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A PARTICIPATORY APPROACH TO IMPROVE THE 
ECONOMIC CONDITION OF RESOURCE POOR 

FARMERS IN SEMI-ARID REGIONS OF  
RAJASTHAN, INDIA 

J.S. Mann, H.S. Jat, Vinay Kumar, Sushil Kumar, O.H. Chaturvedi, 
S. Saha, Davendra Kumar and B.L. Bhaka1

ABSTRACT 

In spite of development and revolution in agriculture, the farmers 
are still behind in terms of productivity compared to potential 
yields of animals and crops at research farms. This has shown 
that technologies generated by the scientists are not so 
appropriate for adoption of the farmers. Realizing this 
participatory research was conducted on farmers’ fields 
representing semi arid agro-ecosystem. Field-testing of 
improved varieties of crops and balance use of fertilizers 
resulted with increase of yield to the tune of 20-25% over 
farmer’s practice and a net return of Rs. 10916.00 with a benefit 
cost ratio (BCR) 2.37 over the farmer’s local varieties and 
traditional practices. In sheep health management, one third 
sheep population was found positive for endo-parasitic load and 
to control parasites, sheep were drenched with suitable 
anthelmantics. Sheep of the farmers’ flocks were vaccinated 
against Sheep Pox and E.T. (Entero toxemia) diseases. Average 
mortality was reduced to 3.0 % at the end of the project. The 
performance of the progenies born from supplied rams showed 
positive genetic trend over the information collected before ram 
distribution over the years. The average percent increase in 
body weight of lambs at birth and six month of age was 
recorded. The wool yield of sheep from the progenies of 
distributed rams was increased by 14.6% over farmer’s practice. 
The ewes in their advance pregnancy and early lactation were 
supplemented with concentrate pellets @ 1 % of their body 
weight for a period of 45 days. The average percentage increase 
in body weight of lambs born from the ewes was 22.7 % with a 
net return of Rs.147.00 per ewe over no supplementation, while 
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the average B:C was 3.06. During other breeding season 
(March-April) the ewes of adapted farmers’ flocks were treated 
for induction and synchronization of estrus using two injections 
of prostaglandin (PGF2α) @ 7.5 mg intramuscularly 10 days 
apart. Around 90% of the ewes showed estrus after 
prostaglandin treatment. The knowledge and adoption level of 
farmers was increased significantly in TAR-IVLP area due to the 
implementation of the project.  
Key words: Participatory approach, Crop production, Sheep health 

and nutrition, Improvement in sheep, Adoption level. 

INTRODUCTION 
The advances in agricultural technology have contributed in generating a lot of 

information to the farmers. The information generated through research system do 
not give similar result in the farmer's field. The common reasons for poor adoption of 
technologies are inadequate extension services, inadequate input supplies, inadequate 
marketing and infrastructure and farmers lethargy.  So far, in the process of 
technology generation farmer’s participation along with their resources, social and 
economic aspects and perception were often ignored (ICAR, 1999). Realizing this a 
participatory research was conducted under TAR-IVLP (Technology Assessment and 
Refinement through Institution Village Linkage Programme) on farmers’ fields 
representing semi arid agro-ecosystem, where the farmers’ problems were identified 
using matrix analysis and then prioritized as per their need and resources available 
through participatory approach. Farmers along with scientists in participatory mode 
developed technical modules that can intervene their problems. Experiments were 
designed to test the technology for intervening the causes to solve the problem of 
farmers. This new concept of Institution Village Linkage Programme (IVLP) is 
expected to provide proper understanding of farmers’ situations plus Researcher – 
Extensionists – Farmer linkages. Technology assessment and refinement project is a 
step forward in achieving effective operational linkages between scientific 
institutions and the farmers for technology integration and optimization to meet the 
growing demands of different production systems to increase productivity, augment 
income and improve the quality of life of rural poor. From this perspective, it is 
important that farmers, extensionists and researchers establish a proper linkage for 
development of technology. In agriculture this concept has formed the basis for the 
development of a robust framework which is bringing scientific and local knowledge 
systems together into a single, accessible and structured focal point, to support the 
identification and adoption of more sustainable practices (Allen et al, 1995; Bosch et 
al, 1995; Gibson et al, 1995). Researchers, extension personnel and farmers are 
recognized as forming elements of one agricultural information system (Roling, 
1988). Keeping all these in view, the Indian Council of Agricultural Research, New 
Delhi, launched a new pilot project on "Technology Assessment and Refinement 
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through Institution Village Linkage Programme" in 1995-96 to involve the farmers at 
each and every stage of technology generation and dissemination. The concept 
behind this project lies in faster adoption of technology by its ultimate clients 
(resource poor farmers) with their own resources and their full involvement in 
problem identification, prioritization of the problem and possible solution in their 
perception. Realizing this, a participatory research was conducted at farmers’ fields 
with the following specific objectives. 

Objectives:  
The general research objectives of the project were: 
 To prepare inventory of research recommendations related to arable 

crops and livestock under arid agro-ecosystem. 
 To assess and refine the available technologies keeping in view the 

farmers overall perspective.  
 To assess the impact of refined technologies. 

MATERIALS AND METHODS 
During the project period (17th July 1998 to 30th April 2005) a number of 

interventions on crop production, value addition in wool, sheep health, animal 
nutrition, animal genetic & breeding and animal physiology were proposed for 
implementation and execution in nine villages of Soda and Dholi panchyat in Tonk 
District of Rajasthan. To enable the farmers to produce considerable amount of 
additional tonnage as well as revenue from crop and sheep based interventions 
through participatory approach 12 intervention on crop production, five intervention 
on health management in sheep, one intervention on genetic improvement in sheep, 
one intervention on animal nutrition and one intervention on sheep physiological 
problems were taken. To assess, refine and improve the productivity in agriculture, 
interventions were proposed for crops like, pearlmillet, sorghum, green gram, 
groundnut, wheat, barley, mustard and gram. In all, two treatments Viz., T1 farmer’s 
practices and T2 improved practices in case of verification trials and three treatments 
viz., T1 farmer’s practices and T2 and T3 improved practices in case of On farm 
trials, were done on farmers’ fields under their own management and resource 
situation and replicated in 10 to 25 farmers’ fields every year. To make available 
basket of technologies to farmers, 750 interventions in Kharif and 612 interventions 
in Rabi as Verification Trials and On Farm Trials were laid out for assessment and 
refinement of improved technologies of crop production. Trials on improved varieties 
of crops viz., pearlmillet (ICMH-356), sorghum (CSV-10), green gram (K-851 and 
RMG-62), groundnut (Somnath), wheat (Raj 3077 and Raj 3765), barley (RD-2503), 
mustard (RH-30 and Bio-902), gram (C-235) and balance use of NPK fertilizers in 
pearlmillet (T1- 40+20+0, T2- 60+30+0 and T3- 90+45+0), sorghum (T1- Farmer’s 
practice (Nil) and T2- 40+20+0), wheat (T1- 50+30+0 and T2- 90+30+0) and barley 
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(T1- Farmer’s practice (Nil) and T2- 60+20+0) were conducted on farmers’ fields. In 
sheep health management four interventions on disease management were taken and 
verification trials were carried out over the years in sheep breeders’ flocks. For 
genetic improvement of farmers flocks, superior breeding rams of Malpura breed and 
crossbred rams from Central Sheep and Wool Research Institute (CSWRI), 
Avikanagar were distributed to the farmers. Progenies of distributed rams and 
information on production performance were simultaneously observed over the years. 
The adult ewes (28 Nos.) in their advance pregnancy were selected and divided into 
four equal groups of seven each from the farmer’s flock of IVLP area. In addition to 
routine grazing made by the farmers, the concentrate pellets in the form of 
supplement @ 1 % of the body weight was given at advance pregnancy and early part 
of lactation to find out the improvement in production performance. The chemical 
composition of the concentrate pellets were 92.50% dry matter, 88.80% organic 
matter, 21.2% crude protein, 56.2% Neutral Detergent Fibre (NDF) and 21.2% Acid 
Detergent Fibre (ADF) fed in the form of supplement. Under animal physiology three 
adapted flocks were used for synchronization of estrus in March and April breeding 
season. During this breeding season most of the animals remained acyclic, only few 
animals showed behavioural estrus. To rear these sheep during March-April was a 
loss to farmers because they fed their animals without getting any suitable return. To 
bring animal into cyclicity and to get lamb from acyclic sheep during this breeding 
season a proslaglandin treatment (PGF2α injection @ 7.5 mg intramuscularly) was 
given at the interval of 10 days between first and second injection. 

RESULTS AND SISCUSSION 
Crop production 

In order to make available basket of technologies to the farmers, 750 
interventions in Kharif and 612 interventions in Rabi as Verification Trials and On 
Farm Trials were carried out for assessment and refinement of improved technologies 
during 1998-2005. During the project period, On Farm Trial (OFT) and Verification 
Trial (VT) pertaining to crop production were conducted in both Kharif and Rabi 
seasons. OFT & VT on improved varieties of pearl millet, sorghum, green gram, 
groundnut, wheat, barley, mustard and gram and balance use of fertilizer in 
pearlmillet, sorghum, wheat and barley, were carried out. It was observed that the 
improved varieties of all crops resulted with 25.01% higher grain yield as compared 
to traditional/local varieties with Rs. 11683 as a net return per hectare and a B:C of 
2.41. While balance use of NPK fertilizers produced 20.21% higher grain yield with 
a net return of Rs. 8000 and a B:C of 2.02 over the farmer’s traditional management 
practices (Table 1). The highest percentage increase in yield (53.09%) was observed 
under mustard by adopting Bio-902 variety over other crop varieties every year. 
Barley registered the highest yield (26.94%) as compared to other crops with the 
application of balance use of fertilizers. These findings are in close agreement with 
the results observed by Dhaka and Mann (2002), Mann et al. (2004) and Nikhade et  
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Table 1. Average productivity of crops during the project period by adoption of 
improved varieties and balance use of fertilizers as Verification Trial and  

On Farm Trial in semi-arid regions. 
Technological 
Intervention Treatments Grain yield

(q/ha) 
Per cent 
increase 

Net returns 
(Rs/ha) BCR 

T1- local variety 19.27 - 8627 3.01 Field testing of 
improved variety of 
pearlmillet T2- ICMH356 22.96 19.17 10783 3.38 

T1- local variety. 16.30 - 6430 1.92 Field testing of 
improved variety of 
sorghum  T2- CSV-10 23.50 44.17 10500 2.92 

T1- local variety 11.22 - 9135 2.04 
T2- K-851 14.22 26.71 12039 2.74 

Field testing of 
improved varieties 
of green gram  T3- RMG – 62 13.00 15.69 11602 2.71 

T1- local variety 12.88 - 5645 1.46 Field testing of 
improved variety of 
groundnut T2- Somanath 14.87 14.13 6483 1.88 

T1- local variety 44.25 - 15627 2.34 
T2- RAJ-3077 50.87 20.31 19091 2.58 

Field testing of 
improved varieties 
of wheat T3- RAJ-3765 51.65 16.69 18052 2.50 

T1- local variety 47.60 - 11742 2.22 Field testing of 
improved variety of 
barley T2- RD- 2035 54.72 15.60 13744 2.45 

T1- local variety 13.10 - 13132 2.63 
T2- RH-30 17.40 33.07 19384 3.51 

Field testing of 
improved variety of 
mustard T3- Bio-902 20.02 53.09 23177 4.04 

T1- local variety 10.86 - 8007 1.76 Field testing of 
improved variety of 
gram T2- GNG-663 13.02 16.42 10461 2.04 

T1- 40+20+0 18.25 - 4721 1.77 
T2- 60+30+0 21.76 19.32 5643 1.92 

Balance use of 
fertilizer in pearl 
millet 

T3- 90+45+0 24.50 24.36 5856 2.25 
T1- Farmer’s practice 119.40 - 7999 1.98 Balanced use of 

fertilizer in 
sorghum 

T2- 40+20+0 135.70 13.65 9360 2.05 

T1- 50+30+0 45.16 - 15738 2.27 Balanced use of 
fertilizer in wheat T2- 90+30+0 52.86 16.80 17560 2.45 

T1- Farmer’s practice 43.80 - 5110 1.68 Balanced use of 
fertilizer in barley T2- 60+20+0 55.60 26.94 6025 1.78 

 
al. (1997). Field-testing of improved variety of crops and balance use of fertilizers 
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resulted with an increase of yield at farmers’ fields to the tune of 20-25% over farmer 
practice (Anonymous, 2005). 
Animal health 

In sheep health four interventions on disease management were taken and 
verification trials were carried out over the years in farmer’s sheep flock and it was 
observed that numbers of sheep were found positive regarding the endo-parasitic and 
ecto-parasitic load. On an average 3505, 547, 3562 and 3163 number of sheep were 
treated or vaccinated against endo-parasites, ecto-parasites, sheep pox and E. T., 
respectively every year. The morbidity and mortality percentage was observed higher 
under E.T. Average morbidity and mortality over the years was 31.01 and 3.10 per 
cent, respectively (Table 2). The highest morbidity and mortality percentage was 
observed during the year 2004-05 and 2002-03, respectively. 

Table 2. Year wise details of morbidity and 
mortality. 

Year Morbidity (%) Mortality (%) 

2000-01 8.59 2.37 

2001-02 24.60 0.17 

2002-03 36.66 4.87 

2003-04 42.58 4.12 

2004-05 42.62 3.98 

Average 31.01 3.10 

Animal Breeding & Genetics 
Progenies of distributed rams and information on production performance were 

simultaneously recorded. Growth and wool performance of progenies of distributed 
rams showed superiority trend over base line study. Distributed rams of Malpura 
breed was fully utilized by the farmers and showed their satisfaction towards 
supplied rams. It was observed that the farmers of project area were more interested 
in improved rams of Malpura (Native breed) rather than crossbred rams. The 
performance of breeding rams showed good results at farmers’ flocks. The 
performances of the lambs born over the years was recorded and observed 7.42 and 
16.2 percent increase in body weight at birth and six month of age over farmer’s 
practice. The wool yield of sheep from the progenies of distributed rams was 
increased by 14.6% over farmer’s practice (Table 3). The increase in performance of 
progenies was under same management adopted before starting of the project. This 
clearly indicated that performance improvement was without any extra input. 
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Table 3. Performance of Progenies born out from distributed rams. 

Traits Lamb Birth 
Weight (kg) 

Lamb 6 Month 
Weight (kg) 

Wool yield (g) / 
clip/animal 

Farmer’s practice:- 
indiscriminate use of 
breeding 

3.37 18.20 461.88 

Discriminate use of 
superior breeding rams 

3.62 21.15 529.11 

Percent increase 7.42 16.21 14.55 

Animal Nutrition 
The herbage yield of rangeland was recorded as 8.24 quintal dry matter/ha 

which seemed insufficient for ewes in their advance pregnancy and early lactation. 
The data on lambs born from the ewes selected from the farmers’ flocks in their 
advance pregnancy showed that the birth weights of lambs in T2, T3 and T4 were 
higher than in T1 (Table 5). The percentage increase in body weights of lambs in T2, 
T3 and T4 was 30.1, 14.2 and 23.8 % respectively which was higher over T1 with a 
net return of Rs. 466.00, 298.00 and 369.00 respectively against Rs. 231.00 in T1. 
The BCR was in the same order as net return per animal (Table 4). Supplementation 
of concentrate to ewes during later part of pregnancy to early part of lactation 
improved the milk production and general health of the sheep. The milk yield of the 
lactating ewes increased up to 150-250 mL per day due to concentrate 
supplementation. Thus the supplementary feeding of ewes during critical stages of 
production is beneficial as it enhances birth weight, growth rate as well as the general 
condition of lambs born from the supplemented ewes. The method of preparing the 
cheaper and nutritious concentrate mixture using locally available feed ingredients 
was also demonstrated to the farmers.   

Table 4. Improvement in productivity of lambs born from experimental ewes. 

Treatments 
Birth 

weight 
(kg) 

Percent 
increase in 

birth weight 

Net return 
(Rs/animal) 

BCR 
(additional input-

output basis) 
T1- No supplementation 3.02 - 231.00 - 
T2- Supplementation during 
later part of pregnancy only 

3.93 30.10 466.00 4.92 

T3- Supplementation during 
early part of lactation only 

3.45 14.20 298.00 2.12 

T4-Supplementation through 
out later quarter of 
pregnancy to early part of 
lactation 

3.74 23.80 369.00 2.15 
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Animal Physiology 
Management of infertility in animals through induction of estrous in acyclic 

ewes was carried out in the project area. Three adapted flocks were used for 
synchronization of estrus in sheep during March-April breeding season at farmer’s 
flock. Synchronization of estrus was also done in cows and buffaloes. Those ewes 
that were identified as acyclic, treated with two PGF2α injection @ 7.5 mg 
intramuscularly at the interval of 10 days between first and second injection. The 
estrous response and conception rate of ewes, cows and buffaloes were found to be 
88.88, 75.00 and 100.00 percent, respectively over the last three years (Table 5). 

Table 5. Induction of estrus in ewes, cows and buffaloes 

Animals Ewes Cows Buffaloes 
Number of animals treated 18 12 5 
Exhibited signs of estrus after first injection of PG 13 5 3 
Exhibited signs of estrus after second injection of PG 
(after 10 days) 

3 4 2 

Estrus response (%) 88.88 75.00 100.00 
% Conception 88.88 75.00 100.00 

Impact of technologies in the project area 
On knowledge level 

Knowledge level of the farmers before project implementation and after three 
years of implementation was measured and compared by applying dependent ‘t’ test.  
It was obvious from the table that computed value of ‘t’ 39.23 was statistically 
significant at 1% probability level (Table 6). It means there was significant increase 
in knowledge level of the farmers due to TAR-IVLP project. This showed positive 
impact of TAR-IVLP project on knowledge of the farmers.                                                                                     

Table 6. Comparison between knowledge levels of the farmers about 
Improved Farming Practices in TAR-IVLP Project Area. 

Mean Score 

Before project 
implementation 

After three years of 
implementation 

 
Calculated ‘t’ value 

9.53 20.45 39.23** 
** significant at 1% probability level. The calculated value of t’ was compared by the critical value 2.60. 
(n=93) 
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On adoption level  
Adoption level of the farmers before project implementation and after three 

years of implementation was measured and compared by applying dependent ‘t’ test.  
It is obvious from the table that computed value of ‘t’ 37.9 was statistically 
significant at 1% probability level (Table 7). It means there was significant 
development in adoption status of improved farming practices after the 
implementation of the project.                                                                                                              

Table 7. Adoption level of farmers in TAR-IVLP area before  
and after the implementation of project. 

Mean Score 

Before project 
implementation 

After three years of  
implementation 

Calculated ‘t’ 
value 

18.87 73.42 37.90** 

** significant at 1% probability level. The calculated value of ‘t’ was compared by the critical value 
2.60. (n=93) 

CONCLUSION 
The TAR-IVLP is an innovative and farmer’s friendly project to ensure and 

allow farmers to cooperate and participate in all the spheres of agriculture along with 
the agriculture scientists to get advantages. In this, farmers have an opportunity to 
participate at every step of technology generation, assessment and refinement so that 
they can be acknowledged with the activities at their own fields.  In this project 
farmers can share their problems related to farming activities for refinement at their 
own fields with the subject matter specialists for getting the desired matured 
solutions. Hence, the tested or assessed technologies can be extrapolated to similar 
production systems in semi-arid regions without any doubt. TAR-IVLP is a best 
example of team spirit, which gives a new push to farming strategies and it works as 
a spring board for take off technologies that failed to meet the technology needs of 
specific production system.  TAR-IVLP emphasizes in identifying the problems of 
micro farming situation and solutions for specific problems through participation of 
the farmers that would enhance production and profitability of the production system 
and also imparting stability and sustainability in the agro-ecosystem. The concept 
behind TAR-IVLP project lies in a faster technology development, dissemination and 
adoption by the way of testing technologies under situations where it is to be adopted 
with full involvement of its end users with their resources.  
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EFFECT OF SUCROSE AND PH ON THE VASE LIFE OF 
GLADIOLUS FLOWER 

F.N. Khan1, L. Yasmin2, T.A.A. Nasrin3, M.J. Hossain4 and P.C. Golder5

ABSTRACT 

A study was conducted at the Floriculture Laboratory, 
Horticulture Research Centre (HRC), Bangladesh Agricultural 
Research Institute (BARI) in two consecutive seasons, March, 
2003 and 2004 to determine the optimum level of sucrose 
concentration and pH to extend the vase life of gladiolus flower. 
Larger flower (6.44 cm) had the maximum vase life (8.23 days) 
and no infection (0%) of vase solution at pH 3.0. Moreover, at 
this pH 3.0, each flower stick absorbed maximum water (48.9 g) 
and 87.5% florets were fully opened. The highest percentage 
(88.8%) of florets was opened in 4.5% sucrose solution which 
was statistically similar to 1.5% and 3.0% sucrose solutions. 
Lowest infection percentage (1.91%) was observed in 4.5% 
sucrose solution. Flowers in 3.0% sucrose solution took 
maximum days to 50% florets senescence (8.47 days) which 
was statistically identical to 4.5% sucrose solution. Low pH 
coupled with 3.0% sucrose solution showed the highest 
percentage of floret opening (91.4%) which was statistically 
similar to low pH with 4.5% (89.0%) and 1.5% (88.7%) sucrose 
solutions. Poor performance was observed for the vase solution 
having high pH (7.0) and without sucrose. 
Key words: Gladiolus, vase life, sucrose and PH

INTRODUCTION 
Gladiolus (Gladiolus sp.) is an important cut flower grown in many countries 

of the world including Bangladesh. It has a great economic value and wide market in 
the country. Most of the cut flowers are highly perishable due to high respiration rate 
and excessive weight loss. Enhancement of vase life of cut flowers is an important 
area in horticultural research. Since, gladiolus has many florets which open 
                                                 
1 Senior Scientific Officer, Floriculture Division, HRC, BARI, Gazipur, Bangladesh 
2 Scientific Officer, Plant Pathology Section, HRC, BARI, Gazipur, Bangladesh 
3 Scientific Officer, Post Harvest Section, HRC, BARI, Gazipur, Bangladesh 
4 Principal Scientific Officer, Tissue culture Lab, HRC, BARI, Gazipur, Bangladesh 
5 Principal Scientific Officer, BARC, Dhaka, Bangladesh 
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sequentially, extension of shelf life of the flower can help the flower industry and 
also for home consumers. The vase life of gladiolus is about 6-7 days under normal 
conditions (Reddy and Murali, 1994). Sucrose serves as a respiratory substrate and 
prevents desiccation to a certain extent and probably replaces the depleted natural 
carbohydrates and eliminates the breakdown of other organic compounds (Marousky, 
1968). Exogenous application of sugars and hormones in vase solution or pulse 
solution retained and prolonged quality of roses and carnation cut flowers (Acock 
and Nichols, 1979; Marousky, 1969). Further, water uptake increases with reducing 
pH of the solution. Another advantage of low pH is the reduction of pathogen 
development (Nell & Reid, 2000). The source of energy associated with low pH may 
be beneficial for extending the vase life of gladiolus flowers. A systematic research 
result for extending the vase life of gladiolus is scanty. So, the experiment was 
undertaken to determine the optimum sucrose concentration and pH for extending 
vase life of gladiolus flower. 

MATERIALS AND METHODS 
This experiment was conducted at the Floriculture Laboratory, Horticulture 

Research Centre (HRC), Bangladesh Agricultural Research Institute (BARI) in two 
consecutive years March, 2003 and 2004. Gladiolus spikes of 70 to 80 cm lengths 
were selected from the recommended variety BARI Gladiolus-1. Spikes were 
harvested when two or three basal floret started opening. Three spikes were randomly 
selected for each treatment and the treatments were replicated three times. The 
experiment was laid out in CRD factorial. There were two factors, two levels of pH 
(3.0 & 7.0) and four levels of sucrose (0, 1.5%, 3.0% & 4.5%). Normal water was 
used in the experiment with PH measured at 7.0. By adding citric acid the PH of 
another solution was adjusted to 3.0. After recording the fresh weight, three spikes 
were placed in 500 ml Erlenmeyer flask containing 400 ml of vase solution. Data 
were recorded on percentage of floret opening, days taken to deterioration, number of 
infected florets, water uptake by spikes (g/spike), water loss (g/spike), changes in 
fresh weight and vase life (days). Recorded data were statistically analyzed and mean 
comparison was carried out by DMRT.   

RESULTS AND DISCUSSION 
Effect of pH

Flower diameter, days taken to deterioration, infection percentage, vase life 
and water uptake per stick showed significant variation (Table 1 & Fig.1). Larger 
flower (6.44 cm) and no infection were recorded at pH 3.0 whereas smaller flower 
(5.56 cm) and higher infection (10.9%) was found at pH 7.0. Deterioration of flowers 
and 50% floret senescence started earlier by 4.33 and 7.48 days, respectively at pH 
7.0 while these were a little bit delayed (4.88 & 8.23 days, respectively) at pH 3.0. At 
low pH, flower stick absorbed more water (48.9 g) than that at higher pH (35.5 g) in 8 
days. Similar results were observed by Choi and Roh (1980). They found that water 
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uptake by the stems was increased by lowering the pH to 3.5 with citric acid and as a 
result, vase life was increased. The percent floret opening and water loss by the 
flower stick did not vary significantly. However, at pH 3.0, 87.45 % floret was fully 
opened in whole vase life and the minimum water loss was 49.83g against 84.98% 
opened floret and the maximum water loss of 51.18g at pH 7.0. Lower pH of the 
solution showed better performance because it increased water uptake and reduced 
pathogen development.        

uptake by the stems was increased by lowering the pH to 3.5 with citric acid and as a 
result, vase life was increased. The percent floret opening and water loss by the 
flower stick did not vary significantly. However, at pH 3.0, 87.45 % floret was fully 
opened in whole vase life and the minimum water loss was 49.83g against 84.98% 
opened floret and the maximum water loss of 51.18g at pH 7.0. Lower pH of the 
solution showed better performance because it increased water uptake and reduced 
pathogen development.        

Table 1. Post harvest physiology and quality of gladiolus  Table 1. Post harvest physiology and quality of gladiolus  
affected by pH of vase solution. affected by p

Floret Floret Water  Water  

H of vase solution. 

pH levels 
opening 

(%) 
diameter 

(cm) 
deterioration 

started 
(days) 

uptake in 8 
days 

(g/spike) 

loss in 8 
days 

(g/spike) 

Vase 
lifez 

(days) 

pH 3.0 87.45 6.44 4.88 48.85 49.83 8.23 
pH 7.0 84.98 5.56 4.33 35.52 51.18 7.48 
Level of 
significance 

NS ** ** ** NS ** 

CV (%) 1.66 8.25 4.84 7.38 5.69 2.38 
Means with the same letters are not significantly different at 5% (*) or 1% (**) level by DMRT     
NS- Not Significant,  zconsidering 50% floret senescence. 
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Figure 1. Effect of PH on infection of gladiolus flower 
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Effect of sucrose 
 Effects of sucrose concentrations on post harvest physiology and quality of 

gladiolus are shown in table 2. The highest percentage of florets opened in 4.5% 
sucrose solution (88.8%) which was statistically identical with 3.0% and 1.5% 
sucrose solutions (86.8% & 86.6%, respectively). Larger flower (6.56 cm) was 
recorded in 1.5% sucrose solution which was statistically similar with that of 3.0% 
and 4.5% sucrose solutions (6.04 cm & 6.25 cm, respectively). Deterioration of 
flowers was started earliest by 3.97 days in the control treatment which was 
statistically inferior to other treatments which varied from 4.67 to 4.97 days. The 
lowest percentage of infection (1.4) was observed in 3.0% sucrose solution, which 
was statistically similar to that in 1.5% and 4.5% sucrose solutians (Figure 2). 
Flowers held in 1.5% sucrose solution absorbed maximum water (45.4g) which was 
statistically similar to that of 3.0% and 4.5% sucrose solutions against the minimum 
in control treatment (38.8g). The maximum water loss was 54.0g in 1.5% sucrose 
solution and the minimum was 47.9g in 4.5% sucrose solution. Bravdo et al. (1974) 
also found that sucrose improved water balance in cut gladioli. Flowers held in 3.0% 
sucrose solution showed the maximum vase life (8.47 days) compared to others 
which was statistically identical with that of 4.5% sucrose solution (8.13 days). On 
the other hand, control took the minimum days (6.97 days) for the same. These 
results indicated that sucrose was effective in improving the vase life. Sugar probably 
reduced moisture stress in cut flowers by affecting stomatal closure, preventing 
transpiration and water loss (Aarts, 1957). The findings of the experiment were 
further supported by those of Khondakar and Mazumdar (1985).  

 
Table 2. Post harvest physiology and quality of gladiolus affected by  

sucrose concentration of vase solution. 
Flower  Sucrose 

levels (%) 
Floret 

opening 
(%) 

diameter 
(cm) 

deterioration 
started (days)

Water 
uptake in 8 

days 
(g/spike) 

Water loss 
in 8 days 
(g/spike) 

 Vase lifez 
(days) 

1.5 86.58 ab 6.56 a 4.67 a 45.44 a 53.96 a 7.87 b 
3.0 86.76 ab 6.04 a 4.97 a 43.82 ab 51.25 ab 8.47 a 
4.5 88.84 a 6.25 a 4.83 a 40.73 ab 47.91 b 8.13 ab 
Control (0) 82.68 b 5.16 b 3.97 b 38.76 b 48.90 ab 6.97 c 
Level of 
significance 

* ** ** ** * ** 

CV% 1.66 8.25 4.84 7.38 5.69 2.38 
Means with the same letters are not significantly different at 5% (*) or 1% (**) levels. zconsidering 
50% floret senescence. 
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Figure 2. Effect of sucrose on infection of gladiolus flower 

Table 3. Interaction effect of pH and sucrose concentration of vase solution on 
post harvest physiology and quality of gladiolus. 

Treatment 
combinations 

Flower  

PH Sucrose 
(%) 

Floret 
opening 

(%) Diameter 
(cm) 

Deterioration 
started (days)

Water 
uptake in 8 

days (g/spike)

Water loss 
in 8 days 
(g/spike) 

 Vase   
lifez 

(days) 

3.0 1.5 88.67  a 6.56 5.0 53.36 a 53.12 abc 8.27 
 3.0 91.35  a 6.61 5.27 54.11 a 53.90 ab 8.87 
 4.5 89.01  a 7.20 5.13 49.81 a 47.58 d 8.53 
 0 83.17  b 5.38 4.13 38.13 b 44.71 d 7.27 

1.5 82.17  b 5.91 4.33 37.52 b 54.80 a 7.47 
3.0 86.54 ab 5.47 4.67 33.52 bc 48.59 bcd 8.07 
4.5 86.62 ab 5.93 4.53 31.66 c 48.24 cd 7.73 

7.0 

0 82.20  b 4.93 3.80 39.39 b 53.08 abc 6.67 
Level of 
significance 

* NS NS ** ** NS 

CV% 1.66 8.25 4.84 7.38 5.69 2.38 

Means with the same letter are not significantly different at 5% (*) and 1% (**) levels. NS- Not 
Significant,  zconsidering 50% floret senescence 



16  F.N. KHAN et al. 

 Interaction effect 
Percent floret opening, infection percentage, water uptake and loss were 

significantly influenced by different combination of pH and sucrose level (Table 3 & 
Fig. 3). The highest percent of florets (91.4%) were opened at pH 3.0 combined with  
3.0% sucrose solution which was statistically identical to that at pH 3.0 with 4.5% and 
1.5% sucrose solution (89.0% and 88.7%, respectively) and also at pH 7.0 with 4.5% 
and 3.0% sucrose solution (86.6% and 86.5%, respectively). The lowest number of 
florets was recorded at pH 7.0 with 1.5% sucrose solution and at pH level combined 
with control treatment. No infection was recorded at pH 3.0 in all sucrose levels 
including control. On the other hand, most of the sucrose levels at pH 7.0 showed 
infection with the maximum in control. The water loss and uptake ratio was 
minimum for the spikes held at pH 3.0 combined with all levels of sucrose. Similar 
results were reported by Reddy et al. (1994).   
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Figure 3. Interaction effect of PH and sucrose on infection of gladiolus flower 

At pH 3.0 it was found that the fresh weight of spikes held in tap water (control) 
increased (about 27% over the initial weight) by the 3rd day of vase life and then 
decreased suddenly below the initial weight on the 6th day (Fig. 4). Whereas, the 
fresh weight of spikes held in a vase solution containing different concentrations of 
sucrose was increased upto 4th day of vase life but it did not decline below the initial 
weight. These results indicate that at pH 3.0 combined with different concentrations 
of sucrose help spikes to maintain their fresh weight. On the other hand, at pH 7.0 the  
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fresh weight of spikes held in vase solution increased from 3rd day of vase life (Fig. 
5). In different sucrose solution declining weight below the initial weight was 
recorded before one day than control. It may be due to sucrose alone that tended to 
promote microbial growth (Nair et al., 2003) which was responsible for vascular 
blockage.  

CONCLUSION 
From the above results, it was found that pH 3.0 with 3.0% and 4.5% sucrose 

solution showed better performance on vase life of BARI gladiolus-1 in respect of 
most of the parameters. So, a vase solution containing 3% sucrose and having a pH of 
3.0 may be recommended to extend the vase life of BARI gladiolus-1 variety. 
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TAXONOMIC COMPARISON OF LOCAL AND THAI KOI 
(Anabas testudineus, Bloch) FROM KHULNA, 

BANGLADESH 

Bhabananda Biswas1 and Md. Saifuddin Shah2

ABSTRACT 

Two different strains (local and Thai) of climbing perch, Anabas 
testudineus are found in Bangladesh. The taxonomic 
comparison was made between the two strains collected from 
Khulna, Bangladesh from September to December, 2008. The 
comparison was carried out on morphometric, meristic and 
nonparametic data of the strains. The morphometric 
characteristics were higher in Thai koi than local koi; and among 
them, pre-dorsal length, post-orbital length, least peduncle 
depth, length of caudal peduncle, length of 2nd dorsal fin base, 
length of 1st and 2nd anal fin base, length of chest, length of 
upper jaw and length of pelvic spine were found significantly 
different (p<0.05).  Proportion of total length and standard 
length, standard length and body depth, head length and eye 
diameter, head length and snout length, head length and post-
orbital length, standard length and 1st dorsal fin base length were 
significantly different (p<0.05) between the two strains. Among 
the meristic characteristics, number of anal spines, dorsal fin 
rays, anal fin rays, scale on upper lateral line, and scale above 
lateral line were found significantly different between the two 
strains (p<0.05). The body spots and the colour at pelvic fin 
region were also significantly different (p<0.05).   
Keywords: Anabas testudineus, local koi, Thai koi, taxonomic 

characteristics. 

INTRODUCTION 
The species climbing perch is scientifically recognized by Bloch (1792) and 

termed it Anabas testudineus based on its classification under the family 
Anabantidae. A. testudineus is distributed throughout the Asia, mainly as different 
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strains in Bangladesh, India, Thailand, Myanmar, Sri Lanka, Nepal and other Asian 
countries (Axelrod et al., 1971; Talwar & Jhingran, 1991). Members of many 
perciform families are largely restricted to freshwater habitat in Bangladesh and koi 
(A. testudineus) is the major one among them (Rahman, 2005). However, taxonomic 
ambiguity is still present in A. testudineus as Bleeker (1855) reported Thai koi as a 
variety of A. testudineus and Axelrod (1974) described it A. oligolepis though the 
name A. oligolepis is no longer used and A. testudineus is widely used for both the 
varieties.  

Thai koi was first introduced in Bangladesh around 2002 (Rahman, 2005; 
BFRI, 2006). As Thai koi competes and breeds with local koi in open waterbodies 
being escaped from unfenced ponds (Biswas, 2009), it’s inevitable to investigate their 
taxonomic characters to provide significant tools for further consequences of their 
cross-breeding. This study will also add valuable morphological information of these 
two strains of koi available in Bangladesh.  

There are some investigations on the taxonomic characters as well as 
comparative morphological studies on A. testudineus (Rao, 1968; Sterba, 1973; 
Rahman, 2005). However, the study is scanty on the taxonomic comparison of the 
two strains in Bangladesh. A study on taxonomic accounts of only local koi was done 
by Hassan (2004) and Hassan et al. (2005). Hence, in the present study, a detailed 
taxonomic comparison on their parametric and non-parametric characters was made 
between the local and Thai strain of A. testudineus collected from Khulna district, 
Bangladesh. 

MATERIALS AND METHODS 
Collection of sample 
 Samples of local and Thai strain of A. testudineus were collected from the 
different ponds located in Khulna during the months of September to December, 
2008. A total of 30 mature specimens were collected from each strain. After 
collecting the specimens, the fishes were brought to the Fish Biology Laboratory of 
Fisheries and Marine Resources Technology Discipline, Khulna University.  
Preservation of sample 
 The samples were analyzed in live condition and without using any 
preservative for qualitative data. Afterwards, samples were labeled and preserved in 
5% formalin for further study. 
Morphometric and meristic data measurement 

Data on both morphometric and meristic characters were recorded (Lagler et 
al., 1977). The morphometric characters viz., total length (LT), standard length (LS), 
head length, depth of body, pre-dorsal length, post orbital length, pre-orbital length, 
eye diameter, length of the base of 1st (spinous) dorsal fin, length of base of 2nd (soft) 
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dorsal fin, least depth of caudal peduncle, length of caudal peduncle, length of base 
of 1st and 2nd anal fin, length of chest, length of upper jaw and length of pelvic spine 
were recorded separately. The countable characteristics such as number of dorsal 
spine or 1st dorsal fin rays, number of soft or 2nd dorsal fin rays, number of pectoral 
fin rays, number of anal spine or 1st anal fin rays, number of soft or 2nd anal fin rays, 
caudal fin rays (excluding rudiments), number of pelvic fin rays (excluding the 
spine), number of scale above and below lateral line, number of scale on lateral line 
(lateral line of A. testudineus is broken (Rahman, 2005). In the present study, the 
lateral line was recorded separately as upper lateral line and lower lateral line and the 
sum of the scale of the two lines was the number of scale on lateral line. Three non-
parametric (qualitative) characteristics (body spot, spot on the caudal fin base and 
colour of pelvic fin base region were also studied 
Data analysis 
 Comparison of various morphometric and meristic data of the two strains was 
done by t-test. However, to compare the qualitative characteristics Mann-Whitney 
test was performed by using SPSS 12.0 for Windows. 

RESULTS AND DISCUSSION 
From September to December the koi was found to have a wide range of 

variation in size. Therefore, for the convenience of morphological studies, the mature 
specimens of both the strains were studied separately.  

Average LT of local koi was found 11.48±1.64 cm ranging from 9.60 cm to 
14.70 cm whereas the LT of Thai koi was found 13.65±1.83 cm ranging from 11.0 cm 
to17.20 cm. The difference in LT as well as in Standard length (LS) (9.14±1.33 cm in 
local and 11.13±1.48 cm in Thai koi) of the two strains was significant (p<0.05). 
Most of the other morphometric characteristics differed significantly between the two 
strains (p<0.05) having greater value in Thai koi among which pre-dorsal length, 
post-orbital length, least peduncle depth, length of caudal peduncle, length of 2nd 
dorsal fin base, length of 1st and 2nd anal fin base, length of chest, length of upper jaw 
and length of pelvic spine were noticed.  However, other morphometric 
characteristics viz., body depth, snout length and length of 1st dorsal fin base of the 
two strains were not significantly different (p>0.05) though in every case, values 
were higher in Thai koi than the local (body depth 3.22±0.34 cm (local) and 
3.43±0.57 cm (Thai); snout length 0.71±0.09 cm (local) and 0.73±0.10 cm (Thai) and 
length of 1st dorsal fin base 4.43±0.67 cm (local) and 4.97±0.51 cm in Thai) (Table 
1). 

 



Table 1. Average morphometric characteristics of local and Thai koi populations in Khulna district. 

Strain Total length Standard 
length Body depth Pre-dorsal 

length 
Snout 
length 

Postorbital 
length 

Eye 
diameter

Head 
length 

Least 
peduncle 

depth 

Local 11.48±1.64a 9.14±1.33a 3.22±0.34a 3.10±0.36a 0.71±0.09a 1.76±0.21a 0.72±0.04a 3.00±0.31a 1.49±0.22a

Thai 13.65±1.83b 11.13±1.48b 3.43±0.57a 3.52±0.43b 0.73±0.10a 2.24±0.49b 0.74±0.07a 3.58±0.55b 1.67±0.21b

Length 

Strain Caudal 
peduncle 

1st dorsal fin 
base 

2nd dorsal fin 
base 

1st anal fin 
base 

2nd anal fin 
base chest upper jaw pelvic fin spine

Local 1.09±0.18a 4.43±0.67a 1.07±0.16a 2.41±0.39a 1.26±0.19a 2.00±0.31a 1.14±0.13a 0.92±0.12a

Thai 1.37±0.26b 4.97±0.51a 1.60±0.26b 2.68±0.38b 1.68±0.21b 2.38±0.46b 1.26±0.17b 1.19±0.18b

Differences in superscript letters denote significant variation (p<0.05) in means 
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In the present study, among the morphometric characteristics, standard length, 
head length, body depth and eye diameter were found very similar to the observation 
of Hassan (2004) and Hassan et al. (2005). However, total length slightly differed 
from Hassan et al. (2005) but was same to the result of Hassan (2004). As the 
morphometric variations may come from age, food and physiological conditions of 
fish, the proportion between morphometric characters as well as meristic characters 
need to be justified for the accuracy of taxonomic identity of the species. There was 
significant difference between the proportion of total length and standard length in 
the two strains (p<0.05). Like this, proportion of standard length and body depth, 
head length and eye diameter, head length and snout length, head length and post-
orbital length, standard length and 1st dorsal fin base length were found significantly 
different between local and Thai koi. However, proportion of standard length and 
head length did not differ significantly (p>0.05) (Table 2). The results of proportion 
of some morphometric characteristics of local koi match with the observation of 
Hassan et al. (2005) whereas no records of Thai koi from Bangladesh were found to 
compare for this character. 

Table 2. Different morphometric proportion of local and Thai koi populations 
in Khulna district. 

Strain TL:SL SL: HL SL: BD HL: ED HL: Snout
Length 

HL: 
Postorbital 

Length 

SL:1st 
dorsal fin 

base 

Local 1.26± 0.03a 3.03±0.16a 2.84±0.24a 4.19±0.40a 4.26±0.35a 1.71±0.07a 2.07±0.09a

Thai 1.23± 0.03b 3.12±0.19a 3.27±0.32b 4.83±0.68b 4.93±0.68b 1.62±0.12b 2.24±0.21b

TL: Total length; SL: Standard Length; HL: Head Length; BD: Body depths; ED: Eye diameter. 

Among the meristic characteristics, number of anal spines, dorsal fin rays, anal 
fin rays, scale on upper lateral line, and scale above lateral line were found 
significantly different between the two strains of koi (p<0.05) (anal spine 9.97±0.32 
(local) and 9.08±0.39 (Thai); dorsal fin ray 8.77±0.43 (local) and 9.69±0.55 (Thai); 
anal fin ray 10.63±0.49 (local) and 10.31±0.68 (Thai); scale on upper lateral line 
17.20±1.06 (local) and 16.08±0.98 (Thai); scale below lateral line 10.80±0.76 (local) 
and 9.73±0.67 in Thai koi) (Table 3). Hassan (2004) and Hassan et al. (2005) 
reported similar meristic characters of local koi except the number of dorsal spines as 
they reported 9.56±0.65 and 9.00±0.74 respectively whereas it was 16.90±0.61 in the 
present study that is supported by Rahman (2005). FishBase (2007) also supports the 
present value of the number of dorsal spines of Thai koi (17.08±0.48).  



 

Table 3.  Average meristic characteristics of local and Thai koi populations in Khulna district 

Strain Dorsal 
spine 

Anal 
spine 

Dorsal fin 
ray 

Anal fin 
ray 

Pectoral 
fin ray 

Caudal fin 
ray 

Pelvic fin 
ray 

Scale on 
the upper 
lateral line

Scale on 
the lower 

lateral line

Scale on 
lateral line

Scale 
above 
lateral 

line 

Scale 
below 

lateral line

Local 16.90±0.61a 9.97±0.32a 8.77±0.43a 10.63±0.49a 15.50±0.57a 16.40±0.56a 5.03±0.18a 17.20±1.06a 10.60±0.93a 27.80±1.19a 4.00±0.26a 10.80±0.76a

Thai 17.08±0.48a 9.08±0.39b 9.69±0.55b 10.31±0.68b 15.65±0.89a 16.54±0.71a 5.00±0.00a 16.08±0.98b 11.15±1.35a 27.23±1.73a 3.88±0.33a 9.73±0.67b

Differences in superscript letters denote significant variation (p<0.05) in means 
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The local koi had no body spots whereas Thai koi possessed body spots all 
over the body surface (92.3%) and in some cases limited spots were found (7.69%) 
(Photo 1). Spots on the base of caudal fin were found in various patterns and some 
had no spots in both the strains. In most cases, black spot was found on both side of 
the peduncle (63.33% for local and 46.15% for Thai koi). The colour of pelvic fin 
base region was yellowish (63.33%) and whitish to yellowish (36.67%) in the local 
koi. In contrast, yellowish pelvic fin base was not found in Thai koi in the present 
investigation but whitish to yellowish (53.85%) and whitish (46.15%) (Fig. 1 & 
Photo 2). Among these nonparametric characteristics the body spots and the colour at 
pelvic fin region were found significantly different (p<0.05). Although no statistical 
non-parametric characters of two strains are available in literatures, Hoq (2006) 
reported the absence of body spot of local koi and its presence in Thai koi. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Percentage of occurrence of non-parametric characteristics viz., body spot (A), 
spot on caudal fin base (B) and colour of pelvic fin base (C) of A. testudineus 
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Photo 1. Black spots on body surface of Thai koi and no spots on the body of local koi;  
A, Thai; B, local koi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 2. Two distinguished pelvic fin base 
color of local (A) and Thai (B); 
Dark=yellowish & Light=whitish
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Meristic and qualitative characters of two strains are considered more for 
distinguishing keys than morphometric characters though morphometric, meristic and 
qualitative have been considered in this investigation for getting a complete 
comparison. Axelrod (1974) identified Thai koi as A. oligolepis based on a higher 
body form and absence of spot at the base of the caudal fin. Rao (1968) with 
morphological characters and later Ramaseshaiah & Dutt (1984) with protein 
electrophoresis showed that there are two distinct species of koi and gave the name A. 
oligolepis to the second species. However, Bleeker (1855) and later FishBase (2007) 
described it as a variety of A. testudineus. In the present investigation, most of 
morphometric, meristic and qualitative characteristics showed that the local koi found 
in Khulna differed significantly from the Thai strain. However, there is still much 
scope to study with molecular techniques to distinguish different strains of A. 
testudineus to identify their taxonomic status.  
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ESTIMATION OF WATER LOSS FROM IRRIGATED 
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ABSTRACT 

This study was conducted in the Barind area under Rajshahi 
district of Bangladesh to estimate the irrigation water loss from 
irrigated rice fields. The study was carried out during three Boro 
seasons (the dry months in Bangladesh from December to April) 
of 1999, 2000 and 2001, and the two T. Aman seasons (the wet 
months from July to November) of 1999 and 2000. In most 
irrigation projects of this country huge amount of valuable 
irrigation water is lost through different processes from rice fields 
which need to be quantified to determine the actual water 
requirements of the crop. In the present study the principal 
losses of irrigation water were measured directly in rice fields.  
On an average, the evapotranspiration (ET) rate was 5.1 
mm/day and the seepage and percolation (S & P) rate was 4.2 
mm/day in Boro season. These two values demonstrated that 
55% of the applied water was needed for ET and the rest 45% is 
lost from the field as seepage and percolation. In T. Aman 
season, the evapotranspiration and S & P  rates were 5.2 and 
6.3 mm/day, respectively demonstrating that 45% of the applied 
water in rice field was needed for ET and the rest 55%  was lost 
from the field as seepage and percolation. Irrespective of 
seasons and years around 50% of the irrigation water is needed 
for ET and the rest 50% is lost through S & P annually from the 
double cropped rice fields. The water productivity was 0.58 
kg/m3

 of water in Boro season and 0.49 kg/m3
 in T. Aman 

season. The relative water supply (supply:demand) was 1.15 
and 0.90  in Boro and T. Aman seasons respectively. 
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INTRODUCTION 
There is a variation in water requirements depending upon the type of crops. 

Since rice is a semi-aquatic plant, it requires more water than most other crops (De 
Datta, 1981). Optimum yields of rice must satisfy the evapotranspiration needs of the 
crop and losses from the rice fields through seepage and percolation. 

The principal water losses from the rice fields are evaporation from the soil and 
water surfaces, by transpiration from the plants, by various processes of infiltration or 
percolation into and through the soil of the rice field and by seepage (Walker and 
Rushton 1986). It is generally believed that evapotranspiration, combined losses of 
water resulting from plant transpiration and surface evaporation, and infiltration or 
vertical percolation together account for most of the water used in the rice field. The 
movement of water horizontally into the bunds and then vertically downwards to 
groundwater through the undisturbed soil column within the bunds is termed lateral 
percolation (Walker, 1994). 

Some studies were conducted regarding the loss of irrigation water from rice 
fields. Bhuiyan (1982) reported that seepage and percolation (S & P) are site specific 
and depend on soil texture, water table depth, proximity to drainage outlet and 
farmer’s field water management status. Ghani (1978) reported that in addition to the 
above factors seepage and percolation at the field level are affected by puddling and 
standing water depth status of the rice fields and the crop growth stages. 

Walker and Rushton (1986) stated that where rice is grown by basin irrigation, 
under continuous flow, field water use efficiency is only 25 - 30%.  The principal 
loss is caused by lateral percolation, the movement of water from the flooded fields 
laterally into the bunds and then vertically down to the water table. Walker (1994) 
conducted studies in Indonesia on water requirement of rice and found that the mean 
daily evapotranspiration rate as measured by the closed lysimeters was 5.7 mm/day 
and the evapotranspiration plus the vertical percolation from the open lysimeters was 
7.3 mm/day, giving a mean vertical percolation rate of  1.6 mm/day. The results of 
these studies may not be suitable for application in Bangladesh situation. Because, 
the factors affecting evapotranspiration and seepage percolation rates may not be 
same as those in Indonesia. Mowla et al. (1992) carried out experiments in the 
Ganges-Kobadak (G-K) irrigation project area to determine the amount of water 
required for rice cultivation in wet season. They found that water needed for land 
preparation and growth period were 241 mm and 1453 mm, respectively including 
783 mm of rainfall. This study was conducted in a large scale gravity system 
irrigation project which is quite different from minor irrigation system. In minor 
irrigation system water is withdrawn from groundwater with a low capacity pump 
(generally 50 – 80 litre/sec) and it is a small unit. In large scale irrigation system 
generally surface water /river water is withdrawn with high capacity pump and the 
coverage is also high. Water is conveyed even a few kilometers away. As a result, the 
loss is very high compared to minor irrigation system resulting in low irrigation 
efficiency.  
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Ghani et al., (1990) reported that field level water use efficiency varied from 
36% to 69% in Aus season in a large scale irrigation project. These low efficiencies 
are due to excessive loss of water from rice fields as seepage and percolation. In large 
scale irrigation projects huge amount of water is lost during conveying water for long 
distance. The International Rice Research Institute (IRRI 2000) reported that the 
overall irrigation efficiency of the selected irrigation systems in major rice growing 
countries ranged from 30% to 65% and the water productivity ranged from 0.34 - 
0.68 kg of rice per m3 of water. The Bangladesh Rice Research Institute (BRRI, 
2006-07) reported that the water requirement of rice is around 800 -900 mm in T 
Aman season. Therefore, the present study was conducted to estimate the different 
methods of loss of water from irrigated rice fields.  

METHODOLOGY 
Study Sites 

A field experiment was conducted during 1999 to 2001 to measure crop water 
requirements and field losses. The principal losses of irrigation water from rice fields 
are evapotranspiration and seepage and percolation. The tests were carried out at 
Amtoli area of Godagari thana under Rajshahi district. This is a terrace land to the 
north-west of Rajshahi city.  The soil of the site is less permeable, which represents 
the typical Barind soil. The textural classes are clay loam and silty clay loam. Rice is 
predominantly grown in this area. The study area lies at north latitude and east 
longitude. Here the surface water potential is seasonal and very limited and 
consequently the area is drought prone. The average annual rainfall is 1645 mm 
(BMDA, 1995) and surface water availability is also limited. The agricultural 
development through surface water irrigation is practically impossible in this area. 
There is no storage facility of surface water for irrigation. Thus, irrigation is mainly 
dependent on groundwater extraction by means of tubewells. The Barind 
Multipurpose Development Authority (BMDA) has started exploiting the 
groundwater resources of Barind area since 1985.  
Instrumentation 

A rain gauge was installed at the experimental site at Amtoli. Another rain gauge 
and evaporation pan (Class A pan) were available at a nearby weather station located at 
Rajabari, which is about 2 km from the experimental site. The effective rainfall was 
calculated on the basis of daily field water depth, levee height (10 cm) around the 
plot and the amount of rainfall on the day. The excess water over 10 cm depth was 
considered as surface run-off. Effective rainfall was obtained by subtracting surface 
run-off from the total rainfall. Negative value of surface run-off  was considered as 
zero. The total irrigation water supply was added with the effective rainfall to obtain 
the total water supply to the experimental plots. 
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 The equation for effective rainfall is given below 
Surface run-off = Water depth in the plot (cm) + total rainfall (cm) – Levee height 

(10 cm) 
Effective Rainfall (cm) = Total rainfall – surface run-off. 

Three pairs of lysimeters were installed in three plots. These lysimeters were 
made locally from empty petrol drums. In each plot there was one pair of lysimeters, 
one closed bottom and one opened bottom. The dimension of the lysimeters was 45 cm 
diameter and 50 cm deep. Each lysimeter was provided with a sloping gauge to magnify 
the readings of water level in the lysimeter. The sloping gauge is an iron frame with one 
arm in inclined position in 1:3 ratio (one vertical to three inclined position). A scale 
graduated in cm and mm was placed along the inclined arm of the sloping gauge. Water 
levels on this scale were  recorded daily.  

A sloping gauge was also installed in each plot outside the lysimeter to measure 
the combined ET and S&P from the plot. Each sloping gauge was driven into the soil so 
that the zero datum of the gauges coincide with the soil surface.  

Experimental Set up and Estimation of Water Requirements  
The size of the experimental plot was 72 m x 18 m. The lysimeters were installed 

at a distance of two meters from the edge of the rice fields.  They were installed in such 
a way that top 15 cm  was  above the ground surface and the rest 35 cm was inside the 
soil so that they penetrate the plough pan. The plough pan was at a depth of  9–17 cm 
from the soil surface (Ahmed, 1995). The closed bottom lysimeters were installed in 
previously excavated pits of the same dimensions as the lysimeter. During excavation, 
the soil of each layer was kept separately so that it can be repacked in the lysimeter in 
the correct sequence, after the lysimeter had been installed and leveled. The closed base 
lysimeters recorded only evapotranspiration losses. 

The open bottom lysimeters were installed without disturbing the soil column. A 
slit trench was dug to accommodate the sides of the lysimeter. The lysimeter was then 
lowered into the trench and gently hammered into place. Moist loose soil was packed 
firmly around the sides to ensure a water tight fit.  The soil in the rice field and in each 
lysimeter was ploughed and puddled as usual before transplanting. Open bottom 
lysimeters recorded the combined losses due to evapotranspiration and vertical 
percolation.    

The sloping gauges in the rice fields (outside the lysimeters) were installed after 
the normal land preparation and transplanting. They were driven into the soil so that the 
lower end of the sloping gauge is at the soil level of the rice field. Water loss from the 
sloping gauge outside the lysimeter, therefore include evapotranspiration, vertical 
percolation and lateral seepage through the undisturbed soil below the bunds. The 
lysimeters and the adjacent rice fields were filled with water to a depth of about 5 to 7 
cm before the readings began. Inlets and outlets of the experimental plot were then 
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closed and water levels in the fields and in the installed lysimeters were measured at 9  
each day until the field water layer was lost which is the common practice. The open 
and closed bottom lysimeters and the rice fields were refilled from the irrigation canal. 
The irrigation supply was stopped before 15 days of harvest, as the crop was matured 
and irrigation was not required during that period. 

Agronomic Treatments 
Field experiments were carried out in 5 crop seasons (Three in Boro seasons and 

two in T. Aman seasons) during 1999 – 2001. In Boro seasons  (the dry months in 
Bangladesh from December to April ) rice was transplanted  on 18th January and 
harvested on 24th  April and in T. Aman seasons  (the  wet months from July to 
November) transplanting was done on 15th  July and harvested on 5th   November.  In 
Boro seasons  45-day old seedlings of BR28 were used while 30-day  old seedlings of 
BR11  were used in the T. Aman seasons. The rice varieties were different in Boro (dry) 
and Aman (wet) seasons because in this country there are recommended varieties for 
each season. The same variety is not suitable for all seasons. The recommended dose of 
fertilizers were applied at the rate of  80N : 60P : 40K kg/ha. The whole amount of 
phosphorus and potash were applied during the land preparation and nitrogen fertilizer 
was applied as top dressing in 3 equal splits.   

RESULTS AND DISCUSSION 
Rainfall and Evaporation Pattern 

The evaporation data was collected from one location and the rainfall data from 
3 locations during 1999-2001 (Fig 1). One rain gauge was installed on site and two 
other rain gauges were installed near the experimental site.  

The three years observation of evaporation and rainfall in the Barind area 
revealed that in the study area the average annual evaporation is 1438 mm. The 
evaporative demand gradually increases during Boro season but it gradually 
decreases from August during T. Aman season. The three years average annual 
rainfall was 1710 mm and it was not uniformly distributed throughout the year. Most 
of the rainfall (about 98%) occurred during April to October and remaining months 
were almost dry. Therefore, about 1115 mm of rainfall was received from July to 
October for T. Aman cultivation. The total water requirement (evapotranspiration + 
Seepage & percolation) for rice in T Aman season was 1093 mm (Table 3). The 
rainfall in T. Aman season (1108 mm) was enough for growing rice crop but due to 
distribution, only 70% (775 mm out of 1108 mm, received from transplanting to 
harvesting) of the rainfall was found to be effective (effective rainfall was calculated 
based on field water status, levee height and amount of rainfall on the day). 
Therefore, irrigation was also required during T. Aman seasons. For Boro rice there 
was only about 37 mm of rainfall from December to March. As a result, the Boro rice 
was fully dependent on irrigation water.  
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Table 1.  Measurement of ET, seepage and percolation (mm/day) from rice field 
using lysimeters, during Boro seasons 1999, 2000 and 2001. 

Year 1999 2000 2001 

Month Jan Feb Mar Apr Jan Feb Mar Apr Jan Feb Mar Apr

Closed  lysimeters             

Lys-1 (ET) 3.1 4.6 6.1 5.1 2.6 3.9 6.4 7.7 2.9 4.2 5.5 7.4 

Lys-2 (ET) 3.2 4.5 5.9 7.0 2.5 3.8 6.2 7.5 3.3 4.6 5.2 6.3 

Lys-3 (ET) 3.1 4.7 6.2 7.4 2.7 4.0 6.6 8.3 3.0 4.4 6.3 7.3 

Mean (ET) 3.1 4.6 6.1 6.5 2.6 3.9 6.4 7.8 3.1 4.4 5.7 7.0 

Open lysimeters             

Lys-1 (ET+P) 7.6 8.7 8.9 8.9 6.3 7.0 8.5 8.6 7.0 7.9 8.0 9.5 

Lys-2 (ET+P) 7.5 8.7 8.1 9.1 5.8 6.3 8.6 10.6 7.7 8.9 7.0 8.7 

Lys-3 (ET+P) 7.7 8.9 8.8 9.4 6.7 7.2 8.0 9.4 7.3 8.1 8.3 9.2 

Mean (ET+P) 7.6 8.8 8.6 9.1 6.3 6.8 8.47 9.5 7.3 8.3 7.8 9.1 

Percolation (P) 4.5 4.2 2.5 2.6 3.7 2.9 2.0 1.7 4.2 3.9 2.1 2.1 

Rice Fields             

Field-1 (ET+ S&P) 8.9 9.2 11.2 9.3 7.2 9.0 10.2 9.2 8.1 9.0 8.8 10.0

Field-2 (ET+S&P) 8.8 8.9 9.2 9.8 7.2 9.8 10.9 11.9 7.9 9.3 8.7 10.7

Field-3 (ET+S&P) 8.9 9.3 10.3 9.8 7.7 9.4 10.0 10.6 8.4 9.3 10.2 10.1

Mean (ET+S&P) 8.9 9.1 10.2 9.6 7.4 9.4 10.4 10.6 8.1 9.2 9.2 10.3

Seepage+Percolati
on 

5.8 4.5 4.1 3.1 4.8 5.5 4.0 2.8 5.0 4.8 3.5 3.3 

Seepage  1.3 0.3 1.6 0.5 1.1 2.6 2.0 1.1 0.8 0.9 1.4 1.2 

 A linear relationship was found between ET and  E0  with  r2 = 0.919 which indicated very high correlation 
between ET and E0  (Fig  2). 

There was a slight variation in ET rates from year to year. This slight variation 
may be due to climatic factors.  The average of the three years mean ET rates were 
2.9, 4.3, 6.2 and 7.1 mm/day during January, February, March and April, 
respectively. The ET rates in each of the three years show a marked increase as the 
crop growing season progressed. This may be due to higher evaporative demand (Fig 
1) of water. Because in this country both temperature and wind speed gradually 
increases from January to April and as a result the evaporation rate also increases. 
The seasonal mean values of ET were 5.2 mm/day, 5.2 mm/day and 5.1 mm/day  in 
1999, 2000 and 2001, respectively.  
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Water Loss in T. Aman Seasons during 1999 – 2000  
The results of field experiments conducted in the same plots during T. Aman 

seasons of two consecutive study years (1999 and 2000) are given in Table 2. In 
1999, the mean daily evapotranspiration rates from the closed lysimeters were 6.1, 
6.1, 6.4, 5.7 and 4.2 mm/day in the month of July,August, September, October and 
November, respectively and the ET plus vertical percolation rates from the open 
lysimeters were 10.5, 10.6, 9.8,  9.7  and 8.0 mm/day during the above five months, 
respectively. These gave mean vertical percolation rates of 4.4, 4.5, 3.4, 4.0 and 3.8 
mm/day during the same months, respectively. The average of the mean ET rates was 
5.7 mm/day. Again, the open water evaporation rates (E0) from the Class A pan at the 
study site for the above five months were 4.4, 4.7, 4.6, 4.1 and 3.2 mm/day 
respectively. Comparing the ET and E0 values, the ET/E0 ratio were 1.39, 1.30, 1.39, 
1.39 and 1.31 for the same months respectively, giving  a seasonal mean  value of 
1.36 which was an acceptable figure (Tomar and OToole, 1979).  

Table 2.  Measurement of ET, seepage and percolation (mm/day) from rice field 
using lysimeter, during T Aman seasons of 1999 and 2000. 

Year 1999 2000 

Month Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov 
Closed  lysimeters           
Lys-1 (ET) 6.5 6.4 6.6 5.6 4.3 5.6 5.4 4.6 3.9 3.7 
Lys-2 (ET) 5.5 5.4 6.2 5.4 4.1 5.8 5.9 5.1 4.2 3.6 
Lys-3 (ET) 6.4 6.6 * 6.0 4.2 5.7 5.5 4.8 4.0 3.6 
Mean (ET) 6.1 6.1 6.4 5.7 4.2 5.7 5.6 4.8 4.0 3.6 
Open lysimeters           
Lys-1 (ET+P) 10.4 10.6 10.6 9.8 a/ 9.1 9.2 8.9 8.5 7.1 
Lys-2 (ET+P) 9.7 9.5 8.9 9.4 a/ 8.7 8.5 10.0 8.8 a/ 
Lys-3 (ET+P) 11.4 11.6 * 10.0 8.0 8.8 8.7 9.4 8.6 a/ 
Mean (ET+P) 10.5 10.6 9.8 9.7 8.0 8.9 8.8 9.4 8.6 7.1 
Percolation (P) 4.4 4.5 3.4 4.0 3.8 3.2 3.2 4.6 4.6 3.5 
Rice Fields           
Field-1 (ET+ S&P) 14.0 14.4 13.2 11.2 a/ 11.8 12.0 11.5 10.3 a/ 
Field-2 (ET+S&P) 12.6 11.6 11.1 10.1 a/ 11.4 11.7 11.2 10.5 a/ 
Field-3 (ET+S&P) 12.9 13.3 * 12.0 a/ 11.5 11.7 11.3 10.4 a/ 
Mean (ET+S&P) 13.2 13.1 12.2 11.1 - 11.6 11.8 11.3 10.4 - 
Seepage+Percolation 7.1 7.0 5.8 5.4 - 5.9 6.2 6.5 6.4 - 
Seepage 2.7 2.5 2.4 1.4  2.7 3.0 1.9 1.8  

*  The plot was over flooded due to heavy rain. a/ The crop was matured and there was no standing 
water in the plot. 
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Similarly, in 2000, the mean ET rates were 5.7 mm/day, 5.6 mm/day, 4.8 
mm/day, 4.0 mm/day and 3.6 mm/day during the same months and the average of the 
mean ET rates was 4.7 mm/day. The open water evaporation rates (E0) were 4.2, 4.1, 
4.0, 3.1 and 2.8 mm/day giving the ET/ E0 of 1.36, 1.37, 1.20, 1.29 and 1.29 for the 
months of July, August, September, October and November respectively. The 
seasonal mean ET/E0 ratio was found to be 1.30 which was also very close to the 
findings of  Tomar and OToole, (1979). Like Boro season a linear relationship was 
also developed between ET and  E0 and the value of  r2 (Fig 3). 

There was slight variation in ET rates between the two T. Aman seasons. The 
ET rates in each month in 1999 were slightly higher than that in 2000 which was 
nprobably due to climatic variation. The average of the two years mean ET rates were 
5.9, 5.9, 5.6, 4.9 and 3.9 mm/day during the month of July, August, September, 
October and November, respectively. The ET rates in each of the two years showed 
gradual decrease as the crop growing season progressed. This may be due to lower 
evaporative demand of water (Fig 1).  

 The mean ET rates during T. Aman of 2000 were lower in each month during 
the growing season than that in 1999 (Table 2). The seasonal average of the mean ET 
rates in 2000 was 4.7 mm/day, which was less by 1.0 mm/day than the results 
obtained during the same period of 1999. This was due to climatic variation from 
year to year. 

The sloping gauges in the rice fields recorded a combined ET and S & P loss 
during the months of July, August, September and October (Table 2). The 
measurements showed an average field loss of 12.4 mm/day in 1999 and 11.3 
mm/day in 2000. Compared with the ET for the corresponding months needed by the 
rice plants,  as measured with  closed lysimeters, the average loss of water from the 
rice field through S & P were 6.3 mm/day in both the years. The average vertical 
percolation during the season was 4.0 mm/day in 1999 and 3.8 mm/day in 2000 and 
the lateral percolation (seepage) from rice fields for these years were 2.3 mm/day and 
2.4 mm/day, respectively. In November the crop was matured and there was no 
standing water in the rice field. So there was no recording of water levels from the 
rice field outside the lysimeters 

The results of 1999  and 2000 T. Aman seasonal field experiments showed that 
on average,  the ET rate was 5.2 mm/day and  the S and P rate was 6.3 mm/day in T. 
Aman season. The S & P rate was slightly higher. These two values demonstrated 
that 45% of the applied water in rice field was   needed for ET and the rest 55% was 
lost from the field as seepage and percolation. Whereas in Boro season these two 
values were 55% and 45% respectively. The average ET rate per day was almost 
same (5.1 and 5.2 mm/day) in both Boro and T Aman seasons but the S and P rate 
was different. Therefore, combining the two seasons results finally it could be 
concluded that irrespective of seasons and years about 50% of the irrigation water is 
needed for ET and the rest 50% is lost through S and P annually from double cropped 
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rainfall on that day. In this season the total rainfall was 1108 mm and the effective 
rainfall was found to be 775 mm (Table 3). The effective rainfall was calculated on 
the basis of daily field water depth, levee height (10 cm) around the plot and the 
amount of rainfall on the day. The excess water over 10 cm depth was considered as 
surface run-off. The total irrigation water supply was added with the effective rainfall 
to obtain the total water supply to the experimental plots. The water productivity was 
0.58 kg/m3

 of water in Boro season and 0.49 kg/m3
 in T. Aman season. The relative 

water supply were 1.15 and 0.90 in Boro and T. Aman seasons respectively.  

Table 3. Water productivity and relative water supply during Boro (Average of 
3 seasons) and T. Aman (Average of 2 seasons) seasons. 

SL No Parameter Boro season T. Aman season 
1 Yield /ha 5075 4800 
2 Irrigation water supply (mm) 840 207 
3 Effective rainfall (mm) 37 775 

4 Total water supply (mm) 877 982 
5 Water productivity (Kg/ m3 of water) 0.58 0.49 
6 Irrigation period of crop (days) 82 95 

7 Evapotranspiration  (mm/day) 5.1 5.2 
8 Total ET for the season (mm) 418 494 
9 Seepage & percolation rate (mm/day) 4.2 6.3 

10 Total S & P for the season (mm) 344 599 
11 Total ET and S & P for the season (mm) 762 1093 
12 Relative water supply (supply : demand) 1.15 0.90 

CONCLUSION 
In the study area the average annual evaporation was 1438 mm and the average 

annual rainfall was 1710 mm which was not uniformly distributed throughout the 
year. Most of the rainfall (about 98%) occurred during the period of April to October 
while the remaining months was almost dry. As a result, the Boro rice was fully 
dependent on irrigation water.  

In Boro season 55% of the applied water was   needed for ET and the rest 45% 
was lost from the field as seepage and percolation. In T. Aman season these two 
values were reverse, i.e., 45% and 55% respectively. Therefore, combining the two 
seasons results finally it could be concluded that irrespective of seasons and years 
about 50% of the irrigation water was needed for ET and the rest 50% was lost 
through S & P annually from double cropped rice fields. Actually, only ET was the 
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true water requirement for rice and S & P were unavoidable losses. Therefore, these 
losses could be minimized by practicing alternate wetting and drying method of 
irrigation. Thus, the efficiency of irrigation could be increased. 

The water productivity was 0.58 kg/m3
 of water in Boro season and 0.49 kg/m3

 
in T. Aman season. The relative water supply (supply:demand) was 1.15 and  0.90 in 
Boro and T. Aman seasons respectively. Therefore, in T. Aman season the potential 
demand of water (ET + S&P) was higher than the total water supply. 
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COMBINING ABILITY ESTIMATES OF TOMATO 
(Solanum lycopersicum) IN LATE SUMMER 

Shahabuddin Ahmad, A.K.M. Quamruzzaman and M. Nazim Uddin1

ABSTRACT 

Combining ability effects were estimated for yield, yield 
components and plant height in a 8 x 8 diallel analysis excluding 
reciprocals. The variances for general combining ability (GCA) 
and specific combining ability (SCA) were highly significant 
indicating the presence of additive as well as non-additive gene 
effects in the traits studied. The relative magnitude of these 
variances indicated that additive gene effects were more 
prominent for all the characters. The tomato genotype P1 proved 
to be the best general combiner for yield followed by P2. In 
general, the cross P1 x P3 followed by cross P4 x P6 proved better 
for yield per plant and also for number of fruits per plant, individual 
fruit weight and days to 50% flowering. 
Key words: Combining ability, tomato (Solanum lycopersicum). 

INTRODUCTION 
Combining ability studies are more reliable as they provide useful information 

for the selection of parents in terms of performance of the hybrids and elucidate the 
nature and magnitude of various types of gene actions involved in the expression of 
quantitative traits. Diallel cross analysis provides the estimates of genetic parameters 
regarding combining ability as well as a rapid overall picture of the dominance 
relationship of the parents studied using the first filial generations (F1) with or 
without reciprocals. Diallel analysis involving parents give the additional information 
as presence or absence of epistasis, average degree of dominance, distribution of 
dominant and recessive genes in the parents. Application of diallel technique in a 
self-pollinated crop like tomato for this purpose may be appropriate (Griffing, 1956a, 
1956b). 

Villareal and Lai (1979) reported that heat tolerance is controlled by largely 
recessive genes and inherited in a complex fashion with low heritability, which is 
typical for polygenetic traits. They also suggested that the heat tolerant genes are 
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easily influenced by environment. In another observations (AVRDC, 1988) it was 
pointed out that heat tolerance in tomato may not be as complex as had been reported 
previously by Villareal and Lai (1979). The optimum day/night temperatures for fruit 
set in tomato is in the range of 26-32oC/15-200 C (Kuo et al., 1979). However, there 
is usually genotypic variation in their fruit setting ability to high temperature (Charles 
and Harris, 1972). In the tropics, the tomato is normally grown during the cool season 
because high temperature in the hot season prevents fruit set. Temperatures higher 
than 34/200C (day/night) or 4 hour treatment of 400C before anthesis for 9 days 
usually cause blossom drop in most varieties (El-Ahmadi and Stevens, 1979). 
Genetic information of tomatoes in this respect under the hot humid conditions of 
Bangladesh is not available. Therefore, the present study was undertaken to generate 
information for identification of good general and specific combiners for the 
improvement of yield and its attributes. 

MATERIALS AND METHODS 
The experiment was conducted at Bangladesh Agricultural Research Institute 

(BARI), Joydebpur, Gazipur during the months of July to November 2006. The 
average minimum and maximum temperatures during the crop period were 25.50C 
and 32.20C respectively. The mean minimum and maximum relative humidities were 
80.3% and 93.3% respectively. A diallel cross of 8 x 8 excluding reciprocals was 
carried out involving eight parental lines viz., P1 (TM051), P2 (TM053), P3 (TM017), 
P4 (TM026), P5 (TM025), P6 (TM041), P7 (TM044), P8 (TM002). Seeds of the eight 
selfed parents and their twenty-eight F1 hybrids were sown in seed bed on 16th July 
2006. Then at the age of 35 days, seedlings were transplanted in the main 
experimental plots. The experiment was set up in a randomized complete block 
design (RCBD) with four replications. Thirty-six genotypes (28 F1`s + 8 parents) of 
tomato were considered as treatments of the experiment. The unit plot size was 5.0m 
x 1.0m and the plants were spaced 50cm on row. Each unit plot contained single row 
accommodating 10 plants where data were collected from randomly selected 5 plants 
leaving 2 border plants. The experimental plots were covered by transparent 
polytunnel with minimum interruption of photosynthesis. The polytunnels were 2.3 
meter wide having two 1.0 meter wide beds with 30 cm drain in between, which 
serves as irrigation channel. The tunnels were used to protect the plants from high 
rainfall. All the sides of tunnel were open for good aeration. The recommended 
dosage and method of application of manure and fertilizers were used. Weeding and 
mulching were done followed by top-dressing and irrigation at 15 days interval. Data 
on days to 50% flowering, flowers per cluster, fruit set (%), fruit clusters per plant, 
fruits per plant,  individual fruit weight (g), yield per plant (g), fruit length (cm), fruit 
diameter (cm), branches per plant, plant height (cm), seeds per fruit, brix (%) and 
viable pollen grain (%) were recorded. All the quantitative data taken were subjected 
to ANOVA. Combining ability analysis of the traits with significant genotypic 
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differences was done according to the Model 1 and Method 2 of Griffing (1956a, b). 
This analysis partitioned the variation due to genotypic differences into general 
combining ability (GCA) and specific combining ability (SCA) effects. 

RESULTS AND DISCUSSION 
The analysis of variance for combining ability (general and specific combining 

ability) was found highly significant for all the characters (Table 1) indicating that 
both additive and non-additive gene actions played significant role for the expression 
of these characters. GCA variances were higher in magnitude than the SCA variances 
for all the characters indicating the predominance of the additive gene effects for the 
characters. El-Ahmadi and Stevens (1979), Dane et al. (1991), Hanna et al. (1982), 
El-Mahdy et al. (1990) and E-Metwally et al. (1996) also reported that additive gene 
effects appeared more important than non-additive gene effects for fruit set, early 
yield, total yield, average fruit weight and TSS%. 

Table 1. Analysis of variance for combining ability of tomato genotypes in late summer. 

Mean sum of square 
Source of 
variation d.f. Days to 

50% 
flowering 

Flowers/ 
cluster 

Fruit set 
(%) 

Fruit 
clusters
/ plant 

Fruits/ 
plant 

Individual 
fruit wt. 

(g) 
Yield/plant (g) 

GCA 7 6.62** 4.00** 156.20** 27.30** 414.42** 162.76** 527283.19** 
SCA 28 6.40** 0.27** 31.78** 15.55** 101.27** 27.54** 182913.58** 
Error 105     0.91    0.11     1.88    3.18  5.70      1.21  7225.22 
SCA/GCA -     0.97    0.07     0.20    0.57 0.24      0.17       0.35 

Mean sum of square 
Source of 
variation d.f. Fruit length 

(cm) 
Fruit diameter

(cm) 
Branches/ 

plant 
Plant height 

(cm) 
Seeds/ 

fruit Brix (%) 
Viable 
pollen 

grain (%) 
GCA 7 1.13** 0.21** 46.04** 1484.03** 171.01** 0.17** 379.20** 
SCA 28 0.02** 0.06** 5.62** 182.98** 108.11** 0.05**  45.32** 
Error 105        0.00      0.00   1.17     19.66 6.66    0.01 1.80 
SCA/GCA -        0.02      0.27   0.12  0.12 0.63    0.29 0.12 

** Significant at 1% level of probability 

General combining ability effects 
The GCA component is primarily a function of the additive genetic variance. 

GCA and SCA variances with each parent play a significant role in the choice of 
parents. A parent with higher positive significant GCA effects is considered as a 
good general combiner. The results of GCA effects for 14 different characters are 
presented in the Table 2. 

The estimates of GCA effects for days to 50% flowering are given in Table 2. 
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Parent P1 showed highest positive GCA effect (1.63**) followed by parent P6 and P3. 
On the other hand P4 showed highest negative significant effect (- 0.57*). So, the 
parent P4 was the best general combiner for earliness. El-Mahdy et al.; (1990) and E-
Metwally et al. (1996) reported highly significant GCA effect for early yield in 
certain lines under heat stress in tomato.  

Table 2.  Estimates of GCA effects of the parents for 14 characters. 

Parents 
Days to 

50 % 
flowering 

Flowers 
per 

cluster 

Percent of 
fruit set 

 

Fruit 
clusters 
per plant 

Fruits per 
plant 

 

Individual 
fruit 

weight (g) 

Yield per 
plant (g) 

 
P1 1.63** 0.72** 5.43** 0.38 11.03** 1.42** 429.73** 
P2     0.28 0.44** 2.69**   1.93**   6.73**    -2.05** 146.19** 
P3     0.61*    -1.01**    -0.98* -1.70** -2.93**    -6.60**  -248.57** 
P4    -0.57* 0.29**    -0.04      0.25  2.58**     2.39** 16.85** 
P5    -0.27    -0.51**    -1.31** 1.18*     -3.70**     7.40**    62.58* 
P6  0.89**     0.08     0.35      0.60     -1.58*     0.58   -52.51* 
P7    -0.29     0.59**     1.98** -2.30** -3.03**     1.80**   -51.51* 
P8    -0.49    -0.61**    -8.12**      0.58 -9.10**    -0.15 -302.75** 

SE (gi)     0.28     0.10     0.41      0.53      0.71     0.33    25.14 
SE (gi-gj)     0.43     0.15     0.61      0.80      1.70     0.49    38.01 

Parents 
Fruit 

length 
(cm) 

Fruit 
diameter 

(cm) 

Branches 
per plant 

 

Plant 
height 
(cm) 

Seeds per 
fruit 

 

Brix (%) 
 
 

Viable 
pollen 

grain (%) 
P1 0.13** -0.05** -2.12** -9.81** -1.61* -0.05 9.36** 
P2    -0.07** -0.12**    -0.47   -10.46**    2.02**  0.03 3.07** 
P3 -0.60** -0.14** 3.91**    19.37**    3.79** -0.01     -3.56** 
P4 -0.12** -0.09**   -0.37     -8.98**  -2.80**    -0.23**     -1.44** 
P5    -0.05**  0.27**    0.66*     -4.68**  1.79*    0.10**     -2.33** 
P6 0.09**  0.13**   -0.42      2.34 1.32 0.06     -3.76** 
P7 0.61** -0.05**   -2.92**     -5.63**  -8.41**   -0.09**      7.50** 
P8     0.01  0.05**    1.73**    17.84**   3.89**    0.20**     -8.83** 

SE (gi)     0.01       0.01    0.32      1.31       0.76 0.03      0.04 
SE (gi-gj)     0.02       0.02    0.48      1.98 1.15 0.04      0.06 
*   Significant at 5% level of probability; ** Significant at 1% level of probability 

Parent P1 showed the highest significant GCA effects (0.72**) for flowers per 
cluster followed by P7 (0.59**) and P2 (0.44**). The other parents showed 
insignificant positive or negative or significant negative values for the trait. Parent P1 
(5.43**) performed as the best general combiner for higher % fruit set followed by 
parent P2 (2.69**) and P7 (1.98**), since these parents had the higher and significant 
positive GCA effects. The other parent showed either insignificant or negative 
significant GCA values for this trait. E-Metwally et al. (1996) also reported such 
findings. 

The estimates of GCA effects for fruit clusters per plant showed that parent P2 
had the highest positive GCA value (1.93**) followed by parent P5 (1.18**).  

Parent P1 had the highest positive significant GCA effects (11.03**) followed 
by parent P2 (6.73**) and parent P4 (2.58**) for fruits per plant. The other parents 
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had either insignificant or significant negative GCA values for this trait.  
Parent P5 had the highest significant positive GCA effects for individual fruit 

weight (7.40**) followed by P4 (2.39**), P7 (1.80**) and P1 (1.42**). E-Metwally 
(1996) also reported higher GCA values for heat tolerant parents. Thus parent P5 was 
the best general combiner to use in crosses for the improvement of individual fruit 
weight as indicated by their significant and higher GCA effects. 

General combining ability effect for yield per plant showed that parent P1 had 
the highest positive significant values (429.73**) followed by parent P2 (146.19**). 
Parent P4 and P5 also showed positive significant values. Other parents showed either 
insignificant positive or negative and significant negative GCA values. E-Metwally et 
al. (1996) and Shalaby et al. (1983) also reported that heat tolerant lines had greater 
GCA than heat sensitive cultivars. In this respect they opined that both additive and 
non-additive genetic variances were important in the inheritance of total yield under 
high temperature conditions, but additive genetic variance was more important than 
non-additive genetic variance. 

Highest significant and positive GCA effect for fruit length was found in P7 
(0.61**) followed by P1 (0.13**), P6 (0.09**) (Table 2). The other parents showed 
negative insignificant or significant GCA effects for the trait. So, P7 was the best and 
then P1 showed good general combining ability for the improvement of the trait 
through hybridization programme. 

In case of fruit diameter parent P5 showed highest and positive significant GCA 
effect (0.27**). Parents P6 and P8 showed positive significant GCA effect. Other 
parents showed positive insignificant or negative insignificant and significant effect 
for GCA value.  

While parent P3 had the highest positive significant GCA effect (3.91**) 
followed by P8 and P5 for branches per plant. The other parents had significant or 
insignificant negative GCA values for the trait. Hence, the parent P3 was the best 
general combiner for the improvement of this trait. 

The parameter plant height showed highest positive significant GCA effect 
(19.37**) in P3 and (17.84**) in P8. So these parents appeared as the best general 
combiner for improvement of plant height in the crop under high temperature stress. 

Parents P8 and P3 showed highest positive significant GCA effect (3.89** and 
3.79**) for seeds per fruit. Parents P2 (2.02**), P5 (1.79**) and P6 (1.32) showed 
positive GCA effect at varying level of significance. The other parents showed 
insignificant positive or significant negative GCA effects.  

In case of brix percentage, P8 was the best general combiner with highest 
positive significant GCA value (0.20**) followed by P5 (0.10**). The other parents 
had either insignificant positive or negative and significant negative GCA value for 
the trait. 
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Parent P1 had the highest positive significant GCA effects for viable pollen 
grain (9.36**) followed by P2 and P7. All other parents had negative significant GCA 
values for the trait. So, parent P1 was the best general combiner with similar effects 
by P2 and P7. 

Wessel-Beavar and Scott (1992) reported that fruit set, fruit weight and yield 
are to be at least partially under common genetic control under the high temperatures 
in two study areas where the minimum mean temperature was 220C and 22.70C and 
maximum mean was 32.20C and 32.80C respectively. In another study by Hanna et 
al. (1982) where the maximum day temperature ranged from 32.40 to 36.10C and the 
lowest night temperature ranged from 22.60 to 25.30C observed that the crosses 
involving the parent S6916 with highest GCA values gave the highest percentage of 
fruit set in general. This indicated that certain parents like S6916 transmitted good 
fruit setting ability to its progenies. In the present study parent P1 is such best 
combiner. Stevens (1979) reported that percent fruit set is under the control of a 
largely additive genetic system with moderate heritability under high temperature. 

Specific combining ability effects 
The SCA effects signify the role of non-additive gene action in the expression 

of the characters. It indicates the highly specific combining ability leading to highest 
performance of some specific cross combinations. That is why it is related to a 
particular cross. High SCA effects may arise not only in crosses involving high 
combiners but also in those involving low combiners. The SCA effects of 28 F1 
crosses for fourteen different characters studied are presented in table 3a, 3b, and 3c. 

Incase of days to 50% flowering, fourteen crosses showed negative SCA values 
indicating that there was considerable heterosis. Out of these crosses, eight crosses 
showed highly significant negative SCA values. The crosses were P1 x P3, P2 x P4, P5 
x P6, P5 x P7 and were the best specific combiner for early flowering. El-Mahdy et al. 
(1990) and E-Metwally et al. (1996) also reported significant SCA effect for early 
yield in tomato under heat stress condition. 

In case of flowers per cluster out of 28 F1s, thirteen showed positive SCA 
values indicating that these hybrids produced more flowers per cluster than the means 
of their parents. The highest positive significant SCA value was obtained from the 
hybrid P3 x P8 followed by P1 x P4 which were obtained between parents with 
negative x negative and positive x positive GCAs respectively and were the best 
specific combiner for increasing flower number per cluster.  

In fruit set (%), fifteen crosses showed positive significant SCA values 
indicating that these hybrids set more fruits than the means of their parents. Six 
combinations P1 x P8 (4.34**), P2 x P4(4.30**), P2 x P8 (6.01**), P3 x P6 (7.24**), P4 
x P7 (6.41**) and P6 x P7 (5.68**) were the best specific combination to enhance 
percent fruit set in the crop under high temperature conditions. 
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Table 3a. Estimates of SCA effects with mean values (in parenthesis) of crosses for 14 characters. 
Characters P1 x  P2 P1 x  P3 P1 x  P4 P1 x  P5 P1 x  P6 P1 x  P7 P1 x  P8 SE (sij) SE (sii-sjj) 
Days to 50% 
flowering 

0.62 
(63.75) 

-5.45** 
(58.00) 

-0.78 
(61.50) 

-1.83* 
(60.75) 

4.80** 
(66.75) 

-0.05 
(62.50) 

0.15 
(62.50) 

0.75 1.05 

Flowers  per cluster -0.47 
(6.86) 

-0.46 
(5.41) 

0.81** 
(7.98) 

0.24 
(6.62) 

0.52 
(7.49) 

-0.81** 
(6.67) 

0.26 
(6.53) 

0.26  0.36

Fruit set (%) 0.87 
(42.39) 

-3.50** 
(29.07) 

3.56** 
(42.35) 

0.88 
(35.61) 

0.85 
(38.40) 

2.74* 
(44.40) 

4.34** 
(30.15) 

1.08  1.50

Fruit clusters per plant -1.69 
(14.00) 

6.94** 
(19.00) 

0.49 
(14.50) 

0.81 
(15.75) 

-3.61* 
(10.75) 

-3.31* 
(7.25) 

4.66** 
(19.00) 

1.41  1.95

Fruits per plant -1.78 
(48.75) 

17.87** 
(58.75) 

-6.38** 
(40.00) 

3.65 
(43.75) 

-6.98** 
(35.25) 

-2.03 
(38.75) 

7.30** 
(42.00) 

1.88  2.62

Individual fruit weight (g) 4.09** 
(38.10) 

9.09** 
(38.55) 

-0.32 
(33.35) 

3.71** 
(47.18) 

-1.39 
(35.25) 

-1.15 
(36.72) 

1.96* 
(37.88) 

0.87  1.20

Yield per plant (g) 143.93* 
(1861.88) 

843.94** 
(2167.13) 

-262.29** 
(1326.33) 

438.29** 
(2072.63) 

-282.30** 
(1236.95) 

-95.68 
(1424.57) 

320.69** 
(1589.70) 

67.05  93.11

Fruit length (cm) 0.15** 
(4.29) 

-0.00 
(3.60) 

0.16** 
(4.25) 

0.14** 
(4.30) 

0.02 
(4.33) 

-0.09** 
(4.73) 

-0.06 
(4.15) 

0.03  0.04

Fruit diameter (cm) 0.09** 
(3.89) 

0.36** 
(4.14) 

0.13** 
(3.97) 

-0.09** 
(4.11) 

-0.07* 
(3.99) 

0.11** 
(3.99) 

0.10** 
(4.08) 

0.03  0.05

Branches per plant -1.74* 
(6.25) 

1.89* 
(14.25) 

-1.59 
(6.50) 

-2.11* 
(7.00) 

1.46 
(9.50) 

-0.29 
(5.25) 

0.06 
(10.25) 

0.85  1.19

Plant height (cm) -3.74 
(106.50) 

26.43** 
(166.50) 

-1.47 
(110.25) 

4.98 
(121.00) 

-1.54 
(121.50) 

-1.82** 
(102.25) 

8.46* 
(147.00) 

3.50  4.86

Seeds per fruit 11.36** 
(48.75) 

4.83* 
(44.00) 

-3.57 
(29.00) 

8.33** 
(45.50) 

-5.44** 
(31.25) 

0.78 
(27.75) 

5.73** 
(45.00) 

2.04  2.83

Brix (%) -0.06 
(4.78) 

0.10 
(4.90) 

0.03 
(4.60) 

0.20** 
(5.10) 

-0.37** 
(4.50) 

-0.20** 
(4.53) 

-0.02 
(4.98) 

0.07  0.10

Viable pollen grain (%) 9.47** 
(55.50) 

-15.30** 
(8.50) 

7.61** 
(44.50) 

-5.12** 
(22.50) 

-6.67** 
(18.25) 

11.37** 
(66.25) 

-9.98** 
(8.50) 

1.06  1.47

*    Significant at 5% level of probability; **  Significant at 1% level of probability 
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Table 3b. Estimates of SCA effects with mean values (in parenthesis) of crosses for 14 characters. 
Characters P2 x  P3 P2 x  P4 P2 x  P5 P2 x  P6 P2 x  P7 P2 x  P8 P3 x  P4 P3 x  P5 P3 x  P6 P3 x  P7 P3 x  P8 SE (sij) SE (sii-sjj) 

Days to 50% 
flowering 

-2.10** 
(60.00) 

-3.18** 
(57.75) 

0.02 
(61.25) 

1.15 
(61.75) 

-1.70* 
(59.50) 

0.25 
(61.25) 

-0.25 
(61.00) 

-1.05 
(60.50) 

-2.18** 
(58.75) 

1.22 
(62.75) 

0.67 
(62.00) 0.75  1.05

Flowers  per 
cluster 

-0.65* 
(4.95) 

0.43 
(7.33) 

0.04 
(6.14) 

-0.23 
(6.46) 

0.40 
(7.60) 

-0.26 
(5.75) 

-0.40 
(5.05) 

0.59* 
(5.24) 

-0.65* 
(4.59) 

-0.11 
(5.64) 

0.83** 
(5.38) 0.26  0.36

Fruit set (%) -2.98** 
(25.69) 

4.30** 
(38.90) 

1.91 
(32.86) 

1.94 
(35.59) 

-2.62* 
(30.84) 

6.01** 
(28.45) 

1.64 
(28.55) 

3.53** 
(29.54) 

7.24** 
(38.35) 

2.58* 
(33.34) 

0.86 
(15.89) 1.08  1.50

Fruit clusters per 
plant 

5.64** 
(19.25) 

0.19 
(15.75) 

1.76 
(18.25) 

-2.16 
(13.75) 

-2.86* 
(9.25) 

5.11** 
(21.00) 

-2.19 
(9.75) 

-2.86* 
(10.00) 

-2.04 
(10.25) 

0.26 
(8.75) 

-5.76** 
(6.50) 1.41  1.95

Fruits per plant 0.42 
(37.00) 

6.17** 
(48.25) 

1.20 
(37.00) 

6.57** 
(44.50) 

-3.23 
(33.25) 

6.10** 
(36.50) 

10.57** 
(43.00) 

3.10 
(29.25) 

8.72** 
(37.00) 

-0.83 
(26.00) 

-9.50** 
(11.25) 1.88  2.62

Individual fruit 
weight (g) 

-1.54 
(24.45) 

-1.22 
(28.98) 

-0.67 
(39.33) 

-1.09 
(32.08) 

2.11* 
(36.50) 

5.67** 
(38.11) 

1.31 
(26.96) 

-6.86** 
(28.59) 

0.53 
(29.15) 

6.68** 
(36.53) 

-1.75* 
(26.14) 0.87  1.20

Yield per plant (g) -139.24* 
(900.40) 

130.06 
(1435.13) 

100.04 
(1450.83) 

184.82** 
(1420.53) 

-20.85 
(1215.85) 

409.15** 
(1394.61) 

253.03** 
(1163.34) 

-127.01 
(829.01) 

239.58** 
(1080.53) 

107.21 
(949.15) 

-296.83* 
(293.88) 67.05  93.11

Fruit length (cm) -0.02 
(3.39) 

0.06* 
(3.96) 

-0.03 
(3.93) 

-0.11** 
(4.00) 

0.03 
(4.66) 

0.11** 
(4.13) 

0.11** 
(3.46) 

0.07* 
(3.50) 

-0.11** 
(3.46) 

0.08* 
(4.18) 

-0.25** 
(3.24) 0.03  0.04

Fruit diameter (cm) 0.09** 
(3.80) 

0.08* 
(3.85) 

-0.18** 
(3.95) 

-0.21** 
(3.78) 

0.25** 
(4.05) 

0.34** 
(4.24) 

0.12** 
(3.87) 

0.15** 
(4.26) 

0.10** 
(4.07) 

0.10** 
(3.88) 

-0.38** 
(3.51) 0.03  0.05

Branches per 
plant 

3.99** 
(18.00) 

-1.99* 
(7.75) 

-0.76 
(10.00) 

1.81* 
(11.50) 

0.31 
(7.50) 

0.66 
(12.50) 

5.64** 
(19.75) 

-0.64 
(14.50) 

0.44 
(14.50) 

-0.06 
(11.50) 

3.04** 
(19.25) 0.85  1.19

Plant height (cm) 12.83** 
(152.25) 

-3.82 
(107.25) 

3.38 
(118.75) 

1.61 
(124.00) 

15.58** 
(130.00) 

8.86* 
(146.75) 

7.11* 
(148.00) 

5.56 
(150.75) 

10.78** 
(163.00) 

7.76* 
(152.00) 

-3.47 
(164.25) 3.50  4.86

Seeds per fruit -12.29** 
(30.50) 

10.56** 
(46.75) 

7.96** 
(48.75) 

2.43 
(42.75) 

13.16** 
(43.75) 

-1.14 
(41.75) 

-4.97* 
(33.00) 

-5.82** 
(36.75) 

16.91** 
(59.00) 

-0.37 
(32.00) 

-6.17** 
(38.50) 2.04  2.83

Brix (%) 0.33** 
(5.20) 

-0.19** 
(4.47) 

0.05 
(5.03) 

0.03 
(4.98) 

-0.31** 
(4.49) 

-0.02 
(5.07) 

0.42** 
(5.03) 

0.01 
(4.95) 

0.05 
(4.95) 

0.23** 
(4.98) 

-0.33** 
(4.71) 0.07  0.10

Viable pollen 
grain (%) 

-9.95** 
(8.00) 

-3.45** 
(17.25) 

6.31** 
(30.25) 

-1.74 
(16.50) 

5.10** 
(44.75) 

-3.43** 
(8.75) 

2.98** 
(17.00) 

0.85 
(13.25) 

9.10** 
(4.95) 

4.03** 
(31.75) 

2.17* 
(7.75) 1.06  1.47

*    Significant at 5% level of probability; **  Significant at 1% level of probability 
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Table 3c. Estimates of SCA effects with mean values (in parenthesis) of crosses for 14 characters. 

Characters P4 x  P5 P4 x  P6 P4 x  P7 P4 x  P8 P5 x  P6 P5 x  P7 P5 x  P8 P6 x  P7 P6 x  P8 P7 x  P8 SE (sij) SE (sii-sjj) 
Days to 50% 
flowering 

1.87* 
(62.25) 

-1.75* 
(58.00) 

2.15** 
(62.50) 

0.60 
(60.75) 

-4.55** 
(55.50) 

-2.40** 
(58.25) 

2.30** 
(62.75) 

0.22 
(60.25) 

-2.33** 
(57.50) 

1.32 
(61.75) 0.75  1.05

Flowers  per 
cluster 

0.03 
(5.98) 

0.05 
(6.59) 

-0.55* 
(6.50) 

-0.24 
(5.61) 

-0.02 
(5.72) 

0.44 
(6.69) 

-0.51 
(4.52) 

-0.72** 
(6.12) 

-0.42 
(5.22) 

0.55* 
(6.70) 0.26  0.36

Fruit set (%) -2.01 
(22.57) 

2.93** 
(32.77) 

6.41** 
(41.34) 

3.16** 
(20.16) 

3.49** 
(31.53) 

3.56** 
(34.35) 

2.53* 
(17.64) 

5.68** 
(40.74) 

0.89 
(17.68) 

2.10 
(21.57) 1.08  1.50

Fruit clusters per 
plant 

0.19 
(15.00) 

3.51* 
(17.75) 

-1.19 
(9.25) 

6.29** 
(20.50) 

0.59 
(15.75) 

-0.86 
(10.50) 

4.86** 
(20.00) 

2.21 
(13.00) 

0.19 
(14.75) 

3.24* 
(14.00) 1.41  1.95

Fruits per plant 1.85 
(33.50) 

11.22** 
(45.00) 

3.42 
(35.75) 

13.50** 
(39.75) 

4.00* 
(31.50) 

6.70** 
(32.75) 

-1.73 
(18.25) 

13.32** 
(41.50) 

-7.10** 
(15.00) 

7.60** 
(28.25) 1.88  2.62

Individual fruit 
weight (g) 

-2.18* 
(37.48) 

3.50** 
(36.33) 

-1.63 
(32.43) 

6.52** 
(38.63) 

-1.70 
(40.93) 

8.88** 
(52.73) 

-9.57** 
(32.33) 

-0.15 
(36.88) 

7.75** 
(42.83) 

-8.60** 
(27.70) 0.87  1.20

Yield per plant (g) 33.50 
(1254.95) 

518.01** 
(1624.38) 

54.61 
(1161.98) 

673.80** 
(1529.93) 

136.16* 
(1288.25) 

562.13** 
(1715.23) 

-312.42** 
(589.43) 

481.77** 
(1519.78) 

-147.89* 
(638.88) 

-10.06 
(777.70) 67.05  93.11

Fruit length (cm) 0.06 
(3.97) 

-0.09** 
(3.96) 

0.01 
(4.59) 

-0.09** 
(3.88) 

-0.30** 
(3.82) 

-0.00 
(4.65) 

-0.10** 
(3.94) 

0.02 
(4.81) 

0.07* 
(4.26) 

-0.32** 
(4.38) 0.03  0.04

Fruit diameter (cm) -0.46** 
(3.70) 

0.02 
(4.04) 

0.11** 
(3.95) 

0.07* 
(4.01) 

-0.27** 
(4.12) 

0.12** 
(4.32) 

-0.19** 
(4.11) 

0.06 
(4.12) 

0.37** 
(4.53) 

-0.28** 
(3.70) 0.03  0.05

Branches per 
plant 

1.89* 
(12.75) 

-0.54 
(9.25) 

-1.29 
(6.00) 

1.56 
(13.50) 

-0.06 
(10.75) 

-0.06 
(8.25) 

-0.46 
(12.50) 

0.26 
(7.50) 

-0.39 
(11.50) 

0.61 
(10.00) 0.85  1.19

Plant height (cm) 16.41** 
(133.25) 

-8.12* 
(115.75) 

-7.89* 
(108.00) 

12.88** 
(152.25) 

60.08 
(134.25) 

-0.94 
(119.25) 

-0.17 
(143.50) 

8.03* 
(135.25) 

13.56** 
(164.25) 

-1.72 
(141.00) 3.50  4.86

Seeds per fruit 4.53* 
(40.50) 

-7.49** 
(28.00) 

9.48** 
(35.25) 

7.18** 
(45.25) 

1.66 
(41.75) 

5.38** 
(35.75) 

7.08** 
(49.75) 

7.86** 
(37.75) 

14.81** 
(57.00) 

-8.47** 
(24.00) 2.04  2.83

Brix (%) -0.13 
(4.58) 

-0.12 
(4.56) 

-0.15* 
(4.38) 

0.14 
(4.96) 

0.10 
(5.10) 

0.19** 
(5.05) 

0.02 
(5.17) 

0.13 
(4.95) 

-0.01 
(5.10) 

0.31** 
(5.28) 0.07  0.10

Viable pollen 
grain (%) 

7.75** 
(25.50) 

-3.75** 
(9.00) 

-0.14 
(28.50) 

1.61 
(9.25) 

-3.39** 
(8.50) 

-1.36 
(25.25) 

1.15 
(8.00) 

-6.18** 
(16.50) 

3.55** 
(9.00) 

-3.27** 
(13.75) 1.06  1.47

*    Significant at 5% level of probability; **  Significant at 1% level of probability 
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More than 50% of the F1s showed positive SCA values for fruit clusters per 
plant indicating that these hybrids had more number of fruit clusters per plant. Out of 
these 8 F1s showed positively significant SCA values. The six F1s which had higher 
significant positive SCA values were P1 x P3 (6.94**), P1 x P8 (4.66**), P2 x P3 
(5.64**), P2 x P8 (5.11**), P4 x P8 (6.29**) and P5 x P8 (4.86**) with the highest 
values in P1 x P3.  

Of the F1s, 13 showed significant positive SCA values for number of fruits per 
plant indicating that these F1s produced more number of fruits per plant than the 
means of their parents. Twelve combinations showed highly significant positive SCA 
values with the highest values in P1 x P3 (17.87**) followed by P4 x P8 (13.50**). 
These combinations may be considered as the best specific combiner to increase the 
number of fruits per plant. 

Among the cross combinations about 50% F1s showed positive SCA values for 
individual fruit weight of which eleven had significant positive values. This indicates 
that these F1s produced larger fruit weight compared to the mean of their parents. 
Nine F1s which produced significantly larger positive SCA values are P1 x P3, P5 x P7, 
P6 x P8, P1 x P5, P4 x P8, P2 x P8, P3 x P7, P1 x P2, and P4 x P6.  

The cross combinations P1 x  P3, P1 x  P5, P1 x  P8, P2 x  P6, P2 x  P8, P3 x  P4, P3 x  
P6, P4 x  P6,P4 x  P8, P5 x  P7, P6 x  P7 exhibited significant and positive SCA effects 
for yield per plant of which P1 x P3 showed maximum value (843.94**). Thus P1 x P3 
was the best specific combinations followed by other ten hybrids for the 
improvement of yield per plant in tomato under high temperature conditions. 

Incase of fruit length nine combinations showed significant positive SCA 
effects (Table 3). Out of these, five combinations which showed highly significant 
SCA value viz., P1 x P2 (0.15**), P1 x P4 (0.16**), P1 x P5  (0.14**), P2 x P8 (0.11**) 
and P3 x P4 (0.11**) indicating the improvement of fruit length over the mean of their 
parents. 

Seventeen combinations showed significant positive SCA effects in fruit 
diameter. Out of these, four combinations, which showed higher effects were P1 x  P3 
(0.36**), P2 x  P7 (0.25**), P2 x  P8 (0.34**) and P6 x  P8(0.37**) indicating 
consistency in the improvement of fruit diameter over the mean of their parents. 

Incase of branches per plant, six cross combinations showed positive 
significant SCA effect of which three were highly significant viz., P2 x P3 (3.99**), P3 
x P4 (5.64**) and P3 x P8 (3.04**). Thus these combinations were the best specific 
combiner to increase number of branches per plant. 

Seven cross combinations viz., P1 x P3 (26.43**), P2 x  P3 (12.83**), P2 x  P7 
(15.58**), P3 x  P6 (10.78**), P4 x  P5 (16.41**), P4 x  P8 (12.88**) and P6 x  P8 
(13.56**) showed higher significant positive SCA values for plant height. Highest 
effect was obtained by P1 x P3 followed by P4 x P5 which indicated that these 
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combinations were very consistent in specific combining ability for the improvement 
of plant height under high temperature condition.  

Incase of seeds per fruit, eighteen crosses exhibited positive SCA values 
indicating the increase of number of seeds per fruit over the mean of their parents. 
Out of these fifteen combinations had significant positive SCA values for the trait. 
Five combinations which had higher significant positive SCA values were P1 x  P2 
(11.36**), P2 x  P4 (10.56**), P2 x  P7 (13.16**), P3 x  P6 (16.91**) and P6 x  P8 
(14.81**). So, these combinations showed consistency in specific combining ability 
for the improvement of the trait under hot growing conditions. 

Six combinations had significant SCA effects for brix percent with highest 
effect in P3 x P4 (0.42**) followed by P2 x  P3(0.33**) indicating as very good 
specific combiner for the trait. 

Fourteen combinations with positive SCA effect of which eleven had 
significant values for percent of viable pollen grains with highest effect in P1 x  P7 
(11.37**) followed by P1 x  P2 (9.47**) and P3 x  P6 (9.10**). This indicated that 
these crosses are good specific combiners for the trait. 

Hanna et al. (1982) stated that the cross combinations L401 x S6916 and 
Chico III x Floradel had displayed significant positive SCA effects for fruit set. E-
Metwally et al. (1996) reported that both GCA and SCA were highly significant for 
fruit set percentage under high temperature growing conditions. These results 
suggested that both additive and non-additive genetic effects were important for 
inheritance of fruit set under high temperature conditions. They also reported that 
both additive and non-additive genetic effects are important for the control of number 
of seeds per fruit. Younis et al. (1988) found that additive effects were greater in 
magnitude than non-additive gene effects. Shalaby et al. (1983) and E-Metwally et 
al. (1990) reported both additive and non-additive genetic variances were important 
in the inheritance of total yield under high temperature conditions. They also reported 
the same trend of genetic control for early yield. About average fruit weight under 
high temperature conditions, Omara et al. (1988) supported the findings of Shalaby et 
al. (1983) and E-Metwally et al. (1996) that the additive genetic variance formed the 
major part of the total genetic variation, but non-additive variance was also 
significant. 

CONCLUSION 
The variances for general combining ability and specific combining ability 

were highly significant which indicates the presence of additive as well as non-
additive gene effects. The relative magnitude of these variances indicated that 
additive gene effects were more prominent for all the characters under study. The 
tomato genotype P4 was the best general combiner for early flowering followed by 
P8 while P1 proved to be the best general combiner for higher yield followed by P2. 
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In general, the cross P1 x P3 followed by cross P5 x P6 showed higher negative values 
for early flowering while the cross P1 x P3 followed by cross P4 x P6 proved better for 
higher yield and also for number of fruits per plant, individual fruit weight and days 
to 50% flowering. So the selected general combiner parents and specific combiner 
crosses may be selected for better parents and F1s respectively for early higher 
yielder for late summer tomato cultivation in Bangladesh. 
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DETERMINATION OF RESIDUE LEVEL OF 
ENDOSULFAN IN BLACK TEA  

IN BANGLADESH 
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ABSTRACT 

The study was conducted at Bangladesh Tea Research Institute 
(BTRI), Srimangal, Moulvibazar, Bangladesh during 2007-08 in 
both dry and wet season on the mature tea to determine the 
residue level of Endosulfan (Thiodan 35EC) in black tea at 
different plucking intervals after spraying and their degradation 
rate in order to fix the plucking interval to keep the residue level 
at Maximum Residue Limit (MRL) or below.  Two doses of 
Endosulfan i.e. normal (1.5 Lha-1) and double dose (3.0 Lha-1) 
were applied. In dry season, the initial deposits of residues were 
129 and 183 ppm on 0 day and declined to 0.91 and 2.11 ppm 
on the 14th day whereas in wet season, the initial residues were 
122 and and 171 ppm on 0 day and declined to 0.87 and 2.01 
ppm on the 14th day at normal and double dose respectively. 
The dissipating rate of residues of Endosulfan with the increase 
of plucking days was not uniform, rather it was exponential. 
Residue levels of Endosulfan at the commonly followed Pre 
Harvest Interval (PHI) i.e. 7th day were 1.68 and 3.14 ppm in 
normal and double dose respectively in the dry season while in 
the wet season the residue levels were recorded as 1.40 and 
2.93 ppm. This slight variation in result at the same PHI indicates 
that seasonal variation has a role on the level of residues. 
However, these seasonal variation as well as dose rate 
differences were statistically non significant within themselves. 
Commonly followed PHI (7th day), the samples of Endosulfan at 
normal dose in both seasons did not exceed the MRLs imposed 
by EPA, Codex Commission, EEC/EU and German law.  
Key words: Residue, Endosulfan and Black tea. 
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INTRODUCTION 
Tea is one of the most commonly consumed beverages globally. The global 

production of tea is about 3000 million kg in about 40 countries of the world 
(Anonymous, 2008a). The position of Bangladesh in respect of production and export 
is 8th. Tea is subjected to ravages of pests and diseases. The range of crop loss is 10-
15% and may be extended to as high as 50% when pest attack/disease incidence is 
very severe. Every part of tea plant is a potential target for attack of wide spectrum of 
pests and diseases. The prevailing warm condition favours the pests like mites thrips 
etc (Sana, 1989). Therefore, managing these pest population within economic 
threshold level is important for which application of pesticides becomes imperative in 
Integrated Pest Management system. It is established that tea-growing countries of 
the world are being benefited from the chemical control of pests. In this perspective, 
chemical control of pests is a dominating feature in Bangladesh tea (Alam, 1999).  

Pesticides are one of the important components in modern farming. In 
Bangladesh tea, Endosulfan (Cyclodiene origin), Organophosphate like Dimethoate, 
Malathion and Synthetic Pyrethroides like Deltamethrin, Cypermethrin, Fenvalerate, 
Lamda-cyhalothrin etc. were used against Tea mosquito bug (Helopeltis), Thrips, 
Jassids, Aphids and other sap-feeders. Endosulfan is a Cyclodiene origin pesticide 
having predominantly contact effects accompanied with slightly systemic effect 
generally used to control ‘Tea mosquito bug’ and also other insect pests of tea. Use 
of pesticides on food crops can result in residues in their products which cannot 
always be avoided. But the proper use of pesticides minimizes such hazards. Now-a-
days, residue level of pesticides has become a burning issue due to adverse affect of 
non- judicious use of pesticides (Ahmed, 2007; Dharmadi, 2007). The use of 
pesticides on tea plantations in India is largely governed by their Maximum Residue 
Limit (MRL) in tea stipulated by the Government of India under the Prevention of 
Food Adulteration Act (Muraleedharan and Manikandan, 2006). 

Bangladesh exports tea to various countries of the world particularly Western 
and Eastern European as well as Middle Eastern countries. The consumers of these 
countries have become more conscious about the residue level of the pesticides in the 
finished product. In this perspective, EPA/Codex Alimentaries/ FAO/WHO, German 
Law etc have given restrictions on producing and procuring tea having pesticide 
residue. Presently, pesticide residue analysis in food products is gaining global 
interest due to the hazardous effect of the chemicals widely used for controlling the 
pests in almost all crops (Singh and Kalita, 2002).   

As tea is a consumable commodity, the effect of pesticides in made tea is 
harmful to human health. Therefore, a proper pesticide with effective dose for 
different seasons should be selected which gives maximum effect on the pest control 
with minimum side effect in terms of residues in tea. The purpose of this research 
study is to find out the residue level of Endosulfan in black tea at different plucking 
intervals after spraying. This will help us to fix a correct and acceptable plucking 
round after application of Endosulfan in order to keep the residue at MRL or below. 
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MATERIALS AND METHODS 
Experiments on Endosulfan were carried out on the mature tea at the main farm 

of Bangladesh Tea Research Institute (BTRI), Srimangal, Moulvibazar, Bangladesh 
as per the GAP protocol in both dry (October 2007) and wet season (May 2008). The 
mean minimum temperature, mean maximum temperature, humidity and rainfall 
during the experiment period at Srimangal were 19.7ºC (min), 30.7ºC (max), 80% 
and 2375 mm respectively (Anonymous, 2008b). The experimental area was divided 
into 42 equal plots for 3 replications of both the insecticidal doses. Untreated control 
treatment was also considered for the comparison of the insecticide doses. 
Endosulfan (Thiodan 35EC) was applied in all the plots at approved doses i.e. 1.5 
(normal) and 3.0 (double) Lha-1 in 500 liter of water against Tea mosquito bug on the 
mature tea (Ahmed and Shahiduzzaman, 2007). According to FAO guidelines 
(Anonymous, 2002a), the samples of tea shoots were harvested at ‘0’ day, 1st day, 
3rd, 5th, 7th, 10th & 14th day after application where 0 day sample was collected 
after 4 hours of insecticide application. Leaves were plucked at respective interval 
and were processed in the Mini Tea Factory of the Institute following Crushing, 
Tearing and Curling (CTC) method. The triple action of crushing, tearing and curling 
done by the CTC machine is the result of the work of two contra rotating toothed 
stainless steel rollers. The size and profile of the tooth and the differential speed of 
the rollers are important in bringing about the desired cut. The CTC cut determines 
the leaf appearance, grade percentages, liquor and the infusion of the tea. For blank 
sample, leaves from the plots were collected before spraying and manufactured in the 
Mini Tea Factory adopting the same method.  

Manufactured leaves (black tea) were then grinded by coffee grinder and 
hydrated. Subsequent extraction and clean up were carried out according to the 
methods developed by Ahmed and Sarker (2002) at Central Science Laboratory, UK. 
Determination was done by Electron Captured Detector using Shimadzu Gas 
Chromatograph (GC-14B) with DB-5 capillary column (0.53 mm i.d.) and Nitrogen 
(99.997% purity) as carrier gas. Hexane and Acetone were used as extracting reagent 
and Florisil as clean-up reagent.  

RESULTS AND DISCUSSION 
Seasonal variation has an influence on the level of pesticide residue in tea. 

Considering this view, the experiment on Endosulfan was conducted in both dry and 
wet season. The initial residue levels of Endosulfan of normal and double dose at 0 
day were 129 and 183 ppm respectively during dry season (Table 1). With the 
increase of time interval i.e. plucking days after insecticide spray there was a 
decreasing tendency of the residue level of Endosulfan in black tea both in normal 
and double dose. On the 14th day, the residue levels of Endosulfan were declined to 
0.91 and 2.11 ppm in normal and double dose respectively during dry period. From 
the statistical analysis it was found that there was no significant (t=0.437) differences 
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between the residue levels of Endosulfan at the normal dose and the double dose in 
black tea during dry season. 

    
Table 1. Residues of Endosulfan in black tea during dry season. 

Residues in made tea (ppm) 
PHI* (Days) 

Normal dose (1.5 Lha-1) Double dose (3.0 Lha-1) 

0 (4hr) 129.32a 183.30a 
1 51.24b 76.84b 
3 21.56c 30.70c 
5 7.21d 8.67d 
7 1.68e 3.14e 
10 0.96f 2.23f 
14 0.91f 2.11f 

Within column values followed by different letter (s) are significantly different.*PHI=Pre Harvest Interval 

During wet season, the initial deposits of Endosulfan of the normal and 
double dose at 0 day were 122 and 171 ppm respectively (Table 2). On the 14th day 
the residue levels of Endosulfan were declined to 0.87 and 2.01 ppm in normal and 
double dose respectively. From the statistical analysis it was also found that there 
was no significant (t=0.432) differences between the residue level of Endosulfan at 
the normal dose and the double dose. So, there was a similar trend of degradation of 
Endosulfan at the normal and double dose in both seasons. 

Table 2. Residues of Endosulfan in black tea during wet season 

 Residues in made tea (ppm) 
PHI* (Days) Normal dose (1.5 Lha-1) Double dose (3.0 Lha-1) 

0 (4hr) 121.69a 171.40a 
1 46.98b 71.20b 
3 18.62c 28.16c 
5 5.71d 7.78d 
7 1.40e 2.93e 
10 0.88f 2.03f 
14 0.87f 2.01f 

Within column values followed by different letter (s) are significantly different. *PHI=Pre Harvest Interval 
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Environmental factors especially temperature, light and rain are mainly 
responsible for gradual decline in the residue level of pesticides (Ahmed, 2005). 
Biochemical reaction is also a factor in degradating the absorbed pesticide inside the 
plant cell (Mukharjee and Gopal, 1994). On the other hand, thermal degradation 
during manufacturing process of tea is the main reason in declining the residue level 
of black tea compared to green leaves of same day.  

Degradation of Quinalphos during manufacturing process was reported to have 
gone up to 42 % as compared to its initial deposition on green leaves (Anonymous, 
2002b). According to the GAP (Good Agricultural Practice), PHI (i.e. interval 
between the application and harvest of crop) is 7 days. (Chaudhuri, 2008). In an 
experiment at UPASI Tea Research Foundation, South India, the residue level of 
Endosulfan was found to be 0.78 ppm on the 7th day after application of pesticide 
(Anonymous, 1997). The residue level of Endosulfan in Black tea was found to be 
1.68 and 1.40 ppm on the 7th day during dry and wet season respectively. The 
present findings of Endosulfan in Bangladesh are similar to the previous findings of 
India. Maximum level of residues (MRL) in made tea is accounted following the 
approved PHI. The MRLs of Endosulfan imposed by EPA, Codex Commission, 
EEC/EU and German law were 24, 30, 30 and 30 ppm respectively (Muraleedharan 
and Radhakrishnan, 2006). In view of the commonly followed PHI (7th day), the 
samples of Endosulfan at normal dose did not exceed the MRLs imposed by EPA, 
Codex Commission, EEC/EU and German law.  

CONCLUSIONS AND RECOMMENDATIONS 
Tea being an export oriented commodity, all the required measures must be 

taken to keep the residues well below the Maximum Residue Limit (MRL) to 
overcome the non-tariff trade barriers under WTO regimes. Other parameters on the 
level of residues like No-observed-Adverse Effect Level (NOAEL), Acceptable 
Daily Intake (ADI), Food Factor and Maximum Permissible Intake (MPI) should be 
taken into consideration according to FAO guidelines. With these parameters, the 
MRL and PHI (Pre-Harvest Interval) can be strictly followed for accepting the world 
market. As such, scientific approach towards its practical and routine application for 
the benefit of tea industry will need consistency. Only BTRI recommended 
Endosulfan with approved dose should be applied when it is absolutely essential. 
Seven day period is the safe harvest interval after spraying of Endosulfan. 



DETERMINATION OF RESIDUE LEVEL OF ENDOSULFAN IN BLACK TEA  63 

REFERENCES 
Ahmed, M. (2005). Tea Pest Management. Evergreen Printing and Packaging. Dhaka.101p. 
Ahmed, M. (2007). Progress and evaluation of MRLs of pesticides in tea in Bangladesh: 

Experience of Bangladesh Tea Research Institute (BTRI), Bangladesh Tea Board. 
Paper presented at the seminar on Colombo International Tea Convention, Colombo, 
Sri Lanka. 

Ahmed, M., & Sarker, M.L. (2002). Multiresidue method for the determination of 
organophosphorus, organochlorine pesticides in tea. Central Science Laboratory, UK. 
1-6pp.  

Ahmed, M., & Shahiduzzaman, M. (2007). Approved Insecticides, Miticides and Nematicides 
for Tea. BTRI Circular no. 127. 1-6pp. 

Alam, A.F.M.B. (1999). Profile of tea industry in Bangladesh. Global Advances in Tea 
Science (Ed. N.K. Jain), Aravali Book International (P) Ltd. New Delhi-110020. 370p.  

Anonymous. (1997). Research. Highlights 1997. UPASI, Coonoor, Tamil Nadu, India.  
Anonymous. (2002a). Submission and evaluation of pesticide residue data for the estimation 

of maximum residue levels in food and feed. FAO Plant Production and Protection 
paper 170p. FAO, Rome, Italy.  

Anonymous. (2002b). Annual Report 2002, UPASI TRF, Valparai, Tamil Nadu, India. 
Anonymous. (2008a). Annual Bulletin of Statistics 2008. International Tea Committee. 

London, U.K. 
Anonymous. (2008b). Bangladesh Meteorological Department, Climate Division (Station: 

Srimangal), Agargaon, Dhaka.  
Chaudhuri, T.C. (2008). HACCP in tea. National Tea Research Foundation, Tea Board, 

Kolkata, India. 15p.  
Dharmadi, A. (2007). Progress on MRL data generation in tea production in Indonesia. 

Indonesia Tea Association. Paper presented at the seminar on Colombo International 
Tea Convention, Colombo, Sri Lanka. 

Mukharjee, I., & Gopal, M. (1994). Dislodgable residues of organophosphorus pesticides. 
Proceedings of the National Symposium on Pesticides: Their Application and 
Environmental Significance (pp. 242-248). Bidhan Chandra Krishi Viswavidyalaya, 
West Bengal, India. 

Muraleedharan, N., & Manikandan, K.N. (2006). Current research on pesticide residues in 
tea. Planters Chronicle. 5-9pp. 

Muraleedharan, N., & Radhakrishnan, B. (2006). Guidelines on reducing pesticide residues in 
tea. UPASI Tea Research Foundation, Valparai, India. 1-16pp.  

Sana, D.L. (1989). Tea Science. Ashrafia Boi Ghar, Dhaka, Bangladesh. 100p. 
Singh, K., & Kalita, J.N. (2002). Pesticides residues in made tea. Notes on Field Management. 

Tea Research Association. Tocklai Exptl. Stn. India. 205p. 



SAARC J. Agri., 7 (1), 64-72: 2009 

COMBINING ABILITY AND GENE ACTION IN 
CUCUMBER (Cucumis sativus L.) 

M. Nazim Uddin1, M.M.Hossain2, M. M. Rahman2, S. Ahmad3  
and A.K.M. Quamruzzaman4

ABSTRACT 

A study was carried out to assess the combining ability effect of 
different characters in a line x tester method comprising 24 hybrids 
produced by crossing eight lines with three testers in August 2006-
June 2007. Significant differences were observed among the 
parents and hybrids/crosses for general combining ability (GCA) 
and specific combining ability (SCA) respectively. Estimates of 
GCA effects demonstrated M1 parent as good combiner for 
indeterminate type vine and F8, F5 for determinate vine. The parent 
F8 was the best for early male and female flower opening. The 
tester parents M1 was found good combiner for longer vine, more 
number of fruits, long fruit and higher yield per plant. The parents 
F7 was found good for average fruit weight. F7 was the best and F1, 
F8 were also the good general combiners as well to be used in 
crossing to improve the individual fruit bearing capacity. Hence, F1, 
M1, F8 and F7 were recognized as the good general combiners to 
improve fruit yield per plant. F8 x M2 was the best specific 
combiner to increase the fruit yield per plant. The magnitude of 

 was high in all characters compared to  and 
dominance variance ( ) was higher than the additive genetic 
variance ( ) indicating the predominance of non additive gene 
action. The ratios of SCA and GCA variance were higher than 
unity indicating predominated non-additive gene action over 
additive gene action for all characters. 

SCA2σ GCA2σ
D2σ

A2σ
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INTRODUCTION 
Cucumber (Cucumis sativus L.) is an important salad vegetable in Bangladesh. 

As in other crops the selection of suitable parents and cross combinations are 
necessary for genetic improvement. The knowledge on the gene action for expression 
of various quantitative characters is very essential in deciding the breeding methods 
for genetic improvement. Combining ability predicts performance of parents in cross 
combination and thus, helps identifying the desirable parents as well as the crosses 
for crop improvement program.  It also helps getting idea about the nature of gene 
action for a particular character. In a heterosis breeding program the breeder is often 
confronted with problems in choosing desirable parents. The common approach of 
selecting parents on the basis of per se performance may not be the best in 
hybridization program (Allard, 1960). Line x tester analysis is one of the most 
appropriate methods in preliminary screening of the breeding materials for 
combining ability. This also provides the information on the relative size of the 
general and specific combining abilities which is helpful in the analysis and 
interpretation of the genetic basis of important traits. The analysis also gives the 
information about the presence or absence of epistasis but not magnitude, average 
degree of dominance, distribution of dominant and recessive genes in the parents. 
Cucumber as a monoecious crop, provides enormous scope for exploitation of 
heterosis.  The heterozygous nature and virtually the obligatory out crossing breeding 
system of cucumber may open the scope of development of open pollinated as well 
as hybrid variety. Verma et al (2000) and Prasad and Singh (1992) reported higher 
estimates of GCA effects for parents and SCA effects for fruit yield and other 
characters in cucumber. As per their results additive, additive x additive and additive 
x dominance types of gene action were predominant for the expression of fruit yield 
and other component characters in cucumber. In Bangladesh, very limited 
information are available for determining nature of gene effects and inheritance of 
yield and yield contributing attributes in cucumber. The present investigation was 
therefore, undertaken to know the general and specific combining ability of parents 
and crosses for yield and its components, to determine the mode of gene action in 
governing the characters and to evaluate the hybrid performance.  

 
MATERIALS AND METHODS 

The study was conducted at Olericulture Division of Horticulture Research 
Center, Bangladesh Agricultural Research Institute (BARI) during August 2006 to 
June 2007. Eleven diverse parents viz. CS 0008 (F1), CS 0020 (F2), CS0063 (F3), 
CS0066 (F4), CS0071 (F5), CS0082 (F6), CS0093 (F7), CS0102 (F8), CS0047 (M1), 
CS0058 (M2), CS0090 (M3) were used where F series denote female (line) and M 
series for male parents (Tester). The nine parents were long (Elliptical to cylindrical) 
fruited locally called ‘shosa’ and rest two were oval shaped called ‘khira’. The 
parents were cross compatible and crosses were made in a line x tester approach   
during October to Jauary 2006 by hand pollination.  
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In next summer 2007 entire 24 cross combinations and 11 parents were sown 

in a randomized complete block (RCB) design with three replications. All treatments 
were grown in 6.5 m long single row plot with 1.3 m plant to plant distance and 5 
plants in each replication. A good drainage system was maintained by a 60 cm drain 
in between beds. All cultural operations and plant protection measures were carried 
out as per standard practices. Data were recorded on different characters viz., vine 
length (VL), days to 50% male flower (DFMF), days to 50% female flower (DFFF), 
number of fruits /plant (NFPP), single fruit weight (SFW), fruit length (FL), fruit 
width (FW), yield per plant (YPP). All quantitative data were used for combining 
ability analysis according to Kempthorne (1957) and determine the performance of 
the parents and their relative contribution to the F1s as determined by general and 
specific combining abilities. GCA represents additive variance, whereas SCA 
represents non additive effects. Calculations were done using MS-EXCEL.   

 
RESULTS AND DISCUSSION 

The analysis of variance revealed significant differences among the crosses for 
all the traits (Table 1). The mean squares due to testers were significant for all the 
traits except number of fruits per plant, fruit width and yield per plant. The variances 
due to lines were significant for all traits except number of fruit per plant, fruit 
length, fruit width and yield per plant. However, interactions between line and tester 
contributed to variation considerably as indicated by highly significant mean squares 
for all the characters. The tester expressed the greater magnitude of variance than the 
lines. The GCA variance is higher than SCA variance for all the characters 
suggesting all the yield components are predominantly governed additively. Further it 
was also revealed that the genetic advance for all these characters would be easy by 
simple selection and additive genetic variability should be exploited by maintaining 
heterozygosity.  

Table 1. Analysis of variance for yield and its components in lines, testers and 
Line x Tester for combining ability in cucumber. 

Source of 
Variation 

D.F 
 

VL 
(cm) 

DFMF 
(Days) 

DFFF 
(Days) 

NFPP 
(No.) 

SFW 
(g) 

FL 
(cm) 

FW 
(cm) 

YPP (kg)

Treatments (e) 34 8042.39** 50.33** 32.58** 104.95** 12626.09** 14.13** 1.54** 6.47** 

Line -Female 
parents(f) 7 10267.45 118.48** 62.66** 21.14 18897.62* 14.96 0.42 2.69 

Testers -Male 
parents (m) 2 19263.91 6.33 9.33 157.44 33877.55** 41.07** 0.34 8.41 

Hybrid (Line x 
Tester ) 23 6622.15** 37.38** 25.01** 134.30** 9815.08** 11 58** 2.03** 7.94* 

Error  68 26362.20 10.08 1.61 1.12 27.52 49.04 0.03 0.05 

* & ** significant at 5% and 1% level respectively. 
VL= Vine length, DFMF = Days to 50% male flowers, DFFF = Days to 50% female flowers, NFPP= No. of Fruit 
/plant, SFW = Single fruit weight, FL= Fruit length, FW = Fruit width, YPP= Yield per plant 
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Table 2. General combining ability (GCA) effects of the parents for different 
characters in cucumber. 

Days to Fruit 

Parents 
Vine 

length 
(cm) 

50% 
male 

flowering

50% 
female 

flowering

No. of 
fruits / 
plant 

Single 
fruit 

weight 
(g) 

length  
(cm) 

width  
(cm) 

Yield 
/plant 
(kg) 

Females (Lines)    

CS0008 (F1) 
15.93**   
(243.60) 

0.72 
(16.67) 

2.33** 
(26.67) 

0.32 
(10.33)

41.68**
(335.6) 

1.12** 
(17.6) 

-0.39** 
(5.3) 

0.75** 
(3.3) 

CS0020 (F2) 
19.36** 
(251.20) 

-0.72 
(15.33) 

- 0.33 
(24.33) 

-0.13 
(12.00)

4.15* 
(273.3) 

-0.18 
(15.6) 

-0.26** 
(5.2) 

0.15 
(3.1) 

CS0063 (F3) 
2.64*     

(215.26) 
0.39 

(18.00) 
1.11* 

(27.33) 
2.43**
(7.67) 

-36.26**
(214.4) 

-0.55**
(13.3) 

-0.43** 
(4.6) 

0.16 
(1.6) 

CS0066 (F4) 
9.09** 

(264.23) 
2.50** 
(18.67) 

1.22* 
(30.33) 

2.21**
(10.33)

-37.52**
(186.0) 

0.07 
(15.8) 

-0.02 
(4.8) 

0.09 
(1.9) 

CS0071 (F5) 
-31.19** 
(151.19) 

1.17** 
(17.67) 

-1.56** 
(23.00) 

-6.90**
(3.67) 

-42.38**
(175.4) 

-1.46**
(11.1) 

0.39** 
(5.0) 

-1.84**
(0.6) 

CS0082 (F6) 
9.95**  

(248.28) 
0.83* 

(19.33) 
1.89** 
(26.67) 

0.43 
(7.67) 

-45.27**
(182.7) 

-0.92**
(14.3) 

0.31** 
(5.8) 

-0.31**
(1.4) 

CS0093 (F7) 
7.01** 

(249.10) 
0.28 

(15.67) 
-1.56** 
(23.00) 

-0.24 
(8.00) 

74.95**
(372.1) 

1.31** 
(17.8) 

0.26** 
(5.3) 

0.49** 
(2.9) 

CS0102 (F8) 
-32.78** 
(100.70) 

-5.17** 
(0.00) 

-3.11** 
(15.00) 

1.88**
(11.00)

40.64**
(166.5) 

0.62** 
(14.3) 

0.14 
(5.2) 

0.52** 
(1.9) 

SE  gca 3.25 1.14 1.27 1.06 5.25 0.34 0.18 0.23 
SE  (gi-gj) 4.59 1.62 1.80 2.44 7.42 0.48 0.26 0.33 

Males (Tester)        

CS0047 (M1) 
33.90** 
(322.97) 

1.19** 
(17.00) 

0.47 
(21.67) 

4.07**
(17.00)

0.33 
(236.2) 

10.53* 
(14.1) 

-0.20** 
(4.7) 

0.74** 
(3.7) 

CS0058 (M2) 
-30.30** 
(166.12) 

0.15 
(14.67) 

-1.19** 
(22.33) 

-5.47**
(2.67) 

-26.07**
(169.7) 

-1.73**
(9.4) 

0.66** 
(5.3) 

0.15** 
(0.4) 

CS0090 (M3) 
-3.61* 

(273.04) 
-1.35** 
(17.33) 

0.72* 
(25.00) 

1.40* 
(8.00) 

25.74**
(377.7) 

-5.18**
(16.7) 

-0.46** 
(4.9) 

0.16** 
(2.4) 

SE gca 5.30 1.87 2.07 1.73 8.57 0.56 0.30 0.38 
SE  (gi-gj) 2.81 0.99 1.10 0.92 4.54 0.295 0.16 0.20 

* & ** significant at 5% and 1% level respectively, Values in the parenthesis indicate mean of the traits 
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The GCA of the parents in general was significant for yield contributing 
characters (Table 2). Estimates of GCA showed that M1 parent was good combiner in  
producing indeterminate type vine and F8, F5 for determinate vine. The parent F8 was 
the best for early male and female flowering. The parent M1 was found as a good 
combiner for longer vine, more fruits, long type fruit and higher yield per plant. The 
parent F7 was found good combiner for average fruit weight. F7 was the best and F1, 
F8 was also recognized as the good general combiner for crossing to improve 
individual fruit bearing capacity. Hence F1, M1, F8 and F7 were the good general 
combiners which may be used in crossing to improve the fruit yield per plant. Several 
workers have reported similar results for fruit number per plant (Solanki  et al 1990, 
El-Hafez et al 1997), days to 50% female flower anthesis, single fruit weight 
(Jianwu, 1995) and fruit yield per plant. These findings indicated the potentiality of 
these lines in improving the characters including yield. As good general combiner the 
parents F1, F5, F7, F8 and M1 were found effective. Therefore, these parents could be 
exploited for hybridization for producing desirable recombinants.    

 
The SCA signifies the predominance of non additive gene action in the 

expression of the characters. It denotes the highly specific combining ability leading 
to the highest performance of some specific cross combinations. For this reason it 
relates to particular cross. High SCA effects may arise not only in crosses involving 
high x high combination, but also in those involving low x high and low x low. The 
SCA of 24 F1 crosses for 8 characters are given in table 3. The combination, F8 x M2 
and F8 x M3 expressed significant desirable SCA effect simultaneously for most of the 
characters. The cross F8 x M2 was the best specific combination to improve plants 
with shorter vine length and F8 x M1 for getting dwarf type hybrids. Only twelve 
cross combinations showed significant SCA effects for days to 50% flowering. The 
highest significant and positive SCA effects were exhibited by the cross F8 x M2 
(5.63**) followed by F8 x M1 (3.58**). The combination, F8 x M3 (-9.21**) showed 
the negative highest SCA effects. Hence, the cross combination, F8x M3 provided 
opportunity for promoting early flowering in this crop. Out of 24 cross combinations 
18 crosses showed insignificant result, only six crosses provided significant positive 
or negative result for days to 50 % female flowering. Ten crosses exhibited negative 
SCA effects indicating that there was considerable heterosis for this character and at 
least 50% of the hybrids flowered earlier than the mean of their parents. The cross 
combination, F8x M3 provided the highest significant and negative effects (-4.06**). 
Other crosses showing higher significant and negative SCA effect were F4 x M2 (-
3.47**) and F1 x M1 (-1.58**). Thus F8x M3was the best specific combination for 
early flowering followed by fruiting (-9.38**). For single fruit weight, out of 24 cross 
combinations F8 x M2 (110.51**) exhibited the highest significant and positive SCA 
effect. Significant and positive moderate value for this trait was shown by F1 x M3 
(43.96**). The cross combination F8x M3 (-107.10**) had the highest negative 
significant SCA effect followed by F1 x M2 (-53.73**). Thus F8 x M2 was considered  
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Table 3. Estimates of Specific combining ability (SCA) effects  

in 24 hybrids of cucumber. 
Days to Fruit  Crosses Vine 

length 
(cm) 

50% 
male 

flowering 

50% 
female 

flowering

Single 
fruit 

weight (g)

Number 
of fruits 

per 
plant 

length 
(cm) 

width 
(cm) 

Yield 
per 

plant 
(kg) 

F1 x M1 -0.86 -0.31 -1.58** 9.77** -0.07 0.66** 0.00 0.20 
F1 x M2 -2.28 -1.26* 0.75 -53.73** 1.47** -1.55** -0.26** -0.25* 
F1 x M3 3.14* 1.57** 0.83 43.96** -1.40** 0.89 0.26** 0.05 
F2 x M1 9.48** -0.86 0.42 0.01 2.04** -0.30 -0.12 0.66**
F2 x M2 -11.67** -0.82 -0.58 -13.90** -0.42 -0.05 -0.39** -0.46**
F2 x M3 2.19** 1.68** 0.17 13.89** -1.63** 0.35* 0.51** -0.20 
F3 x M1 -5.42** -0.31 -0.03 0.35 5.15** 0.10 0.01 0.96**
F3 x M2 -3.37** -1.26* -0.69 2.51 -2.97** 0.25 -0.39** -0.57**
F3 x M3 8.79** 1.57** 0.72 -2.87 -2.18** -0.35* 0.37** -0.39**
F4 x M1 11.63** -0.42 1.53* 6.54** 6.38** 0.77* -0.46** 1.34**
F4 x M2 -20.13** -0.38 -3.47** -14.53** -4.08** 0.33* 0.47** -0.79**
F4 x M3 8.50** 0.79 1.94** 7.99** -2.29** -1.10** -0.01 -0.56**
F5 x M1 5.82** -1.08* -0.69 -0.99 -4.18** 0.14* -0.28** -0.83**
F5 x M2 -3.64** -0.04 0.31 -12.13** 6.03** -0.61 0.49** 1.32**
F5 x M3 -2.18 1.13* 0.39 13.12** -1.85** 0.47** -0.22* -0.50**
F6 x M1 5.02** 0.25 0.86 0.80 1.82** 0.50** -0.33** 0.44**
F6 x M2 -10.78** -1.04* -0.47 -7.41** -2.31** -1.35** 0.50** -0.47* 
F6 x M3 5.75** 0.79 -0.39 6.61** 0.49 0.85** -0.17* 0.03**
F7 x M1 14.61** -0.86 -0.69 -13.06** 2.49** 0.34* -0.58** 0.58**
F7 x M2 -15.87** -0.82 0.31 -11.33** -1.97** -0.91** 0.76** -1.10**
F7 x M3 1.26 1.68** 0.39 24.39** -0.51 0.57** -0.18* 0.51**
F8 x M1 -40.28** 3.58** 0.19 -3.42 -13.63** -2.20** 1.75** -3.36**
F8 x M2 67.74** 5.63** 3.86** 110.51** 4.25** 3.88** -1.19** 2.32**

F8x M3 -27.46** -9.21** -4.06** -107.10** 9.38** -1.68** -0.56** 1.04**
SE sca 1.87 0.66 0.73 1.85 0.61 0.19 0.11 0.13 
SE sij-skl 2.65 0.93 1.04 4.28 0.86 0.28 0.15 0.19 

* & ** significant at 5% and 1% level respectively. 

 



70  M. NAZIM UDDIN et al. 

as the best specific cross combination for increased fruit weight. Hence, the cross 
combination F8x M3 was the best specific combiner to increase fruit numbers per 
plant. Among the cross combinations, 20 crosses showed significant SCA effects in 
number of fruits per plant. The cross combination F8 x M3 (9.38**) showed the 
highest significant and positive SCA effects for this character followed by F4 x M1 
(6.38**) and F3 x M1 (5.15**). The cross combination F8x M3 was the best specific 
combiner to increase fruit numbers per plant. Yield per plant showed that 21 crosses 
had significant SCA and remaining 3 showed insignificant SCA effects. The cross 
combination F8 x M2 (2.32**) exhibited the highest significant and positive SCA 
effect followed by F4 x M1 (1.34**) and F5 x M2 (1.32**) for yield of fruits per plant. 
Significant and positive moderate values for this parameter were obtained from the 
combinations, F8x M3 (1.04**), F3 x M1 (0.96**) and F2 x M1 (0.66**). Thus F8 x M2 
was the best specific combiner to increase the fruit yield per plant. These findings 
were in consonance with those of Jianwu, 1995, El-Hafez et al. 1997, Solanki  et al. 
1990; Dogra  et al. 1997; and Vijayakumari  et al 1991. 
 

The magnitude of  were high in all characters compared to  and 
dominance variance ( ) was higher than the additive genetic variance ( ) 
indicating the predominance of non additive gene action. Prasad and Singh (1992) in 
cucumber held same view. The ratio of Specific combining ability and general 
combining ability ( / ) variance were higher than unity. It indicates non-
additive gene action predominating over additive gene action for all characters. 
Prasad et al. (2004) and Verma et al. (2000) stated similar result in cucumber. Since 
dominance variance is predominance, transgressive (recombinant) breeding may not 
be useful for the test parents. Heterosis breeding could be the better choice for 
improvement of cucumber. However, crosses those showed desirable significant 
effects in various traits involving high x high, high x low, and low x low combiners 
indicating the role of additive, dominance, and epistatic gene action may be used. 
Heterosis (high SCA) in the crosses involving high x high general combiners might 
be due to additive x additive type interaction which was partially fixable. High SCA 
effects in the crosses involving low x low combining parents were possibly due to 
intra and inter allelic interaction.   

SCA2σ GCA2σ
D2σ A2σ

SCA2σ GCA2σ

 
Some of the variance showed negative value, but by nature the variance must 

not be negative (as it is squired quantities), but they do occur some times particularly 
when estimates of genetic variances are calculated from expectations in ANOVA. 
Three possible reasons, like, GxE interaction, lack of random mating while 
developing half sib and sampling error could be assigned for occurrence of negative 
estimates of variance. However, occurrence of negative variances should not be 
considered as valid results.   

 
The contribution of lines were higher than that of interaction or testers for days 
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to 50% male and female flowering and single fruit weight indicating predominance 
of general combining ability for those traits. Similar results were reported by Sarker 
(2002).    

Based on SCA effects the cross combination F8 x M3was found best combiner 
for earliness as well as for number of fruits per plant. However, before 
recommending these combinations for exploitation on large scale, it requires further 
testing. Recurrent and reciprocal recurrent selection procedures should be exploited 
for the improvement of those traits where additive as well as non additive variances 
are present.      

Table 4. Estimation of genetic components of variation and ratios for different 
characters in Cucumber. 

Genetic 
component VL (cm) DFMF DFFF NFPP SFW 

(g) 
FL 

(cm) 
FW 
(cm) 

YPP 
(kg)

GCA2σ   348.01 0.75 1.44 655.31 0.63 -0.01 -0.57 0.01

A2σ  696.02 1.50 2.88 1310.62 1.26 -0.02 -1.13 0.03

SCA2σ  -8790.91 2.92 -36.85 -16846.78 -16.38 0.49 37.68 0.83

D2σ  -17581.83 5.85 -73.70 -33693.56 -32.77 0.99 75.36 1.66

SCA2σ /  GCA2σ -25.26 3.89 -25.61 -25.71 -26.06 -49.22 -66.68 64.84

VL= Vine length, DFMF = Days to 50% male flowers, DFFF = Days to 50% female flowers, NFPP= 
No. of fruits /plant, SFW = Single fruit weight, FL= Fruit length, FW = Fruit width, YPP= Yield per 
plant 
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INFLUENCE OF DIFFERENT CONCENTRATION OF 
VITAMINS ON PLANT REGENERATION FROM TWO 

CULTIVATED SPECIES OF JUTE 

H. Begum1, M. Khalequzzaman2, A. Akter3, M. P. Ali4 and M. A. Motalib5

ABSTRACTS 

High frequency regeneration of plants from in vitro cultured 
tissues is a pre-requisite for successful application of tissue 
culture technique. Cell and tissue culture provides the 
engineering of this crop to supplement conventional breeding. 
Thus any improvement in tissue culture could be beneficial in 
both basic research and applied plant biotechnology. 
Establishment of an efficient plant regeneration system for jute 
explants (Corchorus capsularis and C. olitorius) is essential for 
introducing foreign gene. Therefore, the present study was 
undertaken to understand the in vitro regeneration response of 
two cultivated Corchorus species. Two varieties of C. capsularis 
and C. olitorius (vars. CVE-3 and O-72) were cultured in different 
concentration of vitamins (0,1.5ML/L, 3.0ML/L, 4.5ML/L, 
6.0ML/L) in association with MS plant regeneration medium. 
They responded differentially on different concentration of 
vitamins.  It was observed that CVE-3 showed relatively better 
response (80.55%) for shoot regeneration than O-72 (74.99%). 
Vitamin χ2 times concentration (3.0ML/L) showed best 
performance. Maximum number of explants showed shoot 
regeneration in this concentration and number of shoot per 
cotyledon was 6.00. 
Key words: Jute species, vitamin levels, MS medium, plant 

regeneration 

INTRODUCTION 
Jute is the most important bast fibre crop next to cotton. It is not only a major 
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foreign currency earner, but also a major source of employment. It is of prime 
importance in the rural economy of the regions in which it is grown. A sustainable 
improvement in jute productivity under less favourable environment can only be 
achieved with a constant flow of new genetic materials. The existing variability for 
constraints, like insect-pest and diseases, poor soil fertility, water stress, fiber quality, 
photo-insensivity etc. are serious issues which need to be addressed (Aggarwal, 
2000). One of the major constraints to increase jute productivity is the non-
availability of modern varieties with improved plant types. 

At present not much success was achieved for jute improvement through 
conventional breeding methods. New genotypes are, therefore, very much needed to 
be introduced for jute breeding. Although a number of high yielding variety of jute 
have been released from the Bangladesh Jute Research Institute (BJRI) through 
conventional breeding techniques, but these techniques have some limitations. It is 
therefore, very important to explore other means of modern scientific techniques like 
tissue culture and genetic engineering to accelerate the pace of varietal improvement. 

Tissue culture techniques can be applied conveniently to overcome the 
incompatibility barrier through fusion of protoplasts from vegetative cells of 
interspecific, intergeneric and interfamilial group. In several instances, callus derived 
from fused protoplasts could not be induced to regenerate plantlets (Rao 1985). From 
these informations, it is evident that all the tissue culture techniques play a vital role 
in the enrichment of genetic variability, this particular technique contributed a little in 
the production of disease and pest resistant plants as well as plants of better 
agronomic characters in jute. 

The chances for availability of new genotype of jute with disease resistance in 
nature are very remote unless new techniques are launched to create variability. 
Biotechnology, a recently flourished novel approach, is very important for jute 
improvement. 

The pre-requisite for the genetic transformation in jute is to establish an 
efficient regeneration system from different explants to fertile plants. Plant 
regeneration from the cotyledonary petioles were reported earlier from C. capsularis 
(Khatun et al., 1992) and from shoot apices of C. olitorius (Khatun, 1993). 

Research on plant biotechnology in bast fibre crops especially on jute has been 
conducted in a few laboratory of Bangladesh and in some other countries, such as 
India, China, and England. Some achievements have been made in the laboratories of 
Bangladesh and India using tissue culture techniques. Biotechnological approaches 
for crop improvement is a new research thrust in Bangladesh. 

Based on the above information, the present study was undertaken to know the 
in vitro regeneration performance of the varieties of two cultivated Corchorus 
species.  
The specific objectives of the present research work were therefore: 
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i. To optimize the in vitro regeneration performance of Corchorus capsularis and 
C. olitorius. 

ii. To standardize a protocol for shoot regeneration with different concentration of 
vitamin. 

MATERIALS AND METHODS 
The experiments were conducted during the period of July 2005 to May 2006 

in the Genetic Engineering Laboratory of Cytognetics Department, Genetic resources 
and seed Division, Bangladesh Jute Research Institute, Dhaka. 

Experimental materials 
The following genetic materials of Jute (Corchorus capsularis and Corchorus 

olitorius) were used in the present investigation: 
a. Corchorus capsularis L. var CVE-3 
b. Corchrus olitorius L. var O-72 

Methods 
The following culture media were used in the present investigation depending 

on specific purposes as mentioned below: 

For seed germination 
MS (Murashige and Skoog, 1962) medium. 

For callus induction and shoot differentiation 
MS (Murashige and Skoog, 1962) medium supplemented with hormone, pH, 

vitamin, surfactant, NaCl, FeSO4.  

For root induction 
Half strength MS (Murashige and Skoog, 1962) medium 
Preparation of culture media 

For induction of callus and shoot regeneration in jute a number of culture 
media have been advocated by different scientists of which MS (Murashige and 
Skoog, 1962) medium was used for investigating the present piece of work. A 
nutrient medium consists of organic and inorganic salts, irons, a carbon source, some 
vitamins and growth regulators were used. Based on the types of explants different 
media along with different concentration were used. Compositions of MS medium 
formulated by Murashige and Skoog, 1962, are presented in table 1. 
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Table 1. Constituents of stock solution for MS (Murashige and 
Skoog, 1962) medium. 

Macronutrients Concentration (mg/L) 

KNO3 1900.00 

NH4NO3 1650.00 

KH2PO4 170.00 

CaCl2. 2H2O 440.00 

MgSO4.7H2O 370.00 

Micronutrients Concentration (mg/L) 

MnSO4.4H2O 22.30 

H3BO3 6.20 

ZnSO4 .7H2O 8.60 

Kl 0.83 

Na2MoO4.2H2O 0.25 

CuSO4. 5H2O 0.025 

CoCl2. 6H2O 0.025 

Iron sources Concentration (mg/L) 

FeSO4. 7H2O 27.80 

Na2EDTA 37.30 

Organic nutrients Concentration (mg/L) 

Glycine 2.00 

Nicotinic acid 0.50 

Pyridoxin-HCl 0.50 

Thimine-HCl 0.10 

Myo-inositol 100.00 

Agar 8000.00 

Sugar 30000.00 
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Stock solution (Vitamins) 
Each of the desired ingredients except myo-inositol were taken at 100 folds 

(100x) of their final strength in a measuring cylinder and dissolved in 750 ML of 
distilled water. The final volume was made up to 1000 ml by further addition of 
distilled water. The solution was dispensed into 10 ml aliquots and stored at – 20oC. 
Myo-inositol was used directly at the time of media preparation. 

Steps followed for the preparation of culture media 
In present investigation, the following steps were followed for preparation of 

different culture media. 

Preparation of MS medium 
To prepare one liter (1000 ml) of MS medium, the following steps were 

followed: 
i) 100 mL of macro-nutrients, 10 mL of micro-nutrients, 100 mL of iron 

and 10 ml of vitamins were taken from each of these stock solutions into 
a 2 liter Erlenmeyer flask on a magnetic stirred stirrer. 

ii) Distilled water was added in the flask to dissolve all ingredients and 
made the total volume 400 mL. 

iii) 100 mg of myo-inositol was added directly to the solution and dissolved 
well. 

iv) Thirty grams of sucrose was added to this solution and agitated gently to 
dissolve completely. 

v) Different concentrations of hormone supplements were added to the 
solution either in single or in combinations as required and mixed well. 

vi) The whole mixture was then made up to 500 ML with further addition of 
distilled water. 

vii) pH of the medium was adjusted to 5.8 with a digital pH meter with help 
of 0.1 N NaOH or 0.1 N HCl, whichever was necessary. 

viii) Seven gram agar was added in 500 mL of water. The mixture was then 
heated gently with continuous stirring till complete dissolution of agar. 
Hot agar (500 mL) was then mixed with 500 mL of medium. The 
mixture was thoroughly mixed by shaking.  

ix) Required volume of hot medium was dispensed into culture vessels or 
conical flasks. After dispensing the medium the culture vessels were 
plugged with cork and/or non-absorbent cotton and marked with 
different codes with the help of a glass marker to indicate specific 
hormonal combinations 
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Sterilization 
To ensure aseptic condition in vitro, all instruments, glassware and culture 

media were sterilized properly by autoclaving. 

Sterilization of culture media 
The conical flasks containing prepared media were autoclaved at 1.16 kg cm-2 

pressure and 121oC temperature for 20 minutes. For bacteria culture, YMB medium 
was then poured into sterile Petri dishes in a laminar air flow cabinet and were 
allowed to cool before use. 

Sterilization of glasswares and instruments 
Beakers, test tubes, conical flasks, pipettes, instruments like forceps, scalpels, 

were wrapped with brown paper packets. Empty flasks were capped with cotton plug 
and then sterilized in an autoclave at a temperature of 121oC for 20 minutes at 1.16 
kg cm-2 pressure. 

Sterilization of culture room 
The culture room was initially cleaned by gently washing all floors and walls 

with a detergent followed by wiping with 70% ethyl alcohol. The process of 
sterilization was repeated at regular intervals. Generally, laminar airflow cabinet was 
sterilized by wiping the working surface area with 70% ethyl alcohol. 

Precautions to ensure aseptic condition 
Aseptic manipulations were carried out in a laminar airflow cabinet. The 

cabinet was switched on for at least half an hour before use and cleaned with 70% 
ethyl alcohol to overcome the surface contaminants. During the entire period of 
inoculation the autoclaved scalpels, forceps were kept immersed into 70% alcohol 
contained in a glass jar inside the cabinet. At the time of transfer these were again 
sterilized by flaming method inside the cabinet. Both the hands were rinsed with 70% 
alcohol. All measures were taken to obtain maximum contamination free condition 
during the surgical operation of the explants. 
The following culture techniques were employed in the present study 
a) Axenic culture 
Seeds of test varieties (CVE-3 and O-72) were surface sterilized by immersing in 
0.1% (w/v) mercuric chloride (MgCl2) for 20 min, followed by 6 washes with sterile 
deionized water. Seeds were placed on the surface of 50 ml aliquots of hormone free 
agar-solidified (0.8%, w/v) MS basal medium (Murashige and Skoog, 1962) 
contained in a 100 ML conical flasks. In another set of experiment, surgical cotton (1 
g approx, in each flask) was used instead of agar in association with MS basal liquid 
medium to obtain optimum seedling production. Surgical cotton was placed at the 
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bottom of 100 ml flasks. Each flask contained 20 ML of hormone free MS liquid 
medium. Cultures were placed in a growth room with 28ºC under 1.0 Wm-2 of 
daylight fluorescent tubes with 12 h photoperiod. 
Twenty seeds were inoculated in each flask. Seven days old seedlings were used for 
further research work and data collection.  
b) Explants culture 
The seedlings raised in axenic culture were used as the source of explants. The 
cotyledons with attached petiole were used as explants. Cotyledon with attached 
petioles of Corchorus spp. was taken from in vitro grown seedlings for this study. In 
this case, seedlings were allowed to develop for 7 days to make sure that the 
undeveloped apical shoot buds were not attached with the petioles. Therefore, the 
optimum explants source, cotyledons with their attached petioles were excised from 7 
days old seedlings and were cultured in 250 ML conical flasks containing 50 ML of 
agar-solidified MS medium supplemented by IAA (0.5 mg/L) and BAP (2.0 mg/L). 
Ten explants were placed in each culture flask. The experiments were repeated three 
times with three replications. Treatments comprised of five different vitamin 
concentration [0 (control), × 1times (1.5ml/L), × 2 times (3.0 ml/L), × 3 times 
(4.5ml/L), × 4 times (6.0ml/L)] in modified solid MS medium. The culture flasks 
were placed under fluorescent light in a growth room with controlled temperature 
(280C). The flasks were checked daily to note the appearance of callus and shoot 
regeneration. The flasks were checked daily to note the development of 
contamination. Data were recorded 6 weeks after culture. 

Data collection 
Germination percentage 
The germination percentage was estimated as the ratio of the number of seed 
germinated to the number of seed placed in the germination medium. 

 
 
 

To investigate the effect of different treatments of the experiment, data were 
collected from the different parameters as given below: 

x 100 
No. of seeds germinated 
No. of seeds placed in the medium 

 

Germination percentage = 

a) Per cent callus induction 
Percentage callus induction was calculated on the basis of the number of 

explants placed and the number of explants induced callus. 
 
  
 

x 100 

 

No. of explants induced calli 
No. of explants placed Per cent callus induction = 
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b) Per cent plant regeneration 
The percentage of plant regeneration was calculated based on the number of 

calli transferred to regeneration medium and the number of calli that produced 
plantlets. 

 
 
 

Statistical analysis of data 

x   100 No. of calli that produced plantlets 
No. of explants cultured   Per cent plant regeneration = 

The data for the characters were statistically analyzed. The experiments were 
conducted in growth room and arranged in completely randomized design (CRD). 
The analysis of variance for different characters was performed and means were 
compared by the Duncan’s Multiple Range Test (DMRT). 

RESULTS AND DISCUSSION 
Considerable attention is being focused on the large scale culture of pant materials by 
improving the media components in vitro. The rate of plant regeneration is limited in 
some species including jute. Therefore, there is necessity for an additional stimulant 
to increase the rate of multiplication of regenerated shoots. Supplementation of 
culture media with different vitamin levels is a novel approach for the improvement 
of growth of cultured plant tissues and organs.  

Differences were observed among the varieties of C. capsularis and C. 
olitorius for plant regeneration from the cotyledon explants. In a preliminary 
experiment on explants culture of jute it has been observed that different vitamin 
levels have effect on plant regeneration of different varieties. 
Shoot regeneration  

In the present investigation, cotyledon as explants of the test varieties (CVE-3, 
O-72) were cultured on MS medium supplemented with 2mg/L BAP and 0.5mg/L 
IAA. Cotyledons (with attached petiole) of two varieties of C. capsularis  and C. 
olitorius were cultured on MS medium supplemented with 2 mg/L BAP and 0.5 
mg/L IAA. Callus induction performances of all the varieties were evaluated.  

The test varieties differed significantly for both number of explants showing 
callus and callus induction. Cotyledons (with attached petiole) started callus initiation 
with a change in their shape within 6 days of incubation in all the test varieties. The 
initial response of callus induction was exhibited by swelling of the cut ends of the 
cotyledons. Callus formation was completed within 8 days. Calli induced from 
cotyledons were mostly compact, greenish and small in size. The percentage of callus 
induction was highest in CVE-3.   
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shoot regeneration was 80.85%. The variety CVE-3 performed better than the other 
variety and number of shoot produced per cotyledon was 9.00. Number of explants 
showing shoot and per cent shoot regeneration gradually increased with the increase 
of vitamin level up to x 2 times (3.0mL/L). Further increase of vitamin level did not 
show any improvement of shoot regeneration and per cent shoot regeneration (Table 
3) 

Number of shoot/cotyledon 
The highest number of shoot per cotyledon was recorded in variety CVE-3 

(6.00) than that of O-72 (5.4) (Table 3). Furthermore, 3.0 ml/l vitamin concentration, 
number of shoot per cotyledon was found the highest (9.00) in var. CVE-3. 
Furthermore, variety O-72 produced the highest number of shoot per cotyledon (7.66) 
at same concentration (Table 3). It was observed that the number of shoot per 
cotyledon decreased as the vitamin concentration increased. The combined effect of 
variety and vitamins for number of shoot per cotyledon was the highest in CVE-3 
(9.00) at x2 times vitamin concentration (3.0mL/L) and the lowest in O-72 (7.00) 
both at  x3 (4.5 mL/L) and x 4 (4.5 mL/L) times vitamin concentration.  

Combined effect of variety and vitamin 
The combined effect of variety and vitamins (Table 3) showed that the highest 

shoot regeneration percentage (80.55%) was recorded in MS media supplemented 
with x2 times vitamin concentration (3.0 mL/L) followed by MS media with x3times 
(4.5 mL/L) vitamin concentration (58.33%). The highest shoot regeneration 
percentage (75.00%) was recorded in var. 0-72 in media supplemented with x2 times 
(3.0 mL/L) vitamin followed by MS media with x3 times (4.5 mL/L) vitamin 
concentration (52.77%). This finding is similar to the findings of Khatun (2001) who 
found the best performance in shoot regeneration on the combination of MS media 
with x2 times (3.0 mL/L) vitamin concentration. No shoot regeneration was found 
without vitamin. It might be concluded that MS media with x2 times (3.0 mL/L) 
vitamins combination favored higher percentage of shoot regeneration (Plate 1 & 2). 
On the other hand, extreme lower and higher combination of vitamin inhibited shoot 
regeneration. The results have been given in Table 3, Plate 3 and 4. 

 
 
 
 
 
 



INFLUENCE OF DIFFERENT CONCENTRATION OF VITAMINS ON PLANT 83 

Table 3. Combined effect of different concentration of vitamins on number of 
explants showing shoot, per cent shoot regeneration and  

number of shoot produce per cotyledon. 

Variety 
Vitamin 

concentration 
(mg/l) 

Number of 
explants 

showing shoot

Per cent 
shoot 

regeneration

Number of 
shoot/cotyledo

n 
0 (Control) 0.00 f 0.00 f 0.000 e 

X1 times (1.5) 12.00 cd 49.99 cd 7.00 c 

X2 times (3.0) 19.33 a 80.55 a 9.00 a 

X3 times (4.5) 14.00 bc 58.33 bc 7.00 c 

CVE-3 

X4 times (6.0) 8.00 df 33.33 de 6.00 d 

0 (Control) 0.00 f 0.00 f 0.00 e 

X1 times (1.5) 11.33cde 47.22 cde 7.00 c 

X2 times  (3.0) 18.00 ab 74.99 ab 7.66 b 

X3 times (4.5) 12.66 c 52.77 c 7.00 c 

O-72 

X4 times (6.0) 7.33 e 30.55 e 7.00 c 

CV (%) 23.32 23.33 4.53 

Figures followed by same letter in a column do not differ significantly by 
DMRT. 

 
 
 

 
 
 
 
 
 
 
 

Plate 1. Shoot regeneration in jute var. CVE-3 
on x 2 times (3.0 mg/L) vitamin concentration 

Plate 2. Shoot regeneration in jute var. O-72 on  
x 2 times (3.0 mg/L) vitamin concentration 
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Plate 4. Shoot regeneration in jute var. O-72 on   
x 3 times (4.5 mg/L) vitamin concentration 

Plate 3. Shoot regeneration in jute var. CVE-3 
on x 3 times (4.5 mg/L) vitamin concentration

Cotyledon with attached petioles of C. Capsularis and C. olitorius (CVE-3, O-
72) were excised from those seedlings and placed on a agar solidified MS medium 
containing 0.5mg/L AA and 2.0 mg/L BAP in association with different 
concentrations of  vitamin (0, 1.5 mL/L, 3.0 mL/L, 4.5 mL/L, 6.0 mL/L). It was 
found that initially callus was formed in presence of vitamin irrespective of all 
concentration. Shoot regeneration was also obtained in presence of all concentrations 
of vitamin. Regeneration percentage decreased with the increasing concentration of 
vitamin and also regeneration plantlets were found to be more elongated when it was 
grown in lower concentration of medium at 3.0mL/L concentration. In the combined 
effect of variety and vitamin, maximum number of shoot per cotyledon was 9.00 in 
var. CVE-3. 

To develop the regeneration protocol of jute species the following research 
programme should be taken 

- Comparison between cotton-based medium and agar-based medium for 
seed germination. 

- Among the varieties, CVE-3 was highly responsive to shoot regeneration. 
- Among the phytohormone combination, MS+ 2 mg/L BAP + 0.5 mg/L 

IAA showed the highest shoot regeneration. 
- Among the sucrose concentration 3% (30mg/L) showed the highest shoot 

regeneration. 
- Among the different concentration of vitamins, x2 times (3.0mg/L) showed 

the highest shoot regeneration. 
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Appendix 1. Mean square of vitamin effect on number of explants showing 
shoot, percent  shoot regeneration and number of  

shoot produced  per cotyledon 
Mean square of 

Source 
Degrees 

of 
freedom 

Number of 
explants 
showing 

shoot 

Percent 
of shoot 

regeneration

Number of 
shoot/cotyledon 

Factor A (Variety) 1 1.200NS 83.300NS 2.700** 

Factor B (Vitamin) 4 72.783** 5053.824** 63.033** 

Factor A × Factor B  
(Variety × Vitamin) 

4 0.117NS 8.101NS 1.533** 

Error 20 1.433 99.546 0.067 

** = 1% significant level of probability; NS = Non-significant  
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EFFECTS OF AFLATOXIN MIXED FEED ON 
HAEMATOBIOCHEMICAL PROFILE  

IN LAYER CHICKEN  

N.K. Thapa1, M. Muralimanohar2, C. Balachandran3 and G. Sarathchandra4

ABSTRACT 

Twenty seven week old laying chickens were randomly 
distributed to three groups of 10 birds each and were fed with 
diets containing 0, 1 and 2 ppm  Aflatoxin (AF) for 42 days. The 
mean (±SE) Packed cell volume (PCV) values were 27.60±0.92, 
25.60±0.20 and 21.40±1.16% for 0, 1 and 2 ppm respectively 
indicating significant (P<0.05) decrease in the PCV value in AF 
treated birds compared to the control. No significant differences 
were observed in Haemoglobin (Hb) and Total Erythrocyte Count 
(TEC) values. The means (±SE) of serum glucose values were 
131±11, 185±1.11 and 178±11.1 mg/dL; significant increase 
(P<0.05) in serum glucose values were observed in the AF fed 
layer chicken. No significant differences were observed in serum 
cholesterol, total protein and albumin values. The means (±SE) 
of Alkaline Phosphatase (ALP) were 971±128, 806±128 and 
1264±128 U/L for 0, 1 and 2 ppm AF fed layer birds respectively 
indicating significant (P<0.05) increase in the level of ALP in 2 
ppm AF fed layer birds when compared with 0 and 1 ppm AF fed 
birds. No significant differences were observed between the 
control and AF treated layer birds for Alanine Aminotransferase 
(ALT) and Aspertate Aminotransferase (AST). Mean (±SE) 
values of Blood Urea Nitrogen (BUN) were 12.9±1.30, 10.3±1.30 
and 7.41±1.30 mg/dL for 0, 1 and 2 ppm AF fed layer birds 
respectively which revealed significant (P<0.05) decrease in the 
levels of BUN in AF treated birds and variable results were 
observed for serum creatinine when compared to the control.  
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Mean (±SE) values of serum sodium were 165±8.93, 167±8.42 
and 130±8.42 mmol/L for 0, 1 and 2 ppm AF fed layer birds 
respectively. The values decreased significantly (P<0.05) in 2 
ppm AF fed layer chicken. Serum calcium, phosphorous and 
potassium values did not differ significantly between the control 
and AF treated layer chicken.  
Key words: Aflatoxin, layer chicken, hematology, serum biochemistry,  

INTRODUCTION  
Contamination of animal feed with mycotoxin is a global problem. Among 

mycotoxins, aflatoxins (AFs) are the most important encountered in the animal feeds 
worldwide (Williams et al., 2004). AFs are difurocoumarin derivatives produced by 
toxigenic fungi of Aspergillus species. Poultry industry suffers greater economic 
losses due to higher susceptibility of the species compared to other animals to the 
toxin and also due to continuing intermittent occurrences in feeds (Fraga et al., 
2007).  

Outbreaks of aflatoxicosis have been reported in layer farms due to 
contamination of feed resulting in drastic reduction in egg production and increased 
susceptibility to other diseases and even leading to mortalities (Mukhopadhyay et al., 
2000; Sravanan et al., 2006). Very few studies have been conducted in the layer 
chickens compared to broiler chickens. Hence, the study was conducted in layer 
chicken to investigate the effects of aflatoxin on haematobiochemical profile. 

MATERIALS AND METHODS 
The experiment was conducted at Madras Veterinary College, Chennai, India 

during 2008 for a period of 42 days. Aflatoxin (AF) was produced on rice (Shotwell 
et al., 1966). 10 days old rice culture containing aflatoxin parasiticus NRRL 2999 
was briefly steamed for 5 min to kill the spores and was dried overnight at 600C in 
hot air oven. The mouldy rice was then ground to a fine powder. Aflatoxin content in 
the mouldy rice powder was estimated by thin layer chromatography (Romer, 1975) 
at Central Feed and Food Residue Analytical Laboratory, Madhavaram Milk Colony, 
Chennai. The aflatoxin detected was B1 and the rice powder containing aflatoxin was 
stored in an air tight container till the desired quantity was achieved. Layer mash 
without toxin binder obtained was found free from mycotoxins viz. aflatoxin, 
ochratoxin, T-2 toxin and citrinin by pretesting. Weighed amounts of powdered rice 
culture material containing known amounts of AF were incorporated in the feed. The 
dietary levels produced were 1 and 2 ppm. 

Thirty White Leghorn Forsgate layer chickens aged 27 weeks were randomly 
divided into three groups of 10 birds each and were fed with control and treatment 
diets containing 1 and 2 ppm AF for 42 days. Blood samples were collected after 42 
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days of trial by cardiac puncture in a vial containing Heller and Paul’s double oxalate 
mixture. Hb, PCV and TEC were estimated as per the method described by Coles 
(1986).  

Serum total protein, albumin, cholesterol, ALT, AST, ALP, BUN, creatinine,  
Gamma Glutamyl Transferase (GGT), calcium, phosphorous, sodium, potassium and 
uric acid were analyzed using the reagents/kits (Agappe and Accurex). 

Data were subjected to one/two way analysis of variance (ANOVA) using 
SPSS software version 10.00.  

RESULTS AND DISCUSSION 
The results of the experiment are presented in table 1.The mean (±SE) PCV 

values were 27.60 ± 0.92, 25.60 ± 0.20 and 21.40 ± 1.16% in birds fed diets 
containing 0, 1 and 2 ppm AF respectively. Significant decrease in PCV was 
observed in chicken fed with 2 ppm AF compared to control. Hb and TEC values did 
not differ from the control. Gounalan et al. (2006) reported significant reduction in 
PCV and Hb values in layer chicken fed with 0.5 ppm of AF from between 0 and 12 
weeks of age indicating anemia. This could be due to the young age of the chicks and 
the AF affecting the liver. However, Fernandez et al. (1995) reported increase in 
TEC and haematocrit in layer chicken by feeding 2.5 and 5 mg/kg of AF for 32 days. 
This could be due to higher doses of AF for shorter period causing stimulatory effect. 

Overall means (±SE) of serum glucose values were 131.31 ± 11.11, 185.30 ± 
1.11 and 177.71 ± 11.11 mg/dL in birds fed 0, 1 and 2 ppm AF respectively. The 
serum glucose levels showed significant (P<0.05) increase in AF fed birds when 
compared to the control but no difference was observed between dose levels. No 
significant differences for cholesterol, total protein and albumin were recorded. 
Similarly, no significant changes were reported in serum protein in layers fed 5 ppm 
or more AF for 28 or 32 days (Iqbal 1983; Fernandez et al., 1994). However, 
hypoproteinaemia and hypoalbuminaemia were reported in laying hens fed up to 5 
ppm AF (Stanley et al., 2004; Gounalan et al., 2006). 

There was numerical decrease in GGT and ALP in 1 ppm AF treated birds. 
Earlier workers reported elevated serum ALT, AST and GGT in birds fed 500 ppb 
AF from 2 days onwards (Rao & Joshi, 1993; Kim et al., 2003)  

Mean (±SE) values of BUN were 12.90 ± 1.30, 10.33 ± 1.30 and 7.41 ± 1.30 
mg/dL and serum creatinine were 0.42 ± 0.02, 0.47 ± 0.02 and 0.35 ± 0.02 mg/dL for 
0, 1 and 2 ppm respectively. There was significant (P<0.05) decrease in the level of 
BUN and creatinine in 2 ppm level when compared to the control. In AF fed birds, no 
significant changes were observed in serum uric acid. Increase in uric acid and 
creatinine were reported by feeding 0.5 ppm AF to layer chicken up to 12 weeks of 
age (Gounalan et al., 2006). 

Feeding 1 and 2 ppm of AF to layers for 42 days resulted in significant 
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decrease in serum sodium level in 2 ppm AF fed birds when compared to the control 
groups. Serum calcium, phosphorous and potassium levels did not show any 
difference between the control and toxin treated birds. However, significant reduction 
in serum calcium and phosphorus were reported by feeding AF up to 5 ppm 
(Fernandez et al., 1994; Umesh et al., 1995; Kim et al., 2003; Stanley et al., 2004). 

Table 1. Haematobiochemical values in chickens fed with 0, 1  
and 2 ppm of Aflatoxin for 42 days. 

Aflatoxin level ( ppm) Haematobiochemical 
parameters 0 1 2 

Hematological values    

Packed cell volume (%) 27.60a±0.92 25.60ab±0.21 21.40b±1.16 

Haemoglobin  (g/dL) 10.60±0.06 11.32±0.07 10.56±0.04 

Total erythrocyte count (m/cmm) 2.35±0.02 2.11±0.02 1.84±0.01 

Serum Metabolites    

Glucose 131.31a ±11.11 185.30b±11.11 177.71b±11.11 

Cholesterol 124.57± 11.81 111.83 ± 11.81 137.66± 11.81 

Total protein 4.88±0.20 4.49±0.20 4.44±0.20 

Albumin 1.94±0.10 2.00±0.10 2.06±0.10 

Serum enzymes (U/L)    

Alanine aminotransferase 4.74±0.74 5.26±0.81 3.56±0.70 

Aspertate aminotransferase 164.89 ±6.49 173.58 ±6.49 168.38±6.49 

Gamma glutramyl tramsferase 16.68ab±1.32 13.08a ±1.32 16.16b±1.32 

Alkaline Phosphatase 970.53ab±128.04 805.93a±128.04 1264.21b±128.04 

BUN, creatinine & uric acid values 

Blood urea nitrogen (BUN) 12.90a±1.30 10.33ab±1.30 7.41b±1.30 

serum creatinine 0.42ab±0.02 0.47a±0.02 0.35b±0.02 

uric acid values 4.50±0.52 4.46±0.52 4.95±0.52 

Serum mineral and electrolytes    

Calcium (mg/dL) 10.63±0.21 11.02±0.21 11.18±0.21 

Phosphorous (mg/dL) 5.70±0.57 7.43±0.57 6.87±0.57 

Sodium (mmol/L) 165.191a±8.93 166.99a±8.42 130.14b±8.42 

Potassium (mmol/L) 8.02±1.43 8.07±1.43 9.52±1.43 

Means with same superscript letters within a column do not differ significantly (P>0.05) 
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Feeding of 1 and 2 ppm aflatoxin for 6 weeks in layer chicken caused 
significant (P<0.05) decrease in the PCV value and significant increase (P<0.05) in 
serum glucose values when compared to the control birds. No significant differences 
were observed between the control and AF treated layer birds for ALT and AST. 
There was significant (P<0.05) increase in the level of ALP in 2 ppm AF fed layer 
birds when compared to 0 and 1 ppm AF fed birds decrease in the levels of BUN. 
Variable results were observed for serum creatinine. Serum sodium values decreased 
significantly (P<0.05) in 2 ppm AF fed layer chicken when compared to the control 
and 1 ppm AF fed layer birds. Serum calcium, phosphorous and potassium values did 
not differ significantly between the control and AF treated layer chicken. 

In this experiment, probably the dose of AF was quite low for shorter duration 
and hence the damage to the vital organs like liver and kidneys were not severe to 
bring about haematobiochemical alterations. It may also be due to enhanced 
reparative processes triggered by low level of toxin fed for shorter duration. 
However, there was elevation in ALP and glucose and decrease in BUN and sodium 
reflecting the toxic effects on these organs. 
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EVALUATION AND CHARACTERIZATION OF OKRA 
(Abelmoschus esculentus L. Moench.) GENOTYPES 

M. Saifullah1 and M. G. Rabbani 2

ABSTRACT 

One hundred and twenty one okra genotypes collected from 
different parts of Bangladesh were characterized and evaluated for 
different quantitative and qualitative traits at Regional Agricultural 
Research Station, Bangladesh Agricultural Research Institute, 
Jamalpur in summer season, 2004. Significant variations among 
the genotypes were observed for different characters studied. The 
GCV and the PCV were very close in most of the characters which 
indicated less environmental influence on the expression of those 
characters. The high heritability estimates along with considerable 
genetic advance were noticed in days to first flowering, plant 
height, number of primary branches per plant, number of 
internodes per plant, number of fruits per plant, fruit weight, 
number of seeds per fruits and fruit yield per plant provided the 
basis for selection for development of new variety of okra based on 
phenotypic performance. Genotypes AE009, AE024, AE036, 
AE061, AE080 and AE087 possessed desirable characters and 
were selected for further evaluation. 
Key words:  Characterization, evaluation, genetic parameters, okra 

INTRODUCTION 
Okra (Abelmoschus esculentus L. Moench.) is an important vegetable crop of 

Bangladesh belonging to the family Malvaceae. It is originated in tropical Africa 
(Purseglove, 1987) and is grown as a popular vegetable throughout the tropical and 
sub-tropical regions of the world. It is a nutritious vegetable containing 86.1% water, 
2.2 % protein, 0.2% fat, 9.7% carbohydrate, 1.0% fiber and 0.8% ash. Though it is 
grown round the year, its production is mainly concentrated during summer season. 
During rainy season, scarcity of vegetable is a serious problem in Bangladesh. Okra 
contributes an important share to meet the demand of vegetable during that lean 
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period of the year. About 38,508 metric tons of okra is produced from 9786 hectares 
of land per year in Bangladesh, and its average yield is about 3.93 t/ha (BBS, 2009). 

There are many genotype(s)/cultivar(s) of okra having diverse characters in 
different parts of the country. Those genotypes were collected from different parts of 
the country. The detailed morphological and genetical characters of those genotypes 
are necessary to know. For the improvement of the yield and other desirable 
characters, a knowledge of the magnitudes of variation in the available genotypes, the 
relation of characters with yield, extend of environmental influences on these and the 
heritability of the materials is essential. Therefore, the present study was conducted 
to assess the morphological and genetical variability in respect of different economic 
characters in a set of 121 okra genotypes with the objective that such an information 
would help in selecting genotypes for new variety and planning effective breeding 
programme for improvement of the crop.      

MATERIALS AND METHODS 
The study was conducted at the Regional Agricultural Research Station, 

Bangladesh Agricultural Research Institute, Jamalpur in 2004. One hundred and 
twenty one okra genotypes were collected, out of which 75 were from the 
Department of Horticulture, Bangladesh Agricultural University, Mymensingh, 25 
obtained from Plant Genetic Resources Centre and 21 from Horticulture Research 
Centre of Bangladesh Agricultural Research Institute, Gazipur. Manure and fertilizers 
were applied in the experimental field as per recommendation (Anonymous, 1997). 
The experiment was laid out in partial lattice design with three replications. The okra 
seeds of different genotypes were sown on the March 6, 2004 in rows of raised beds. 
Plant to plant and row to row spacing was maintained at 40.0 cm and 60.0 cm, 
respectively. Ten plants were grown in each replication. Necessary cultural 
operations were done throughout the cropping season to ensure proper growth and 
development of the plants. Weeding and irrigation was given to the plots as and when 
necessary. Data were recorded from eight plants of each replication. Green fruits 
were harvested every alternate day, when they attained edible stage. Harvesting was 
started from April 24, 2004 and was continued up to July 15, 2004. The data were 
recorded as per descriptors of vegetables and condiments (Anonymous, 1995). Data 
were analyzed by MSTAT  programme. 

Genetic parameters like genotypic and phenotypic coefficient of variation, 
heritability in board sense and genetic advance in percent mean related to ten 
economic yield and yield contributing characters were calculated (Singh and 
Chaudhary, 1985).  
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RESULTS AND DISCUSSION 
Considerable variability among the genotypes existed in respect of 

qualitative and quantitative characters of okra (Table 1). There was significant 
variation in different quantitative characters viz. plant height at final harvest ranged 
from 81.80 to 196.17 cm, highest plant spreading varied from 49.43 to 102.20cm, 
number of primary branches per plant from 1.07 to 4.57, number of internodes from 
17.57 to 35.43, length of leaf from 14.70 to 23.67cm, breadth of leaf from 15.95 to 
30.10 cm, length of petiole from 19.10 to 32.27, days to first flowering from 40.67 to 
57.67 days, number of nodes at first flowering from 5.07 to 8.10, length of fruit from 
9.80 to 17.25 cm, diameter of fruit from 1.26 to 2.12cm, individual fruit weight from 
15.28 to 26.15g, number of fruits per plant from 5.30 to 33.30, ridges per fruit from 
5.00 to 8.44, dry matter of fruit from 4.62 to 8.29 percent, number of seeds per fruit 
from 25.07 to 92.31, weight of 100 seeds from 5.50 to 8.25g, fruit yield per plant 
from 92.16 to 641.42 g and fruit yield per hectare from 2.76 to 19.24 tones. The 
highest fruit yield per plant was produced by AE024 (641.42g) and followed by 
AE036 (569.26g), AE061 (565.69g), AE009 (537.42g), AE080 (535.69g) and AE087 
(523.37g). Verma (1993) and Perdosa et al. (1983) found plant height ranged from 60 
to 250 cm and 73 to 240 cm, respectively. Martin and Rhodes (1983) found wide 
range of variability in spreading of plant, number of branches per plant, length of 
leaf, breadth of leaf, length of petiole, days to first flowering, number of nodes at first 
flowering, individual fruit weight, number of fruits  per plant and fruit yield per plant. 

Mishra et al. (1996) and Hazra and Basu (2000) reported that primary 
branches per plant, length of fruit, individual fruit weight, fruits per plant, ridges per 
fruit and fruit yield per plant varied significantly among okra genotypes.  Arumuga et 
al. (1981) and Ajmal et al. (1979) reported that increased fruit yield was obtained due 
to total fruiting node per plant, days to first flowering and first fruiting node. Sonia 
(1999) found that days to 50% flowering varied from 44.33 to 71.00 in different okra 
genotypes. Verma (1993) and Perdosa et al. (1983) found that fruit length and 
diameter of okra genotypes varied from 5.00 to 25.00 cm and 1.90 to 260 cm, 
respectively. Mishra et al. (1996) reported dry matter content of okra fruit varied 
significantly among the genotypes. Hazra and Basu (2000) found that number of 
seeds per fruit varied widely among okra varieties. Perdosa et al. (1983) reported that 
100 seed weight of okra varied from 5.53 to 7.43g. Sonia (1999) observed that 
marketable yield per plant varied from 154 to 467g among different okra genotypes. 
In respect of qualitative characters, wide range of variation was also found among 
121 okra genotypes. Majority of the genotypes were susceptible to yellow vein 
mosaic virus and fruit borer.  Some genotypes were also found to be high yielding 
and also tolerant to yellow vein mosaic virus.  

 



EVALUATION AND CHARACTERIZATION OF OKRA GENOTYPES  95 
 

Table 1. Quantitative characters of okra genotypes. 

Sl. 
No. Characters Min. Max. Mean 

Coefficient 
of variation 

(%) 
Mean±SE 

1 Plant height final harvest (cm) 81.80 196.17 145.76 9.47 145.76±1.36
2 Highest spreading of plant (cm) 49.43 102.20 72.22 8.96 72.22 ±1.06
3 No. of primary branches/plant 1.07 4.57 2.08 4.18 2.08   ±0.43
4 No. of internodes/plant 17.57 35.43 27.93 6.39 27.93 ±0.69
5 Length of leaf (cm) 14.70 23.67 19.43 6.05 19.43 ±0.72
6 Breadth of leaf (cm) 15.95 30.10 22.98 7.86 22.98 ±0.41
7 Length of petiole (cm) 19.10 32.27 25.01 9.16 25.01 ±0.67
8 Days to first flowering 40.67 57.67 45.37 7.57 45.37 ±0.44

9 Plant height at first flowering 
(cm) 17.33 41.00 26.03 9.49 26.03 ±1.20

10 No. of leaves at first flowering 
(cm) 10.87 21.93 16.37 6.06 16.37 ±0.61

11 No. of nodes at first flowering 5.07 8.10 5.86 4.02 5.86   ±0.15
12 No. of epicallyx segments 6.08 10.67 8.38 3.64 8.38   ±0.26
13 Length of fruit (cm) 9.80 17.25 12.58 6.90 12.58 ±0.68
14 Diameter of fruit (cm) 1.26 2.12 1.64 3.30 1.64   ±0.19
15 Average weight of fruit (g) 15.28 26.15 19.43 8.75 19.43 ±0.74
16 No. of fruits/plant 5.30 33.30 23.10 10.49 23.10 ±0.78
17 Fruit yield/plant 92.16 641.42 447.67 13.63 447.67±18.3
18 Fruit yield/ha 2.76 19.24 13.42 11.85 13.42 ±0.72
19 Ridges/fruit 5.00 8.44 5.92 4.33 5.92  ±0.16 
20 Dry matter of fruit (%) 4.62 8.29 6.47 6.29 6.47  ±0.17 
21 No. of seeds/fruit 25.07 92.31 55.56 3.23 55.56 ±0.79
22 Weight of 100 seeds (g) 5.50 8.25 6.86 2.18 6.86  ±0.61 

 
Qualitative characters of okra genotypes were presented in table 2. Each 

character was classified into different categories. For growth habit, the okra 
genotypes fall into three categories viz. erect, procumbent and medium. Likewise, the 
genotypes were grouped into different categories for branching habit, stem colour, 
leaf shape, leaf and petal colour, red colour of petal base, shape of epicalyx segments, 
fruit colour, fruit pubescence, seed colour, seed shape, seed hairiness, yellow vein 
mosaic virus reaction and fruit and shoot borer infestation.  
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Table 2. Qualitative characters of okra genotypes. 
Sl. 
No. Characters Description( Grouped into categories) 

1 Growth habit  Erect (76*), Procumbent (9), Medium (36) 
2 Branching habit  Orthotropic(50), Moderate (63), Profusely (8) 
3 Stem colour Green (35), Deep green (12), Green with red patches  

(72), Red (2) 
4 Stem pubescence Slight (27), Medium (79 ), High (15) 
5 Shape of leaf Palmatipartite (74), Palmatisect (44), Palmatified (3) 
6 Leaf colour Green (80), Deep green (39), Reddish (2) 
7 Petal colour Creamy (65), Light creamy ( 52) Deep creamy (4)  
8 Red colour of petal 

base 
Both side (119), One side only (2)  

9 Shape of epically x 
segments  

Linear(86), Lanceolate ( 32), Triangular (3) 

10 Fruit colour Green ( 65), Light green ( 31), Deep green (23), 
Reddish (2) 

11 Pubescence of fruit  Low (21), Medium (71), High (29) 
12 Seed colour Light grey ( 22), Grey (19), Brownish (65 ), Blackish 

(15)  
13 Seed shape Round (70), Oblong (28), Shanken (23)   
14 Seed Hairiness Hairy (24), Light hairy (22), Hairless (75)  
15 Infestation of yellow 

vein mosaic virus 
Susceptible (105), Tolerant (16) 

16 Infestation of  fruit 
borer  

Susceptible (111), Tolerant (10)  

* Number within  the bracket indicated number of genotypes 

Range, mean, genotypic and phenotypic coefficient of variation, heritability 
in broad sense and genetic advance in percent means in related to yield and yield 
contributing characters of okra have been presented in table 3. It was observed that 
considerable difference was noticed between genotypic (10.92) and phenotypic 
(12.06) coefficient of variation indicating considerable environmental effect upon the 
expression of days to first flowering.  High heritability (97.55%) and medium genetic 
advance were found for days to first flowering. The environmental influence was 
considerable for plant height at last harvest, which could be observed from the 
differences between genotypic coefficient of variation (26.32) and phenotypic 
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coefficient of variation (27.37) (Table 3). This trait has high heritability (99.58%) as 
well as high genetic advance (69.33%).  

Low difference was observed between genotypic (29.90) and phenotypic 
(30.50) coefficient of variation indicating low environmental influence on primary 
branches per plant in okra (Table 3). Similar trend was also found for number of 
internodes per plant. This trait possessed high heritability (97.32%) as well as high 
genetic advance (59.15). 

Table 3. Estimates of genetic parameters for yield and yield contributing 
characters of okra genotypes. 

Characters Range Mean GCV PCV h2b GA in % 
Mean (5%) 

Days to first 
flowering 

40.67 - 57.67 45.37 10.92 12.06 97.55 28.48 

Plant height at 
final harvest (cm) 

81.80-196.17 145.76 26.32 27.37 99.58 69.33 

No. of primary 
branches/plant 

1.07 - 4.57 2.12  29.90 30.50 97.96 76.31 

No. of 
internodes/plant 

17.57 - 35.43 27.93 22.71 23.02 97.32 59.15 

Length of 
fruit(cm) 

9.80 - 17.25 12.58 6.67 9.10 53.70 12.90 

Diameter of 
fruit(cm) 

1.26 - 2.12 1.63  1.86 4.48 17.12 2.03 

No. of fruits/plant 5.30 - 33.30 23.10 13.64 14.20 92.27 34.59 

Average weight of 
fruit (g) 

15.28 - 26.15 19.43 9.40 10.99 73.56 23.15 

No. of seeds/fruit 25.07 - 92.31 55.56 10.20 10.96 86.61 26.84 

Fruit yield/plant(g) 92.16-641.42 447.67 22.54 23.47 92.31 44.67 

GCV-Genotypic coefficient of variation           h2b- Heritability in broad sense 
PCV- Phenotypic coefficient of variation         GA- Genetic Advance 

Length of fruit had considerable differences between genotypic (6.67) and 
phenotypic (9.10) coefficient of variation indicating considerable environmental 
effect upon the expression of the character (Table 3) which exhibited low heritability 
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(53.70%) with low genetic advance (12.90). Diameter of fruit maintained the same 
trend like fruit length.  

Low difference was observed between genotypic (13.64) and phenotypic 
(14.20) coefficient of variation indicating low environmental influences on number of 
fruits per plant (Table 3). This character had high heritability (92.27%) and medium 
genetic advance (34.59). The results indicated low environmental influences upon the 
expression of this character. The percentage of heritability was 73.56 and genetic 
advance was 23.15 for average weight of fruit in okra.  

Low difference between genotypic and phenotypic coefficient of variation 
indicates low environmental effect upon the expression of seeds per fruit and fruit 
yield per plant in okra (Table 3) which had high heritability with medium genetic 
advance  indicated selection might be effective for these trait.  

Genetic parameters for yield and yield contributing characters of okra 
showed wide variation. All the characters studied showed considerable variations for 
genotypic and phenotypic coefficient of variation. Patil et al. (1996) found 
considerable genotypic and phenotypic coefficient of variation for days to first 
flowering, number of fruits per plant, individual fruit weight and fruit yield per plant. 
Singh et al. (1998) observed higher genotypic and phenotypic coefficient of variation 
for plant height and fruits per plant of okra. Chandra et al. (1996) found higher 
genotypic and phenotypic coefficient of variation for branches per plant, fruit weight 
and fruit yield per plant in okra. Dash and Mishra (1995) reported that variance for 
seeds per fruit differed significantly in okra genotypes.  

From the above study, it was concluded that the okra genotypes grown in the 
different parts of the country varied distinctly in respect of different quantitative and 
qualitative characters. Some genotypes performed high yield as well as tolerant to 
yellow vein mosaic virus. From the estimates of genotypic and phenotypic coefficient 
of variation, heritability in broad sense and genetic advance in percent means, it was 
concluded that there was ample scope for improving the yield of okra via days to first 
flowering, plant height, number of primary branches per plant, number of internodes 
per plant, number of fruits per plant, average fruit weight, number of seeds per fruits 
and fruit yield per plant. The result indicated that there was immense scope for 
improving these characters in okra by selection as well as their utilization in 
hybridization programme. Therefore, considering all the parameters the genotypes 
AE009, AE024, AE036, AE061, AE080 and AE087 were selected as promising and 
recommended for further evaluation for developing a new variety of okra. 
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CRITICAL LIMIT OF AVAILABLE BORON FOR RICE 
UNDER RED AND LATERITE ZONE OF  

WEST BENGAL, INDIA 

P. Debnath1, G. Chandra2  and Sudipta  K. Ghosh3

ABSTRACT 

The critical limit of Boron (B) in soils and plant was determined 
through a pot culture experiment with twenty-two acidic soils of 
Red and Laterite zone of West Bengal. Hot water soluble (HWS) 
boron in these soils was positively and significantly correlated with 
organic carbon, and percent dry matter yield of rice, B 
concentration in plant tissues and B uptake by shoots. A negative 
but significant association was observed between pH and HWS 
boron.  The critical concentration of soil available B and plant 
tissues B was 0.30 ppm and 12.5 ppm, respectively, below which 
appreciable responses to B application were observed. Response 
of rice to boron application in B deficient soils was 61.53%. 
Key words: HWS boron, Bray’s percent yield, Critical limits, Rice. 

INTRODUCTION 
The problem of secondary and micronutrients application have not received the 

desired attention. With increasing cropping intensity, high yielding crop varieties 
grown with increasing use of secondary and micronutrients free fertilizers, the 
process of exhaustion of native soil sources of secondary and micronutrients have 
increased considerably.Boron is an essential micronutrient for crops. It acts as new 
cell developer in meristematic tissue, fruit and seed setting, involves in the regulation 
of the carbohydrate metabolism and its transport within the plant, DNA synthesis in 
meristems, synthesis of amino acids and proteins and nitrogen fixing bacteria. 

The apparent and latent symptoms of boron deficiency have been recorded on 
rice and other field crops including vegetables being grown in these acidic soils of 
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Red and Laterite zone. Preliminary studies based on few soil sample analysis have 
indicated boron deficiency in soils is present toward northern part of West Bengal 
(Saha, 1992). But, no information was available regarding the threshold value of 
available B in soils of red and laterite zone of West Bengal. The present investigation 
was, therefore, carried out to determine critical limit of available Boron for rice under 
red and laterite zone of west Bengal, India. 

MATERIALS AND METHODS 
Twenty two bulk soil samples from plough layer (0-20 cm) were collected 

from various locations of red and laterite zone which comprise four districts viz, 
Midnapur (West), Bankur, Purulia and Birbhum of West Bengal, India, lying 
between 22030/ to 23032 N latitude and 870 07/ to 88028/ E longitude. These soils 
belonged to order Inceptisols and Entisols. The air dry soil samples passed through 
2mm sieve were mechanically analyzed by hydrometer method (Day, 1965), pH by 
glass electrode pH meter (1:2 soil:water), organic carbon by Walkly and Black’s Wet 
digestion method (Jackson,1973) and cation exchange capacity was determined by 
leaching the soil with 1 N NH4

+ OAC and subsequently displacing the adsorbed NH4
+ 

following the methods of Schollenberger and Simon(1945).  Hot water soluble boron 
was determined colorimetrically using Azomethine –H indicator following the 
methods of Wolf (1971). 

A pot culture experiment was conduced in a green house at the Instructional 
farm (22057/N Latitude and 88020/E Longitude), Mohanpur,West Bengal,India. Each 
pot was lined with polythene sheet of suitable size. The polythene lining was rinsed 
in 0.1N HCL followed by deionized water. Four kg of soil was transferred into each 
pot. Recommended doses of N, P2O5, and K2O @ 100, 50 and 50 kg per hectare, 
respectively were applied as reagent grade urea, KH2PO4 and KCl. Three 21 day old 
seedlings of rice variety-IR 36 were transplanted in each pot. Boron was applied @ 0, 
5, 10 and 15 kg per hectare as reagent grade borax after 7 days of transplanting of 
rice seedling. Each treatment was replicated thrice in completely randomized design. 
Watering with deionized water and intercultural operations like weeds control and 
plant protection measures were adopted uniformly in each pot as and when required. 

Rice plants (at ground level) were harvested after 50 days of growth and 
washed in acidified solution, rinsed with deionized water, dried at 650C in a hot air 
oven and dry-matter yield was recorded. The dried rice plant and dried 3rd leaf 
samples of each pot were separately powdered in a warring stainless steel grinder. 
Dry powdered plant samples were ashed in a muffle furnace at 600ºC and then ash 
was extracted in 10 ml 0.36 (N) H2SO4 for 1 hr at room temperature. The 
concentration of boron was determined colorimetrically using Azomethine –H 
indicator method (Gaines and Mitchell, 1979). The critical limit of boron in soil and 
plant was determined by plotting percentage yield against soil available B and plant 
tissue B concentration respectively using the procedure of Cate and Nelson (1965).  
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The percentage yield was calculated as: 

Bray’s percent yield= 
treatmentboronptimumatYield

treatmentboronwithoutYield
  o  

    x 100 

RESULTS AND DISCUSSION 
Physicochemical Properties of soils 

 The soil texture ranged from loamy sand to silty loam, pH varied from 4.5 to 
6.5, organic carbon from 0.28 to 0.61 % and cation exchange capacity from 7.0 to 
16.10 meq/100g (Table 1). The soils were mostly acidic in reaction. More than 85  

Table 1. Physico-chemical characteristics and Hot water soluble boron of the 
twenty-two soils of Red and Laterite zone of West Bengal, India. 

Physico-chemical properties District/ 
Sampling site pH Org. C 

% Sand % Silt  
% 

Clay 
% 

CEC 
meq/100g

Hot water 
soluble boron 
content (ppm) 

Midnapur(W)        
Bankati 6.5 0.46 22.0 44.2 33.8 14.5 0.22 
Telkona 6.4 0.48 38.0 46.0 16.0 7.5 0.30 
Barakonda 6.2 0.30 34.0 48.0 18.0 8.0 0.35 
Channabila 6.1 0.29 36.0 50.0 14.0 10.5 0.15 
Binpur 6.0 0.33 37.0 44.0 19.0 11.5 0.35 
Jarkonda 5.3 0.46 12.8 43.3 43.9 16.1 0.40 
Anandapur 6.4 0.52 54.5 26.6 18.9 7.7 0.30 
Bankura        
Jharia 5.9 0.46 49.5 31.0 19.5 10.8 0.20 
Deuli 5.8 0.28 53.4 25.0 21.6 10.7 0.40 
Mirgindihi 4.5 0.32 63.4 26.0 10.6 7.1 0.30 
Bhulanpur 5.0 0.28 48.4 30.0 21.6 12.5 0.35 
Dayalpur  5.6 0.40 46.5 30.0 23.5 11.2 0.45 
Kontaban 5.9 0.31 44.4 35.0 20.6 9.7 0.40 
Ranga 4.7 0.28 59.2 30.0 10.8 6.2 0.30 
Taldangra 4.8 0.44 60.0 20.0 20.0 7.4 0.25 
Purulia        
Sirkabad 5.9 0.49 45.6 34.9 19.5 8.0 0.30 
Bahal  5.1 0.34 50.6 37.1 12.3 6.3 0.20 
Pataphari 5.5 0.61 63.0 20.0 17.0 7.0 0.32 
Birbhum        
Chimpai 6.0 0.48 47.1 25.9 27.0 13.5 0.36 
Jagadishpur 4.8 0.48 30.2 55.0 14.8 10.5 0.30 
Kharbona 5.5 0.59 66.0 18.8 15.2 7.9 0.15 
Nanoor  5.6 0.28 14.2 60.8 25.0 11.7 0.35 
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percent soils were low in organic carbon, having values less than 0.50% (Debnath & 
Ghosh, 2009). 

Critical Limit of B in Soils and Third Leaf of Rice Plant 

The available B in these soils varied from 0.15-0.45 ppm with mean value 0.30 
ppm and percentage to dry matter yield of rice ranged from 48.56-105.23 %. The 
boron concentration in 3rd leaf of rice, total boron in shoot and boron uptake by rice 
shoot in non boron applied pots ranged from 7-21 ppm, 9-23 ppm and 34.92 to 
286.58 µg/pot, respectively (Table 2). The plot of percentage yield against soil 
available B and plant tissue B revealed 0.30 and 12.5 ppm, respectively, as the 

critical concentration of B in soils and  rice plant (Figure 1 and 2). This critical limit 
of available B was very close to 0.36 ppm as reported by Giri, (1999) & Chaudhary 
& Sukla ., (2004). Ma-Ling et al., (2003) reported that critical limit of available 
boron was 0.50 ppm from the analysis of tea growing soils of China. On the basis of 

Table 2. Effect of boron application on dry-matter yield of shoots, boron 
concentration in leaf and shoots and boron uptake by rice  

shoots in twenty-two soils. 
Shoot weight (g/pot) 

Application of Borax (kg/ha)   Sampling 
site 

0 5 10 15 

Percent dry 
matter 
yield at 

optimum 
boron level

Total 
boron in 

the 3rd rice 
leaf of no B 
pots (ppm)

Total B in 
rice shoots 
of no boron 
pots (ppm) 

Boron 
uptake by 
rice shoots 
(µg/pot) in 
no B pots 

Bankati 6.42 7.58 9.05 10.02 64.07 9 12 77.04 
Telkona 7.95 9.50 10.72 11.30 70.35 10 14 111.30 
Barakonda 9.13 10.03 9.78 9.54 91.02 12 18 164.34 
Channabila 4.26 6.08 7.45 8.35 51.01 7 10 42.60 
Binpur 9.40 10.07 9.88 9.75 93.34 14 20 188.00 
Jarkonda 11.95 11.87 11.52 11.08 100.67 19 23 274.85 
Anandapur 6.85 7.98 9.72 10.38 65.99 8 14 95.90 
Jharia 4.36 6.40 7.66 8.50 51.29 9 12 52.32 
Deuli 11.40 11.04 10.85 10.72 103.26 20 22 250.80 
Mirgindihi 7.17 8.80 9.66 10.34 69.34 10 13 93.21 
Bhulanpur 11.95 12.09 11.65 11.28 98.84 18 23 274.85 
Dayalpur  12.46 11.84 11.63 11.48 105.23 20 23 286.58 
Kontaban 11.00 10.78 10.55 10.26 102.04 21 23 253.60 
Ranga 7.48 9.70 10.52 11.06 67.63 11 13 97.24 
Taldangra 5.18 6.42 7.70 8.86 58.46 9 11 56.98 
Sirkabad 8.45 10.56 11.90 11.00 71.00 12 16 135.20 
Bahal  4.96 6.75 7.87 8.73 56.81 8 10 49.60 
Pataphari 8.96 9.53 9.44 9.32 94.01 15 21 188.16 
Chimpai 9.76 10.10 9.86 9.75 96.63    16 22 214.72 
Jagadishpur 8.16 9.66 10.20 10.00 80.00 11 17 138.72 
Kharbona 3.88 5.85 6.94 7.99 48.56 7 9 34.92 
Nanoor  9.52 10.02 9.80 9.75 95.00 15 22 209.44 
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Effect of Boron on Dry Matter Yield   
The percentage response on shoot yield of rice due to boron application in soils 

below critical limit ranged from 16.49 to 50.77 % (average 29.17 %) at 5 kg level, 
25.0 to 78.86 % (average 49.63 %) and 22.54 to 105.92 %  (average 61.53%) at 10 
and 15 kg level of boron application, respectively. On the other hand, soils above the 
critical level of B where dry matter yield response at 5 kg/ha of applied B ranged 
from (-) 4.97 to 9.85 % (average 2.24 %) and at 10 and 15 kg/ha level of applied B 
ranged from (-) 6.66 to 7.11 % (average -0.01 %) and (-) 7.86 to 4.49 % (average – 
1.89 %), respectively (Table 3). This shows that in comparison to other micronutrient 
the range of B deficiency and toxicity is very narrow. Rashid et al., (2004) reported 
that application of B (1kg/ha) substantially increased grain yield of rice cultivars 
Basmati 385 and Super Basmati in Punjab. They also showed that plant height, 
number of productive tillers of both cultivars increased with B application. 

Table 3. Response of rice crop to boron applications below and above the critical 
limit value of boron in soils. 

Response to B application (kg/ha) 

0 5 10 15 

 
Item of 
analysis 

Soils 
with B 
(ppm) 

 range mean range mean range mean range mean 

<0.30 3.88-8.46 6.26 5.85-10.56 7.94 6.94-11.90 9.11 7.99-11.0 9.71 Dry matter 
yield of 
shoot 

(g/pot) >0.30 8.96-12.46 10.55 9.53-12.09 10.73 9.44-11.65 10.49 9.32-11.48 10.29 

<0.30   16.49-50.77 29.17 25.0-78.86 49.63 22.54-105.92 61.53 Respone   
of shoot 

yield (%) >0.30   (-)4.97-9.85 2.24 (-)6.6- 7.11 (-)0.01 (-)7.86-4.49 (-)1.89

CONCLUSION 
On the basis of experimental findings, it is concluded that, the critical limit 

value of available boron in soil and third leaf rice plant are 0.30 and 12.50 ppm 
respectively. Application of Borax @10 to15 kg/ha can be recommended for the rice 
crops grown in Red and Laterite Zone of West Bengal, where the hot water soluble 
boron status in soils is below the critical level.  
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