed in 2000 and 2001 

respectively. Based on regression analysis, for an increase of one disease severity index of late 

blight, yield loss incurred was about 4.0 t/ha in both years (Figures 3 and 4). 
 

With in-vitro test, considerable variation in the growth rate of the P. infestans was observed. No 

mycelial growth was observed on the medium containing Krilaxyl and Dithane M-45. The colony 

diameter on twelfth day of inoculation was 4.87 cm in Neem and 5.42 cm in Artemisia, which were 

less than 7.5 cm in the control (Table 3). 
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In the case of dual culture of Trichoderma and P. infestans, the colony diameter of T. viride was 

comparatively greater than P. infestans. After one week of inoculation, T. viride stopped and 

overlapped the colony of P. infestans. It indicates that T. viride inhibits the growth of P. infestans 

(not shown in the Table 3). 
 

In both seasons, measurements of disease severity in the cultivar, Pusa Ruby, appeared slightly 

higher than in CL1131, but statistically there were no significant differences in the disease severity 

and tomato yield between the cultivars at P = 0.05 (Table 4). The incidence of late blight disease and 

the tomato yield from the two dates of planting were analyzed. The mean disease severity index in 

the first date of planting was higher and significantly different from the second date in both years. 

The effect of disease was negative on the yield. Consequently, the mean yield in the second date of 

planting was higher and significantly different from the first date in the both years at P = 0.05 (Table 

5). 
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Table 4. Separation of means between tomato cultivars against ate blight severity and tomato yield in the 

experimental years, 2000 and 2001 

SN Cultivars 2000 2001 

Mean disease 

severity index 

Mean tomato 

yield, t/ha 

Mean disease 

severity index 

Mean tomato 

yield, t/ha 

1 Pusa 

Ruby 

3.22a* 17.91a 3.34a   15.80a 

2 CL1131 3.03a 14.38a 3.31a 13.89a 

 LSD at 

0.05 

0.8724 4.373 0.4636 2.54 

*, Means in a column with same letters are not significantly different at 0.05 level. 

 

 
Table 5. Separation of means between the dates of tomato sowing against ate blight severity and tomato yield 

in the experimental years, 2000 and 2001 

SN Date of 

sowing 

2000 2001 

Mean 

disease 

severity 

index 

Mean tomato 

yield, t/ha 

Mean 

disease 

severity 

index 

Mean tomato 

yield, t/ha 

1 First 3.47a* 12.47b 3.68a 12.57b 

2 Second 2.79b 19.82a 2.96b 17.12a 

 LSD at 0.05 0.365 4.547 0.464 2.540 

*, Means in a column with different letters are significantly different at 0.05 level. 
 

 

DISCUSSION 

 

Tomato late blight disease (P. infestans) has become one of the most important constraints for 

successful cultivation of tomato in Nepal. In recent years, the frequency and severity of late blight 

epidemics in tomato crops has increased in tomato growing countries. Most commercial tomato 

cultivars are found to be susceptible to late blight. As a result, growers have been intensively using 

various chemical fungicides to control the disease. Today, it is environmentally, economically and 

scientifically unacceptable to rely primarily on fungicides for disease control. To minimize the use 

of fungicides against late blight disease, attempts are being made to develop integrated approaches 

to disease management. In the present study, different bio-pesticides extracted from Neem, Mugwort 

and Trichoderma were tested along with the chemical fungicides, Krilaxyl and Dithane M-45. 

Although these bio-pesticides were less effective than chemicals but they were found potential to 

provide some control of the pathogen. With applications of these bio-pesticides, yields were 

increased by 17 to 41% over controls. So far, there are apparently no other reports on these bio-

pesticides being used in controlling late blight disease on tomato. Further testing of these bio-

pesticides is needed to investigate the effect of concentration and ecological regions on their ability 

to control the pathogen. As these bio-pesticides become commercially available, their application in 

the field will be less expensive and more environmentally sound. Besides, these bio-pesticides may 

help to reduce application of some chemical pesticides. 

 

Although metalaxyl is quite effective against late blight disease of tomato, the pathogen, P. infestans 

may soon develop resistance to this compound if it is solely used. There are some reports on using 

metalaxyl in combination with other protective fungicides to avoid the risk of developing resistance 

by pathogens. Gisi and Cohen (1996) reported that use of fungicide mixtures containing 

phenylamide compound and other protective fungicides are still an effective strategy for control of 

late blight of potato and tomato. Therefore in this experiment, Krilaxyl, a mixture of metalaxyl and 
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mancozeb was used as one of the treatments, and found quite effective. This result was also 

supported by the report of Ferro (1999) who found significant reduction of disease intensity with 

three or more applications of metalaxyl plus manzate (Ridomill Gold MZ) in the field. 

 

In Nepal, Krilaxyl and other fungicides containing similar ingredients have been recently 

introduced.  Although they are effective against late blight, they are quite expensive for the common 

farmers. The protective fungicide, Dithane M-45 was also found effective against tomato late blight. 

Therefore, if one of the tested bio-pesticides and a chemical fungicide are sprayed at least 2 times 

each during the cropping period, the disease may be reduced significantly. Doing so, it would help 

to minimize use of chemical fungicides in the field. Moreover, it would help reduce the production 

costs and environment pollution. However, more experiments are needed to establish the optimal 

number of bio-pesticides and fungicides applications with their dosage. 

 

A second integrated approach is the manipulation of cropping patterns that has been developed to 

manage late blight disease. The results of this present study show that if the transplanting time is 

shifted 3 weeks latter than normal in rainy season, the severity of disease is significantly reduced. 

The reasons are probably due to less rainfall and more bright sunny days. The production and 

quality of tomato fruits from the latter plantings were also observed better than in the normal period. 

Statistically, susceptibility of Pusa Ruby and CL1131 were not different. However, the degree of 

susceptibility of Pusa Ruby was apparently slightly higher than in CL1131. Therefore, if the farmers 

like to use these cultivars for commercial cultivation, they should be advised to apply bio-pesticides 

to minimize the use of chemical pesticides. 

 

In conclusion, late blight disease can be managed by rational using of bio-pesticides and fungicides. 

The bio-pesticides can help to reduce use of fungicides and the environmental pollution. In the rainy 

season, if the cropping period of tomato is shifted from early July to late July in the mid hills of 

Nepal, the disease intensity is reduced and also fruit yield is increased. 
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ABSTRACT 

 
Pakhribas pig is a black colour pig and is highly preferred by the people in the Eastern hills 

of Nepal. This breed was developed in Nepal by three-way crossing of exotic breeds 

(Saddle back, Fayuen and Tamworth) at Agricultural Research Station (ARS), Pakhribas, 

the then Pakhribas Agricultural Centre (PAC). The data of 348 pigs, born over a period of 

fifteen years (1990 to 2004) were used to study the effect of non-genetic factors on 

reproductive traits and estimate their genetic parameters. The findings revealed that the 

overall gestation length and farrowing intervals were 113.7 ± 0.12 days and 182.5 ± 2.2 

days, respectively. Season of birth and parity of dams were not important sources of 

variation for reproductive traits, where as year affected these traits significantly. 

Heritability estimates of gestation length was low (0.02 ± 0.094), but heritability for 

farrowing interval was moderate (0.14 ± 0.147) suggesting selection based on farrowing 

interval would bring the improvement in the trait. 

 

Key words: Genetic and non-genetic parameters, hills of Nepal, Pakhribas 

pig, reproductive traits 
 

 
 

INTRODUCTION 

 

Pakhribas pig is a result of three-way crossing of exotic breeds (Saddle back, Fayuen and 

Tamworth) developed at Agricultural Research Station (ARS), Pakhribas, the then Pakhribas 

Agricultural Centre (PAC) (Oli 1986, Gatenby et al 1990, Aryal et al 1992). The breed is very 

popular in the eastern hills of Nepal because of its black colour and a good litter size at birth and 

weaning (Gatenby et al 1990). For religious purposes, black colour is preferred over other colours in 

the eastern hills. It is medium in size and can be maintained by the farmers in the hills. 

 

The performance records indicate that they are good in productive characters including the 

reproductive parameters. A study carried out at On-farm situation aiming to compare the 

productivity of Pakhribas pigs with the local and its crossbred with Pakhribas pigs showed that the 

Pakhribas pigs produced 90% more meat than the local and 60% than its crossbreeds at the farmers' 

feeding and husbandry system (Oli 1986). This indicated that Pakhribas pigs are more productive 

and well suited to local environments. 

 

Information on genetic and non-genetic parameters of litter traits for Pakhribas pigs is available 

(Neopane 2005). However, information on the non-genetic and genetic factors affecting 

reproductive traits is not available for Pakhribas pigs. The study was undertaken to estimate the non-

genetic factors affecting reproductive traits and estimate their genetic parameters. In order to 

accomplish the study, a retrospective study was done and for this data obtained over fifteen years 

were analysed. 
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MATERIALS AND METHODS 

 

The study was conducted at Pakhribas Agricultural Centre (PAC), Dhankuta district, in the Eastern 

mid hills of Nepal. The area was located at an altitude of 1740 m above sea level. The geographical 

location is 27o 17' N and 87o 17' E. 

 

Records of pigs born from sixteen sows and four boars were used for the study. Pigs with piglets 

were kept at separate farrowing pen. Piglets were provided heat by electric bulbs. In farrowing pen 

rice straw was kept in order to make bed for the mother and also to maintain the temperature. Piglets 

were weaned at 6 weeks of age and at this age they were distributed to the farmers. 

    

Data recorded over fifteen years (1990 to 2004) for reproductive traits of Pakhribas pigs at the centre 

were analysed to estimate genetic and non-genetic factors affecting the traits. For this least-squares 

analysis techniques based on unequal subclass (Harvey 1990) were performed using the following 

model; 

 

Yijk = u + ai + bj + ck + eijkl    

 

Where , µ is overall mean 

ai is the effect of ith parity of dam (i = 1, 2,…..14) 

bj is the effect of jth season of birth (j = 1, 2, 3)         

ck is the effect of kth year of birth (k = 1, 2,…..15) 

eijkl is a random element assumed to be normally and independently distributed  

 

An overall analysis, ignoring sires and dams, was used first to examine environmental effects. Then 

sires and dams were included in the model as random effects to estimate the genetic components of 

variance and to eliminate non-significant fixed effects (Harvey 1990). 

 

 

RESULTS AND DISCUSSION 

 

Non-genetic factors 

Least-square means of reproductive traits are presented in Table 1. The least square mean of 

farrowing interval (FI) in the herd was 182.5 ± 2.2 days. This value corresponds to earlier reports for 

Pakhribas pigs (Aryal et al 1992, Shrestha 2000). The figure was slightly lower than the average 

records of 191 days by Dhaubdel and Pokharel (1997) using the three genotypes (Landrace, 

Yorkshire and their crosses) in Khumaltar, Kathmandu, Nepal. A higher value of farrowing interval 

was also reported for Landrace (196 days) and Yorkshire (206 days) in Kathmandu, Nepal (SARP 

1992). These indicated that Pakhribas pigs are better than exotic breeds in terms of farrowing 

intervals. 

 

The least square mean of gestation length (GL) in the herd was 113.7 ± 0.12 days. The value 

obtained was close to the records reported by Shrestha (2000) for Pakhribas pigs. This value also 

corresponds to the value reported by Fahmi and Bernard (1972) for European breeds of pigs. The 

value is well in range within values reported in the literature. 
 

Parity of dam and season of birth were not important source of variation for reproductive traits 

(Farrowing interval and Gestation length). This suggested that the Pakhribas pigs can be reared up to 

14
th
 parity without any decline productivity level. Year was however, significant source of variation 

for farrowing interval (P < 0.05) and gestation length (P < 0.001). The probable reason for 

significant effect of year on farrowing interval was better environment (mild climate, less parasitic 

burden, less diseases, etc) in some years than others. Year itself is not a good environmental or non-

genetic factors for any production traits (farrowing interval). However, its effect has to be corrected 

before heritability estimation of the trait is made. 
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Table 1.  Least-squares means of reproductive traits (days) of Pakhribas pigs for 

different non-genetic factors 

Factors Farrowing interval Gestation length 

N Mean SE N Mean SE

Overall 307 182.5 2.2 348 113.7 0.12

Parity of dams  

1 - - - 40 113.3  0.30 

2 42 179.9 5.1 42 113.9 0.32

3 32 179.1 5.6 32 112.8 0.34

4 30 177.2 5.7 30 113.8 0.34

5 28 185.6 5.9 28 113.9 0.36

6 25 171.1 6.3 25 113.3 0.39

7 23 177.4 6.2 23 113.5 0.38

8 22 184.0 6.3 22 113.9 0.39

9 20 181.9 6.8 20 114.3 0.39

10 19 179.3 6.8 20 113.9 0.42

11 18 183.5 7.3 18 113.8 0.45

12 17 182.6 7.4 17 113.8 0.46

13 16 203.4 8.1 16 114.4 0.50

14 15 187.8 7.9 15 113.8 0.49

F-test ns ns 

  

Season of birth  

Early dry (Dec-

Feb) 

65 185.9 4.4 75 113.5 0.25

Late dry (Mar-

May) 

91 177.4 3.4 105 113.6 0.19

Wet (Jun-Nov) 151 184.2 2.6 168 114.1 0.15

F-test ns ns 

  

Year of birth  

1990 12 174.5 12.9 15 115.1 0.50

1991 13 182.9 8.1 14 113.6 0.49

1992 13 190.1 8.0 19 115.2 0.42

1993 15 198.5 7.6 15 113.9 0.47

1994 16 187.9 7.3 20 113.3 0.41

1995 22 186.3 6.4 25 113.1 0.38

1996 26 183.6 5.8 29 113.3 0.35

1997 28 193.5 5.6 30 113.9 0.34

1998 32 174.8 5.1 32 112.3 0.32

1999 30 166.9 5.4 30 113.1 0.34

2000 21 169.5 6.3 27 112.8 0.35

2001 22 186.6 6.2 24 113.0 0.37

2002 21 175.8 6.3 25 114.7 0.36

2003 19 184.6 8.2 23 114.8  0.46  

2004 17 182.5 7.8 20 114.6 0.44 

F-test * *** 

N, Number of records. SE, Standard errors. 
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Genetic factors 

Heritability estimates of reproductive traits are presented in table 2. Heritability estimates of 

gestation length was low (0.02 ± 0.094) but estimates of heritability for farrowing interval was 

moderate (0.14 ± 0.147) suggesting selection based on farrowing interval would bring the 

improvement. Crump et al (1997) reported moderate estimates of heritability for gestation length. 

Estimates of heritability for farrowing interval from the study are close to several research reports 

(Johansson 1981, Rydhmer et al 1995, Tholen et al 1996, Crump et al 1997). However, some other 

authors have reported lower estimates of heritability for farrowing interval ranging from 0.06 to 0.09 

(Johansson and Kennedy 1985, Adamec and Johnson 1997, Oh et al 2005). Haley et al (1988) 

reviewed the estimates for farrowing intervals within a range of 0.04 to 0.22. 

Table 2. Heritability estimates of reproductive traits of Pakhribas pigs 

Trait Heritability Standard error

Farrowing interval 0.14 0.147

Gestation length 0.02 0.094

 

Low to moderate estimates of heritability indicated that some genetic variance is available for these 

traits and hence selection based on the trait (farrowing interval) may bring genetic improvement and 

consequently improve productivity by reducing farrowing interval. 

 

 

CONCLUSION 

 

Non-significant effect of parity on farrowing interval (1-14 parity) suggested that the pigs may be 

reared up to 14 parity without declined productivity level in terms of farrowing intervals. Moderate 

estimates of heritability for farrowing interval indicated that the dams if selected based on the 

shorter farrowing interval may improve the traits. 
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ABSTRACT 

 

The aim of this study was to investigate the possible use of crop residue such as rice straw 

and black gram straw (Kushauro) in hill goats’ diet. Twenty male and female goats of age 6-

9 months were divided into 4 dietary groups. Animal of first diet groups (D1) were fed with 

fodder leaves (Khanyu) only, second diet group (D2) with 20% rice straw + fodder tree 

foliage, third diet group (D3) with 20% rice straw + fodder tree foliage + concentrate @ 1% 

of body weight, and fourth diet group (D4) fodder tree foliage + 15% rice straw + 5% black 

gram straw + concentrate @ 1% of body weight meet to the daily requirement. These rations 

were fed to animals of individual diet group for 150 days. Daily feed intake, daily weight 

change was recorded. Body weight was taken at the beginning of the experiment, at the end 

of experiment and 15 days interval. The result showed that there was significant difference 

(P <0.05) between different dietary groups for average daily gain (ADG). The highest ADG 

was observed in D3 (19.6±4.33), followed by D2 (12.67±1.38 g/d) and D4 (11.73±1.78 g/d). 

The lowest ADG was found in D1 (10.8±1.87 g/d). The result indicated that 20% rice straw 

can be used in goat diet with supplementary diet of concentrate @ 1% of body weight, and 

foliage of Khanyu as a basal diet. Feeding only fodder tree foliage is not suitable to get 

higher ADG in stall-feeding management. 

 

Key words: Average daily weight gain, black gram straw, fodder tree foliage, rice straw, 

stall-feeding 

 

 

INTRODUCTION 

 

Rice straw is a crop residue derived from rice production. It serves as a major feed for ruminants. 

(Dixon 1985). Annually 10.7 million metric ton rice straw is produced in the country, out of which 

the large ruminants such as cattle and buffalo use 82.4%. The remaining balance 17.6% rice straw is 

available for other uses. If this surplus straw could be used for goat feeding, it will substantially 

reduce the feed scarcity problem in the country (Pande 1997), particularly during the winter. But the 

available straw is low in nutrients content and is highly lignified (Sharma et al 1995, Chenost and 

Kayouli 1997). Therefore, there is a need to improve in quality in terms of its use and make use of 

straw in animal diet. Therefore it is important to supplement tree foliage and concentrate feed 

(compounded cereal grain, legume and their by-products) to make the best utilization of the crop 

residue. Work carried out in other countries have shown that feeding 30 percent rice straw with 

leucaena leaves (50%) and rice bran (20%) as supplements can to maintain 68.6 g/d daily weight 

gain (Rasjit and Perez 1980). Upreti 2004 recorded that if straw is treated with urea and fed ad lib 

with 20% Ipil-Ipil green foliage supplementation the ADG of 41.11 can be obtained in stall feed 

management system. Further, goats has higher rate of dry matter digestibility (DMD) with rice straw 

(Devendra 1988) that indicate possibility of incorporating rice straw in goat diet in certain 

proportion. Therefore, a study was conducted at ARS Bandipur using goats to investigate on the use 

of crop residues particularly rice straw (Oryza sativa) and black gram straw (Vigna mungo) with 

khanyu (Ficus semicordata) as basal diet. 
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MATERIALS AND METHODS 

 

Feeding experiment was conducted to evaluate the possible use of crop residue particularly the rice 

straw and black gram straw on the goats for stall-feeding system at ARS Bandipur during winter 

2000. Tree foliage, Khanyu (Ficus semicordata) was fed as basal diet. Concentrate feed was offered 

@ 1%of body weight of experimental goats. 

 

Experimental animals 

Sixteen female and four castrated male goats of 6 to 8 months of age were used in the experiment. 

The initial body weight (IBW) of animals ranged from 11 to 12 kg. The breeds of goats were Khari, 

Jamunapari crosses (50% Jamunapari × Khari), and Barbari crosses (50% Barbari × Khari). They 

were drenched seven days before the experiment against internal parasite using Albendazole at 

recommended dose. Animals were also dipped against external parasites seven days before the 

drenching. Faecal sample were analyzed after seven days of drenching to assess the parasitic burden. 

These animals were then grouped into four groups on the basis of body weight in such a way that 

each breed and sex represents in each treatment group to reduce their possible effect of the sex and 

breed in the treatment. Animals were individually housed in metabolic crates affixed inside the 

experimental shed. The crates were measured 1.0 meter length, 0.45 m width and 1.0 meter height. 

 

Experimental diet 

Following diets were fed to the experimental animals to know the level of rice straw (Oryza sativa) 

and Black gram Kunauro (Phaseolus mungo) intake and body weight change. 

 

D1 = Conventional feeding with fodder leaves only  

D2 = 20% Rice straw + fodder leaves 

D3 = 20% Rice straw + fodder leaves + concentrate 1% of body weight 

D4 = 15% Rice straw + 5% black bean straw + concentrate 1% of body weight 

 

Locally available rice straw (87.5% DM) was chaffed (6 cm long) and incorporated in the diets at 

the percentage described in individual diet based on the daily DM requirement of animal. Feed 

formulation was done according to NRC recommendation to meet the daily nutrients requirement of 

DM = 3% of body weight and CP = 3 g/kg body weight per day. Khanyou (Ficus semicardata) 

twigs with fresh green foliage were offered as main diet. Nutrient content of different feedstuffs is 

given in Table 1. Chaffed straw, fodder twigs and concentrate were offered in certain hourly interval 

in wooden box fixed at brisket height of metabolic pens. Fresh water was offered tree times a day. 

Daily intake of rice straw, fodder, black gram straw and concentrate was recorded for an 

experimental period of 150 days. A fixed level of concentrate was offered in D3 and D4 @ 1% body 

weight daily. 

 

Body weight measurement 

 

Measurements taken 

The trial period was of 150 days after an adaptation period of 15 days. At the end of trial a 

digestibility trial was conducted for 7 days. Total feed intake was recorded daily in the morning at 

09 hrs. Faeces and urine excreted was collected individually and recorded for the last 7 days of 

experimental period. The body weight of individual animal was taken at 15 days interval in the 

morning before feeding. 

 

Chemical analysis 

Dry matter (DM) content of offered feed and faeces voided were determined by drying at 100oC for 

24 h and organic matter (OM) content was determined by ignition in the electronic furnace at 500oC 

for 6 hours. Representative samples of the feeds, faeces and urine were analyzed for proximate 

composition by AOAC 1990 and Goering and Van Soest (1970). The chemical composition of 

different feed ingredients used in the experiment is given in Table 1. 
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Data were analyzed using analysis of variance as suggested by Snedecor and Cochran (1968) using 

Statistix version 1.0 Statistical package. 

 

 

RESULTS AND DISCUSSION 

 

Feedstuffs were analyzed for nutritive value using facilities available at Animal Nutrition Division, 

Khumaltar. The CP of rice straw was similar to the average figure as reported by Upreti and 

Shrestha 2006 and the CP content of black gram straw was (Vigna mungo) recorded 1% higher as 

reported by same authors. 
 

Table 1. Chemical composition of different feedstuffs (%DM basis) 

Ingredients DM CP OM EE NDF ADF ADL H.CL. CL 

Khanyou 38.8 14.1 88.84 0.82 53.24 47.53 28.3 5.71 19.23 

Concentrate mixture 87.53 15.3 93.53 4.84 - - - - - 

Rice straw (RS) 87.5 4.5 81.31 0.36 74.91 50.54 21.12 24.37 29.42 

Black gram straw 85.0 12.5 87 1.0 - - - - - 

DM, Dry matter. CP, Crude protein. OM, Organic matter. EE, Ether extract. NDF, Neutral detergent fiber. 

ADF, Acid detergent fiber. ADL, Acid detergent lignin. H.Cl, Hemi cellulose. Cl, Cellulose. 

 

Feed intake 
The nutrient intake of different diet groups is shown in Table 2. The DM intake was significantly 

different (P > 0.05) between treatment groups. The highest DM intake (503.85 g/d) was found in D3 

followed by D4 (491.2 g/d), and D2 (484.1 g/d). Significantly lower DM intake was found in D1 

(440.31 g/d). These DM intakes were 3.63, 4.0, 3.85 and 3.95 percent of body weight of Diet 1, 2, 3 

and 4 respectively. It indicated that incorporation of rice straw at the level of 20% of DM 

requirement did not affect significantly (P > 0.05) on DM intake in goats similar as reported by 

Rasjit and Perez (1980). 

 

The DM intake per kg live weight gain was significantly (P < 0.05) lower in D3 (25.71 kg), which 

was followed by D2 (38.22 kg) and D1 (40.77 kg). The highest DM intake per kg live weight gain 

was found in D4 (41.86 kg). The lower DM required per kg live weight gain in D3 would be due to 

inclusion of concentrate mixture in the diet that has improved the digestibility of nutrients (Agrawal 

et al 1989). 
 

Table 2. Nutrient intake of animals (g) of different treatment groups on DM basis 

Nutrients Diets 

Fodder only 

D1 

RS 20% + Fodder 80% 

D2 

RS 20% + Fodder 

(55%) + Concentrate 

D3 

RS 15% + Fodder 

(80%) + BGS (5%) 

D4

DM 440.31a 484.12b 503.85b 491.18b

CP 57.24a 49.54b 34.04b 50.75b 

Ca 9.64 7.88 5.91 7.74 

P 1.01 1.11 1.75 1.08

% DM I 3.63 4.0 3.85 3.95 

DMI (g)/W 0.75 67.74 74.36 73.23 74.31 

Nutrient intake (kg) per kg LW gain
DM 40.77a 38.22a 25.71b 41.86a 

CP 5.3a 3.91a 1.74b 4.32a 

 RS, Rice straw. BGS, Black gram straw. Value in the rows having different subscript were significantly 

different (P < 0.05) and without superscript were not significant (P > 0.05). 

 

The crude protein (CP) requirement per kg live weight was significantly lower (P < 0.05) in D3 (1.74 

kg), followed by D2 (3.91) and D1 (5.3 kg). These requirements were substantially higher than the 

requirement reported by ARC (ARC 1980) for a growing goat (0.388 g CP/gram gain). 
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Growth rate 

Body weight of different treatment groups at different interval, average daily weight gain (ADG) 

and change in metabolic body size is presented in Table 3. There was significant difference (P < 

0.05) between diets groups for total weight gain and ADG. The highest total weight gain for an 

experimental period of 150 days was obtained in Diet3 (2.94 ± 0.65 kg), followed by D2 (1.9 ± 0.21 

kg), D4 (1.76 ± 0.27 kg) and D1 (1.62 ± 0.28 kg). Average daily weight gain was found significantly 

higher (P < 0.05) in D3 (19.6 g/d), followed by D2 (12.67 g/d), D4 (11.73 g/d) and D1 (10.8 g/d). 

These growth rates of a growing goats of 6-9 month age were substantially lower than the growth 

recorded at Goat Research Station, Bandipur over past five years (ARS 2000) that was 39.33 g/d, 

and Rasjit and Perez (1980) when animal were fed with 20 percent rice straw with Leucaena and 

rice bran. 
 

Table 3. Weight gain of goats in different dietary treatments 

Nutrients Diet groups 

Fodder only 

D1 

RS 20% + 

Fodder 80% 

D2 

RS 20% + Fodder 

(55%) + Concentrate 

D3 

RS 15% + Fodder 

(80%) + BGS (5%) 

D4 

Initial body weight (kg) 11.5 ± 

0.97a 

11.425 ± 0.95a 12.46 ± 1.24a 11.8 ± 0.97a 

Final body weight (kg) 13.12 ± 

1.0a 

13.321 ± 0.11a 15.4 ± 1.7 13.56 ± 1.17 

Total weight gain (kg) 1.62 ± 

0.28a 

1.9 ± 0.21ab 2.94 ± 0.65 1.76 ± 0.27 

Average weight gain (g) 10.8 ± 1.87 12.67 ± 1.38ab 19.6 ± 4.33b 11.73 ± 1.78ab 

Initial metabolic body size (W 0.75) 6.24 ± 0.59 6.21 ± 0.87 6.63 ± 1.10 6.37 ± 0.87 

Final metabolic body size (W 0.75) 6.89 ± 0.89 6.97 ± 0.98 7.78 ± 1.43 7.07 ± 1.02 

Change in metabolic body size (W 0.75) 0.65 ± 0.26 0.76 ± 0.16 1.15 ± 0.51 0.7 ± 0.20 

Value in the rows having different superscript were significantly different (P < 0.05). 

 

The average daily weight gain of goats fed with different rice straw based diets is shown in Figure 1. 
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Figure 1. Average daily weight gain of goats fed with different rice straw based diets. 

 

 

The growth pattern of experimental animals was similar to the expected growth curve of animals 

(Figure 1). The growth rate of animals of D3 was higher than other groups, while that of Diet 1, 2 

and D4 were similar. This indicated the importance of incorporating concentrate in the diet that 

improves the digestibility of nutrients. The decreased growth rate of animals of Diet between 145 to 

150 days of trials was due to diarrhea in one animal. From this experiment it could be advised that 

rice straw can be incorporated in the diet up to 20 percent of dry matter requirement of animals 

without effect in growth. Though lower growth rate, D3 could be utilized as a maintenance ration in 

the feed scarcity period.  
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Figure 2. Average body weight gain patterns of goats fed with different rice straw based diets at 15 days 

interval. 

 

Meat type goat could be raised in stall feeding system by feeding straw up to 20 percent of dry 

matter requirement in combination of fodder and concentrate at the rate of 1% body weight. Feeding 

only with tree foliage is not enough to get higher growth performance in stall feeding management 

in the Hills of Nepal. Therefore, during the winter, goat can be fed with certain level of rice straw in 

stall-fed management system. 
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ABSTRACT 

 

Leaves and twigs from four species of tree fodders, Aetocarpus lakoocha  (AL), bauhinia 

purpurea (BP), Garuga pinnata (GP) and Ficus sroxburghii (FR), cultivated widely for 

feeding ruminants in the hills of Nepal and maintained at the Agriculture Research Station 

(Goat), Bandipur were investigated for there chemical composition, and nutrient intake, 

digestibility, and growth rate in growing female goats. Differences occurred between species 

of tree fodders on nutrient composition, which contained 286, 342, 312, and 263 g/kg DM; 

174, 98, 116 and 178 g/kg total ash; 137, 163, 140, and 119 g/kg CP; 440, 458, 437, and 451 

g/kg NDF; 383, 407, 382, and 406 g/kg ADF; 177, 135, 181, and 143 g/kg ADL; 19.5, 21.6, 

20.9, and 29.3 g/kg Ca; and 2.2, 2.8, 2.4, and 2.5 g/kg P on DM basis for AL, BP, GP, and 

FR, respectively. The DM intake was higher for goats fed AL (432 g/d) and GP (428 g/d) 

than BP (342 g/d) or FR (306 g/d). Nutrient digestibility was higher for goats fed AL and 

GP, except Ca, which was higher for goats fed FR. Similarly, highest daily weight gain was 

observed for goats fed AL (71 g/d) and GP (64 g/d) than either of BP (54 g/d) or FR (30 

g/d). Overall, leaves and twigs from these tree fodders supported moderate growth, but may 

not be advisable for maximum production. 

 

Key words: Digestibility, goat, nutritive value, performance, tree fodders 

 

 

INTRODUCTION 

 

Fodder trees are grown in the hills of Nepal from the immemorial. Their importance in supplying 

fodder, fuel wood, protection of soil erosion and environment, and some other household needs has 

been well documented (Pandey 1982). Inadequate feed supply and poor nutrition during the dry 

winder and early summer season (mid-January through mid-May) are the major constraints to 

increase ruminant production in the hill of Nepal (Kiff et al 1999). Of the 75 administrative districts 

in the country, 50 were found to be less than 80% sufficient in supplies of livestock feed (Schreier et 

al 1991). Leaves and twigs collected from several species of fodder trees cultivated in a great variety 

of soil and climatic condition are a main source of green forage for ruminants during dry winter and 

early month and help maintain the body condition and production of ruminants. 

 

Khanal and Subba (2001) described the nutritional characteristics of leaves and twigs from 

31species of fodders trees cultivated in the hill of Nepal. Khanal et al (1999) have determine the 

proximate composition, detergent fibers, and Ca and P contents of both cultivated and uncultivated 

tree fodders and browse plants available mostly in the western hill of Nepal. Similarly, Subba (1998) 

has determined the detail chemical composition of leaves from those available in eastern hills of 

Nepal. Subba (1999) also ranked them according to various nutritional characteristics. On the other 

hand farmers have their own preference based on there age-old practices in the cultivation and 

feeding of leaves and twigs from various species of tree fodders. Realizing this, Thorne et al (1999) 

and Walker et al (1999) attempted to derive a biological interpretation of indigenous knowledge 

system with regard to the quality of tree fodders and consistency and discriminatory power of 

indigenous and laboratory assessment of the nutritive values of tree fodders available in Nepal. 

Thorne et al (1999) also attempted to find the potential complementarities between indigenous and 

laboratory-based indicators of tree fodder quality. However, part of there interpretation was based 

not on actual animal performance, but on in vitro studies. As a result, several of these authors 

pointed out the need to investigate on the quality of various fodder trees and shrubs based on the 
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actual performance of ruminants. This would ultimately help reduce the severity of scarcity of feed 

and fodder and maintain ruminant production. Therefore, objective of this study was to investigate 

the performance of goats upon feeding leaves and twigs from four species of selected fodder trees 

commonly cultivated in the hills of Nepal. 

 

 

MATERIALS AND METHODS 

 

Sixteen female growing Khari goats with an average initial weight of 8.89±0.6 kg and age of 140 ± 

20 days were selected for the study. Animals were blocked according to there initial body weight. 

Within block animals were allotted at random to one of four treatments, ie species of tree fodders 

selected for the study. Tree fodder species were Badahar (Artocarpus lakoocha; AL), Tanki 

(Bauhinia purpurea; BP), Dabdabe (Garuga pinnata; GP) and Nemaro (Ficus roxburghii; FR), 

selection of which was based on their widespread availability across the low and mid hills of Nepal. 

While AL is regarded as the one of the most nutritious fodder tree species by the farmers, BP is a 

leguminous fodder and expected to have higher protein contents. The GP is a relatively large with 

small thin leaves, whereas FR has big, rounded, and thick leaves with a relatively large mid-rib. 

Leaves and twigs from the fodder trees were collected from the same north facing fodder block 

maintained in Agriculture Research Station (ARS, Goat), Bandipur at an altitude of 875 m from the 

sea level. Soil had a pH of 5.64 with 3.2% organic carbon, 174.3 ppm of available phosphorus, and 

0.27% total nitrogen. The station received an annual rainfall of 2000 mm with an average of 85% 

relative humidity, and minimum and maximum temperature of 8 and 32oC, respectively. 

 

Experimental goats were housed in individual cages in the same shade with facilities for collection 

of feed, orts and feces, but not urine. Goats were allowed to have an ad Libitum access to leaves and 

twigs from one of the four fodder trees mentioned above. Water was offered twice daily at 1000 h 

and 1700 h while tree fodder leaves together with twigs and petioles were offered twice daily at 

0900 h and 1600 h. Orts were collected 2 h after feeding. All animal were de-wormed before 

allotting them to the experiment and further medication, if any, was administered as per the 

suggestion of a veterinarian. 

 

Total experimental period was 74 days including a 14-day adaptation period, which was conducted 

during Feb-May 2000. Growth was monitored every fortnight. Feed offered and orts were collected 

daily for determining the daily feed and nutrient intakes. Total fecal output was measured during the 

final 8 days of the experiment and their samples collected during the total collection period. Dry 

matter (DM) content of the feeds offered and orts collected as well as fecal samples was determined 

daily during the last 8 days of digestibility study. 

 

Laboratory analyses of the tree fodder leaves and twigs offered and fecal samples collected was 

done for DM, crude protein (CP) and total ash (TA), contents as per AOAC (1980). Neutral 

detergent and acid detergent fiber (NDF and ADF) as well as acid detergent lignin (ADL) were 

determined as per (Van Soest and Robertson 1985). Samples of leaves and twigs were analyzed for 

their chemical composition every fortnight during the experiment. These samples were air dried at 

ARS (Goat), brought to Animal Nutrition Division Laboratory, and ground to pass through a 1-mm 

sieve for further laboratory analyses. Wherever appropriate, all values are expressed on DM basis. 

 

Data were statistically analyzed in SAS using PROC GLM (SAS 1999). Model included treatment 

and block as the independent variables. In case of final body weight, initial body weight was used as 

the covariate. Means were separated using REGWQ. 

 

 

RESULTS AND DISCUSSION 
Nutrient composition of the leaves and twigs from selected species of fodders trees is given in Table 

1. The DM content was higher for BP (P < 0.05) than AL and FR, but there was no difference (P > 

0.05) between the other species of tree fodders. The values were comparable to the earlier reports for 

the same species of tree fodder harvested at similar times of the year (Khanal and Subba 2001, 
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Throne et al 1999, Wood et al 1994). The DM content would increase with the increasing maturity, 

which was probably another reason why it is higher for BP that was approaching fruit bearing stage. 

Crude protein content varied significantly (P < 0.05) among species, highest being for BP, which is 

a leguminous tree fodder. Crude protein content in all of them was slightly lower than reported 

previously (Khanal and Subba 2001, Khanal et al 1999, Subba 1998). It was probably because of the 

difference in sampling procedures employed between the studies. While leaves and twigs were 

included in the current study to represent the actual feeding practices of the farmers, it was only the 

leaves that were used to determine CP content previously (Khanal and Subba 2001). Time of harvest 

also affect the CP content with the same species of tree fodder varying in CP content by about 30 to 

40% when harvested at different times of the year (Topps 1992, Wood et al 1994). Nonetheless, all 

of them could be regarded to have medium CP content, which could make a valuable source of 

protein for ruminants. Moreover, Subba (1999) has shown that a higher proportion of CP present in 

this tree fodders is actually present in the form available to ruminants. The ash content was also 

different (P < 0.05) among the four species of tree fodders with smaller values for BP and GP than 

either of the AL or FR. While Wood et al (1994) reported higher ash contents for AL and FR, 

Khanal and Subba (2001) reported slightly lower ash content for BP and GP. Such variations may 

exist owing to the difference in harvesting season, fodder maturity, leaf : twig ratio and even soil 

condition and topography. 
 

Table 1. Nutrient composition (g/kg) of leaves and twigs from selected species of fodder trees
1
 used for 

feeding ruminant in the hills of Nepal 

Nutrient Fodder tree species SEM2 

AL BP GP FR 

DM 286b 342a 312ab 263b 17.4 

Total ash 174a 98.2b 116b 178a 13.5 

CP 137bc 163a 140ab 119c 9.3 

NDF 440 458 437 451 27.1 

ADF 383 407 382 406 35.0 

ADL 177 135 181 143 32.1 

Ca 19.5 21.6 20.9 28.3 3.2 

P 2.2 2.8 2.4 2.5 0.5 

Figure in the same row with different superscripts differs (P < 0.05). 1 Fodder tree species used were AL, 

Artocarpus lakoocha. BP, Bauhinia purpurea. GP, Garuga pinnata, FR, Ficus roxburgii. 2 Standard error of 

mean. 

 

No significant difference (P > 0.05) in detergent fibers or Ca and P content was observed among 

species. The NDF content was lower than previous reports for AL and BP, but it was similar in case 

of GP and FR (Khanal and Subba 2001). Thorne et al (1999) reported higher NDF and ADF values 

for FR than was observed in the current study. AS expected, ADL content was high for all species. 

Relatively higher ADL and lower hemicellulose content (NDF minus ADF) is probably one of the 

characteristics of tree fodder and shrubs fed to ruminants. Similar results of high ADL and LOW 

hemicellulose content have been reported previously for these tree fodders cultivated under similar 

condition (Subba 1998). Calcium content was close to or more than 2% on DM basis. High Ca and 

medium to high CP content is worth considering, because hill farmers of Nepal give a priority to 

feed tree fodder leaves and twigs to lactating ruminants, primarily buffaloes that have greater 

demand for CP and Ca contents during early lactation. This may also be useful while making 

feeding packing and supplementation strategies for ruminant production in the hills of Nepal, 

particularly during drier months. The P content was within the normal range of requirement in the 

forages (McDowell 1997). 

 

There was a significant difference (P < 0.05) in the nutrient intake of animals (Table 2), lowest 

nutrient intakes being for FR group. The DMI, DMI/100 kg bwt and DMI/kg w0.75 was lower for BP 

and FR group than AL and GP groups. Large thick leaves and twig like mid rib in case of FR and 

thinly distributed leaves that would increase the overall proportion of twigs in case of BP might have 

contributed to the lower DM intakes. It was observed during the experiment that goats did not relish 

FR and had palatability problems. Aryal et al (1994) have observed higher intakes of DM with 620 

g/d when male goats weighing 7.6 kg initially were given various tree fodders (depending on the 
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availability round the year) percent supplemented with concentrate (16% CP) at 1% of their body 

weight. They have observed an intake of 3.8 kg DM/100 kg BW and 76.2 g/kg w0.75, which was 

similar to that of AL and GP groups but higher than BP and FR groups. However, higher CP content 

(Table 1) led the similar CP intake in BP group compared with AL and GP groups. Other studies 

related to nutrient intakes of female goats fed such tree fodder leaves and twigs exclusively are 

limited. A dramatic increase in feed intake (and feed conversion ratio) in both sheep and goats have 

been observed when the basal diet was supplemented with rumen undegradable protein and starch 

(Throckmorton and Leng 1984). Since rumen undegradable protein and starch was not 

supplemented in the current study, their positive effects on intake and digestibility of nutrients could 

not be ascertained. 
 

Table 2. Nutrient intake (g/kg) by female goats fed leaves and twigs from selected species of fodder 

trees1 used for feeding ruminant in the hills of Nepal 

Nutrient Fodder tree species SEM2 

AL BP GP FR 

DM 431.8a 341.7b 427.9a 305.8c 9.98 

DM, % BW 3.95a 3.27b 3.98b 3.14a 0.09 

DM, /kg w 0.75 72.0a 59.0b 72.2a 55.5b 1.69 

OM 356.8b 306.3c 378.2a 251.3d 7.38 

Total ash 75.0a 35.3d 48.7c 54.5b 1.71 

CP 50.5b 52.4ab 55.8a 30.3c 1.54 

Ca 8.42b 5.82c 8.94a 8.96a 0.17 

P 0.95a 0.96a 1.03a 0.76b 0.03 

Figure in the same row with different superscripts differs (P < 0.05). 1 Fodder tree species used were AL, 

Artocarpus lakoocha. BP, Bauhinia purpurea. GP, Garuga pinnata, FR, Ficus roxburgii. 2 Standard error of 

mean. 

 

Digestibility of nutrients was affected by the species of tree fodder and could be considered 

relatively low (Table 3). Inclusion of twigs with leaves may have contributed to the lower 

digestibility of nutrients. Higher ADL contents (Table 1) may also have rendered relatively poor 

digestibility of nutrients from these tree fodders since it forms complexes with hemicellulose, which 

would otherwise be digestible. Previous studies on tree fodder leaves have shown higher neutral 

cellulose, DM, and OM digestibility (Khanal and Subba 2001). Presence of antinutrient factors such 

as tannins may also have contributed to poor digestibility, because all but BP are shown to contain 

>2% tannin in there leaves (Khanal and Subba 2001, Subba 1998, Wood et al 1994). Though not 

measured, tannin content in the current study might have been higher because of the inclusion of 

twigs. Digestibility of nutrients for AL and GP was similar and significantly higher (P < 0.05) than 

that of BP and FR, which were not different (P > 0.05) from each other in most of the cases, except 

digestibility of total ash and Ca. However, Ca digestibility was highest (P < 0.01) for FR than for the 

rest, reasons for which were not clear. 
 

Daily weight gain, feed: gain ratio, and final body weight of female goats are given in Table 4 while 

the growth pattern every fortnight is presented in Figure 1 and 2. Higher nutrient intake 

accompanied by better digestibility of various nutrients might have had positive effect on the 

significantly (P < 0.05) better growth rates of female goats fed AL and GP than BP or FR. Goats in 

AL group tended to grow faster (P = 0.08) than goats in GP group even though the digestibility and 

intakes of nutrients in these two groups were similar. Farmers, however, consider AL as the most 

Posilo (nutritious) tree fodder, regard it as the king of tree fodders, and often feed it to lactating 

buffaloes only. Two of the four animals fed FR lost their body weight during the 2nd and 3rd 

fortnights of the experiment. This must be due to poor intake and digestibility of the fodder species 

concerned, which was probably not sufficient to meet the maintenance requirement of the animals. 

Growth rate of other groups of animal was also relatively poor, because high growth rates cannot be 

supported to the products of fermentative digestion and that rumen undegradable protein 

supplements are essential to take advantage of the energy absorbed from volatile fatty acids (Preston 

1998). Another reason may be the sex of the animals since females grow at slower rates than males 

at similar age (Anous and Mourad 1993). 
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Table 3. Nutrient digestability (%) by female goats fed leaves and twigs from selected species of fodder 

trees
1
 used for feeding ruminant in the hills of Nepal 

Nutrient Fodder tree species SEM2 

AL BP GP FR 

DM 53.4a 46.5ab 58.8a 44.8b 3.02 

OM 58.9a 46.1b 65.5a 46.0b 3.73 

Total ash 58.4a 49.3b 47.0b 34.5c 3.89 

CP 53.2a 45.0b 57.0a 44.1b 2.26 

NDF 50.3b 40.8a 50.3a 42.5b 2.32 

ADF 45.2a 40.2ab 49.4a 38.7b 3.50 

Hemicellulose  49.3b 38.2c 60.4a 41.0c 2.06 

Ca 60.7ab 47.7c 55.5b 65.7a 1.88 

P 47.9ab 38.1c 50.7a 41.6bc 2.62 

Figure in the same row with different superscripts differs (P < 0.05). 1 Fodder tree species used were AL, 

Artocarpus lakoocha. BP, Bauhinia purpurea. GP, Garuga pinnata. FR, Ficus roxburgii. 2 Standard error of 

mean. 

 
Table 4. Final body weight, average daily gain, and feed gain ratio of female goats fed leaves and twigs 

from selected species of fodder trees1 cultivated in the hills of Nepal 

Nutrient Fodder tree species  

SEM2 AL BP GP FR

Final BW, kg 13.0a 12.1b 12.7ab 10.6c 0.31 

Daily gain, g/d 71.1a 53.9b 64.4a 29.7c 3.24 

Feed:gain ratio 6.07a 6.34a 6.64a 10.3b 0.87 

Figure in the same row with different superscripts differs (P < 0.05). 1 Fodder tree species used were AL, 

Artocarpus lakoocha. BP, Bauhinia purpurea. GP, Garuga pinnata. FR, Ficus roxburgii. 2 Standard error of 

mean. 

 

An overall weight gain of 81 g/d was obtained under Indian conditions when Sirohi, Marwari and 

Kutchi goats were raised between 3 to 6 months of age (Nagpal et al 1995), all of which are heavier 

breeds than Khari used in the current study. A maximum growth of 66 g/d was observed between 6 

to 12 months of age in Nepali hill bucks (Khari) in eastern Nepal when goats were allowed to have 

ad libitum access to tree fodders and supplemented with corn at 25 g/d per bwt (Shrestha et al 1990). 

However, the growth declined to 48 g/d when supplemental corn was reduce to 10 g/d per kg body 

weight. Growth rate was even less at 41.3 g/d per kg bw for male kids that weighed 7.6 kg initially 

and reared for one year on ad libitum access to tree fodders supplemented with concentrate at 1% of 

there body weight (Aryal et al 1994). Although daily weight gain obtained in the current study was 

better than or comparable tot hat observed previously in the same breed (Upreti et al 1999, Upreti 

and Khanal 1998) Aryal et al 1994, Shrestha et al 1990), it was poorer than many other international 

findings (Penning et al 1996, Mahgoub and Lodge 1996, Nagpal et al 1995). Supplementation of 

rumen undegradable protein would probably have increased their growth rate. 

 

Weight gain was highest during the first fortnight of the experiment and significant difference (P < 

0.01) existed in the growth rates during all stages of growth, from the beginning to the end of the 

experiment. Consistent with the daily gain, final weight was also higher for goat fed AL and GP 

than BP or FR. Final weight at 6 month of age in the current study was similar to that observed 

previously at the same age of the same breed maintained at Lumle Farm in the western hills of Nepal 

(Khanal et al 2005). Lower final weight and poor growth rate led to poorer feed: gain ratio for goat 

fed FR than goats fed the rest of fodders. Overall the growth rate was poor for goats irrespective of 

the species of tree fodder and raising goats solely on such fodder and raising goats slowly on such 

fodder tree leaves and twigs may not advisable for optimum production. 
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Figure 1. Growth pattern of female goats fed with 

different tree foliage. 

Figure 2. Average daily weight gain of female goats fed 

with different tree foliage. 

 

 

CONCLUSIONS 

Feeding of leaves and twigs from different species of fodder tree to growing female goats showed 

the difference existed not only in the nutrient composition among individual fodder trees species, 

but also in the intake, digestibility and performance of the animals. Artocarpus lakoocha and 

Garuga pinnata were better in terms of overall response by the animals. Bauhinia purpurea, though 

highest in crude protein content, was not as good as Artocarpus lakoocha and Garuga pinnata in 

terms of animal performance. Ficus ruxburghii was merely able to maintain the animals. Based on 

the performances of female goats in the current study, feeding of these species of tree fodder is 

probably not sufficient to sustain higher production from ruminants. Further studies on the effects of 

supplementing this vital source of fodder with rumen undegradable protein, starch or both on 

nutrient intake, digestibility, and performance of the animal is important. 
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ABSTRACT 

 

Goat marketing study was conducted in eleven districts with the objectives of exploration 

the existing goat marketing system in western hills of Nepal. The methodology of the study 

was households survey, Rapid Marketing Appraisal and use of secondary data. Some of the 

marketing centers are at the village level, catchments, terminal level markets and district 

headquarters. There are some marketing agents dealing with the goat marketing from village 

to the municipalities. Goat marketing agents mainly found farmers and middlemen at the 

village level and catchments markets. In terminal markets mainly wholesalers and 

middlemen were involved where as in district headquarters and municipalities middlemen, 

wholesalers and butchers were dealing the goat business. 59.3% respondents believed that 

middlemen visit in the village for goat marketing. Almost all farmers sell their goats on the 

basis of estimated price. Major constraints on goat marketing were lack of public goat 

marketing centres, lack of communications about goat marketing and lack of infrastructure 

etc in all the domestic markets. In the western hills of Nepal main goat marketing centre was 

found in Pokhara sub municipality where traders/whole sellers bring their goats to sale from 

different catchments. Government has the provision of establishing new goat marketing 

centers in each VDCs and district headquarters. 

 

Key words: Agents, collection, demand, price, transportation 

 

 

INTRODUCTION 

 

Goat farming is an important component of subsistence farming system in the western hills of Nepal 

for cash generation of resource poor farmers who are unable to invest in large ruminants. Most 

farmers raise goats because the demand of goat is high throughout the year. Currently goat 

marketing management in Nepal is poor, which is creating the problem of over and under supply in 

different times and places. Raising different breeds of goats is commonly practiced under the 

traditional management either in sedentary or migratory system in the rural areas of Nepal. While 

looking at market situation of goat in the remote rural area, the price hiking is chaotic. Goat market 

price is not uniform. Demand of goat is high not only in the festival time but also throughout the 

year. When there is high demand, question arises why it is not possible to fulfill the demand 

domestically. Every year Nepal imports about 266 thousand goats either from India or Tibet to fulfill 

the demand of goat meat (Ministry of Finance 2006). 

 

For the improvement of living standard of hill and mountain people Agricultural Prospective Plan 

(1995) has given considerable emphasis on improvement in livestock production especially milk and 

meat which might improve the cash generating opportunity of the farming families. APP (1995) has 

estimated the contribution of livestock GDP (Gross Domestic Production) to increase from 31% of 

before APP level to 45% in the last period of APP in which the highest growth is estimated in the 

mountains and hills regions of the country. As envisaged in APP, NARC has given priority for Goat 

Research Program. However, despite of 7.4 million goats in the country, the urban need is generally 

met with import from the neighboring countries. 

 

Most of the farmers in the western hills raise either local Khari or improved goat, in a flock or a few 

in their home yard or in stall feeding system. The total number of goats in Nepal is 7,421624, 
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however in western hills of Nepal the goats population is 995,144 (MoAC 2002). Goat meat 

production in Nepal is 42,820 mt in 2006. During FY2002/003, meat production was increased by 

2.5 percent and reach to the level of 204000 mt. Goat contributed about 12% to livestock GDP. 

Economic return from goat farming is comparatively higher than other sector of livestock (Pandey 

1998). The average income from goat sale was estimated to be Rs 11,299 per household (Thakur et 

al 2003). If proper production and marketing supports are provided, there is vast potential for growth 

of goat enterprises in Nepal. After buffalo, goat is a second biggest source of meat in Nepal. In such 

situation the organized marketing network is virtually lacking in the country. Total amount of 

Nepalese currency that goes India from Nepal appears to 50 crores each year (Kharel 2000). The 

western zone does not have large, organised goat markets of the number and size as in the eastern 

and central zone. Animal protein is supplied by the goat to human being, without competing with 

humans for cereal grains. The goat is a prolific animal and can be raised cheaply by the farming 

households. Under sedentary management system 65% goats were raised, Livestock management 

Plan (1993) of which more than 50% are reared in the hills. Farmers were getting the price of their 

goat even the less than the cost of production though consumers are paying high price for the goat 

meat. In order to understand the marketing problem, this research was conducted in western hill 

districts to collect information from rural farmers, middlemen, wholesaler, butchers and consumer. 

 

 

METHODOLOGY 

 

Data were collected from 11 districts (Gorkha, Lamjung, Tanahaun, Kaski, Syanga, Palpa, 

Arghakhanchi, Gulmi, Baglung, Parbat and Myagdi) using the Participatory Rural Appraisal (PRA) 

and Rapid Marketing Appraisal (RMA) checklist as well as household questionnaires for the study 

in 2003. Four goat raising VDC’s from each district were purposively selected with the consultation 

of District Livestock Offices from each district. In each VDC one goat-raising ward was selected on 

the basis of commercial goat raising. From the each ward about 5% commercial goat raisers were 

randomly selected for the interview. In the case of consumers in urban areas information was 

collected from different institutions specially police camp, army camp, boarding school, hospitals, 

hotels and restaurants and 20 respondents from other consumers randomly selected from each 

district. Similarly, the information was collected from middlemen, wholesalers, retailers, traders, 

market centre and catchments in each district in clusters. The data was tabulated, cross tabulated and 

analyzed in excel program. 

 

 

FINDINGS 

 
General socio-economic information 

In the study area, family size ranged from 6 to 8, 

with a mode household size 6. Male and female 

ratio is about equal. In the surveyed area average 

land holding in khet land is 4.68 Ropani, Bari 

land 5.36 Ropani, Bhir land 3.32 Ropani and 

pasture land 3.51 Ropani. Farmers were 

generating household income per annum from 

different sources. Figure 3 gives the percentage 

of different sources of income. Income derived 

from goat is 11%, fruit 4%, vegetables 3%, 

cereal 18%, remittance 14%, labor 5%, pension 

10%, service 27% and from other animals 8% 

(Figure 1). 
 

 

 

 

 

Figure 1. Average income generation per year.



Nepal Agric. Res. J. Vol. 8, 2007 

 

97

 
Table 1. General socio-economic information in the study area 

Average Arghakhachi Palpa Gulmi Syangja Parbat Kaski Baglung Myagdi Lamjung Gorkha Tanahun 

Family size 7 8 7 7 6 6 7 6 6 6 6 

Landholding (Ropani) 

Khet land 

Bari land 

Bhir land 

Pasture land 

 

6 

7 

9 

20 

 

2 

5 

4 

4 

 

4 

14 

4 

1 

 

4.5 

5 

1 

2,2 

 

8 

3 

2 

1 

 

4 

2 

- 

0.5 

 

3 

3 

0,1 

0.6 

 

5 

5 

13.5 

1 

 

6 

2 

1 

1 

 

6 

7 

1 

0.3 

 

3 

6 

1 

7 

Goat population per 

households 

9 7 8 6 3 7 3 6 11 8 7 

Sales of goats per 

households per year 

3 3 2 2 2 4 2 2 2 1 2 

Market agents 
Wholesalers 

Middleman 

Butchers 

 

2 

4 

6 

 

2 

6 

8 

 

1 

4 

11 

 

4 

4 

6 

 

1 

5 

9 

 

14 

6 

36 

 

2 

4 

9 

 

1 

4 

6 

 

2 

4 

4 

 

2 

4 

5 

 

2 

4 

6 

Number of goats collected  

Villages

Catchments 

Others 

 

986 

310 

1406 

 

1440 

365 

2322 

 

2160 

0 

1242 

 

96 

120 

1542 

 

0 

0 

2337 

 

3240 

3240 

18522 

 

720 

360 

2323 

 

900 

360 

1550 

 

1080 

360 

1602 

 

216 

4320 

2321 

 

334 

1440 

1576 

Khet land, Wetland paddy area. Bari land, Rainfed upland. Bhir land, Sloppy land. 1 hector, 20 Ropani 

 

Goat marketing system 

Goat marketing survey was conducted in 11 western hill districts of Nepal in the farming system of 

agriculture based livestock as well as agro-forestry in the different agro ecological zones ranging 

from 250-2300 meters above the sea level which covers river basin, low hills, mid hills and high 

hills (Nepali et al 1998). Most of the farmers are raising their goats either in grazing or stall feeding 

in the western hills of Nepal. The supply of goat is not meeting the demand of goat meat. In the 

study area goats were marketed through different marketing channels. When we discuss the 

marketing channels these consist of local markets, catchments/ terminal markets, district market and 

municipality market. A local level village market is the market where goat producer sale their goats 

with in the village for consumption or breeding purpose as well as to the middleman. This study 

resulted that about 61% goats were sold with in the village markets. Middlemen and farmers were 

the other marketing agents to collect goats from different villages and made sales them to the 

catchments markets. Wholesalers purchase goats from terminal markets to supply goats. Chanauta, 

Butawal, Mugling and Lother from where wholesalers load the goats on bus roof or use trucks to 

transport goats to Pokhara. District headquarters markets and municipalities were the main 

marketing centres where wholesaler and middlemen supply the goats for marketing. Pokhara sub- 

municipality market is the main goat marketing centre in Western Nepal. The study revealed that 

there is lack of public goat marketing centres either at the village level or in the district headquarters 

and municipality. 

 

EXISTING GOAT MARKET CHANNELS 

In the existing goat marketing system in western hills it consists of farmers, wholesaler, middlemen, 

retailers and consumers. A wholesaler deals with the business of more than 40 goats collecting from 

the catchments market and terminal markets and transport them to the district head quarters. The 

wholesalers made sale to the retailers and sometimes middleman at a time where as middlemen deal 

with small numbers (10 to 15) of goats collecting from house to house. The retailers deal with the 

business of few goats collecting from the neighboring villages or purchase a few goats from the 

wholesaler/middleman then slaughter the goats and sale meat to the consumers. In the existing goat 

marketing system in many cases farmers themselves were involved for the sales of goats within the 

village. Wholesalers and middlemen were purchasing 46.96% of goats in the villages and 

middlemen were very near to them for collecting from the villages and selling them in headquarters 

areas (Table 1). Besides middlemen, retailers too were involved in goat marketing because they 

were the one who collect local goats and bring them in district headquarters and sale meat in share 

price not in weight because consumers preferred such type of meat even though the price is high. In 

the surveyed area wholesaler, middlemen, butchers and farmers were involved for the goat 

marketing. Figure 1 illustrates the major goat marketing channels. Goats were marketed by the 

wholesalers 46.96%, middlemen 45.34%, butchers 4% and others 3.7% respectively. 
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Figure 1 Major goat marketing channels in the western hills of Nepal shown  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Major goat marketing channels in the western hills of Nepal. 

 

Goat marketing centres and catchments 

In the study area, although there is no marketing infrastructure existed in public sector either in the 

VDCs level or in district headquarters and municipalities, the goats produced were marketed through 

unorganized marketing centers. There are some marketing agents in the goat production area such as 

local markets, catchments (where farmers bring their goats on the way to market)/terminal markets 

(goats are collected to transport to the large markets), district market and municipality market. This 

study resulted that about 61.7% goats were sold with in the village markets. Middlemen and farmers 

collect goats from different villages and made sales them to the catchments markets. 

 

There are some terminal markets from where the wholesalers purchase goats from the middleman 

and supply to the district headquarters and municipalities. From the terminal markets wholesalers 

load the goats on bus roof or use trucks to transport goats to Pokhara as well as other district 

headquarters. District headquarters markets and municipalities are the main marketing centers. 

According to the wholesalers they were bringing the goats from Lahan, Lother, Arghakhachi, Dang, 

Small village level goat market 

(Farmers) 

Catchments markets 

Collector/ middleman 

Terminal markets 

Wholesalers 

District headquarters/municipality markets 

(Large) 

Butchers (slaughtering and whole selling) 

Butchers (retailing) 
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Live goats 
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Farmers                                                 Imported from India / Tibet 

                                             (wholesalers) 
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Surkhet, Jagarkot, Sallyan, Myagdi, Butawal and supply to the district headquarters and 

municipality markets. Traditional traders especially Muslims bring the goats from Indian boarder 

side such as Kanpur, Lakhnow, Hariana and Punjab. Those traditional traders supply goats to 

Sandhikharka, Tansen, Putalibazar, Walling, Damauli, Pokhara, Kushma, Baglung and Beni. 

Besides the Muslims, middlemen, farmers and local butchers also supply goats in the district 

headquarters. Local butchers purchase goats either from catchments or from rural area. Traders from 

Mustang bring mountain goats in thousand numbers around October to December in Pokhara valley. 

The mountain sheep and goats cover the local market of Beni, Baglungbazar, Kushmabazer, and 

Pokhara municipality. Study found that 60% goats were supplied from India to Nepal specially from 

Kanpur, Bareli, Lakhnow, Kalpe, Barabanki,Punjab and Hariyana. About 23% from village and 17% 

from catchments goats were supplied to the market area of Western Nepal. Middlemen, farmers and 

butchers were the main agents to supply goats from catchments and rural areas of Nepal. 

 

Availability of goats in the existing market 

In the study area, especially in district headquarters, the responses of butchers regarding the 

availability of goats as required were found only 52.82%. This is because of irregular supply of 

goats either importing from neighboring country or irregular market mechanism in the study area. 

Goats were available in Kaski district highest 100% followed by 75% each in Arghakhachi and 

Palpa districts. In Kaski district, highest availability was found due to good goat market mechanism. 

Wholesaler, middlemen and retailers were equally active for the goat marketing in this district. 

 

Goat marketing at farm level 

The analysis of data showed that 64% farmers marketed their goats at the local level, 3% marketed 

their goat in district headquarter, 3% sold to the whole seller, 29% to the middleman, 1% at 

Municipality. Less than 1% was sold for breeding purpose and for sacrificing the goat to the god and 

goddesses (Figure 3). 
 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 3. Goat marketing at farm level. 

 

Visit of the middlemen in the village for goat marketing 

Visit of the middlemen in the village for goat marketing was one of the important parts of 

marketing. In Western hills, 59.3% respondents reported that middlemen visited in the village for 

goat marketing. In Lamjung district, highest respondents (77%) reported that middlemen visited 

frequently in the villages to purchase goats and in Kaski district lowest (28%) followed by (42%) 

respondents in Parbat district (Table 1). 

 

Average sales of goats per households per year 

Goat keepers were selling their goats in average 2.3 per annum. Responding farmers reported that 

the selling of goats ranged from 1 to 4 goats per annum per households. Similarly, responding 
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farmers reported that they were getting average Rs 3802.6 per annum per household by selling their 

goats. Annual selling was ranged from Rs 375 to Rs 6023 per households. 

 

Price determination of live goat 

In the study area the price of live goat was determined through estimate (looking goat's physical 

appearance) system. In most cases, goat raising farmers were cheated because they need money 

immediately to support their family and were bound to sold their goats when the customers visit 

around their farm yard otherwise they do not have any option to sold their goats because of there is 

no public goat marketing centres. There was no any mechanism to minimum support price for goat 

to the goat raising farmers. Due to the lack of marketing centres there was no communication 

between the farmers and marketing agents related with the goat availability and the price. For price 

determination, there is bargaining between buyers and sellers but when buyers do cash down then 

unconsciously farmers accept the given price. In the study area almost farmers sell their goats on the 

basis of approximation price. 

 

Physical market infrastructure  

In the study area there is lack of physical market infrastructure and weak marketing channels.  

Specially, the village markets were very weak and hardly functional. When we say village market 

that is a place having tea shops. Local people get together, where farmers bring their goats around 

the village tea stalls and grocery shops where they may meet to the middleman or there may be in 

need of attention program to slaughter the goat and share the meat around the participating villagers.  

Catchments markets are identified places where the buying and selling of goat takes place in 

between farmers, middlemen and wholesalers but the date and time was not fixed. Government 

intervention is needed to occupy the public land and regulate for the marketing centers and 

strengthen such type of catchments by supporting the fenced. Farmers bring their goats and keep 

them in it. Physical market infrastructure might be the shelter for marketing agents. Marketing 

agents may have the facility of balance equipments and other necessary information for goat 

marketing. In terminal market individual farmers and middleman bring their goats for marketing. It 

is the identified place but there is lack of marketing physical infrastructure and not regular schedule 

of date and time of gathering of buyers and sellers may occur. In such markets mainly wholesalers’ 

purchase goats from the middlemen and transport to the municipality and district headquarter 

markets. Market channels are not regulated and sustainable due to the lack of set of laws and 

regulations and other government support system. 

 

Transportation of goats from collection to the market centres 

Every year at least 42916 goats were sold in districts headquarters in the study area. About 20158 

goats (47%) were brought from India and 22758 (53%) goats were collected from different villages. 

From the different districts the collection of goats around the road access area by the middleman, 

farmers and butchers transported to district headquarters through either trucks or sometime through 

the roof of bus. On an average about 200 goats were brought in Pokhara by the wholesaler at a time. 

The wholesalers/middleman reported that goats were collected from different study area districts. 

Traditional traders (Muslim) brought goats from India especially from Bareily, Etawah, Kalpi, 

Lukhnow, Barabanki, Kanpur and Punjab. These goats were supplied in headquarters of western hill 

districts of Nepal. Traders transported their goats from long distance by using the means of 

transportation. Mainly middleman and butchers drive their flocks from near villages of the district 

head quarter where farmers transported their goats to the market centres on foot. Marketing agents 

were using the vehicles for transportation for collecting goats. In the study area 49% marketing 

agents use the means of transportation, 41% drive the flocks and 10% agents draw goats by tying 

rope on neck. The use of means of transportation was high 80% in Lamjung district followed by 

66% in Myagdi, Gorkha, Parbat and Palpa. Most of wholesalers transport goats from Indian boarder 

site to the market centres. About 39.64% butchers and middlemen mainly drive their flocks to the 

market centres. Driving of flocks was found high in Syangja district (100%) followed by in Tanahun 

district (56%). 
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Sanitation of meat stalls (shops) 

In general most of the Nepalese people preferred to consume goat meat even it is more expensive as 

compared to buffalo meat, pork and chicken. The demand of goat meat during festivals like Dashain, 

Tihar and ceremony was found higher than in other times.  

 

Especially in districts headquarters the meat stalls were observed regarding the sanitation of the 

stalls and environments of the surroundings. Better sanitation of the stalls, open and flies around the 

stalls, and polluted environment around the stalls were taken in to observation. About 55.54% meat 

stalls were found in better sanitation, 25.81% dirty and flies around and 16.90% were of dirty 

environment. 

 

Goat marketing constraints 

The marketing constraints existing in Nepal were lack of basic rules like minimum support price to 

the goat raising farmers, certification for the slaughter, infrastructure of market centres and lack of 

public awareness about the price of live weight of the goat such as kg. There was not enough well 

developed infrastructure for animal marketing even at metropolitan cities, sub metropolitan cities, 

municipalities, district market, and village level markets. Some times the animal may get sick from 

Pneumonia or lack of shade at night or change in climate/place. In such situation, farmers are bound 

to sell their goat for whatever price they get. Most of the farmers in rural area are less educated. 

Therefore, farmers have to loose their expected price. Underdeveloped marketing system was the 

major marketing constraints besides that production and management constraints were other types.  

In goat production and management predators, infertility, disease, parasitic, grazing, grass and feed 

were the other constraints that lead under supply of goats in the markets. 
 

 

Table 2. Number of respondents involved in different surveyed districts 

The number in parenthesis indicates percentage. 

 
 

 

CONCLUSION 

 

Most of the goat raising farmers, marketing agent like middlemen and wholesalers realized that 

there is lack of proper goat marketing centers in the VDCs level or in district headquarters/ 

municipalities of western hills of Nepal. There are some weak goat marketing centers and channels 

functioning from village to the district headquarters. Middlemen, wholesalers and butchers were 

Particular Arghakhachi Palpa Gulmi Syangja  Parbat Kaski Baglung Myagdi Lamjung  Gorkha Tanahun  

Availability of 

goats 

6(75) 2(50) 6(75) 4(50) 3(66) 

 

36(100) 1(17) 3(43) 2(50) 2(33) 2(22) 

Farmers 

knowledge on 

live weight  

74(100) 77(100) 78(90) 83(100) 46(96) 

 

77(100) 74(100) 76(100) 79(100) 79(99) 81(100) 

Visit of the 

middle in the 

village 

51(69) 59(77) 45(56) 44(53) 19(42) 

 

22(28) 48(65) 29(37) 61(77) 59(74) 60(74) 

Price 

determination of 

live goat n 

74(100) 77(100) 81(100) 83(100) 46(100) 

 

80(100) 74(100) 76(100) 79(100) 80(100) 81(100) 

Transportation 

of goats 

Vehicle 

Driving flocks 

Others 

2(25) 

 

2(25) 

 

4(50) 

4(50) 

 

3(38) 

 

1(13) 

0 

 

7(100) 

 

0 

4(44) 

 

3(33) 

 

2(22) 

2(50) 

 

2(50) 

 

0 

24(30) 

 

11(14) 

 

2(3) 

1(14) 

 

1(17) 

 

0 

2(66) 

 

1(33) 

 

0 

4(80) 

 

1(20) 

 

0 

2(50) 

 

2(50) 

 

0 

1(11) 

 

5(56) 

 

0 

Sanitation of 

meat  

Open and flies 

around 

Dirty 

environment 

2(33) 

 

2(33) 

 

2(33) 

8(100) 

 

0 

 

0 

8(73) 

 

2(18) 

 

1(9) 

2(33) 

 

2(33) 

 

2(25) 

3(33) 

 

3(33) 

 

3(33) 

30(83) 

 

1(3) 

 

0 

3(33) 

 

6(66) 

 

0 

2(33) 

 

2(33) 

 

2(33) 

2(50) 

 

1(25) 

 

1(33) 

2(40) 

 

2(40) 

 

1(20) 

6(10) 

 

0 

 

0 
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dealing the goat business in district headquarters and municipalities. Regarding the meat stalls, more 

than fifty percent of the respondents confessed there is lack of proper sanitation. Mainly, goat 

marketing constraints in western hills are goat production, marketing, appropriate marketing 

channels, improved breed, predators, infertility, diseases, parasites, grazing land, labors, fodder and 

forages, concentrate feed and appropriate shed. All the stakeholders including goat raising farmers 

have to overcome from these constraints through the package of goat production and marketing 

program which leads to improve the goat marketing condition in Nepal. This study strongly 

recommended that government should have make policy for the provision of establishing new goat 

marketing centers in each VDCs and district headquarters. Marketing channels agents' likes 

wholesaler, middleman and retailers must hold the license to deal business with goat. 
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ABSTRACT 

 

Studies on returns to research have been established in different countries to 

justify research funding and allocation of research priorities. However in 

Nepal, there are no scientific studies carried out recently on return to 

research investment in major crops and commodities, despite priority given 

in agricultural sector. This paper has summarized the research investment 

with respect to major cereals viz; rice, maize, and wheat and income 

generated by the impact of improved varieties of these crops in Nepal. 

Internal rate of return for major cereal crops (rice, maize, and wheat) was 

estimated using time series data of 1995 to 2005. The findings revealed that 

there is a negative annual growth rate (-0.59%) of NARC budget during 

1998-2004. There was a food deficit during mid nineties, however, in the late 

nineties while despite tremendous curtailing of budget for research, a surplus 

of food grain was observed. Although the situation of positive food grain 

balance is not the result of current year's efforts on research it could be the 

impacts of years of efforts that were in a continuous pace in the past for 

agriculture R&D coupled with the impacts of extension related activities in 

the country. Food surplus is mainly contributed by the efforts of massive 

release of improved varieties of crops by NARC during late nineties. The 

internal rate of return (IRR) of these cereals for a decade (1995-2004) was in 

the range of 84-105%, which is around Rs 235673 millions of income 

generation while investment for their research was Rs 559 millions (0.24% 

of their revenue). This indicates that there is gross under funding on research 

for major crops, despite their significant contribution in national economy, 

food security, and livelihood improvement in Nepal. Finally paper suggests 

for increased investment in agricultural research for meeting increasing 

needs of food, income, and employment of growing population as well as 

enhancing and sustaining future agricultural R&D in the country. 

 

Key words: Agriculture, food crops, impact, internal rate of return, 

livelihood, research investment 
 

 

INTRODUCTION 

 
Agriculture is the largest sector of Nepalese economy, which contributes 39% to the total gross domestic 

product (GDP) and 65% to the employment of the economically active population (MoAC 2005). Crop 

coverage is dominated by rice (35%), followed by maize (20%), wheat (16%), cash crops (10%), legumes 

(7%), minor crops (7%), and horticultural crops (5%). Area coverage by improved seeds of rice, maize and 

wheat are 74, 69 and 91%, respectively (CBS 2004, MoAC 2005). Likewise, these crops are cultivated in 
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15,41,729 ha, 8,49,892 ha and 6,75,807 ha with respective productivity of 2.8 t/ha, 2.0 t/ha, and 2.1 t/ha, 

(MoAC 2005). 

 

Agricultural research potentially helps the poor by augmenting producer's income, reducing food 

prices to consumers, enhancing the demand for labor, and stimulating growth linkages in the 

economy (Walker 2000). Agricultural research is an investment for future food production, 

productivity, and food security. New technologies in agriculture are developed by research while 

extension takes them to the end users. There have been serious efforts to introduce latest 

technologies in agriculture research. Technologies are introduced in Nepal by international, regional, 

and local networks of research activities. In a country like Nepal it is very difficult to conduct basic 

research and most of technologies are adaptive type and only a few of them are basic ones. In 

comparison to the countries of South and Southeast Asia the productivity of agriculture in Nepal is 

very low for cereals (less than 2.8 t/ha). 
 

Agricultural research in Nepal dates back to early 1960s with the establishment of agricultural research 

stations and commodity research programs in various agroecological zones of the country. These research 

stations and commodity programs were under same umbrella with agricultural extension despite there were 

several reorganization of the agricultural departments within the Ministry of Agriculture. Until 1990 the 

Department of Agriculture (DoA) and the Department of Livestock Services (DoLS) mainly carried out 

agricultural research under the ministry of Agriculture. In order to focus research on major commodities and 

enhance the national capability in agricultural research, the Government of Nepal under an Act in 1991 created 

the Nepal Agricultural Research Council (NARC) an autonomous institution with a national mandate for 

agriculture research in Nepal. 
 

NARC's attention is focused on improving access and uptake of complete package of improved 

technologies in farmers' level that is directed by Agriculture Perspective Plan (1995), National Periodic 

Plans and NARC Vision (2002). These have laid emphasis to poverty reduction by increasing 

agricultural productivity and farm income through adoption of improved technologies. To address APP 

priorities, Government of Nepal has allocated a sizable amount of resources to improve food security as 

well as the living standards of the rural masses. Major source of resources for agricultural gross domestic 

product (AGDP) in Nepal comes from APP priority commodities especially cereals such as rice, maize 

and, wheat, which are the three prime staples in the country. NARC has also given a high priority for 

research in these crops. However, investment in research in Nepal is very low as compared to its 

contribution in national economy. Available data show that investment in agriculture research in many 

part of the world is around from 0.5 to 2% of AGDP while in Nepal it is less than 0.2%. 
 

Studies on returns to crops have been established in different countries. Echevrria (1990) has done work on 

return to investment on wheat in different countries and documented the internal rate of returns as 90% 

(Mexico), 30-35% (Bangladesh), 97% (USA), 30-39% (Canada), 58% (Pakistan), 18-36% (Peru), and 110% 

(Brazil). Similarly Mruthyunjaya et al (2004) estimated IRR of 24-67% for cultivation practices of rice with 

other crops on rainfed technology in India. In Nepal, return to investment was estimated with IRR of 74% for 

wheat research and about 84% for wheat breeding during seventies to nineties (Morris et al 1994). They also 

projected IRR of 49% for future wheat breeding in Nepal. A few studies conducted in Nepal have indicated 

that the investment on the crops research is worth paying because of a very positive internal rate of return as 

considerable farm families have been benefited from these crop technologies (Hocking et al 1995). However, 

recently (after 1990s) there are no scientific studies dealing with impact of research investment in major crops 

such as rice, wheat and maize in aggregate to justify future research resource allocation and funding priorities 

in Nepal. Considering the importance of research investment and justification for future allocation of research 

resources in major crops, it has therefore become imperative to know how much budget is allocated for 

agriculture research and what the internal rate of return is for the investment as a whole for these major as 

well. 
 

The prime objective of the study is to provide information for major food crops (rice, maize, and 

wheat) with respect to economic parameters, which could provide justification of expenditure 

incurred on these crops in Nepal. However, the specific objectives are to provide scientific 

information about economic tools that could help provide planners and decision makers to allocate 

appropriate funds for attaining fruitful return from research and development (R&D) of these crops 

in days to come. 
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MATERIALS AND METHODS 

 

This paper tries to gather information for major food crops with respect to actual expenditure on 

research that could explain what percentage of internal rate of return (IRR) and growth rate (g) are 

achieved by the expenditure incurred on them. Ultimately findings could be used as tools for 

convincing policy makers, donors, research managers, and related authorities in order to decide an 

appropriate amount of funds allocated for NARC to conduct meaningful research for these crops as 

well as setting future priorities in agriculture R&D. This will also help justify research work of 

NARC effectively in future because there is a dearth of resources in NARC as compared to its 

contributions for the country as a whole. Since NARC technologies are being disseminated and their 

adoption have been picking up in the farmer's field, the economic impacts are visible from various 

sources. In today’s world of scarce public funding and greater accountability, governments, donors 

and research managers are increasingly demanding assessment of the economic returns to their 

investments in research (Maredia et al 2000). 

 

Rice, maize, and wheat crops are selected purposively to calculate economics parameters of IRR, 

from time series data of 1995 - 2005. Actual expenditure incurred for these crops was taken from the 

expenditure of respective national research programs, percentage of actual expenditure in Agronomy 

(rice 70%, wheat 20%) and Botany (rice 40%, wheat 30%, and maize 20%) Divisions, Khumaltar, 

and cost of cultivation based on the average cost of cultivations reported by the Economic Analysis 

Division of Department of Agriculture for the districts situated for commodity programs of these 

crops. Percentage of area covered by improved varieties of these crops was recorded from the time 

series data of statistical survey of Agriculture of the Ministry of Agriculture and Cooperative 

(MoAC 2005). Production of improved varieties for these crops was estimated with respect to their 

respective percentage of areas covered by improved varieties times productivity of improved 

variety. In the areas grown for improved varieties, a projection of production for local variety was 

estimated by multiplying productivity of local variety. The actual production for improved varieties 

was the difference between the productions of improved varieties less projected productions of local 

varieties in the areas grown for improved varieties. The analytical tools for financial analysis for 

IRR and annual growth rate (Gittinger 1972) were estimated from the difference of production 

between improved varieties and projected production of local varieties obtained from the areas 

grown for improved varieties. This production difference was again estimated based on the current 

market price of the respective crops that gave total production in prevailing market price. A period 

of ten years (1995-2005) is considered for economic analysis. Market prices are used for computing 

the value of production because price and transportation subsidies on inputs have been removed by 

the government of Nepal. A discounting factor is used for estimating the present value of costs and 

returns to be used for calculating NPV. 

 

There are several options for evaluating the stream IRR and annual growth rate (G). The best 

approach is to use a combination of IRR and G calculations to summarize the relevant information 

on the total returns to research. These economic parameters are and the standard procedures are 

outlined below: 

Where, 
a) The IRR is defined as the rate of an investment which we equate the present value of benefits and costs. It is 

found by an iterative process and is equivalent to the discount rate (r) that satisfies the following relationship: 

 
Where, IRR represents the internal rate of return, B benefits from the crop commodity programs, 

and C actual expenditure of the crop commodity programs plus cost of cultivation of crop in 

question. 

Bt = Benefit in year t 

( )[ ]∑ =+− 0)1/( tIRRCtBt
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Ct = Research costs in year t 

t = year goes from 0 to n< ∞ 

b) The annual growth rate;     

Where; G be the growth rate; vt = Value in time t, and v0 = Starting value in (time = 0),  

This ration compares the discounted benefits to discounted costs. 

 

 

RESULTS AND DISCUSSION 

 

Area and production 

Analysis of the data revealed that the total area of rice, maize, and wheat has increased by 12.7%, 

10.2%, and 8.1%, respectively in 2005 as compared to 1995. It could be due to expansion of net 

areas, which brought new land into cultivation and consequently increased in cropping intensity. 

The most significant change has been observed in 2004 (15,59,436 ha) in areas planted to rice. The 

area increases to maize and wheat were not substantial like that of rice in the same period. Similarly, 

increased productivity of rice, maize, and wheat is estimated by 30.9%, 19.6%, and 41.1%, 

respectively in the 2005 as compared to 1995 (Table 1). The rate of change in wheat productivity is 

highly significant over the period of 10 years because of many improved technologies adopted by 

farmers. The increase in cereal crop productivity is mainly due to improved quality seeds and 

complete package of practices of technologies generated and developed by respective commodity 

research programs. However, the component of increase into area and yield indicates that the area 

expansion play a significant role to enhance the productivity in cereals because of widespread 

prevalence of local production practices. Significance increases in agricultural production, however, 

are possible with the development, production and distribution of new variety seeds and improved 

technologies. 

 

Table 1. Trend in cereal grains production for 1995 and 2005  

Crop Total cultivated area, ha Productivity of improved variety, t/ha 

1995 2005 % Change 1995 2005 % Change 

Rice 1368423 1541729 12.7 2.623 3.037 15.8 

Maize 771410 849892 10.2 1.881 2.009 6.8 

Wheat 624329 675807 6.4 1.598 2.134 33.5 

Source: MoAC 2005. 
 

There is a high potential for spreading improved varieties of major cereals because of R&D activities, 

which has been developing full package of technology through NARC, extension and I/NGOs in farmer's 

level. Total released varieties of rice, maize and wheat are 49, 17 and 28 respectively during the study 

period 1995-2004. Farmers had increased options for choosing and selecting seeds of improved varieties 

after the inception of NARC as per their local socioeconomic needs and to fit in their cropping systems 

in a given recommended domain. Productivity change brought about by improved varieties ranged from 

15-33%, which is very encouraging as compared to other countries in Asia. Pandey and Rajatatsereekul 

(1999) reported that in Thailand increase in rice yield from improved varieties over currently grown 

varieties was 10%. This could be because of wide spread cultivation of improved varieties in Thailand 

compared to few improved varieties grown in Nepal. The use of improved seeds in Nepal is gradually 

increasing for wheat, rice and maize (Table 2). Wheat has maximum coverage of improved varieties 

followed by maize and rice indicating the respective comparative advantage of these crops with respect 

to generation and adoption of these varieties in farmers' fields. Data indicate that only limited percent of 

farmers still continue to grow indigenous varieties from their own sources in these crops. 

 

1001
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Figure 1. Trend of rice, maize and wheat productivity from 1995 to 2005. 

 

TABLE 2. AREA COVERED BY HYVS OF MAJOR STAPLES IN 1995 AND 2004 

Crop/year Total area coverage, ha Area under HYVs, ha % Area under HYVs 

1995 2004 1995 2004 1995 2004 

Rice 1369423 1559436 767014 1291837 56.01 82.84 

Maize 771410 834285 448035 709309 58.08 85.02 

Wheat 624329 664589 527808 633951 84.51 95.39 

Source: MoAC 2005. 
 
For these crops the income generation from improved varieties is extensively higher than that of local. 

However, there is a remarkable contribution of local varieties to generate income as well.  The maximum 

contribution of improved varieties coverage for these crops is about 80-95% (Table 2) and there is a 

corresponding contribution of income generation by them. Income generated by the impact of improved 

varieties of these crops from 1997/98 to 2004/05 was estimated Rs 235673.54 millions while investment for 

their research was only of 0.0025% of their revenue (Paudel et al 2006). At present, budget allocation for full 

phase research in NARC is not up to the extent what it should be. However, the impact of research in cereals 

has been clearly visualized by positive change in income in current year as compared to 1995, which was 

before inception of NARC. For a meaningful contribution of these crops to the national AGDP, the budget 

allocation for research should be allocated at par with developing countries where 0.56 percentage of AGDP 

was put for research in 51 developing countries around 20 years ago (Thapa 1996). In present context, budget 

allocation to research in neighboring countries including India has increased more than 0.5 percent of AGDP 

while in Nepal this is hovering around 0.016 percent of AGDP (MoAC 2005, ITAD/New Era, 2005). This 

clearly showed that agriculture research in Nepal is grossly under funded. 

 

To cite an analogy of expenditure on research, income obtained from improved varieties, proportion 

of research expenditure to income obtained, and IRR for major cereal crops has been illustrated 

(Table 3). Research cost for rice, maize, and wheat plus cost of cultivation for districts where these 

crops commodity programs are situated is considered as the actual cost of research spent by national 

crop commodity programs of these crops plus actual expenditure incurred for Agronomy and Botany 

Division, Khumaltar during the period. So far as research investment with respect to income 

obtained from improved varieties is concerned it is the difference between the productions obtained 

from the areas grown for improved varieties less projected production of local varieties from the 

areas grown for improved varieties. Therefore, the percentage of proportion with respect to research 

investment is the income solely obtained from the income of improved varieties of cereals that have 

covered certain percentage of total areas. 

 
A comparison of trend in major cereals production with respect to area cultivated and productivity of 
improved variety in 1995 and 2005 has shown that both the area and productivity of major cereals have 
been increased (Table 1). The increase in productivity for maize is found less than increase in cultivated 
areas during ten years while increase in productivity for rice and wheat is significantly more than that of 
areas for the same period. This suggests that there has been remarkable impact of technologies to yield a 

Figure 1: Trend of major cereals productivity in kg/ha (1995-2005)
Source: MoAC, 2005 
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positive effect on productivity for rice and wheat compared to maize in which increase in production was 
associated with increase in cultivated area. This may be because of the condition that maize is 
comparatively grown in less fertile land than that of rice and wheat, which are grown in more fertile land. 
At the same time maize is a crop of poor man who lives in hills where the impact of new technologies are 
less effective compared to rice and wheat. 

 
Table 3. A comparison of expenditure, return, and internal rate of return from 1995 to 2004  

Crop Research 

expenditur

e (million 

Rs) 

Income obtained 

from improved 

variety (million 

Rs)

Proportion of research 

investment with respect to 

income obtained from 

improved variety, % 

Internal rate 

of return 

(IRR), %

Rice 167.12 151036.64 0.1106 105.00

Maize 182.89 38299.17 0.4775 84.04

Whea

t 

209.54 46337.73 0.4522 103.02

Total 559.55 235673.54 - -

Source: ITD/New Era 2005. 
 
Our concern is that out of millions of income generated by the impact of new technologies at least 1%, which 

is equivalent to Rs 2356.7 million at present value, should be invested for research (Table 3). But research 

investment as of now for these crops is 0.24% of the income obtained from improved variety. Although there 

are numerous commodities for which new technologies have been generated by agriculture research only the 

most important cereals is shown for an example. Because these commodities cover around 99% of the total 

cultivated areas in Nepal. The IRR of cereals for a decade is in the range of 84-105%, which is a very 

encouraging for investment, where agriculture is the predominant sector for employment generation and GDP 

contribution. 

 

New technologies primarily come through NARC however, some of the farmers bordering to 

neighboring countries get improved technologies. The number of released varieties of rice, maize, 

and wheat are 8, 5 and 6, respectively during 1995-2004 (Table 4). Farmers groups in different 

locations also produce HYVs in participatory approach in their fields for seed multiplication. 

Productivity of improved varieties is far more than the national productivity of these crops. This 

potentiality of productivity could be enhanced by effective dissemination of such technologies in 

farmer's field in wider scale. 
 

Table 4. Improved varieties of rice, maize and wheat released during 1995-2004 

Variety Released 

year 

Productivity, 

t/ha 

Recommendation domain 

I. Rice    

a. Early    

1. Hardinath-1 2004 5.0 Tarai, inner Tarai, valley and river basin areas 

b. Main season    

1. Chandannath-1 2002 6.0 Jumla valley and similar high hills (2300 m) 

2. Chandannath-3 2002 6.0 Jumla valley and similar high hills (2300 m) 

3. Khumal-11 2002 10.0 Kathmandu valley and similar areas 

4. Manjushree-2 2002 8.3 Kathmandu valley and similar areas 

5. Rampur Masuli 1999 5.7 Tarai, inner Tarai, foothills in Central and Western development 

regions (> 900 m) 

6. Khumal-6 1999 7.8 Kathmandu valley and similar areas 

7. Machhapuchhre-3 1996 5.0 Mid to high hills for cold climates 

    

II. Maize    

1. Gaurav Hybrid 2003 9.0 Tarai, inner Tarai and foothills (summer and winter) 

2. Manakamana-3 2002 10.6 Mid-hills of Eastern, Central and Western regions 

3. Ganesh-1 1997 5.0 High hills 

4. Rampur-1 1995 3.8 Tarai, inner Tarai 

5. Arun-1 1995 4.0 Tarai, inner Tarai 

    

III. Wheat    

1. Gautam 2004 5.0 Timely and late sown irrigated condition of Tarai, Taars and 

lower valleys 
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Variety Released 

year 

Productivity, 

t/ha 

Recommendation domain 

2. BL-1473 1999 4.0 Irrigated medium to high fertility condition of whole Tarai, Taar 

and low altitude 

3. Kanti 1997 5.5 All hill areas 

4. Pasanglhamu 1997 6.7 Mid-hills (Kathmandu, Jumla) 

5. Rohini 1997 4.1 Tarai, Taar and < 1000 m 

6. Achyut 1997 4.5 Tarai, Taar and < 1000 m 

 
Research expenditure 

The study revealed that the proportion of research investment for NARC in comparison with 

national and MoAC budget has declined and reached climax in 2002. It is important to note that the 

share of NARC to the national and MoAC budget has increased after 2002 and reached up to the 

level of 0.58% and 14.71%, respectively. National and MoAC budget have increased in a small pace 

for seven years (1998-2005) but there is a negative allocation of budget for NARC during the same 

period. The annual growth rate of budget for NARC is estimated to be -0.59% whereas national and 

MoAC budget is 7.63% and 2.17%, respectively from 1998 to 2005 (Tables 5). However, APP has 

set a target of doubling agricultural research budget from the current year level of Rs 180 million to 

Rs 360 million per year for the next 20 years (APP 1995). Low budget allocation for NARC 

indicates less priority for research in the country. Such a negative trend of budget for research can 

result into low productivity in the long run, which should not be the case of agro-based country like 

Nepal. There has been significantly decrease of donor support for NARC due to political instability, 

resource crunch and insurgency in the recent years in the country. 

 
Table 5. Comparison of NARC budget with national and MoAC budget ('000 NRs)  

Year National 

budget 

MoAC 

budget

NARC 

budget 

Proportion of 

NARC budget 

to national 

budget, % 

Proportion of 

NARC budget 

to MoAC 

budget, %

1995 - - 205382 - -

1996 21904189 2388779 195412 0.89 8.18

1997 - - 207393 - -

1998* 62022294 2267193 326422 0.53 14.40

1999* 69693337 2350968 315706 0.45 13.43

2000* 77238226 2857489 322597 0.48 13.04

2001* 91621335 3360573 486586 0.53 14.48

2002* 99792219 3927556 577760 0.58 14.71

2003* 96124796 2423526 297780 0.31 12.29

2004* 10240000

0 

2472945 300575 0.29 12.15

2005* 11168990

0 

2692284 311249 0.28 11.56

Growth rate 

% 

7.63 2.17 (-) 0.59  

Source: * ITAD/New Era 2005. 
 
A ten year's edible grain production and requirement balance sheet of Nepal has indicated that from the year 

1994/95 to 1998/99, there was a food deficit while from the year 1999/00 to 2003/04 there is a food surplus 

(Table 6). This shows that the impact of research in Nepal has shown its effect on food grain production with a 

positive food balance in the recent years. Despite a tremendous curtailing of budget for research, the growth 

rate of a budget for NARC being negative (-.059%) while it is positive for national budget (7.63%) and budget 

of MoAC (2.17%) for the same period, NARC is still giving vital technologies to agriculture in Nepal. The 

positive impact of research can not be visualized in few years' efforts rather it is the impact of years' that were 

in a continuous pace in the past. At the same time agriculture in Nepal is dependent on monsoon because of 

massive rainfed nature farming in the country. Because the final outcome of research are only visible during a 

long period of time, may be tens of years of investment on research could only be visible.  Therefore, here 



Nepal Agric. Res. J. Vol. 8, 2007 

 

110

comes the importance of continuous efforts on agriculture R&D, which has a pivotal role for maintaining food 

sustainability in a country whose economy is dependent on agriculture. 

 

 

 

 

Table 6. Edible cereal grain production and requirement of Nepal (1995-2004) 

Fiscal 

year 

Total production, 

ton

Total requirement, 

ton

Total balance, 

ton

1994/95 3397760 3882915 (-) 485155

1995/96 3913878 3948229 (-) 34351

1996/97 3972587 4079135 (-) 106548

1997/98 4027349 4178077 (-) 150728

1998/99 4097612 4279491 (-) 181879

1999/00 4451939 4383443 68496

2000/01 4513179 4430128 83051

2001/02 4543049 4463027 80022

2002/03 4641466 4565820 75646

2003/04 4835973 4683272 152701
a 
Source: Ministry of Agriculture and Cooperatives 2005. 

 

The data presented in this study show that agricultural research that will benefit small farmers 

through the availability of daily staples, nutrition, low food prices and income in a poor developing 

country like Nepal is severely under funded. Social rates of return to most past investments in 

agricultural research have exceeded 20 percent a year. For developing-country governments this is a 

most worthwhile investment. Yet low-income developing countries invest less than 0.5 percent of 

the value of farm production in agricultural research, compared with 2–5% in higher-income 

countries. Since research is typically a public good, it needs to be financed to a large extent by the 

government. In view of declining donor support for agriculture research, NARC needs to be 

proactive for looking funds through various sources including private sectors, I/NGOS, bilateral 

donors, international organizations, etc. The changing socio-economic and institutional context of 

R&D, the changing nature of clients, partners and funding sources are to be understood by the 

NARC to make its research system effective, responsive and dynamic in partnerships with multiple 

stakeholders (Gauchan et al 2003). There is an urgent need to improve efficiency, management, and 

the incentive in research in order to maximize benefits from limited government budget provision to 

research. This is essential not only for improving the performance of agricultural sector but also to 

have a sustainable funding source. 

 
Estimating the actual return to investment in agricultural research is complicated by the dispersed area over 

which research impacts may occur and the large number of external factors in addition to research induced 

technical changes affecting production, productivity, income and employment etc. Estimated rates of return to 

research are distorted by problems of attributing the credit for particular research-induced productivity 

increases, among research expenditures undertaken at different times, in different places, and by different 

agencies (Alston et al 1998). 

 
In addition, since separate aggregated data on improved varieties were not available, the data used for 

estimating returns here are mainly of general time series data on production and productivity where improved 

variety data were imputed from area on overall crop varieties. Similarly the increased production and 

productivity of crops are combined effect of research and extension interventions, where here only research 

costs particularly of major commodity programs and two of the disciplinary divisions are included. Moreover, 

the study is primarily based on secondary information without using primary field survey data on adoption of 

improved technologies, costs, market price, yield, elasticity and other data from experimental trials. This study 

also does not take into account of effects of other policy and programs for which dynamic analytical methods 

such as economic surplus measures and econometrics technique could be used. 
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Agricultural research generates several indirect economic effects, including labor-market effects and 

growth linkages of technical change, that go beyond the cost-benefit analysis using IRR, NPV, BCR 

and use of standard measures of consumer and producer surpluses. The effect of technology 

adoption on demand for labor has potentially major indirect benefits. Overall effects of technical 

change as a result of research ultimately depend on general growth and income effects induced 

throughout the economy by consumption, input and output linkages. A full accounting of these 

effects requires a general equilibrium (GE) model (Maredia et al 2000). In the future rigorous 

analytical methods combining technical, scientific, and economic information from a number of 

sources could be taken into consideration while estimating rate of return on agricultural research. 
 
 

CONCLUSION 
 

The area and productivity have been positively increasing during 1995-2005 due to improved quality seeds 

and complete package of practices generated and developed by NARC research programs. Productivity of 

cereals has brought to change by improved varieties from 15 to 22%, which is very encouraging as compared 

to other countries in Asia. Income generated by the impact of improved varieties of major cereals during 1998- 

2005 was estimated Rs 235673.54 million but investment for the research was only 0.0025% of their income. 

The total budget allocation for NARC is hovering around 0.016% of AGDP. This clearly indicates that 

agricultural research in Nepal is grossly under funded. For agriculture research there should be at least 1% of 

the total income generated by the impact of new technologies at present value. But now, research investment 

for these crops is 0.24% of the income obtained form improved varieties during a decade. The estimate of IRR 

of major cereals is in the range of 84-105%, which is a very encoring for investment where agriculture is the 

main livelihood sector of masses especially the poor. During a decade (1995-2004) the budget growth rate for 

Government of Nepal (7.62%), MoAC (2.17%) is positive while for NARC it is negative (-.0.59%). The low 

budget allocation for NARC indicates less priority for research investment in the country. Such a negative 

growth rate of budget allocation for research can result into low productivity in the long run, which should not 

be the case of agro-based country like Nepal. 

 

There is an urgent need to significantly increase NARC budget allocation for research in order to 

generate new technologies with active participation of farmers aimed at increasing agricultural 

production and productivity. Government of Nepal should provide budget allocation aimed at 

achieving the minimum target of investing at least 1% of the AGDP in agricultural research in 

periodic five-year plans from now onwards. In current situation, government of Nepal should also 

declare strong commitment to agricultural research by substantially increasing budget allocation in 

order to attract increasing donor assistance. Price and transportation subsidies on inputs were 

removed in Nepal as part of the fiscal burden by the government. Fund saved through this measure 

can be used for NARC research through farmers' participation in research.  In view of declining 

donor support for agriculture research, there should be functional linkage among public private and 

partnership principles of concerned stakeholders. 
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ABSTRACT 

 

Field experiments to identify suitable planting method under potato + maize system in the 

high hill (2200 m) of eastern Nepal Sindhuwa, Dhankuta, was conducted during 2000 and 

2001 seasons for the potato variety Hale and maize variety Ganesh 1. Of the different 

planting methods tested, significantly the highest yield of potato (15.5 t/ha) was recorded 

from the alternate row planting followed by recommended practice and flat row planting. 

Early emergence (by 7-12 days) was in farmers' practice, whereas uniform plants (1-5 

scale) observed in flat row and double row planting. Maize did not follow this trend. 

Double row and farmer's practice favored good ground coverage (80-95%) by potato 

plants, which attained height from 49.8cm (farmer's practice) to 56.8 cm (flat row). 

Number of main stems/plant was higher in all treatments, except farmer's practice. Similar 

trend was followed in tuber numbers. Maturity of crops did not depend on planting 

methods. Final stand of potato ranged between 46.9 (alternate row) and 68.6 thousand/ha 

(farmer's practice). Late blight and bacterial wilt infection was higher in the farmers' 

practice. The height of maize plants was significantly differed between sole cropping (220 

cm), which yielded higher followed by alternate row (183 cm) and flat row plantings. 

Gross income from maize and potato was higher in flat row planting. The data revealed that 

alternate row and flat row planting methods were superior over the common farmers' 

practice and the recommended practice, so the identified planting methods were 

recommended. 

 

Key words: Effect, intercropping, maize, planting method, potato 

 

 

INTRODUCTION 

 

Potato (Solanum tuberosum L.) and maize (Zea mays L.) are the main staple food crops in the hills 

of Nepal. In the mid hills, maize ranks first in terms of area and production, similarly potato is the 

dominating crop in the high hills (above 2000 m). Inter-cropping of these two crops is common in 

the potato-based cropping system adopted by the farmers (above 1800 masl) as potato + maize 

system. The average yields of potatoes (9.50 t/ha) and maize (1.60 t/ha) in the eastern hills are lower 

than the national average (10.5 and 1.77 t/ha respectively). One of its reasons identified was lack of 

suitable planting techniques and spacing (Barakoti 2001a). One of the research areas identified by 

Pakhribas Agriculture Centre was to identify suitable husbandry practices for potato + maize system 

(Chand et al 1993). In general, potato and maize are compatible, depending upon the varieties, as the 

farmers are aware of the possible competition (Chand et al 1993), as they are traditionally grown in 

the eastern and central regions since decades. Luxuriantly growing potato varieties suppress maize 

during initial growth period. Shade of maize plants adversely affect yield of potato. However, their 

yields might depend on planting methods, and varieties that compete for nutrient elements, space, 

water, light etc. Therefore, inclusion of some legumes such as peas and beans were started and 

found profitable (Poudel 2001) under potato + maize system. Result of participatory rural appraisal 

in the eastern hills identified more severe incidence of diseases and pests in this system, whereas 

plant protection measure applied is rare. Lack of technical know-how and technology is one of the 

limiting factors (Barakoti 2001b). Haphazard planting without following recommended row and 

plant spacing without ridging is common for both maize and potato in the hills. This may create 
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unfavorable environment for growth and development to either crop. Earthing-up is not practiced for 

potato planted in flat. Peak growing period of both these crops is summer to rainy season, when 

there is development and attack of diseases and insect pests in the agro-crops. It is one of the reasons 

that the yields of maize and potato are lower in the high hills compared to Tarai. In the plain, potato 

is planted in narrow spacing (60- × 25-cm). Kushwah (2001) reported that planting distance of 50- × 

15-cm and 50- × 20-cm was economically suitable in Gujarat condition, India. 

 

 

MATERIALS AND METHODS 

 

The experiments were conducted in Sindhuwa, Sub-station of the Agricultural Research Station 

(ARS) Pakhribas, Dhankuta district, in the high hill condition 2200 masl, East Nepal, during 2000 

and 2001 cropping seasons. Recommended variety of maize- Ganesh 1 (white grain) and potato- 

Hale local (red skinned, well stable and popular in the area) were included in the study. It was 

assumed that this variety might have brought from Holland and so named as Hale. Recommended 

rates of chemical fertilizers, i.e. half dose of Nitrogen and full dose of Phosphorus and Potash @ 

40:60:60 N:P2O5:K2O kg/ha and farmyard manure (FYM) @ 20 t/ha were applied as basal at the 

time of planting. Recommended seed rate of potato was medium sized tubers @ 1.2 to 1.5 t/ha 

depending on row spacing. Maize was sown @ 18-20 kg/ha as per number of rows and spacing. Plot 

size was 3- x 3.5 m. Trials were laid out in RCB design in 4 replicates. Details of different planting 

methods tested were as following: 

 

1. Alternate row planting (ARP): Potato and maize planted alternately at 60 cm row distance. 

2. Double row planting (DRP): Two rows of potato planted at 30 cm in between maize rows of 

90 cm. 

3. Flat row planting (FRP): Potato planted at 60 cm without ridging at planting and 

tuberization. 

4. Farmer's practice (FP): Haphazard planting of cut pieces and small tubers, making pits with 

spade, applying double handful of FYM and a teaspoonful of urea per pit. 

5. Recommended practice (RP): Planting potato and maize in rows of 60 cm and 75 cm 

respectively as intercropping alternately and slight ridging. 

6. Sole potato: Planting potato only in its recommended spacing of 60- × 25-cm. 

7. Sole maize: planting maize only in its recommended spacing of 75- × 25-cm. 

 

Row spacing of potato and maize and ridging for potato differed between the planting practices. The 

intra row for all treatments, except FP was 20 cm. Potato was planted during first half of February, 

common time for the variety and maize planted/dibbled during fourth week of March each year, 

after emerging out of the seed tubers. Harvesting of potato was done in third week of July and maize 

during second to third week of October both years, three months later than potato. Intercultural 

operations: two weeding, thinning (for maize) and earthing-up were done as recommended and 

normally practiced by the farmers. Top-dressing with Nitrogen @ 40 kg/ha was done during the 

tuberization. No pesticide was applied against diseases and insect pests to observe the effect of 

treatments under varied spacing and ridged conditions. Late blight was scored in 1-9 rating 

according to CIP scale. 

 

Parameters recorded in the experiments were: emergence, plant height, uniformity, ground cover, 

plant stand, maturity, yields, cost of cultivation, and severity of major diseases and insect pest. 

Tubers were analyzed based on size class to identify the ratio of seed size tubers. Analysis of 

variance was performed through Genstat for F-test, SED and CV. 
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Potato and maize planted and harvested situation in the experimental plots (3- × 3-m) 

Treatment Crops Planted Harvested 

Farmers' practice Potato Without row Whole plot 

Maize Without row Whole plot 

Recommended practice Potato 5 rows 3 rows 

Maize 4 rows 4 rows 

Alternate row planting Potato 3 rows 3 rows 

Maize 4 rows 4 rows 

Double row planting Potato 6 rows 4 rows 

Maize 3 rows 3 rows 

Flat row planting Potato 5 rows 3 rows 

Maize 5 rows 5 rows 

Potato sole Potato 5 rows 3 rows 

Maize sole Maize 4 rows 4 rows 

 

 

 

RESULTS AND DISCUSSION 

 

The mean data on major agronomic traits recorded in potato are presented in Table 1a and 1b. 

Length of tuber sprouts at planting was normal (2.4-3.0 cm) differing slightly. The tubers took long 

time (above 70 days) for attaining more than 90% emergence due to cool winter period. Earlier 

emergence was observed in farmer's practice (FP) due to cut tubers. Relatively higher emergence of 

tubers in FP followed by recommended practice (RP) was due to higher number of hills, which was 

due to close (15-25 cm) and uneven planting without rows, and the least number in ARP was due to 

less number of rows (4) compared to other planting practices. The ground coverage by the plants as 

an important agronomic parameter was visually estimated at 18th weeks after planting. The data 

were highly significant (P < 0.01) attaining 80% (ARP) to 95% (sole cropping). The ground cover in 

ARP was lowest because potato and maize were planted widely at 60 cm rows alternately. 

Uniformity of plants visually scored at initial tuberization, showed superior in flat and double row 

plantings. Uniformity was homogenous in all treatment plots both years. The uniformity was good 

(4 scale) according to the standard ranking. The data did not give significant result. The plant height 

of potato measured at harvesting time did not vary markedly. The results were not significant. 

Similar trend was found in the maturity days and main stem number, which were too non-

significant. The No of main stem was highest in RP (4.3), whereas it was least (2.3) in the FP, which 

might be due to close or dense plants. Planting method did not show significant variation on plant 

height, number of stems and maturity period, which might depend genetically as compared to 

environmental factors. Number of harvested plants varied significantly (P < 0.01), where FP and 

DRP were at par and significantly differed with the remaining planting practices, which were also at 

par (Table 1b). Total number of tubers/plot was also found non-significant. 
 

Table 1a. Agronomic traits of potato under potato + maize cropping system in the eastern Nepal's hill (2200 masl), Sindhuwa, Dhankuta 

district, 2000 and 2001 

Planting methods 50% 

emergence 

DAP 

Emergence at 

80 DAP, % 

Ground cover 

at 125 DAP, % 

(2nd wk, May) 

Uniformity 

(1-5 scale)* at 110 

DAP (3rd wk, April) 

Plant height 

at harvesting, 

cm 

Maturity 

days from 

planting 

Farmers' practice (FP) 66.8 99.0 87.5 3.8 49.8 155 

Recommended practice (RP) 74.0 97.5 92.5 3.8 55.0 155 

Alternate row planting (ARP) 76.5 93.0 80.0 3.8 52.8 156 

Double row planting (DRP) 75.5 95.6 90.0 4.3 53.0 155 

Flat row planting (FRP) 74.3 95.5 92.5 4.5 56.8 157 

Potato sole 74.8 96.3 95.0 4.5 49.8 156 

F-test 

SED 

CV, % 

ns 

4.15 

4.30 

ns 

3.30 

7.52 

*** 

2.71 

1.90 

ns 

0.40 

13.9 

ns 

3.11 

8.30 

ns 

0.61 

3.10 

DAP, Days after planting. ns, Non significant. * 1, Very poor. 2, Poor. 3, Fair. 4, Good. 5, Excellent. 

 

The number of plants in FP was highest but the number of tubers was the lowest. The plant numbers 

of FP and DRP varied highly significantly between the other treatments. But the numbers of main 

stems were not significant. Similarly, the number and weight of tubers showed non-significant 
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results. Slightly lower weight was in ARP due to less number of rows and plants and slightly higher 

was in the FRP (Table 1b). 
 

Table 1b. Agronomic traits of potato under potato + maize cropping system in the eastern Nepal's hill (2200 m), Sindhuwa, 

Dhankuta district, 2000 and 2001 

Planting methods Main stem, 

no/plant 

Number of harvested 

plants/plot 

Total tubers, 

no/plot 

Total weight of tubers, 

kg/plot 

Plant stand, no/ha 

Farmers' practice 2.3 44.0 201 7505 68604 

Recommended practice 4.3 33.5 258 7655 61383 

Alternate row planting 3.8 31.2 243 6866 36941 

Double row planting 3.5 44.2 290 7656 49162 

Flat row planting 3.8 33.7 253 7820 61660 

Potato Sole 3.5 33.2 249 7328 60272 

F test 

SED 

CV, % 

ns 

0.70 

28.3 

*** 

1.14 

4.40 

ns 

36.3 

20.6 

ns 

1137 

21.5 

 

 

Potato tubers in Nepal are graded into three sizes since the then National Potato Research and 

Development Program (NPDP) as shown in Table 2. Normally, the consumers prefer medium size 

tubers, which are regarded as seed size and recommended for seed purpose. The number and weight 

of each size were recorded for each treatment. The data revealed that seed size tubers of 25-50 g had 

the highest No (86-141) and weight in all treatments followed by under size (< 25 g). But the result 

was non-significant. The weight of oversize tubers was higher in all treatments, except alternate row 

planting. Tuber number and size varied depending upon planting practices. The highest number of 

seed size tubers and their weight was found in double row planting followed by recommended 

practice. However, Sood and Singh (2003) did not find any variation in plant growth and tuber yield 

in the raised bed double row system in comparison to single row. 

 

The proportion and weight of the tubers in the treatments is presented in Figure 1. The plant stands 

calculated according to the area planted/covered varied (36941-ARP, 68604-FRP) per hectare. The 

stands were also less in the DRP plots. The highest No in the FP was due to close planting without 

maintaining spacing. The lower stands were due to low No of rows/ plot. The yield of potato tubers 

ranged from 12.95 t ha-1 (FP) to 15.54 t ha-1 (ARP) based on planting practices. However, the data 

gave non-significant results. The arithmetic means were higher for the recommended and flat row 

planting also, than the sole planting. Therefore it was obvious that planting potato in the high hill 

condition was beneficial with maize rather than sole crop. Both the crop showed synergistic 

properties by each other. Therefore, the practice has been common in the eastern and central region 

hills of Nepal above 1800 m. 
 

Table 2. Number and weight of tubers, and yield under potato + maize cropping system in the eastern Nepal's hills (2200m), 

Sindhuwa, Dhankuta district, 2000 and 2001 

Planting Methods  Under size (< 25 g) Seed size (25-50 g) Over size (> 50 g) Tuber yield, 

t/ha Number/

plot 

Weight, 

kg/plot 

Number/

plot 

Weight, 

kg/plot 

Number/plot Weight, 

kg/plot 

Farmers' practice 84 1.50 86 3.58 29 2.68 12.95 

Recommended practice 106 1.53 124 4.29 28 1.82 14.20 

Alternate row planting 109 1.96 111 3.66 18 1.17 15.54 

Double row planting 131 1.84 141 4.56 19 1.26 13.10 

Flat row planting 102 1.50 114 3.98 34 2.30 14.67 

Potato Sole 106 1.44 109 3.64 42 2.77 13.32 

F-test 

SED 

CV, % 

    ns 

1.95 

19.7 
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Figure 1 A. Ratio of tuber number 
between US+OS and seed size 

tubers
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Figure 1B. Ratio of tuber weight 
between US+OS and seed size 

tubers 
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There are some economic diseases and insect pests of potato in the hill conditions. Late blight 

caused by Phytophthora infestans is the number one disease commonly occurring every year when 

the weather favors its development (Poudel 2001). In the potato + maize cropping system, 

microclimate differs due to maize plants, which not only competes with potato, but also provides 

environment for the development of diseases and pests during the summer-rainy season. Late blight 

(LB), bacterial wilt, potato virus (PV) and aphid infestation were observed in the experiment. Very 

few symptoms of LB as 2 scales were observed in the plants on third week of May, whereas its 

incidence rose to 10-25% after one month. Then it spread rapidly and within 10 days attained 6-7.2 

score scale equivalent to 50-95% at maturity. The severe infection was observed in the farmers' 

practice, which might be due to contamination from cut tubers as well as close plants. Due to early 

variety, tubers were already matured at that time and so there was no harm to the yield of potato. 

Similarly bacterial wilt (BW) was found highest in the FP (6 n/plot). Potato virus-like symptoms 

were observed in small scale, and early blight (EB) was negligible. Aphid observation taken on two 

dates did not exceed 5% (FP) infestation. It was the least (2.7%) in the sole cropped plots. Higher 

population of potato and maize enhanced aphid population. 
 

Table 3. Aphid infestation and late blight incidence in potato under potato + maize system in the Eastern region high hills (2200 m), 

Sindhuwa, Dhankuta district, 2000 and 2001 

Planting methods Aphid (Aphis sp.) damage, % Late blight (1-9 scale)* (Phytophthora infestans) Bacterial wilt 

incidence, % 

May, 100 

DAP 

June, 130 

DAP 

3 wk May, 

100 DAP 

2 wk June, 

125 DAP 

4 wk June, 140 

DAP 

2 wk June, 125 

DAP 

Farmers' practice 5.0 3.0 2 4.0 7.2 6 

Recommended practice 4.5 2.7 2 3.5 6.2 0.5 

Alternate row planting 3.7 3.0 2 4.0 6.2 0.8 

Double row planting 4.0 3.0 2 3.5 6.0 0.0 

Flat row planting 4.2 3.2 2 3.5 6.0 0.3 

Potato Sole 2.7 2.7 2 3.7 6.0 1.2 

Maize Sole - - - - - - 
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* 1, no symptoms. 9, all leaves and stems dead. 

Maize parameters in the potato+maize husbandry trial are presented in Table 4. The maize variety 

Ganesh 1 emerged out about 3-4 times latter than Tarai due to low temperature in the high hill. Plant 

heights of maize were measured thrice during the vegetative period (at peak tuberization, silking and 

harvesting). The tallest plants were formed in sole cropping. Analysis of variance of the treatment 

means showed highly significant (P < 0.01) differences at silking stage, when potato tubers were 

harvested. It followed the previous trend. The second highest was in alternate row planting. The 

height recorded finally at harvesting varied 187-232 cm, the second highest was in double row 

planting. 

 

Final plant population of maize varied significantly between the treatments. The stands in all 

treatments were maintained close to the recommended number (53333). Means of grain and stover 

yields were highly significant, where the highest yield was recorded in sole cropping. In potato + 

maize planting practice, significantly higher yield of maize grain (7083 kg/ha) was obtained from 

flat row planting followed by farmers practice. The highest yield of stover was found in alternate 

row planting. 
 

Table 4. Maize parameters in the husbandry trial under potato + maize system in the Eeastern region high hills, Sindhuwa Sub-

station, Dhankuta, 2000-2001 

Treatment 50% 

emergence, 

days 

Plant height of maize  Plant 

population/ha 

Stover yield, 

t/ha 

Grain yield, 

kg/ha At silking, 

cm 

At harvesting, 

cm 

Farmers' practice 28.0 144 193 51944 9.444 6072 

Recommended practice 27.5 138 193 51666 8.639 5494 

Alternate row planting 26.5 182 196 48889 9.666 4880 

Double row planting 28.0 138   201 40555 6.361 4277 

Flat row planting 28.5 132 187 49166 8.944 7083 

Maize Sole 28.0 220   232 49722 12.416 8016 

F-test 

SED 

CV, % 

ns 

0.61 

3.10 

*** 

12.6 

11.2 

** 

10.3 

12.5 

* 

3130 

9.10 

** 

1.37 

20.9 

*** 

516 

11.9 

 

ESTIMATED AVERAGE INCOME FROM POTATO AND MAIZE  

The income from potato and maize intercropping was calculated based on the then mean prices of 

the commodities (Table 5). The total gross income value showed that flat row planting (FRP) 

appeared superior over other treatments. It might be due to the better environment for longer period 

drought during tuberization as the stress was less in the non-ridged plots. Similar income from the 

farmers' practice compared to alternate row and recommended practices seems at par however while 

judging from the disease and quality points of views, farmers' practice seems inferior and other 

practice/ methods need to select. Flat row planting may not be appropriate for early rainfall year 

because of excess moisture in the soil. 
 

Table 5. Income from potato and maize estimated based on yield produced and market price 

Planting methods Income from Gross income, Rs 

Potato, Rs Maize, Rs 

Farmers' practice 77,700 50,700 128,400 

Recommended practice 84,200 44,900 129,100 

Alternate row planting 93,240 38,800 132,040 

Double row planting 78,600 32,800 121,400 

Flat row planting 88,020 56,800 144,820 

Maize sole planting - 76,200 76,200 

Potato sole planting 79,920 - 79,920 

 

Traditional planting method of potato and maize is inferior to tested planting methods. Row planting 

in appropriate spacing is beneficial where most agronomic parameters are superior, and diseases and 

pests severity is lowered due to better environment. Yield and biomass are increased. Intercropping 

is more beneficial over sole cropping due to combined yields of two crops. Alternate row planting 

(ARP) of potato and maize at 60 cm row spacing can be recommended to the growers. 

Recommended and flat row planting are equally suitable after ARP. 
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ABSTRACT 

 

Pollen analysis can be used to discriminate between different species, identify possible 

interspecies hybrids, identify restorer and maintainer lines, useful to study genetics of 

restorer gene, interaction between chromosome and cytoplasm and relationship between 

parents. Pollen abortion system of male sterility is an important tool in hybrid rice 

production and spikelet is the major yield components. Nine improved cultivars, six 

landraces and three wild aborted cytoplasmic-genetic male sterile (CMS) lines were used to 

analyze pollen and spikelet in F1 rice hybrids and their parents. The frequency of pollen 

categories and its relationship to spikelet fertility were investigated. Pollen sterility of the 

F1s was determined by staining pollen grains in 1% potassium iodide-iodine (I-KI) solution. 

Spikelet fertility was determined by counting the total number of seed set in proportion to 

the total number of spikelets. Correlation and regression coefficients for some traits were 

computed. In hybrids, pollen fertility ranged from 0.5 to 82% and spikelet fertility from 0 to 

87%. Pollen fertility varied from 28 to 97%, while spikelet fertility from 73 to 91% in pollen 

parents. The highest and the lowest percentages of pollen fertility were found in Chaite-6 

and Chiunde cultivars respectively. Spikelet fertility percentage varied widely among 

hybrids and many hybrids had lower spikelet fertility percentage than their parents. 

Therefore, it is of practical importance to understand the causes of high spikelet sterility in 

hybrids for possible increase in spikelet fertility. Highly significant positive correlation was 

found between stained round fertile (SRF) pollen and spikelet fertility. The positive value of 

correlation and regression coefficient on SRF and spikelet fertility were found between F1 

and mid parent, and F1 and male parent. High fertility of cross may be due to the presence of 

a wide compatibility gene or restorer genes in the cultivar. Lower pollen and spikelet 

fertility of the crosses was attributed to effect of the genetic background of the tester parent. 

 

Key words: Correlation, F1 rice, pollen category, regression coefficient 

 
INTRODUCTION 

 

Many scientists had studied the sterility in the inter-varietal hybrids of cultivated rice (2n = 2x = 24). 

Oka (1974) proposed a duplicate gametophytic lethal model and assumed that the sterility in the 

inter-varietal hybrids is controlled by multiple sets of duplicate genetic lethal genes. Ikehashi and 

Araki (1986) adopted the one locus sporo-gametophytic interaction model and postulated that the 

spikelet sterility in Hsien Keng hybrids is caused by the allelic interaction at the S-5 locus (Ikehashi 

1991). The degrees of pollen sterility in the F1 hybrids depend both on the number of heterozygous 

locus for F1 pollen sterility and on the heterozygous degree between alleles at the locus. The sterility 

genes determined by allelic interaction seem to be of wide occurrence (Sano 1990) between distantly 

related taxa and serve as one of the genetic mechanism for hybrid sterility (Sano 1983, Scoles and 

Kibirige-Sebunya 1983). Two out of three different genes causing F1 hybrids sterility between O. 

sativa and O. glaberrima (Sano 1983) acted as gamete eliminator and the other acted as pollen 

killer, which suggests that gametic abortion due to allelic interaction frequently occurs between 

them. 
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Pollen analysis can be used to discriminate between different species, identify possible interspecies 

hybrids (Mariani and Tavoletti 1993), identify restorer and maintainer lines (Ikehashi and Araki 

1984), useful to study genetics of restorer gene, interaction between chromosome and cytoplasm, 

and relationship between parents. Cultivated rices are grouped into two types Indica and Japonica 

based on character associations and hybrid sterility (Kato 1930). Ikehashi and Araki (1984) 

subdivided the Indonesian varieties into four types based on spikelet fertility in F1s. The characters 

of pollen grains had been used as taxonomic traits (Small et al 1981). Due to the haploidy nature of 

pollen, it has many advantages in genetic and breeding studies. Male sterility in rice results due to 

abnormality at any stage from microsporogenesis to pollen maturation. Pollen abortion system of 

male sterility is an important tool in hybrid rice production. Many factors affect the pollen abortion 

system. Pollen can be categorized either on the basis of number of nuclei or on the basis of shape 

and staining behavior (Chaudhary et al 1981). Shape and staining behavior system of classifying 

pollen is simple, which have been used widely for identifying restorers and maintainers and to 

evaluate CMS lines (Joshi 2001). Here, pollen and spikelet were analysed in F1 rice hybrids and 

their parents. The frequency of pollen categories and its relationship to spikelet fertility were 

investigated. 
 
 

MATERIALS AND METHODS 
 

Nine improved cultivars, six landraces and three wild aborted cytoplasmic-genetic male sterile 

(CMS) lines (Table 1) were used in this experiment, which was conducted at the Institute of 

Agriculture and Animal Sciences (IAAS), Rampur, Nepal during the dry and wet seasons of 1999.  

The improved cultivars and landraces were obtained from National Rice Research Program, 

Hardinath, and IAAS, Rampur, respectively. The CMS lines were obtained from International Rice 

Research Institute (IRRI), the Philippines. 
 

Approach method (Erickson 1970) was used for pollinating the seed parents. F1 seeds were 

produced in greenhouse. Field, consisting of 14 F1s, 14 pollen parents, three CMS lines and one 

check cultivar, Masuli was divided into 32 plots of 0.8 m2 size each. The pollen parent was planted 

beside their F1 and CMS planted after the pollen parent. Masuli was planted in the middle plot. Field 

was fertilized as recommended. Twenty-one-day old seedlings were transplanted in the field in two 

rows with 10 hills per row at spacing of 20- × 20-cm. Single seedling was planted to each hill. Each 

plot had 20 plants. 
 

Pollen sterility 

Pollen sterility of the F1s was determined by staining pollen grains in 1% potassium iodide-iodine (I-

KI) solution (Dalmacio et al 1995, Virmani et al 1997, Chaudhary et al 1981, Sohu and Phul 1995). 

Pollen sterility was determined in F1s and their parents. At heading about 15 spikelets from each 

experimental unit were collected in the morning just before their blooming and fixed in 70% 

alcohol. All the anthers from six spikelets were taken out and placed in the stain. Pollen grains were 

released using a needle. After removing the debris these were observed in microscope (10x). The 

pollen grains were counted in 3 random microscopic fields and classified based on their shape, size 

and extent of staining (Virmani et al 1997, Chaudhary et al 1981) as follows: 

 

CATEGORIES OF RICE POLLEN AND THEIR FEATURES 

Categories of pollen  Shape and staining behavior  Classification 

Unstained withered sterile (UWS) Withered and undeveloped,   Sterile 

unstained  

Unstained spherical sterile (USS) Spherical and smaller,   Sterile 

     unstained 

Stained round sterile (SRS)  Round and small, lightly or  Sterile 

     incompletely stained, rough  

     surface 

Stained round fertile (SRF)  Round and large, darkly stained,   Fertile 

     smooth surface 



Nepal Agric. Res. J. Vol. 8, 2007 

 

122

In case of CMS lines and some hybrids, pattern of pollen abortion was classified as follows 

(Chaudhary et al 1981): 

Type 1: Almost all pollen grains appear as UWS and USS 

Type 2: Majority of the pollen grains appears as USS (51%) followed by SRS (36%) and 

UWS (14%). 

Type 3: Majority of the pollen grains are SRS (52%) however UWS and USS are 20-25%. 

 Spikelets fertility 
Five panicles from each experimental unit were bagged before flowering for spikelet fertility 

analysis. At maturity, the bagged panicles were examined for seed set. Spikelet fertility was 

determined by counting the total number of seed set in proportion to the total number of spikelets. 
 

F1s were also classified on the visual basis as seed set as male parent or weaker than male parent and 

anthers whether plumpy yellow or white shriveled. Data from the field were analyzed and 

correlation and regression coefficients for some traits were computed using MS Excel (2000) and 

MINITAB (12.32) software. 
 

 

RESULTS AND DISCUSSION 
 

In hybrids, pollen fertility ranged from 0.5 to 82% and spikelet fertility from 0 to 87% (Table 1a and 

b). Pollen fertility varied from 28 to 97%, while spikelet fertility from 73 to 91% in pollen parents. 

The highest and the lowest percentages of pollen fertility were found in Chaite-6 and Chiunde 

cultivars (Table 1a) respectively. Chaite-6 had the lowest spikelet per panicle and IAR-97-34 had 

the highest number of spikelet and percentage of filled grain. IR58025A/Sabitri had the highest 

percentage of pollen and filled grains. Most of the hybrids had higher spikelet number than their 

parents. The highest spikelet number was found in R58025A/IAR-97-34 (Table 1b). Half of the 

hybrids had set the seed as their pollen parents. Only a hybrid, IR68888A/Khumal-7 had white 

shriveled anthers on visual basis. Bindesowari had the highest frequency of SRF and Masuli had 

lowest among the pollen parents (Table 2). The highest and the lowest frequency of SRF was found 

in IR58025A/Sabitri and IR68888A/Chiunde among hybrids respectively. 
 

Table 1a. Pollen and spikelet fertility of the pollen parents and CMS lines, Rampur, Nepal 1999 

SN  Line/cultivar 
Pollen Spikelet   

Counted, n Fertility, % No. panicle-1 Fertility, % r† 

 CMS line      

1 IR58025A 385 1 178 0 -0.49**

2 IR62829A 268 12 150 0 -0.71**

3 IR68888A 238 0 134 0 0

 Cultivar      

1 Bindesowari 468 97 162 83 -0.26*

2 Chiunde 403 56 211 73 -0.31*

3 Chaite-6 283 95 141 86 0.98**

4 Deharadune 338 70 181 82 -0.79**

5 Gogi 440 81 194 67 -0.42**

6 IAR-97-34 496 67 234 91 -0.06

7 Janaki 521 80 145 75 0.65**

8 Kanchan 427 84 176 73 0.77**

9 Khumal-4 553 79 179 89 0.92**

10 Khumal-7 457 77 146 79 0.97**

11 Kature 547 63 154 87 -0.3

12 Masuli 266 28 172 84 1

13 Ratodhan 455 83 156 78 -0.78**

14 Radha-11 493 74 188 84 -0.73**

15 Sabitri 587 67 148 86 -0.61**

  Range 266-587 28-97 141-234 67-91 -0.79-1

 Mean 423.61 61.89 169.39 67.61 -0.01

  SE 107.12 30.63 26.25 31.72 0.69

*, **, Significant at 5% and 1% level respectively. † Simple correlation coefficient between fertile pollens and 

fertile spikelets. 



Nepal Agric. Res. J. Vol. 8, 2007 

 

123

 

 

Table 1b. Pollen and spikelet fertility of hybrids, Rampur, Nepal, 1999 

SN Hybrid Pollen Spikelet r† Seed set 

as‡ 

F/S§

Counted, n Fertility, % No panicle-1 Fertility, % 

1 IR58025A/Janaki 374 49 165 33 0.86** W F 

2 IR58025A/Kanchan 426 65 201 75 0.75** MP F 

3 IR58025A/Khumal-4 289 30 243 57 -0.84** MP F 

4 IR58025A/Sabitri 440 70 202 84 0.97** MP F 

5 IR58025A/Chaite-6 304 55 195 58 -0.06 W F 

6 IR58025A/IAR-97-34 451 56 256 49 0.03 MP F 

7 IR62829A/Deharadune 401 1 192 0 0.38** W F

8 IR62829A/Ratodhan 462 78 174 79 0.19 MP F 

9 IR62829A/Kature 352 56 198 76 -0.32* MP F

10 IR68888A/Radha-11 455 58 246 87 0.56** MP F 

11 IR68888A/Bindesowri 288 1 181 0 0.36** W F 

12 IR68888A/Khumal-7 193 1 177 0 -0.62** W S 

13 IR68888A/Gogi 394 59 213 26 -0.99** W F 

14 IR68888A/Chiunde 228 1 251 0 1 W F 

  Range 193-462 1-78 165-256 0-87 -0.99-1    

 Mean 361.21 41.43 206.71 44.57 0.16  

  SE 87.80 28.59 30.54 34.23 0.18    

*, **, Significant at 5% and 1% level respectively. † Simple correlation coefficient between fertile pollens and 

fertile spikelet. ‡ MP- male parent, W- weaker than MP. § F- plumpy yellow anthers, S-white shriveled 

anthers on visual basis. 

 

The higher percentage of SRS in hybrids: IR68888A/Bindesowri, IR68888A/Kumal, 

IR62829A/Dehardune and IR68888A/Chiunde was associated with on an average with 1% SRF. 

The hybrids having higher SRS were associated with high frequency of SRF as in IR68888A/Radha-

11, IR58025A/Janaki, IR58025A/Kanchan, IR58025A/Khumal-4, IR58025A/Sabiri, 

IR58025A/Chaite-6, IR62829A/Ratodhan, IR62829A/Kature and IR58025A/IAR-97-34. Table 2 

showed that hybrids with some SRF pollen had fewer filled grains in the panicles. It indicates that 

hybrids having higher UWS and USS will be better in developing new CMS lines from their sterile 

hybrids. The hybrids were classified as semi-sterile on the basis of spikelet fertility of 40-80%. The 

male parents of these hybrids were designated as partial restorer. In these hybrids, SRS had 

dominated the other pollen categories. The partial restorer, IAR-97-34 had more spikelet sterility 

than the other two partial restorers, Khumal-4 and Chaite-6. Spikelet fertility percentage varied 

widely among hybrids and many hybrids had lower spikelet fertility percentage than their parents. 

Therefore, it is of practical importance to understand the causes of high spikelet sterility in hybrids 

for possible increase in spikelet fertility. 

 

IR58025A and IR68888A had Type I pollen abortion and IR58025A/Khumal-4, 

IR62829A/Deharadune, IR68888A/Bindesowari and IR68888A/Khumal-7 had Type III. Different 

pollen abortion pattern were found in hybrids, which indicate the different degree of interaction 

between nuclear and cytoplasm. Also this suggests that sterility in rice depends upon the genetic 

diversity between the cytoplasmic donor parent and the nuclear donor parent. Chaudhary et al 

(1981) suggested that morphology and staining pattern of pollen depend on the developmental sage 

at which it aborts. Further study on pollen staining system is necessary for better understanding the 

relationship between staining and viability of pollen. Data in some cases showed that pollen 

stainability with I-KI solution is not strong evidence to have generalization about spikelet fertility. 

Results of pollen test were underestimates of spikelet fertility. This may be due to the ability of 

single fertile pollen to fertilize a spikelet. Therefore even low number of fertile pollen counted in 

study can give higher seed set. In most of the cultivars and F1 positive relationship was found 

between fertile pollen and filled grain. Hybrid having less fertile pollen showed the lowest 

percentage of filled grain. The sterilities of the inter-varietal rice hybrids are mainly the pollen 

sterilities and the spikelet sterilities are mainly caused by the pollen sterilities. Guiquen et al (1994) 
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reported that the sterility in the inter-varietal hybrids of cultivated rice is caused by the allelic 

interaction at the F1 pollen sterility loci. Six loci of genes controlling F1 pollen sterility in rice have 

been reported (Guiquen et al 1994). The finding of the more the F1 hybrids had the heterozygote 

S
i
/S

j
 at the six loci, the higher they showed the pollen sterility and the spikelet sterility (Guiquen et 

al 1994) is supported by this study. 
 

Table 2. Pollen categories and types of male sterility in male sterile lines, hybrids and pollen parents, 

Rampur, Nepal, 1999 

SN Hybrid/parent Total pollen examined, n Frequency, %† Type‡

UWS USS SRS SRF 

1 IR58025A 385.33 29.67 68.25 0.69 1.38 I 

2 IR62829A 267.67 27.77 38.85 21.67 11.7 I 

3 IR68888A 238.33 47.27 50.77 1.96 0 I

4 IR58025A/Janaki 373.67 12.13 18.11 20.79 48.97  

5 Janaki 520.67 3.78 2.18 14.08 79.96  

6 IR58025A/Kanchan 426.33 2.35 4.77 27.91 64.97 

7 Kanchan 427.33 0.86 0.86 14.74 83.54  

8 IR58025A/Khumal-4 289 3.92 15.11 51.1 29.87 III 

9 Khumal-4 552.91 0 0 20.51 79.26 

10 IR58025A/Sabitri 440.33 1.29 7.65 21.05 70.02  

11 Sabitri 587.33 0.57 2.44 29.51 67.48  

12 IR58025A/Chaite-6 304 4.93 8.88 31.36 54.83  

13 Chaite-6 283.33 1.18 0.71 3.53 94.59  

14 IR58025A/IAR-97-34 451.33 6.35 13.52 23.71 56.43  

15 IAR-97-34 496.33 0.6 6.51 25.52 67.36  

16 IR62829A/Deharadune 401 4.91 21.36 73.15 1 III 

17 Deharadune 338.33 4.14 17.24 9.07 69.56  

18 IR62829A/Ratodhan 462 0.22 2.74 19.48 77.56  

19 Ratodhan 454.67 0.37 3.59 12.68 83.36  

20 IR62829A/Kature 352 7.76 10.89 25 56.34  

21 Kature 547 0.43 4.2 32.66 62.71  

22 IR68888A/Radha-11 454.91 4.94 5.49 31.14 58.43  

23 Radha-11 492.67 0.14 1.49 24.36 74.02  

24 IR68888A/Bindesowri 288.33 12.49 38.27 48.25 1 III 

25 Bindesoawri 468.33 0 2.99 0.36 96.66  

26 Masuli 265.67 0.63 16.44 54.96 27.98 III 

27 IR68888A/Khumal-7 193 10.02 28.67 60.32 1 III 

28 Khumal-7 457.33 0.22 1.31 21.79 76.68  

29 IR68888A/Gogi 394 4.82 22.51 13.96 58.71  

30 Gogi 439.67 0.3 2.2 16 81.5  

31 IR68888A/Chiunde 228.33 26.28 48.18 25.5 0.5 II 

32 Chiunde 403 0.99 12.33 31.02 55.67  

  Range 193-587.33 0-47.27 0-68.25 0.36-73.15 0-96.66  

 Mean 396.38 6.92 14.95 25.24 52.91  

  SE 102.53 10.93 17.07 17.05 31.04  

† UWS, unstained withered sterile, USS, unstained spherical sterile, SRS, stained round sterile, SRF, stained 

round fertile, ‡ Type I- almost all pollen appears as UWS and USS, II-majority of pollen as USS (51%) 

followed by SRS (36%) and UWS (14%), III-majority of pollen SRS followed by USS and UWS. 

 

With respect to maintaining ability, Bindesoawri, Khumal-7 and Deharadune, all appeared to be 

good source of maintaining the sterility. All F1 of this pollen parents with CMS showed zeros 

spikelet fertility rate with 0.5 to 1% pollen fertility. Virmani (1996) found the frequency of restorer 

lines less among Northern China, Eastern Europe, Japan, and Korea. The restoring ability of rice 

cultivars has been found to be related to their origin to some extent (Govinda Raj and Virmani 

1988). Among indica rice cultivars the frequency of R gene is higher in late maturing cultivars than 

in early maturing ones (Ahmed 1996). The restorer frequency is very low in typical japonica rice 

cultivars (Lin and Yuan 1980, Virmani et al 1981). It suggests that origin and pedigree of test lines 

are important characters to be considered in analyzing the pollen and spikelet in rice. 
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Highly significant positive correlation was found between SRF and spikelet fertility (Table 3). The 

regression coefficient of 0.96 indicates the strong evidence that SRF is the most important pollen to 

make spikelet fertile. These regression equations (Table 3) support the basis of pollen categorization 

system based on the shape and staining behavior. The positive value of correlation and regression 

coefficient on SRF and spikelet fertility were found between F1 and mid parent, and F1 and male 

parent. It is observed that spikelet fertility is significantly correlated between F1 and their parents. 

Table 3 showed that SRF and spikelet fertility on F1 could be predicted on the basis of pollen and 

spikelet of their parents. Many factors affect the pollen and spikelet development even though these 

characters are found inherited. 
 

Table 3. Simple correlation (r), regression coefficient (b) and intercept (a) between F1 and their parents 

for 12 characters, Rampur, Nepal, 1999 

Pollen category Spikelet fertility Mid parent Male parent 

r a b r a b r a b 

Unstained withered sterile -0.77** 74.76 -2.43 0.56** 15.56 0.37 0.12 0.79 0.02

Unstained spherical sterile -0.87** 84.0 -1.74 -0.04 30.23 -0.02 0.43** 1.36 0.16 

Stained round sterile -0.22* 09.14 -0.44 -0.12 13.49 -0.05 -0.31** 24.35 -0.18 

Stained round fertile 0.86** 7.04 0.96 0.15* 38.61 0.03 0.09 75.0 0.04 

Spikelet fertility - - - 0.33** 39.0 0.03 0.33** -84.85 1.59 

*, **, Significant at 5% and 1% level respectively. 

 

Environmental factors eg stresses can induce nuclear abnormalities and then affect pollen 

development. Anther morphology, pollen dispersal and viability in rice (Satake 1991) are affected 

by chilling. Darkness causes pollen sterility in sorghum (Alami et al, cited by Demotes-Mainard et 

al 1996.). Tian et al (1998) reported that anomalies in the distribution of calcium accumulation 

correlate with the failure of pollen development and pollen abortion. Phytochrome also involve in 

regulation of pollen fertility (Oard and Hu 1995). Genetic male sterile system could be utilized in 

the production of backcross (Fujimaki 1975), interspecific and recurrent selection breeding 

population (Brim and Stuber 1973). It is assumed that genes at specific loci controlled both pollen 

and seed fertility. The thermo sensitive genic male sterility (TGMS) trait was controlled by a single 

recessive gene (Borkakati and Virmani 1996). At certain temperatures occurring after panicle 

initiation, the male sterility is altered into partial to complete fertility. Yabuno (1977) reported that 

spikelet sterility is caused by indehisced anthers in rice. Jennings (1966) surveyed pollen and 

spikelet fertility in F1 in many crosses of Indica with japonica. He found that there were not any F1s 

showing spikelet sterility with normal pollen fertility and spikelet fertility was correlated with pollen 

fertility. Variability for fertility restoration exists among these hybrids. The low pollen fertility of 

the inter varietal hybrids may be due to chromosome imbalance caused by incompatibility barriers. 

High fertility of cross may be due to the presence of a wide compatibility gene or restorer gene in 

the cultivar. 
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Garlic (Allium sativum L.) is one of the mostly used spice crops of Nepal. Basically it is cultivated 

for bulbs as spice and young plants for leafy vegetables. The distinctive flavor of the genus, Allium 

is due to volatile sulfur compounds that are produced when plant tissues are bruished or cut. That 

sulfur compounds has the antimicrobial characteristics. It may also help to prevent cardiovascular 

and arteriosclerosis diseases (Schwartz and Mohan 1996). 

 

Recently, a new disease, bulb canker or skin blotch of garlic has appeared in one of the farmer’s 

fields at Bhaktapur (1400 masl) during March 2007. The variety of garlic was Chinese lasun. The 

local variety was found less affected in the field (as observed in the field). The bulb samples 

received from some locations of Sindhupalchowk district were also found to be infected. 

 

Symptoms appeared as irregular lesions of dark layer underneath the epidermis which was as 

described by David (1991). The dark areas are developed due to powdery mycelia and conidia of the 

organism scattered on the outer scales of the developing garlic (Figure 1) or usually near the base of 

the bulb (Figure 2). Dark areas were also found on the backs and sides of the cloves within a head or 

on the edges of cloves (Figure 3). Field observations showed the yellowing of the plants (as 

observed recently in the field). The symptoms in the field appeared after watering followed by few 

days rain. The disease is reported to be a problem in wet years (Embellisia/OSU Plant Clinic 2007). 

 

Infected plants and bulbs were collected and examined at Plant Pathology Division, Nepal 

Agricultural Research Council, Khumaltar, Nepal. Sign and symptoms were verified and studied 

with the help of cited literatures (Embellisia/OSU Plant Clinic 2007, David 1991) and under 

stereomicroscope as well as under compound microscope. The fungus was identified on the basis of 

conidial structure, secondary conidiophore (Ellis 1976). The conidia were ellipsoidal or 

subcylindrical, mid to dark brown smooth with 3-6 thick transverse septa with or without 1or 2 

oblique or longitudinal septa (Figure 4). The colonies were effuse blackish brown to black on Potato 

dextrose agar medium. After symptomatology study and laboratory examination of characteristic 

conidial structures, the causal organism was found to be a fungus, Embellisia allii (Campanile) EG 

Simmons, (Synonym Helminthosporium alli Campanile).The fungus is reported to be overwintering 

in the plant debris, soil and infected bulbs (David 1991). 
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Figure 1. Infected garlic plants from the field showing dark patches on developing scales. 2. Canker on 

outer scale of bulbs. 3. Infected individual cloves. 4. Conidia of the fungus, E. allii with dark 

transverse septa. 

 

On follow up in the field observations, according to the farmer, total loss had occurred due to bulb 

canker and failed to harvest bulbs. E. allii has been reported pathogenic to garlic in the USA also 

(Dugan and Lupien 2006). This fungus is of quarantine concern in India because of chances of 

affecting domestic and international trade of this particular crop. Several consignments from China 

were stuck at the Mumbai Port and in Chennai, over 20 containers each with 14 tonnes of garlic 

have been stopped (The Hindu Business Line 2005). 

 

In Nepal, cultivation of Chinese garlic (lasun) is increasing among the farmers of Nepal. That exotic 

variety has been observed to be more susceptible than the local variety (as observed in the farmers' 

field and the bulb samples received in the Laboratory. However, mild symptoms have also been 

observed in the bulbs of local variety. 

 

For the management of bulb canker of garlic, some tactics have been suggested such as  peeling off 

the discoloured outer scales of garlic heads, maintaining low humidity in storage, avoiding visibly 

diseased garlic bulbs in storage and wrapping garlic in breathable materials for marketing 

(Embellisia/OSU Plant Clinic 2007). In field conditions, maintaining good drainage and burning 

crop stubbles might be helpful in managing this disease. 

 

So far, at the moment the disease was found in one of the farmers' field only, it may be spread in 

congenial conditions. It may affect the trade regarding the requirements of World Trade 

Organization concerning the pests of garlic. Hence, survey of this disease in commercially garlic 

growing areas is essential to find out the status of this disease. This is the first report on the 

occurrence of garlic bulb canker in Nepal. 

Dark patches of fungal 

Growth  
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ABSTRACT 

 

A study on reproductive disorders among yaks in Mustang and Solukhumbu districts and 

seroprevalence of brucellosis among yaks in Mustang and Myagdi districts was conducted. 

Eleven farmers having 383 female and 72 male yaks in Mustang and 129 female and 27 

male yaks in Solukhumbu districts were taken by purposive random sampling for the study 

on reproductive disorders. Likewise Sixty- seven serum samples were also collected from 

adult female yaks having history of abortion and retained placenta, and from male yaks used 

for breeding purpose from Mustang and Myagdi districts. An average of 12.63% of female 

yaks aborted, 7.26% had had retention of placenta and 6.6% repeat breeders in Mustang 

district. Similarly, 6.3% had abortion, 2.09% retained placenta and 6.5% repeat breeders in 

Solukhumbu district. However, all the 67 serum samples examined were found negative to 

the Brucella abortus antibody on ELISA test suggesting that the yak population was free 

from brucellosis in these areas. Thus abortion and retention of placenta in Yak in Mustang 

district may not be due to brucellosis. A detail study should be done to find the specific 

cause of abortion and repeat breeding to recommend preventive and control measures. 
 

KEY WORDS: BRUCELLA ABORTUS, BRUCELLOSIS, REPRODUCTIVE DISORDERS, 

SEROPREVALENCE, YAK 
 

 

INTRODUCTION 
 

Yaks are important high altitude dwelling animals of Nepal. They are hardy and strong, can thrive 

well under very cold (-50°C) climatic condition (Cheng 1984). It has a high economic value as pack 

animal, source of milk, meat and fiber in Himalayan region of Nepal. Unfortunately the population 

of yak is decreasing every year. Various reproductive problems may also be one of the reasons for 

the decline in population. Brucellosis is one of the important reproductive diseases of cattle, buffalo, 

sheep and goats, pig and horses caused by infection with Brucella spp. and characterized by abortion 

in the second half of pregnancy and a subsequent high rate of infertility in the female and varying 

degrees of sterility in male (Radostits et al 1994). It is a zoonotic disease and also causes economic 

losses to the animal industry (WHO 1971). This disease has been incriminated in various species of 

animals in Nepal such as cattle, sheep, goat, buffalo, yak, nak and chauri (Pyakurel and Mishra 

1977). AHRD (1991) detected brucellosis serologically in cow, buffalo, goat, sheep and pig in 

Nepal. This disease is regarded as one of the occupational and public health hazards for 

veterinarians, animal attendants, dairy- man, slaughter- house workers, butchers and meat sellers. 

AHRD (1998) serologically detected 1.52 percent brucellosis in cattle. Pradhan (1996) found 3.37% 

brucella antibody positive in Chitwan. Khanal (1996) reported 4.62% abortion in cross-bred cattle of 

Kathmandu valley. In a study AHRD (1997) found 4.72% abortion and 9.26% repeat breeding in 

cattle and 2.07% abortion and 0.37% repeat breeding in buffalo. Thus this study was conducted to 

find the reproductive problems in general and to investigate if brucellosis is the cause of the problem 

in yak. 
 

 

MATERIALS AND METHODS 

 

Eleven farmers having a total of 72 male and 383 female yaks in Mustang district and eight farmers 

having a total of 27 male and 129 female yaks in Solukhumbu districts were interviewed 

individually for obtaining information on reproductive problems observed and felt by them. 
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Likewise a total of 67 serum samples from adult female, having history of abortion and retained 

placenta, and male yak used for breeding were collected from Mustang and adjacent places of 

Myagdi districts. Blood samples were collected from the jugular vein using a plain vacutainer. The 

serum was separated and collected in a sterile serum vial. The serum samples were given 

identification number and transported in ice to Animal Health Research Division, Kathmandu for 

examination. The serum samples were kept at –20°C until examination. The samples were examined 

using Enzyme Linked Immunosorbant Assay (ELISA) technique. Brucellisa –800 kit was obtained 

from Central Veterinary Laboratory (CVL), UK, for the detection of antibodies to Brucella abortus. 

 

 

RESULTS AND DISCUSSION 

 

Based on information obtained from the farmers 12.63% of pregnant female yaks had abortion, 

7.26% had retention of placenta and 6.6% had repeat breeding in Mustang district. Likewise 6.3% of   

pregnant female yaks had abortion, 2.09% had retention of placenta and 8.65% had repeat breeding 

in Solukhumbu district (Table 1). The number of repeating time on an average was found 1.7 times 

in Mustang and 2.25 times in Solukhumbu districts. 
 

Table 1. Reproductive disorders of Yak 

Disorder Percent disorder in Mustang/Myagdi Percent disorder in Solukhumbu 

Abortion 12.63 6.30 

Retention of placenta 7.26 2.09 

Repeat breeding 6.60 8.65 

Brocelosis 0 not done 

 

Fifty four percent of female came into estrus within 3 months of parturition and 46% came into 

estrus 3-12 months post calving in Mustang district. In Solukhumbu district, approximately 31.25% 

of yak came into estrus within 3 months after parturition and 68.75% came into estrus 3-12 months 

post calving. The reason of such variation between two districts was not known. The postpartum 

oestrus period in yak cows varies from 60 to 125 days and it has been reported to be influenced by a 

variety of factors including age, parity, nutritive environment and season of calving (Sarbagishev et 

al 1989). In India, Nivsarkar et al (1997) reported that the interval between calving and post partum 

estrus in yak cows varies from 85-120 days. However, in present study 46% yak cows in Mustang 

and 68.75% yak cows in Solukhumbu came into postpartum estrus longer than normal time 

suggesting problem of infertility in yak cows in these districts. No further studies on identifying the 

specific cause for reproductive problems were undertaken except serological examination for 

brucellosis. However, attempt was made to relate the cause for abortion and retention of placenta 

with respect to management practices. Transmigration temperature stress of yaks in lower river belt 

seems to be one of the influencing factors for abortion and retained placenta. According to the 

farmers, in Mustang district, the more- longer period the pregnant animal comes down to river belt 

from their normal high altitude pasture the cases of abortion are more. Under controlled heat stress, 

several studies have showed that progesterone concentrations were reduced during the luteal phase 

(Stott and Wiersma 1973, Rao and Pandey 1982, Bahga and Gangwar 1988) which is necessary for 

the maintenance of pregnancy. Nutritional deficiency, especially, mineral deficiency may also be 

one of the reasons for repeat breeding as none of the farmers were using mineral mixture in the feed. 

 

All the 67 serum samples subjected to ELISA test in this study were found negative to the Brucella 

abortus antibody. Paykurel and Mishra (1977) have reported 16.66% and 8.33% of brucellosis in 

yak, nak and chauri in Jumla by plate test and tube test respectively. In Maiwa yaks the incidence 

was reported to be 12.6% (Yaun 1979 as cited by Nivsarkar et al 1997). Pan and Labaduoji (1984 as 

cited by Nivsarkar et al 1997) collected 59 Brucella isolates from aborted foetuses of yaks, sheep 

and goats in various parts of Tibet and China. This disease has been incriminated in various species 

of animals in Nepal such as cattle, sheep, goat, buffalo, yak, nak and chauri (Pyakurel and Mishra 

1977). AHRD (1991) detected brucellosis serologically in cow, buffalo, goat, sheep and pig in 

Nepal. AHRD (1998) serologically detected 1.52 percent brucellosis in cattle. Pradhan (1996) found 

3.37% brucella antibody positive in Chitwan. Khanal (1996) reported 4.62% abortion in cross- bred 
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cattle of Kathmandu valley. In a study AHRD (1997) found 4.72% abortion and 9.26% repeat 

breeding in cattle and 2.07% abortion and 0.37% repeat breeding in buffalo. The result of this study 

indicates that brucellosis does not appear as cause of abortion and retention of placenta among 

female yaks in Mustang district. It may be due to other causes such as temperature stress, nutritional 

deficiency or other bacterial diseases such as Campylobactor, however, this investigation was 

beyond the scope of the present study. 
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