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PRODUCTIVITY AND PROFITABILITY OF DIFFERENT 
CROP SEQUENCES IN SEMI-ARID CONDITION 

H S Jat1, J S Mann, L R Meena and Subhash Chander 
Central Sheep and Wool Research Institute, Avikanagar, Rajasthan 304 501 India 

ABSTRACT 

A field study was conducted at farmer’s field during 2002-05 in Soda village 
of Malpura tehsil of Tonk district (Rajasthan, India) with seven crop 
sequences to find out a suitable cropping sequence based on productivity 
and profitability. Groundnut-wheat crop sequence recorded maximum 
pearmillet equivalent yield (PEY) (10.34 t ha-1) which was 7.17, 15.67, 
25.73 and 26.89 per cent higher than the greengram-wheat (9.60 t ha-1), 
greengram-barley (8.72 t ha-1), groundnut-mustard (7.68 t ha-1) and 
pearlmillet-wheat (7.56 t ha-1) crop sequences respectively. Similarly, 
maximum land-use efficiency (LUE) was observed in groundnut-wheat 
system (72.60%) followed by pearlmillet-wheat system (69.77%) and both 
were statistically at par, whereas the lowest LUE was recorded in 
greengram-barley (56.16%) cropping sequence. Groundnut-wheat 
sequence also recorded the highest net returns (Rs 36580 ha-1) and benefit 
cost ratio (Rs 2.22), whereas sorghum-chickpea showed the lowest net 
returns (Rs 2710 ha-1) and benefit cost ratio (Rs 1.12). Further, Groundnut-
wheat crop sequences also recorded significantly higher energy output 
(109,631 MJ ha-1) over all other cropping sequences.  The energy 
produced by groundnut-wheat was 13.61, 14.08 and 18.72 per cent higher 
than pearlmillet-wheat (94,707 MJ ha-1), greengram-barley (94,193 MJ ha-1) 
and greengram-wheat (89,107 MJ ha-1) cropping sequences respectively.   
However, pearlmillet-wheat crop sequence was more sustainable with 
maximum sustainable yield index (0.90), than greengram-barley (0.78) and 
groundnut-wheat (0.77) crop sequence. On the contrary, greengram-wheat 
sequence recorded maximum production efficiency (44.31 kg PEY ha-1day-

1), closely followed by greengram-barley (42.54 kg PEY ha-1day-1) crop 
sequence. Similarly, highest economic efficiency was also recorded with 
the greengram-wheat (Rs 156.10 ha-1day-1) and it was at par with 
groundnut-wheat (Rs 137.54 ha-1day-1) and greengram-barley (Rs 131.63 
ha-1day-1) crop sequence. Sorghum-chickpea (11.93 MJ Re-1) crop 
sequence was significantly more energy intensive than other cropping 
sequences.   
Key words: Cropping sequences, Economic efficiency, Energy efficiency, 
Production potential, Sustainability 

                                                 
1 Corresponding author email: hsjat_agron@yahoo.com 

(Received: 17.01.2011) 



2  H S Jat et al. 

 

INTRODUCTION 
The productivity of most of the cropping sequences are low in semi-arid regions 

due to climatic limitations and could not be influenced much from green revolution 
and there exist a wide technological application gap In the era of shrinking resource 
base of land, water and energy, resource-use efficiency is an important factor for 
considering the suitability of a cropping system (Yadav, 2002).  In Rajasthan, most of 
the pulses and oilseeds are grown under semi-arid conditions, resulting in low 
productivity. This is so because of the facts that technologies are not generated and 
assessed under different situations of soil, climate, inputs and other requirements. So 
far, in the process of technology assessment farmers participation along with their 
resources, social and economic aspects as well as their perception was often ignored 
particularly in case of the resource poor farmers. As a result productivity of cropping 
systems remains far behind the actual potential. Hence, choice of the component 
crops in the cropping system representing a specific agro-ecological region needs to 
be suitably maneuvered to harvest the synergism among them towards efficient 
utilization of resource base and to increase overall productivity and profitability. In 
this context, a participatory research was conducted to assess the productivity and 
profitability of different crop sequences at farmers fields representing semi-arid agro-
ecosystem of Rajasthan.  

MATERIALS AND METHODS 
A field experiment was conducted at farmers’ field in an adopted village of 

Central Sheep and Wool Research Institute, Avikanagar (lies between 260 15’ to 260 

25’ N latitude and 750  25’ to 750  28’ E longitude with an altitude  of 326 m above 
mean sea level) in semi-arid areas of Tonk district of Rajasthan during 2002-
2005.The area received an annual rainfall of 162.8, 473.3 and 404.5mm in 2002-03, 
2003-04 and 2004-05 respectively with a mean annual maximum and minimum 
temperature of 34 and 22º C respectively. The soil of experimental area in the village 
at different farmers’ field was taken into account and expressed as average for all the 
parameters because of the variation in soil texture, pH and available nutrients. The 
soils were sandy loam in texture, low in organic carbon (0.23%), nitrogen (134.3     
kg ha-1) and phosphorus (16.4 kg ha-1) and medium in potassium (168.2 kg ha-1) and 
having a pH of around 7.8. The trial was conducted in randomized block design with 
three replications at different farmers’ fields. Seven crop sequences were pearlmillet-
chickpea (CS1); pearlmillet-wheat (CS2); greengram-wheat (CS3); greengram-barley 
(CS4); groundnut-mustard (CS5); groundnut-wheat (CS6); and sorghum-chickpea 
(CS7). The trials were carried out with improved varieties (ICMH 356 of pearlmillet, 
GNG 63 of chickpea, RAJ 3077 of wheat, K 851 of greengram, RD 2503 of barley; 
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Somnath of groundnut, Pusa Jai Kisan (Bio-902) of mustard and CSH 14 of 
sorghum) of crops. The kharif season crops were sown with the onset of monsoon 
and rabi season crops were sown at normal sowing time for these crops. Mustard and 
chickpea were sown under residual soil moisture, whereas wheat and barley were 
sown after applying pre sowing irrigation. Irrigation was not given to any crops 
except wheat and barley because in this region water is very scarce. Wheat and barley 
crops were irrigated optimally as and when required. Recommended doses of N, P 
and K were applied to different crops viz., pearlmillet (60-40-20 kg ha-1), chickpea 
(20-40-20 kg ha-1), wheat (100-60-40 kg ha-1), greengram (20-40-00 kg ha-1), barley 
(50-40-20 kg ha-1), Groundnut (40-40-20 kg ha-1), mustard (40-20-20 kg ha-1), 
sorghum (40-20-20 kg ha-1) through urea, diammonium phosphate and muriate of 
potash, respectively. All the crops were grown successfully with recommended 
packages of practices. The need based plant protection measures were adopted in 
different crops. Observations on grain yield were recorded. The cost of cultivation 
was calculated by taking into account the prevailing prices of inputs. The return was 
calculated on yearly basis. Different crop sequences were compared by converting 
the yields of all the crops in a sequence in to pearlmillet equivalent yield (PEY) on 
prevailing market price basis. Sustainability of the system was measured by 
sustainable yield index (SYI) and calculated as per the procedure (SYI = Y/Ymax, 
where; SYI- Sustainable Yield Index, Y- Average yield over the years in response to 
a system - Standard deviation, Ymax- Observed maximum yield in the system) 
described by Singh et al. (1990). Total field duration of a cropping system expressed 
in percentage of 365 days was taken as the land use efficiency (LUE) of the system to 
measure intensification in temporal dimensions. Production efficiency was expressed 
as the ratio of system productivity in kg PEY ha-1 to total duration of the system in 
days (Tomar and Tiwari, 1990). Net returns were the difference between the gross 
returns of a system and total cost of cultivation of the component crops. Returns per 
Re invested of a system was expressed as net returns (Rs) per Re spent. A commonly 
used value for calculating energy is based on the ton coal equivalent (t.c.e.) i.e. 2.9 x 
109 J or 2.9 GJ (106 J or MJ). The energy output of different cropping sequences was 
calculated on the basis of economic yield as given by Mittal and Dhawan (1988) and 
expressed as total energy (MJ ha-1). Energy productivity (kg MJ-1) was expressed as 
the ratio of system yield in kg ha-1 to total energy output of the system. Economic 
efficiency was calculated by taking net returns in to account and energy intensiveness 
was expressed as energy output of a system in MJ per rupee (Re) invested. Statistical 
analysis was done in all parameters by adopting the procedures of Gomez and Gomez 
(1984). 
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RESULTS AND DISCUSSION 

Productivity of component crops 
Yield of the component crops under the present investigation varied with the 

systems. The yield of all the kharif season crops were low during 2002 instead of the 
respective year 2003-04 and 2004-05 because of the low rainfall (162.8 mm) or 
drought year. The higher yields of pearlmillet (2.24 t ha-1), greengram (1.79 t ha-1), 
groundnut (1.60 t ha-1) and sorghum (1.99 t ha-1) were recorded in 2004 (Table 1).  
The Maximum wheat yield (5.76 t ha-1 in 2003-04) was recorded in groundnut-wheat 
sequence probably because groundnut being a leguminous crop it fixes the 
atmospheric nitrogen and it sheds the leaves which are a rich source of major 
nutrients. The higher yield of chickpea on average basis was recorded in pearlmillet-
chickpea system in comparison to sorghum-chickpea system. The mustard yield  
considerably increased (47 and 51 %) in 2003-04 and 2004-05 in comparison to 
2002-03 because of higher rainfall(473 and 405mm respectively) received during the 
monsoon season as well as one or two showers during rabi season in the month of 
January.  

Pearlmillet equivalent yield (PEY)   
System productivity in terms of pearlmillet-equivalent yield (PEY) and 

profitability played a vital role in determining the most useful and profitable cropping 
sequence. The pooled analysis of three years data revealed that groundnut-wheat 
sequence produced the highest PEY (10.34 t ha-1) which was at par with the PEY of 
greengram-wheat (9.60 t ha-1) and greengram-barley (8.72 t ha-1) crop sequences and 
higher than PEY of other crop sequences (Table 1). Groundnut-wheat crop sequence 
registered 7.17, 15.67, 25.73 and 26.89 per cent higher PEY than the greengram-
wheat, greengram-barley, groundnut-mustard and pearlmillet-wheat crop sequences, 
respectively. Groundnut-wheat cropping system having higher biological yield 
potential as compared to other cropping systems and also had higher resource 
conversion efficiency in a defined set of climatic conditions. Kumpawat (2001) also 
reported similar results. The winter crops mostly governed the PEY of the systems, 
because the yields from kharif crops were more or less same. Pearlmillet-chickpea 
and sorghum-chickpea crop sequence showed minimum PEY (3.70 and 3.11 t ha-1 
respectively) because of relatively lower yield of chickpea compared with other 
cereals and pulse crop.  

Sustainability index 
Ability of a system to sustain its productive performance over a period of time is 

expressed as sustainability. Pearlmillet-wheat system expressed the highest 
sustainable yield index (SYI) of 0.90 (Table 1), which might be due to above average 
stability in yield of pearlmillet and wheat crop over the years. The lowest SYI was 
observed with groundnut-mustard cropping sequence (0.49) probably because both  
the crops were dependent of rainfall and lot of variations in yield was reported during 
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the years of experimentation. Region specific crops are known to offer special 
advantage regarding stability of the system because of their better adaptability to the 
soil and climatic conditions. Highest SYI for different crop sequences pointed to long 
term profitability for the farmers (Singh et al., 1990).  

Table 1. Economic yield of different crops, pearlmillet equivalent yield (PEY) and sustainable 
yield index (SYI) of different cropping sequences  

Economic yield (t ha-1) Pearlmillet-equivalent yield (t ha-1) 

2002-03 2003-04 2004-05 

Cropping 
sequence 

kharif rabi kharif rabi kharif rabi

2002-03 2003-04 2004-05 Pooled 

Sustai
n-able 
yield 
index 

Pearlmillet
-chickpea 

1.98 0.46 2.00 0.65 2.24 0.70 3.11 3.80 4.18 3.70 0.75 

Pearlmillet
-wheat 

1.80 4.25 1.95 4.43 2.32 4.57 7.21 7.48 8.00 7.56 0.90 

Greengram
-wheat 

0.70 4.97 1.59 4.26 1.79 4.89 8.20 9.62 10.97 9.60 0.75 

Greengram
-barley 

0.70 5.21 1.48 5.28 1.54 5.03 7.20 9.49 9.48 8.72 0.78 

Groundnut-
mustard 

0.76 0.86 1.35 1.61 1.36 1.76 4.42 8.84 9.77 7.68 0.49 

Groundnut-
wheat 

1.07 4.54 1.59 5.76 1.60 4.82 8.76 11.60 10.65 10.34 0.77 

Sorghum-
chickpea 

1.12 0.49 1.86 0.61 1.99 0.53 2.32 3.56 3.44 3.11 0.68 

S Em±       0.20 0.35 0.33 0.53  
CD 
(P=0.05) 

      0.62 1.07 1.03 1.63  

Resource-use efficiency 

Highest land-use efficiency (LUE) was obtained in groundnut-wheat system 
(72.60%) followed by pearlmillet-wheat system (69.77%) and both were statistically 
at par, whereas the lowest was recorded in greengram-barley cropping sequence 
(56.16%) followed by pearlmillet-chickpea (58.81%) and greengram-wheat (59.36%) 
cropping sequence (Table 2). The higher land-use efficiency was due to more 
duration of crops in a calendar year. Kumpawat (2001) also reported the highest LUE 
of 70% in groundnut-wheat sequence at Bhilwara, Rajasthan. On the contrary 
production efficiency (PE) was the highest in greengram-wheat (44.31 kg PEY       
ha-1day-1), closely followed by greengram-barley (42.54 kg PEY ha-1day-1) crop 
sequence and the lowest in sorghum-chickpea (13.84 kg PEY ha-1day-1), preceded by 
pearlmillet-chickpea (17.24 kg PEY ha-1day-1) crop sequence. The PE of greengram-
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wheat, greengram-barley and groundnut-wheat being at par with each other recorded 
higher than other cropping sequence. In those cropping sequences where wheat was 
grown in association with legumes (green gram and groundnut) crop, resulted in the 
higher PE of the cropping system because of higher PEY of green gram and 
groundnut than the cereal crops.   

Table 2. Indices of resource-use efficiency, economics and energy efficiency of 
different cropping sequences (Pooled data of 3 years) 

Resource-use 
efficiency Energy efficiency 

Cropping 
sequence 

Land 
use 

efficien
cy (%) 

Production 
efficiency 
(kg PEY 
ha-1day-1) 

Net 
returns 
(x 103 

Rs ha-1)

Benefit 
Cost 
Ratio 
(Rs) 

Economic 
efficiency 
(Rs ha-1 

day-1) 
 

Total 
energy 

(MJ ha-1)

Energy 
productivity 

(kg MJ-1) 

Energy 
intensive
ness (MJ 

Re-1) 

Pearlmillet
-chickpea 

58.81 17.24 4.96 1.21 22.72 39357 0.136 7.93 

Pearlmillet
-wheat 

69.77 29.69 25.40 1.85 99.47 94707 0.136 3.73 

Greengram
-wheat 

59.36 44.31 33.95 2.17 156.10 89107 0.136 2.63 

Greengram
-barley 

56.16 42.54 27.07 2.00 131.63 94193 0.136 3.48 

Groundnut
-mustard 

66.94 31.43 20.46 2.04 82.91 64108 0.080 3.14 

Groundnut
-wheat 

72.60 39.02 36.58 2.22 137.54 109631 0.108 3.00 

Sorghum-
chickpea 

61.55 13.84 2.71 1.12 12.11 32350 0.136 11.93 

S Em± 1.15 2.31 2.71 0.13 11.01 4324  1.15 

CD 
(P=0.05) 

3.54 7.14 8.36 0.38 33.94 13324  3.55 

Economic Efficiency 

Groundnut-wheat sequence showed highest net returns (Rs 36580 ha-1) and 
benefit cost ratio (2.22), whereas sorghum-chickpea registered the lowest net returns 
(Rs 2710 ha-1) with BCR (1:2). Groundnut-wheat and greengram-wheat (Rs 33951 
ha-1) crop sequences recorded at par net returns, which were significantly higher than 
all the cropping sequences under study except greengram-barley crop sequence 
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(Table 2). This was mainly due to higher minimum support prices of pulse 
(greengram) and oilseed (groundnut) crop in the system. The BCR were significantly 
at par in pearlmillet-wheat (1.85), greengram-wheat (2.17), greengram-barley (2.00), 
groundnut-mustard (2.04) and groundnut-wheat (2.22) crop sequences. This was due 
to higher gross returns and moderate cost of cultivation of the above systems. The 
highest economic efficiency was recorded with the greengram-wheat (Rs 156.10    
ha-1day-1) and it was at par with groundnut-wheat (Rs 137.54 ha-1day-1) and 
greengram-barley (Rs 131.63 ha-1day-1) crop sequence. The minimum economic 
efficiency was recorded with the sorghum-chickpea (Rs 12.11 ha-1day-1) crop 
sequence, followed by pearlmillet-chickpea (Rs 22.72 ha-1day-1) crop sequence. The 
lower economic efficiency was attributed due to the lower yield and net returns. A 
similar result was reported by Kumar et al. (2005) in rice based cropping systems.  

Energy Efficiency 

Groundnut-wheat crop sequences showed the highest (1,09,631 MJ ha-1) energy 
output and it was significantly higher than all other cropping sequences under 
investigation (Table 2). The highest energy output in groundnut-wheat crop 
sequences was due to  more equivalent energy for groundnut i.e. 25 MJ kg-1 dry 
biomass (Devasenapathy et al., 2009) and comparable yield of crops with other 
cropping systems. The energy produced by groundnut-wheat sequence was 13.61, 
14.08 and 18.72 per cent higher than pearlmillet-wheat (94,707 MJ ha-1), greengram-
barley (94,193 MJ ha-1) and greengram-wheat (89,107 MJ ha-1) cropping sequences 
respectively. The productivity of the different cropping sequences was calculated in 
terms of energy. The energy productivity was found similar for all the cropping 
sequences except groundnut-mustard and groundnut-wheat crop sequences.  
Sorghum-chickpea (11.93 MJ Re-1) crop sequence recorded highest energy 
intensiveness and it was significantly higher than other cropping sequences. The 
lowest energy intensiveness was recorded in greengram-wheat (2.63 MJ Re-1) crop 
sequence. This was due to the lower productivity and net returns of the cropping 
systems.   

It may be concluded that groundnut-wheat and greengram-wheat are the most 
productive, sustainable, resource use efficient, energy efficient and economically 
profitable cropping sequences under semi-arid ecosystems of Rajasthan, India where 
irrigation is scarce and available only for rabi cereal crops. 
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GENETIC VARIABILITY, CHARACTER ASSOCIATION 
AND PATH ANALYSIS IN YARD LONG BEAN 

M Z Ullah1, M J Hasan2, A H M A Rahman3 and A I Saki4 

Energypac Agro Limited, Bangladesh 

ABSTRACT 
Genetic variation, character association and cause-effect analysis 
were done for yield and yield contributing characters in 20 genotypes 
of yard long bean during Kharif season of 2010 at the Research and 
Development Farm of Energypac Agro Ltd, Monipur, Hotapara, 
Gazipur. The genotypic coefficient of variation was high for pod yield, 
pod weight and pods/plant. High to moderate heritability as well as 
high genetic advances were estimated for days to first flowering, 
days to marketable harvest, pod yield, number of pods per plant and 
pod weight. Association studies revealed that genotypic correlation 
coefficients were higher than their phenotypic correlation coefficients 
in most of the cases. Pod yield per plant showed strong positive 
genotypic correlation with number of pods per plant, pod weight, pod 
length and pod diameter. The maximum direct positive effect was 
observed of pod weight and number of pods per plant to pod yield in 
cause effect analysis. For selecting high yielding genotypes 
emphasis should be given on pod weight, number of pods per plant 
and pod length. 
Key words: Yard long bean, genetic association, path analysis  

INTRODUCTION  
Yard-long bean {Vigna unguiculata ssp. sesquipedalis (L.) Verde}, is a vegetable 

crop for its immature pods and widely cultivated in Bangladesh, India, Indonesia, 
Philippines and Sri Lanka (Chakraborti, 1986). It is called alternatively as Chinese 
long bean, string bean, snake bean, snake pea, snap pea, bodi, pea-bean, asparagus 
bean and borboti. It is strictly a self-pollinated crop due to its cleistogamous nature of 
flowers and its chromosome number is 2n = 2x = 22. It is an important summer 
vegetable grown all over Bangladesh. Pod yield of yard long bean is complex, highly 
variable and is associated with a number of component characters. Selection for yield 
                                                 
1Correspondence Author Email: zahirag12355@yahoo.com 
2PSO, Hybrid Rice Project, BRRI, Gazipur-1701, Bangladesh 
3Ph.D fellow, BSMRAU, Gazipur, Bangladesh 
4Assistant Director, BADC, Tangail, Bangladesh 

(Received: 22.01.2011) 
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should take into account to the related characters as well. The knowledge of genetic 
variability, character association i.e. genotypic and phenotypic correlation between 
yield and its component characters is essential for yield improvement through 
selection programe (Fraser and Eaton, 1983). Cause-effect analysis provides an 
effective means of partitioning the correlation coefficients into direct and indirect 
effects of the component characters on yield on the basis of which crop improvement 
programe can be logically devised (Rao et al., 1997). The information on genetic 
variability, nature of associations and cause effect analysis are important in this crop. 
Therefore, the present study was undertaken to find out and establish suitable 
selection criteria for higher vegetable pod yield through study of genetic variability, 
interrelationship and cause effect analysis between yield and its components in yard 
long bean.  

MATERIALS AND METHODS 
Twenty yard long bean genotypes representing three cultivars developed by 

Energypac Agro Ltd.,(Green long, Lal Badami and Gritosundori); two exotic 
varieties from China and India and the rest 15 collected from local sources were 
included for the study. The local varieties were developed through pure line selection 
from indigenous germplasm. The cultivars were raised in randomized block design 
with three replications in the Research and Development (R&D) Farm of Energypac 
Agro Ltd. Monipur, Hotapara, Gazipur during kharif season, 2010. Plot size was 8.0 
m x 1.0 m. with spacing of 0.6 m between rows and 0.3 m between plants. Plants 
were trailed on bamboo stick and tied with GI wire as inverse V shape thus 1.5 m 
apart along vertical rows of plants. The crop was raised following the agronomic 
practices recommended by BARI (2006). Data on number of days to first flowering 
(DFF), days to marketable harvest (DMH), number of pods per plant (PP) and pod 
yield per plant (PY) were collected from ten randomly selected plants from each plot. 
Again pod characters viz., pod length (PL) (cm), pod diameter (PD) (cm), pod weight 
(PW) (g) and number of seeds per pod (SP) were recorded from 10 randomly selected 
pods at maturity stage from each plot.  

The analysis of variance was done using MSTAT C software. The components of 
variance including error variance (σ2

e) genotypic variance (σ2
g) and phenotypic 

variance (σ2
p) were estimated, according to the following formula (Johnson et al., 

1955): 
σ2

e = Me = Mean square for error 
σ2

g = (Mst-Me)/r 
Mst = Mean square for the treatment 
σ2

p = σ2
g + σ2

e 
H =(Vg/Vp) x100= Broad sense Heritability 
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Heritability (H) was calculated based on the formula (σ2
g/σ2

p) used by Singh and 
Ceccarelli (1996). The coefficient of genotypic and phenotypic variation was 
evaluated according to Burton’s formula (Burton, 1952) as the square root of σ2

g and 

σ2
p divided by the mean and converted into percentage, and the genetic advance was 

estimated according to Allard (1960), [GA = (k) (H) ( p
2σ  )]. 2.06, where values 

for k, was used to obtain the GA. Meanwhile, Normal Pearson correlation was 
calculated using SPSS 10.0 software. The phenotypic and genotypic correlation 
between variable x and y were also estimated following Kwon and Torrie (1964). 
Finally the path analysis was done based on Dewey and Lu (1956) to partition the 
correlation coefficients of pod yield into direct and indirect effects. 

RESULTS AND DISCUSSION 
Genetic variability 
The genetic parameters viz., genotypic and phenotypic coefficients of variation, 

heritability in broad sense and genetic advance along with mean and coefficient of 
variation of different characters are presented in Table 1. Pod yield per plant recorded 
highest phenotypic and genotypic coefficients of variation followed by pod weight 
and number of pods per plant. This suggests that these characters are amenable for 
selection. High genotypic coefficient of variation (GCV) and phenotypic coefficient 
of variation (PCV) for pod yield and pod weight were earlier reported by several 
workers (Rajaravindran and Das, 1997; Resmi, 1998 and Vidya et al., 2002). 
Heritability estimates were high for all the characters studied except pod diameter 
and seeds per pod. The values were especially high for days to first flowering, days to 
marketable harvest, pod yield per plant and pod weight. High heritability estimates 
for vegetable pod yield and pod weight was reported by Sobha (1994) and Resmi 
(1998) supports the present findings. Further, similar to the present results, high 
heritability for number of pods per plant and days to marketable harvest was reported 
by Vardhan and Savithramma (1998a) and Vidya et al., (2002), respectively. Johnson 
et al., (1955) suggested that high heritability combined with high genetic advance is 
an indicative of additive gene action and selection based on these parameters would 
be more reliable. In the present investigation, high heritability estimates in 
conjunction with high genetic advance in percent of mean were observed for pod 
yield per plant, pod weight and number of pods per plant. Vidya et al., (2002) and 
Sobha (1994) reported high heritability and high genetic advance for pod yield per 
plant and pod weight.  
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Table 1. Genetic parameters of different yield and yield contributing 
characters of yard long bean  

Traits Mean CV (%) σ2g σ2 p GCV PCV H (%) GA (% Mean) 

DFF 34.24 1.94 4.39 4.83 6.12 6.42 90.87 12.03 

PL 53.279 9.08 12.80 19.23 6.73 8.25 66.57 11.28 

PD 0.958 11.27 0.01 0.01 3.15 9.75 10.43 2.09 

PW 25.917 18.04 23.63 32.56 19.44 22.82 72.56 32.91 

DMH 39.598 1.88 5.36 5.92 5.85 6.14 90.61 11.47 

SP 19.125 8.23 0.89 3.36 4.92 9.59 26.37 5.23 

PP 20.392 7.85 9.56 12.12 15.16 17.08 78.84 27.76 

PY 319.095 18.99 8466.08 9978.28 27.68 30.05 84.85 54.71 

DFF = Days to first flowering, PL = Pod length (cm), PD = Pod diameter (cm), PW = Pod weight 
(g) per plant, DMH = Days to marketable harvest, SP = Seeds/pod, PP = Number of Pods per plant, PY 
= Pod yield per plant (g), CV (%) = Coefficient of variation, σ2g = Genotypic variance, σ2 p = 
Phenotypic variance, GCV = Genotypic coefficient of variation, PCV = Phenotypic coefficient of 
variation, H = Heritability (Broad sense) and GA (%) = Genetic advance in percent of mean. 

Character association  
Pearson correlation analysis among pod yield and its contributing characters are 

shown in Table 2. For clear understanding correlation coefficients are separated into 
genotypic and phenotypic level (Table 3). The genotypic correlation coefficients 
were higher than their phenotypic correlation coefficients indicating the genetic 
reason of association. Correlation of pod yield per plant was found to be highly 
significant and positive for pod weight, number of pods per plant, pod length at both 
genotypic and phenotypic level and pod diameter at genotypic level and negatively 
significant for days to first flowering and days to marketable harvest at both level 
(Table 3). The positive association of pod yield with number of pods per plant, pod 
weight and pod length was in line with the results reported by Sobha (1994), 
Sreekumar et al., (1996), Resmi (1998), Vardhan and Savithramma (1998b) and 
Vidya and Oommen (2002). Significant positive correlation of pod yield with number 
of pods per plant, pod weight, pod length and pod diameter imply that selection for 
these characters would lead to simultaneous improvement of pod yield in yard long 
bean. 
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Table 2. Pearson correlation coefficient among yield and yield contributing 

characters in yard long bean 
Traits PL PD PW DMH SP PP PY 
DFF -0.530** -0.086 -0.386 0.670** 0.551** -0.428* -0.578** 
PL   0.066 0.821** -0.570** -0.104 0.304 0.745** 
PD     0.349 0.115 -0.323 0.074 0.204 
PW       -0.491* -0.241 0.259 0.764** 
DMH         0.407* -0.296 -0.594** 
SP           -0.172 -0.238 
PP             0.686** 

*, ** = Significant at 5% and1% level, respectively.  
DFF = Days to first flowering, PL = Pod length (cm), PD = Pod diameter (cm), PW = Pod weight (g) per 
plant, DMH = Days to marketable harvest, SP = Seeds/pod, PP = Number of Pods per plant, PY = Pod 
yield per plant (g) 

Table 3. Genotypic (G) and phenotypic (P) correlations among yield and yield 
contributing characters in yard long bean 

Traits  PL PD PW DMH SP PP PY 
G -0.57** -0.01 -0.41* 0.74** 0.99** -0.76** -0.69** DFF 
P -0.53** -0.10 -0.37 0.660** 0.54** -0.65** -0.61** 
G   0.66** 0.92** -0.69** -0.62** 0.45* 0.88** PL 
P   0.07 0.83** -0.56** -0.08 0.39* 0.76** 
G     0.99** -0.05 -0.43* 0.65** 0.69** PD 
P     0.36 0.11 -0.34 0.04 0.20 
G       -0.56** -0.76** 0.46* 0.90** PW 
P       -0.49** -0.24 0.40* 0.79** 
G         0.83** -0.46* -0.74** DMH 
P         0.38* -0.44* -0.61** 
G           -0.84** -0.88** SP 
P           -0.29 -0.26 
G             0.83** PP 

P             0.76** 

*, ** = Significant at 5% and1% level, respectively.  
DFF = Days to first flowering, PL = Pod length (cm), PD = Pod diameter (cm), PW = Pod weight (g) per 
plant, DMH = Days to marketable harvest, SP = Seeds/pod, PP = Number of Pods per plant, PY = Pod 
yield per plant (g)  

Days to first flowering recorded significant negative genotypic correlation with 
number of pods per plant followed by pod length and pod weight at genotypic and 
phenotypic level. Corroborative reports of significant negative correlation of days to 
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first flowering with number of pods per plant (Sreekumar et al., 1996; Resmi, 1998 
and Vidya and Oommen, 2002) support these findings. Pod length showed significant 
positive correlation with pod weight, number pods per plant at both genotypic and 
phenotypic level and with pod diameter at genotypic level. Pod diameter was 
significantly and positively associated with pod weight, number of pods per plant and 
pod length at genotypic level while pod weight showed significant positive 
correlation with pod diameter and number of pods per plant. Similar results were 
obtained by Resmi (1998) and Vidya and Oommen (2002). Days to marketable 
harvest and seeds per pod was significantly and positively correlated with days to 
first flowering at both levels. 

Path analysis  
Cause and effect analysis means partitioning of Pearson correlation coefficients 

into direct and indirect effects and the results are presented in Table 4. The maximum 
direct effect on yield was shown by pod weight followed by number of pods per plant 
and pod length. Pod weight also exerted positive indirect effect through days to first 
flowering, pod length, pod diameter, days to marketable harvest and number of pods 
per plant while number of pods per plant exerted positive indirect effect via days to 
first flowering, pod length, pod diameter, pod weight and days to marketable harvest 
and negative indirect effect via seeds per pod.  

Table 4. Cause and effect analysis showing direct and indirect effects of yield 
components on pod yield in yard long bean 

Indirect effect Traits Direct 
effect PL PD PW DMH SP PP PY Pearson 

correlation 
with pod yield 

DFF -0.095 - -
0.047 

-0.004 -0.180 -0.105 0.051 -0.199 -0.578** 

PL 0.094 0.050 - 0.003 0.383 0.089 -0.010 0.141 0.745** 
PD 0.041 0.008 0.006 - 0.163 -0.018 -0.030 0.034 0.204 
PW 0.466 0.037 0.072 0.014 - 0.077 -0.022 0.120 0.764** 
DMH -0.157 -0.064 -

0.050 
0.005 -0.229 - 0.038 -0.137 -0.594** 

SP 0.093 -0.052 -
0.009 

-0.013 -0.112 -0.064 - -0.080 -0.238 

PP 0.464 0.041 0.027 0.003 0.121 0.046 -0.016 - 0.686** 

Residual effect R = 0.354. *, ** = Significant at 5% and1% level, respectively.   DFF = Days to first 
flowering, PL = Pod length (cm), PD = Pod diameter (cm), PW = Pod weight (g) per plant, DMH = 
Days to marketable harvest, SP = Seeds/pod, PP = Number of Pods per plant, PY = Pod yield per plant 
(g). 

Both pod weight and number of pods per plant had high direct effect along with 
high genotypic and phenotypic correlation. The contribution of other characters viz., 
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pod length and pod diameter via number of pods per plant and pod weight was 
negligible. A low residual effect was also noticed in the present study. High direct 
effect of pod weight was earlier reported by Jana et al., (1983), Chattopadhyay et al., 
(1997), Resmi (1998) and Vardhan and Savithramma (1998b). Several studies 
identified number of pods per plant as one of the major contributors to pod yield 
(Sobha, 1994; Chattopadhyay et al., 1997 and Resmi, 1998).  

In view of the high estimates of genotypic coefficient of variation, heritability 
and genetic advance, the characters viz., pod yield per plant, number of pods per 
plant and pod weight were found prominent in the present study. On the other hand 
number of pods per plant and pod weight showed significant positive correlation with 
high direct effect on pod yield. It is concluded that these characters should be given 
due importance in selection program for yield improvement of yard long bean.  
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EFFECT OF NITROGEN AND COUMARIN ON IN VITRO 
MICROTUBERISATION OF POTATO  

M J Hossain1 and M A Siddique2 
Bangladesh Agricultural Research Institute, Joydebpur, Gazipur-1701, Bangladesh 

ABSTRACT 
Two in vitro experiments were conducted to test the efficacy of 
nitrogen and coumarin (an auxin antagonist but auxin-like in activity) 
on production of microtuber in a popular potato cultivar, Diamant in 
vitro.  In experiment-1, five levels of N (30, 45, 60, 75 and 90 mM) 
and two levels of coumarin (0 and 50 mg/l) and  in expt. 2,  two 
levels of N (45 and 60 mM) and three levels of coumarin (30, 50 & 
70 mg/l)  were used. The cultures were incubated for 75, 90 and 105 
days in experiment-1 and 90 and 105 days in for experiment-2. 
Microtuber initiation occurred most early by 5.50 days after culture 
(DAC) at 30 mM N with 0 mg l-1 coumarin in experiment-1 against 
7.16-8.16 days in experiment-2. N @ 45 and 60 mM produced the 
maximum of 8.16 microtubers per flask against 6.33 for 30 mM N 
with 0 mg l-1 coumarin. The effect of 75 and 90 mM N was the 
poorest. In experiment-2 the maximum microtuber number was 7.33 
at 60 mM N, 30 mg l-1 coumarin and 105 days after culture, which 
was statistically similar to 6.83 at 45 mM N, 30 mg l-1 coumarin and 
105 DAC. The highest weight of microtuber per flask was 1217.33 
mg at 45 mM N, 50 mg l-1 coumarin and 105 DAC in experiment-1 
and 1003.11 mg at 45 mM N, 30 mg l-1 coumarin and 105 DAC in 
experiment.-2. The maximum average weight per microtuber was 
163.02 mg at 60 mM N, 50 mg l-1 coumarin and 105 DAC in 
experiment-1 and  146.41 mg for 45 mM N, 30 mg l-1 coumarin and 
105 DAC in experiment-2. In experiment.-1, the maximum effective 
size microtuber (200 mg plus >100 mg) was obtained from 60 mM N, 
50 mg/l coumarin and 105 DAC (72.01%) while it was  81.95% at 45 
mM N, 30 mg l-1 coumarin and 105 DAC in experiment-2. N level of 
45 mM with 30 mg l-1 coumarin  was noted as the best for producing 
potato microtuber within 105 days. 
Key words: Microtuber production, nitrogen, coumarin, duration of culture 
and potato 

                                                 
1Corresponding Author Email: dr.jahangir2011@yahoo.com 
2 Professor, Department of Horticulture, Bangladesh Agricultural University 

(Received: 01.03.2011) 



18  M J Hossain and M A Siddique 

INTRODUCTION 
In vitro microtuber production is a complex development process which is 

regulated by benzylaminopurine (Leclare et al.,1994; Gopal  et al.,1998), CCC  
(Tovar et al., 1985), Coumarin (Dodds et al., 1988), PP333 (Simko, 1993), 

Jasmonoid (Pelacho et al., 1991), sucrose (Al-Abdallat and Suwwan, 2002) and 
auxins (Shibli et al., 2001). In general, a medium containing high nitrogen is 
inhibitive to in vitro tuberisation, especially the coumarin-induced one. Stallknecht 
and Farnsworth (1979) used low nitrogen (2.5 mM N) in coumarin-induced 
tuberisation media to harvest better yield of microtuber. They could not harvest any 
tuber at high nitrogen level. While, Okazawa and Chapman (1962) used high 
concentration of sucrose to relief the inhibiting effect of high nitrogen partially.  

Coumarin, an auxin antagonist but auxin-like in activity readily stimulates 
tuberisation in vitro microplants. Axillary shoots cultured on a coumarin-amended 
medium failed to elongate but produced thickened roots of 5-12 cm in length, and 
tuberised readily. A temperature of 20 to 250C was found optimum for tuberisation, 
whereas, at 15 or 300C, the coumarin-induced tuberisation was inhibited (Levy et al., 
1993) 

The Dutch potato cv. Diamant is found to be a very promising one in many 
countries (Anon., 2005) But seeds of the cultivar are produced following clonal 
selection method. Recently, the conventional method has gradually been replaced by 
tissue culture method, which involved production of microplants and microtubers.  
Use of microtuber is more advantageous than microplants in many aspects such as 
storage, transport to long distance, planting, handling, etc. At present, there are about 
35 tissue culture laboratories in Bangladesh for producing tissue culture planting 
materials of potato (Ali, 2009). None of the lab produces microtubers though it is 
advantageous over the microplants. Production practice and lack of suitable protocol 
are the main problems. Moreover, handling and storage methods of harvested 
microtuber are also important.  

The present study was undertaken to develop a medium with modified N levels 
and coumarin for efficient production of microtubers  in relation to culture period. 

MATERIALS AND METHODS 
In vitro ready stock of microplants of the potato cv. Diamant (Dutch origin) was 

used in this experiment. Two experiments on microtuberisation in relation to nitrogen 
and coumarin were conducted at the tissue culture laboratory of Tuber Crops 
Research Centre, Bangladesh Agricultural Research Institute, Gazipur during 2006. 
In the first experiment,  five levels of nitrogen viz. 30, 45, 60, 75 and 90 mM and two 
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levels of a growth retardant, coumarin (2H-chromen-2-one)  @ 0 and 50 mg l-1 were 
tested. Based on results of first experiment, two levels of nitrogen viz. 45 and 60 mM 
and three levels of coumarin viz. 30, 50 and 70 mg l-1 were used in the second 
experiment. Three to five microplants were developed in vitro through liquid shaken 
culture as described by Espinosa et al. (1986). Microplants were grown on MS 
culture media as described by Espinosa et al. (1986). At the age of 25 days of the 
microplants, the liquid culture media were replaced by tuberisation media with the 
help of 50 ml bottle top dispenser. Tuberisation media contained basic MS 
(Murashige and Skoog, 1962) salts supplemented with 10 mg l-1 BA and 8% sucrose. 
Nitrogen and coumarin were used as per treatments. Forty milliliter of culture media 
was dispensed in each 250 ml Erlenmeyer flask. The amount of nitrogen (mM) was 
calculated out from NH4NO3, which contains 40.20 mM nitrogen. The cultures were 
incubated under dark at 19±10C. The experiment was repeated twice. Microtubers 
were harvested at three different dates i.e. 75, 90 and 105 days after culture (DAC) in 
first experiment and after 90 and 105 days in second experiment. The microtubers 
were harvested under the clean hood and graded into three different sizes, such as, 
<100, 100-200 and >200 mg by weighing tubers in a digital balance under the clean 
hood. Aseptically collected microtubers were washed with DDH2O and dried 
naturally under the hood and then put in sterile petri dishes, sealed with parafilm and 
stored in a freezer at 40C until further use. The experiments were conducted 
following a completely randomized design with three replications. The collected data 
on microtuber production and grading were properly analysed and the means were 
separated using LSD test at 5% level of probability level.  

RESULTS 

Days to tuber initiation   
The number of days required for initiation of microtuber varied significantly due 

to combined treatment of N, coumarin levels and duration of culture. Initiation of 
microtuber occurred between 5.50- 13.66 days (Table 1). Moreover, in most cases, N 
without coumarin took higher number of days for tuber initiation than with coumarin. 
The effect of 30 mM N with or without coumarin was better for tuber initiation than 
75 or 90 mM N with or without coumarin. The levels of 45 and 60 mM N with or 
without coumarin took lower period for tuber initiation. In second experiment, tuber 
initiation occurred within 6.33-8.16 days which was not statistically different. It 
appeared that there was no consistency in result in respect of N levels coupled with 
coumarin (Table 2). 
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Table 1. Combined effect of N, coumarin and duration of culture on production 
of microtubers of potato cv. Diamant (Expt. 1) 

Treatment Growth and yield of microtuber 

N level 
(mM) 

Coumari
n level 
(mg l-1) 

Duration 
(day) 

Days to  
tuber  

initiation 

No. of   
tuber  

per flask 

Wt. of tuber 
 per flask  

(mg)  

Mean 
 tuber wt. 

(mg) 
30 0 75 9.83 5.66 318.33 56.41 
  90 5.50 6.33 573.50 90.16 
  105 10.83 4.83 544.66 111.39 
 50 75 6.16 5.66 484.66 85.06 
  90 6.5 4.66 571.66 123.34 
  105 7.00 4.83 640.33 133.21 

45 0 75 7.00 6.16 563.50 96.75 
  90 7.66 5.33 553.83 104.45 
  105 6.66 5.66 698.83 131.01 
 50 75 5.50 8.16 1046.33 127.36 
  90 5.66 8.00 1141.83 143.89 
  105 7.16 7.66 1217.33 159.32 

60 0 75 5.83 5.66 518.00 92.82 
  90 8.33 6.16 613.66 103.07 
  105 6.66 5.00 645.66 132.32 
 50 75 5.66 8.16 985.33 121.88 
  90 5.83 8.00 1125.33 137.99 
  105 7.66 6.33 996.16 163.02 

75 0 75 10.66 4.16 292.5 85.85 
  90 10.83 5.50 494.83 96.29 
  105 10.00 4.33 463.00 111.40 
 50 75 6.66 5.00 553.66 109.88 
  90 6.50 4.33 478.16 115.74 
  105 9.66 4.16 543.83 133.83 

90 0 75 13.66 4.33 248.50 56.81 
  90 12.66 4.83 403.50 86.91 
  105 12.33 4.16 386.00 97.00 
 50 75 11.33 4.66 340.66 78.54 
  90 10.00 4.00 341.66 85.20 
  105 10.5 3.33 406.83 120.29 

LSD 0.05  1.87 1.78 215.20 28.22 
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Number of tuber per flask   
The number of microtuber produced per flask differed significantly among the 

combined treatments. It ranged from 3.33-8.16. The maximum number of microtuber 
per flask was produced when 45 or 60 mM N coupled with 50 mg l-1 coumarin were 
used in the culture media, which was statistically similar to a number of combined 
treatments. The N levels of 75 and 90 mM with or without coumarin produced 
microtuber in the range 4.83-5.5 per flask. In the second experiment it ranged 4.16 to 
7.33. The maximum microtubers were produced at 60 mM N with 30 mg l-1 
coumarin, which was statistically similar to a number of combined treatments (Table 
2). Data presented in Tables 1 and 2 showed that both the N levels (45 and 60 mM) 
with 30 mg l-1 coumarin produced higher number of microtuber per flask than 50 or 
70 mg l-1 coumarin. 

Weight of tuber per flask   
The weight of microtuber per flask varied significantly due to addition of  N and 

coumarin in the culture media (Table 1). The maximum weight of microtuber per 
flask was produced at 45 mM N coupled with 50 mg l-1 coumarin and 105 days 
duration of culture, which was statistically similar to a number of combined  
treatments. The minimum weight of microtuber was produced at 90 mM N, 0 mg l-1 
coumarin and  75 days duration of culture. In second experiment, the weight of 
microtuber per flask varied 385.81-1003.11 mg (Table 2). The maximum was 
produced under 45 mM N coupled with 30 mg l-1 coumarin and 105 days duration of 
culture which  was statistically similar to a number of  other combined treatments. 
Both the levels of N (45 and 60 mM) with 70 mg l-1 coumarin produced minimum 
weight of microtuber per flask (Table 2).  

Mean weight of tuber 
The combined treatments of N, coumarin and duration of culture varied 

significantly for mean weight of each microtuber (Table 1). The maximum mean 
weight of each microtuber was 163.02 mg under 60 mM N coupled with 50 mg l-1 
coumarin and 105 days duration of culture.  In most of the treatments, N levels with 
coumarin produced higher mean weight of each microtuber than without coumarin. 
This effect was more pronounced for 45 and 60 mM N than 30, 75 and 90 mM N. 
The mean weight of each microtuber under 30, 75 and 90 mM N, irrespective of 
coumarin and duration of culture were 56.41-133.21 mg, 85.85-133.83 mg and 56.81-
120.29 mg, respectively (Table 1). In second experiment the mean weight of each 
microtuber for most of the combined treatments except 45 mM N, 70 mg l-1 coumarin 
and 90 days duration of culture and 60 mM N, 30 mg l-1 coumarin and 90 days 
duration of culture was more than 100 mg (Table 2). The maximum mean weight of 
each microtuber was recorded at 45 mM N, coupled with 30 mg l-1 coumarin and 105 
days duration of culture (Table 2). 
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Table 2. Combined effect of N, coumarin and duration of culture on production 
of microtubers of potato cv. Diamant (Expt. 2) 

Treatment Growth and yield of microtuber 

N level 
(mM) 

Coumarin  
level (mg l-

1) 

Duration 
(day) 

Days to  
Tuber 

initiation 

No. of tuber 
per flask 

Wt. of  
tuber per  
flask (mg)  

Mean  
tuber wt. (mg)

45 30 90 8.16 6.00 861.20 143.82 
  105 7.50 6.83 1003.11 146.41 
 50 90 8.16 6.33 831.50 132.21 
  105 7.16 6.66 776.82 119.31 
 70 90 7.16 5.50 385.81 71.46 
  105 7.16 6.16 762.32 121.20 

60 30 90 7.83 4.33 436.80 93.94 
  105 6.33 7.33 933.11 129.11 
 50 90 7.33 6.66 734.12 110.90 
  105 7.16 6.16 850.80 138.72 
 70 90 7.16 4.16 452.00 108.93 

  105 7.33 5.33 646.21 123.11 

LSD 0.05  1.43 1.37 207.81 25.32 

Grading of microtubers 
The percentages of microtuber by number of >200 mg sizes due to different 

levels of N, coumarin and duration of culture varied significantly. The combined 
treatments of 30, 70 and 90 mM N without coumarin and 75 days duration of culture 
and; 90 mM N with 50 mg l-1 coumarin and 75 days duration of culture did not form 
any microtuber of >200 mg size (Table 3). The other combined treatments formed 
microtuber of >200 mg size in the range 6.25-38.61%. In most of the combined 
treatments, N with coumarone formed the higher percentages of >200 mg sizes of 
microtuber than N without coumarin. Moreover, in most cases cultures incubated for 
105 days produced higher proportion of >200 mg size microtuber. In expt. 2, the N 
levels of  45 mM coupled with 70 mg l-1 coumarin and 90 days duration  of culture 
did not form any microtuber of >200 mg size and the other combined treatments 
produced in the range 8.88-35.46% ( Table 4). For most of the combined treatments 
N levels with or without coumarin and 105 days duration of culture produced 
relatively higher percentages of  microtubers of  >200 mg sizes (Table 4).  
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Table 3. Grades of microtuber (mg) by number and weight (%) as influenced 
by N, coumarin and duration of culture of potato cv. Diamant (Expt.1) 
Treatment Grades of microtuber (mg) by no. (%) 

N level 
(mM) 

Coumari
n level 
(mg l-1) 

Duration 
(day) >200 100-200 <100 

30 0 75 0 31.66  68.33  

  90 6.84  50.00  43.15  

  105 19.20  39.20  41.58  

 50 75 11.42  44.28  44.28  

  90 28.33  36.66  35.00  

  105 34.16  30.83  35.00  

45 0 75 20.32  35.09  44.58 

  90 15.71  43.81  40.47  
  105 29.92  32.85  37.22  

 50 75 28.41  41.09  30.49  

  90 31.58 35.28 33.13 

  105 37.00  28.37  34.62  

60 0 75 19.04  34.28  46.66 

  90 15.34 40.41  41.86  

  105 38.61 32.36  29.02 

 50 75 22.87 39.90  37.22 

  90 30.41 30.64 41.32 

  105 31.54 40.47 27.97 

75 0 75 0  49.44 50.55  
  90 17.38 42.46 40.15  
  105 21.11 45.00 33.88  
 50 75 22.77 40.00  37.22  
  90 24.72  27.50  47.77  

  105 33.65  34.48 31.86  

90 0 75 0 43.96 56.03  

  90 6.25  36.80  56.94  

  105 6.54  48.53  44.92  

 50 75 0 38.41 56.82  

  90 11.66  30.83  53.33  
  105 17.22  41.38  41.38  

LSD 0.05  11.80 10.29 13.42 
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The percentages of microtuber of 100-200 mg sizes (n/n) produced due to the 
treatment combinations of N, coumarin and duration of culture ranged 28.37-50.00 
(Table 3). In most of the combined treatments the percentages of microtuber of 100-
200 mg sizes were >30. However, the maximum percentage of 100-200 mg size 
microtuber by number was 50.00 recorded with the combined treatment of 30 mM N, 
0 mg l-1 coumarin and 90 days duration of culture and the minimum was 28.37% with 
45 mM N, 50 mg l-1 coumarin and 105 days duration of culture. In total, the 
maximum percentage of effective size microtuber,  >100 mg (100-200 mg plus >200 
mg) was 72.01 under 60 mM N coupled with 50 mg l-1 coumarin and 105 days 
duration of culture. In second experiment this parameter was not significant. 
However, the percentages of microtuber of 100-200 mg ranged from33.97-46.03 
across the combined treatments (Table 4). The maximum percentage of effective size 
microtuber was 76.59% (100-200 gm plus >200 mg) with 45 mM N, 30 mg l-1 
coumarin and 105 duration of culture.  

Table 4. Grades of microtuber (mg) by number and weight (%) as influenced 
by N, coumarin and duration of culture 

Treatment Grades of microtuber (mg) by wt. (%) 
N level 
(mM) 

Coumarin  
level (mg l-1) 

Duration 
(day) 

>200  100-200 <100 

45 30 90 29.76 33.93 36.31  
  105 30.56  51.39 23.61 
 50 90 26.35 36.83 36.83  
  105 25.83 38.33 38.21  

 70 90 0 40.32  53.97  
  105 28.79  39.66 31.55 

60 30 90 8.88 40.00 51.11 
  105 30.31  44.19 23.41 
 50 90 22.42 40.67  36.9 
  105 35.46  41.01 23.53 
 70 90 19.17 37.78  43.06  
  105 25.32 40.87  29.05 

LSD 0.05  9.22 NS 12.10 

NS, Non-Significant 

The maximum percentage of <100 mg size microtuber by number was 68.33 
produced  with 300 mM N, 0 mg l-1 coumarin and 75 days duration of  culture and 
the minimum was 27.97% with 60 mM N, 50 mg l-1 coumarin and 105 days duration 
of culture (Table 3). However, the combined treatments which produced the higher 
proportion of effective size microtuber (>100 mg) produced the lower percentages of 
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<100 mg size microtuber. In second experiment, the percentages of microtuber of 
<100 mg size by number ranged 23.41-53.97 (Table 4). The maximum was 53.97% 
under 45 mM N, 70 mg l-1 coumarin and 90 days duration of culture and  the 
minimum was 23.41%  under the same N levels with 30 mg l-1 coumarin and 105 
days duration of culture ( Table 4). 

DISCUSSION 
Coumarin is an auxin antagonist but auxin-like in activity (Neuman, 1960; Mayer 

and Poljakoff-Mayber, 1961; Levy et al., 1993). The results clearly indicated the 
importance of nitrogen to produce tubers in vitro in the presence of coumarin. High 
nitrogen levels retard coumarin-induced tuberisation. Stallkhnecht and Farnsworth 
(1979) and Leclerc et al. (1994) observed significant effect of nitrogen in 
tuberisation. They used 60 mM N for tuber induction in sprout culture and obtained 
only 15-20% tuberisation, which was contradictory to the results of the present 
investigation. They used 2.5 mM N in culture media to obtain 95-100% tuberisation. 
These results are not in agreement with the findings of the present investigation, 
where 100% tuberisation was obtained from 30-70 mg l-1 coumarin-amended media 
containing 30-90 mM N. Coumarin 30-70 mg l-1 induced tubers within 7 days in 
100% cultured while Stallknecht and Farnsworth (1982a and b), Stallknecht (1972) 
and Miklovicova et al. (1999) obtained 100% tuberisation with 25 mg/l coumarin. 
Kumar et al., (1981) and Stallknecht and Farnsworth (1982a and b) also observed the 
effect of nitrogen used in culture media on in vitro growth of microtuber.  

High concentration (200 ppm) of coumarin reduced tuber number in potato 
(Kumar et al., 1981). The inhibition effect of high nitrogen of coumarin-induced 
tuberisation can be modified by increasing the carbohydrate concentration in the 
media. Potato sprouts grown on a high nitrogen MS media produced axillary shoots 
which did not tuberise readily even when the axillary shoot was grown on low 
nitrogen, coumarin–amended medium. Stallknecht and Farnsworth (1979), 
Miklovicova et al. (1999) and Shibli et al. (2001) also observed that high nitrogen in 
culture media inhibit tuberisation of axillary shoots induced by Indole-3-acetic acid 
(IAA), 2,4-dicholophenoxy acetic acid (2,4-D) and Naphthalene acetic acid (NAA). 
The mechanisms by which low or high concentration of nitrogen and/or 
carbohydrates influence tuberisation are yet to be clarified. However, Simko (1994) 
indicated that nitrogen may influence synthesis and/or translocation of absisic acid 
and cytokinin.  

CONCLUSION 
Findings of the present study reveal that microtuber of potato can effectively be 

produced using 45 or 60 mM N with 30 mg l-1 coumarin in media. The maximum 
percentage (72.01%) of effective size microtuber (>100 mg) can also be obtained 
with 45 mM N, 30 mg l-1 coumarin and 105 days duration of culture. 
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PERFORMANCE OF SAPOTA GERMPLASM 
IN BANGLADESH  

M. N. Islam1, A. K. Azad2, M. R. Ahmad, M. M. Rahman and M. M. A. Patwary3 
Horticulture Research Centre, Bangladesh Agricultural Research Institute, Gazipur-1701, Bangladesh 

ABSTRACT 
The field performance of seven sapaota germplasm collected from 
different regions of Bangladesh and grafted on Khirni (Mimusops 
hexandra) root stock under central Bangladesh conditions, revealed 
that MA-003 produced the highest number of fruits per plant (127) 
followed by MA 007 (115.67), MA-006 (99.33), MA-001 (92.67) and 
MA-005 (89.00) during first year (1999-2000) of fruiting. But during 
2000-2001 and 2001-2002, MA-007 produced the highest number of 
fruits per plant (295 and 608 fruit per plant, respectively). The 
highest average number of fruits (608.00) and yield of fruits per plant 
(21.84 kg) were obtained from MA-007 in three year trial. It produced 
heavier (69.20g) and bigger size fruits (4.55 cm X 4.80cm) having 
higher edible per cent (81.24), light reddish brown and soft pulp 
which were very sweet and good in taste. The germplasm, MA-007 
appeared to produce high yield and better fruit quality and may be 
recommended for commercial cultivation under the climatic 
conditions of central part of Bangladesh.  
Key words: Sapota, growth, fruit characteristics, yield  

INTRODUCTION 
Sapota (Manilkara achras Mill) belongs to the family Sapotaceae, is a delicious 

fruit in the tropics. It is usually available between December to February in 
Bangladesh when there is scarcity of other seasonal fruits. Sapota is sweet at fully 
ripe stage and may be eaten as a dessert fruit (Sulladmath and Narayana, 2002). It is a 
good source of carbohydrate and minerals containing 21.4 g CHO, 28 mg Ca and 27 
mg P (Sulladmath and Narayana, 2002) 1 mg iron, 115 mg vitamin A, 0.01 mg  
thiamine, 0.02 mg riboflavin, 2 mg niacin and 22 mg ascorbic acid per 100 g of 
edible portion (Ponnussway and Irulappen, 1987). Apart from nutritional 
components, sapota juice showed potential antioxidant activity against 1, 1-diphenyl-
2-picrylhydrazyl, free radicals and super-oxide radicals (Kulkarni et al., 
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2006). Sapota is a hardy tree and can be grown on a wide range of soils (Sulladmath 
and Narayana, 2002). It is a handsome plant with dense foliage and resistant to 
drought, wind and salt sprays (Sampson, 1986). Its cultivation is mostly confined in 
the coastal areas of the country, especially in the region of Khulna, Barisal, 
Patuakhali and Chittagong of Bangladesh. There is a wide scope for selection and 
extension of high yielding varieties of sapota for commercial cultivation that will 
ultimately contribute to increase fruit production as well as uplift the nutritional 
status of people in Bangladesh during lean season of fruit production. Considering 
the above point, the present experiment was designed and conducted to study the 
field performance of seven local germpalsm of sapota in respect of their growth, fruit 
characteristics and yield potentials under central Bangladesh conditions. 

MATERIALS AND METHODS 
The investigation was carried out in the sapota orchard of Horticulture Research 

Centre, Bangladesh Agricultural Research Institute, Gazipur during 1999-2000 to 
2001-2002. For the present study one year old grafted saplings were planted in July 
1994 at a spacing of 5 x 5 m in randomized complete block design with 3 replications 
and relevant data were recorded when the plants became six years old or more. The 
germplasm MA-001, MA-002 and MA-003 were collected from Hathazari, 
Chittagong; MA-005 and MA-006 from Daulatpur, Khulna; MA-004 from 
Swarupkathi, Barisal and MA-007 was from existing sapota plant of former Citrus 
and Vegetable Seed Research Centre, BARI, Joydebpur, Gazipur and grafted on 
Khirni (Manilkara hexandra) rootstock. Cowdung, urea, TSP, MP, gypsum @ 30 kg, 
400 g, 300 g, 400 g and 80 g, respectively were applied annually per tree in three 
equal installments. Irrigation, weeding and other intercultural operations were done 
as and when necessary. Data regarding flowering and harvesting period, yield, and 
quantitative and qualitative characters of fruits were recorded. Ten ripe fruits per 
replication were selected randomly for collecting data on quantitative and qualitative 
traits for each genotype. Qualitative traits were evaluated by a panel of judges. The 
edible portion was calculated from fruit weight minus weight of skin, seed and 
stylery waste divided by fruit weight. The year wise recorded data for different traits 
were analyzed statistically and analysis of variance (ANOVA) was performed by ‘F’ 
(Variance ratio) test and treatment means were separated by Duncan’s New Multiple 
Range Test (DMRT) for interpretation of results. Pooled analysis of three years data 
was done according to the method described for combined analysis over year by 
Gomez and Gomez (1984) using statistical software MSTAT C program. 

RESULTS AND DISCUSSION 
Considerable variation was observed among the seven sapota germplasm in 

respect of different yield contributing characters, fruit yield and quality. 
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Flowering and harvesting period  
Sapota germplasm included in the study were found to produce flowers twice a 

year i.e during April to July and September to November (Figure 1). Most of the 
germplasm produced the maximum flowers in April to June. The fruits of April-June 
flowering became mature and harvestable during December to February and 
considered as main harvesting period. Most of the plant flowered during September 
to November and fruits of these flowers mature in April to June of next year. 
However, the fruits harvested later was less in number and weight. 

 
Figure 1. Flowering and harvesting period of seven sapota germplasm. 
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Number and yield of fruits per plant 
Significant variation was found in number of fruits and yield per plant (Table 1) 

and it was observed that number and yield of fruits per plant gradually increased with 
the increase of age of the plant. Similar findings were reported by Kadam et al. 
(2005).  All the genotypes produced fruits during 1999-2000. During 1999-2000, 
MA-003 produced the highest number of fruits per plant (127) followed by MA 007 
(115.67), MA-006 (99.33), MA-001 (92.67 ) and MA-005 (89.00) but those were 
statistically silmillar with MA-003. While MA-002 (70.33) and MA-004 (74.00) 
produced the minimum number of fruits per plant during 1999-2000. But during 
2000-2001 and 2001-2002, MA-007 produced the highest number of fruits per plant 
(295 and 608 fruit plant-1, respectively). Those were 2 to 3 times higher than other 
germplasm. In case of pooled value, the maximum number of fruits per plant 
(339.57) was found in MA-007 while it was the minimum (161.33) in MA-004. 
During 1999-2000, 2000-2001 and 2001-2002, significantly the highest yield was 
recorded in the genotype MA-007 (13.22 kg, 17.82 kg and 34.50 kg plant-1 
respectively), compared to other germplasm even in pooled value (21.84 kg  plant-1). 
During this period, the genotype MA-002 had the lowest pooled value as well as 
individual yield (8.77 kg, 5.28 kg, 8.87 kg and 12.77 kg plant-1). Shirol et al. (2009) 
reported that sapota cultivars Virudhnagar produced 51.20 kg fruits followed by 
Singapore (45.00 kg) while Murabba produced only 9.40 kg fruits per plant at 
Ghataprabha command area of Northern Karnataka in India. Saraswathy et al. (2010) 
however, recorded the highest yield from PKM4 (139 kg tree-1) followed by 
Virudhunagar local (135.75 kg tree-1). In addition, age of the tree is an important 
factor that might influence the yield. Kadam et al. (2005) mentioned that yield 
increased in sapota trees up to 30 years of age. 

Table 1. Number and yield of fruits per plant of seven sapota germplasm  
Number of fruits per plant Yield per plant (kg) 

Accession 
No. 1999-

2000 
2000- 
2001 

2001-
2002 

Pooled 
value 

1999-
2000 

2000-
2001 

2001-
2002 

Pooled 
value  

MA-001 92.67 ab 217.00 b 291.33 b 200.33 b 9.46 b 12.92 b 17.00 b 13.12 b 

MA-002 70.33 b 170.33 c 311.33 b 184.00 b 5.28 d 8.87 c 12.17 b 8.77 c 

MA-003 127.00 a 193.67 bc 225.67 b 182.11 b 8.51 bc 9.83 bc 9.67 b 9.34 c 

MA-004 74.00 b 174.00 bc 236.00 b 161.33 b 6.56 cd 12.17 bc 14.33 b 11.02 b 

MA-005 89.00 ab 188.33 bc 217.33 b 163.22 b 5.58 d 9.75 bc 10.90 b 8.74 c 

MA-006 99.33 ab 199.67 bc 301.00 b 200.00 b 9.23 bc 11.67 bc 14.46 b 11.78 b 

MA-007 115.67 ab 295.00 a 608.00 a 339.57 a 13.22 a 17.82 a 34.50 a 21.84 a 

LSD 0 05 44.41 41.49 187.70 110.70 2.57 3.26 8.15 2.84 

CV (%) 26.16 11.35 33.71 32.64 17.49 15.44 28.36 24.53 

Figures with uncommon letters in the same column are significantly different from each other at P = 
0.05 by DMRT  
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Fruit weight: The highest fruit weight was obtained from MA-007 both for each 
individual years (64.75 g, 73.07 g , and 69.80 g for 1999-2000, 2000-2001 and 2001-
2002, respectively) and pooled of three years (69.21 g). But, it was the lowest in MA-
002 in all the cases (49.42 g, 38.53 g and 49.20 g in individual year and 45.72g for 
pooled value (Table 2). The variation in fruit weight of a single genotype in different 
years might be due to environmental or genetic effects. The increasing trend of fruit 
weight with increase in plant age might be due to increase in vegetative growth as 
well as assimilation of higher dry matter by the plant. However, the mentioned 
feature was found consistent in all the years. Similar features were found in the report 
of Chundawat and Bhuva (1982) as the variation of fruit weight of Indian cultivars 
‘Cricket Ball’, ‘Mohangottee’, ‘Kalipatti’ and ‘Zhumka’ were 142.20g, 101.43g, 
98.23g, and 57.47g, respectively.  

Fruit length and breadth: Regarding the pooled value of three years, the 
maximum fruit length (4.62 cm) was found in MA-003 followed by MA-007 (4.55 
cm), MA-002 (4.52 cm), MA-006 (4.51 cm), MA-004 (4.41 cm) which were 
statistically similar while it was the minimum (4.25 cm) in MA-005 (Table 2). On the 
other hand, fruit breadth was the maximum in MA-007 (4.80 cm) which was 
statistically similar with MA-006 (4.79 cm), MA-004 (4.73 cm) and MA-001 (4.66 
cm) and it was minimum in MA-002 (4.13 cm). From table 2, it is revealed that the 
genotype MA-003 had the highest fruit length while MA-007 had the highest fruit 
breadth in all the three years of study. 

Seed number: Seed number is an important trait of sapota fruit. The shape and 
weight of sapota fruits mostly depend on number of seeds contained by it 
(Sulladmath and Narayana, 2002). The seed number per fruit varied significantly 
among the germplasm included in this study (Table 3). The highest number of seeds 
(2.93) was recorded in fruits produced by MA-007 followed by MA-001 (2.88), MA-
004 (2.85) and MA-006 (2.82) which did not vary significantly from MA-007. The 
genotype MA-002 produced the lowest number of seeds (1.79) per fruit. 
Considerable variability was also found in seed characteristics of several cultivars of 
sapota grown in different parts of India as was reported by Ponnussway and 
Irulappen (1989) and Dinesh and Reddy (2000).  

Edible portion: In case of year wise study, MA-007 had the highest edible 
portion in 2000-2001 (81.83%) and 2001-2002 (81.78%) but in 1999-2000, it was 
recorded the maximum (83.40%) from MA-001 (Table 3).  For pooled value of three 
years data, it was calculated maximum (81.24%) from MA-007 which was 
statistically insignificant with MA-001 (81.08%), MA-003 (80.35%), MA-004 
(78.83%) and MA-005 (78.82%).  

TSS (%): Significant variation was observed in 2000-2001 and 2001-2002 for 
TSS (%). However, it was insignificant in 1999-2000 and pooled value of three years 
features (Table 3). From three years study, it was found that the highest TSS (%) was 
recorded from MA-004 (21.60) which was statistically similar with MA-003 
(21.43%) in 2001-2002. The some extent fluctuate features of TSS (%) might be 
effect of environmental variation of the years.  



Table 2.  Weight, Length and breadth of fruits of seven sapota germplasm  
Fruit weight (g) Fruit length (cm) Fruit breadth (cm) 

Accession 
No. 1999-2000 2000-2001 2001-2002 Pooled value 1999-2000 2000-2001 2001-

2002 
Pooled 
value 

1999-
2000 

2000-
2001 2001-2002 Pooled value 

MA-001 61.11 ab 71.10 ab 64.25 ab 65.49 ab 4.02  4.69 ab 4.28 4.33 bc 4.50 ab 4.79 4.69 a 4.66 a 
MA-002 49.42 c 38.53 d 49.20 d 45.72 d 4.32  4.70 d 4.54 4.52 ab 3.93 b 4.47 3.98 c 4.13 c 
MA-003 54.00 bc 55.33 cd 55.20 cd 54.84 c 4.43 4.90 a 4.53 4.62 a 4.01 ab 4.67 4.37 b 4.35 bc 

MA-004 57.00 ab 68.42 ab 66.09 ab 63.84 ab 4.21 4.72 a 4.28 4.41 abc 4.72 a 4.75 4.73 a 4.73 a 
MA-005 53.67 bc 64.60 cd 59.53 ab 59.27 bc 4.02 4.38 b 4.36 4.25 c 4.53 ab 4.65 4.59 ab 4.59 ab 
MA-006 60.11 ab 63.42 bc 63.27 ab 62.27abc 4.13 4.81 a 4.60 4.51 ab 4.54 ab 5.02 4.82 a 4.79 a 

MA-007 64.75 a 73.07 a 69.80 a  69.20 a 4.20 4.77 a 4.68 4.55 ab 4.56 ab 4.98 4.87 a 4.80 a 
LSD 0.05 8.93 7.88 7.29 7.71 0.47(NS) 0.29 1.50(NS) 0.21 0.69 0.30(NS) 0.29 0.29 
CV (%) 8.78 6.93 6.71 13.42 6.67 3.45 19.67 5.00 8.94 3.50 3.54 8.39 

Figures with uncommon letters in the same column are significantly different from each other at P = 0.05 by DMRT 

 Table 3. Seed number, edible portion (%) and TSS (%) of fruits of seven sapota germplasm 
Seed Number (No.) Edible portion (%) TSS (%) Accession 

No. 
1999-2000 2000-2001 2001-2002 Pooled  1999-2000 2000-2001 2001-2002 Pooled  1999-2000 2000-2001 2001-2002 Pooled  

MA-001 2.69 ab 2.89 ab 3.06 ab 2.88 a 83.40 a 79.04 b 80.79 b  81.08 a 18.44 17.89 b 19.52 ab 18.62 
MA-002 1.87 b 1.85 bc 1.67 b 1.79 d 80.83 ab 80.15 ab 78.77 ab 79.92 ab 16.67 20.33 a 18.30 b 18.43 

MA-003 2.11 ab 1.93 b c 2.01 bc 2.01 cd 82.40 ab 79.89 ab 78.77 ab 80.35 a 17.20 19.33 ab 21.43 a 19.32 

MA-004 2.67 ab 2.87 ab 3.10 ab 2.85 ab 76.54 ab 80.37 ab 79.60 a 78.83 a 19.33 17.33 b 21.60 a 19.42 
MA-005 2.00 b 2.68 abc 2.90 ab 2.40 bc  77.63 abc 79.75 ab 79.07 a 78.82 a 15.58 17.67 b  20.10 ab 17.78 
MA-006 2.67 ab 2.83 ab 3.04 ab 2.82 ab 73.32 c 75.20 c 76.93 b 75.15 b 18.33 17.00 b 18.27 b 17.87 

MA-007 2.88 a 3.13 a 3.45 a 2.93 a 80.11 ab 81.83 a 81.78 a 81.24 a 17.83 18.67 ab 18.41 b 18.30 

LSD 0.05 0.76 0.89 1.55 0.49 5.65 2.39 2.85 2 18 3.28(NS) 2.32 2.78 1.52(NS)

CV (%) 17.72 17.72 20.06 19.92 4.01 1.69 2.02 2.87 7.74 7.10 7.93 8.54 

 Figures with uncommon letters in the same column are significantly different from each other at P = 0.05 by DMRT 
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Qualitative characters of fruits: Fruit shape, peeling quality, pulp colour, pulp 
texture, sweetness and taste of fruits were evaluated by a panel of judges. The 
variations of qualitative characters are presented in table 4. Round shape fruit was 
found in MA-001, MA-004, MA-005, MA-006 and MA-007 (Table 4.). Only MA-
002 and MA-003 had oval shape fruit. Peeling quality of fruits was medium in MA-
001, MA-004 and MA-006. The rest four germplasm had good peeling quality. Pulp 
colour was light brown in MA-001, MA-002, MA-005 and MA-006, light reddish 
brown in MA-004 and MA-007 and yellowish brown in MA-003. The texture of pulp 
was observed as slightly gritty in MA-002, gritty in MA-001, MA-004 and MA-005, 
slightly granular in MA-007, and granular in MA-003 and MA-006. The soft pulp 
was obtained from MA-001, MA-003, MA-006 and MA-007. On the contrary, it was 
very soft in MA-002, MA-004 and MA-005. Sweetness of pulp was judged as sweet 
and very sweet. It was sweet in MA-1, MA-003, MA-005 and MA-006, and very 
sweet in MA-002, MA-004 and MA-007. The taste of fruit was evaluated as good in 
MA-3, MA-005 and MA-006, and very good in MA-1, MA-002, MA-004 and MA-
007.Thus, considerable variability was found in the quality of sapota germplasm 
included in this study. Wide genetic diversity was also observed among sapota 
cultivars by Meghala et al. (2009) through RAPD markers. The consistent differences 
in yield and fruit characters among the germplasm in all the three years indicate that 
these were mostly related with genetic behaviour rather than the environment 
(Gomez and Gomez, 1984). So, it may concluded from the findings of the present 
study that the sapota germplasm, MA-007 had the potentiality to give higher fruit 
yield  (608 in number and 21.84 kg in weight per plant) with better fruit quality under 
the climate and soil conditions of central part of Bangladesh and may be 
recommended for commercial cultivation in Bangladesh. 

Table 4. Qualitative characters of fruits of seven sapota germplasm 
Accession 

No. 
Fruit 
shape 

Peeling 
quality 

Colour Texture Softness Sweetness Taste 

MA-001 Round Medium Light brown Gritty Soft Sweet Very good 

MA-002 Oval Good Light brown Slightly 
Gritty 

Very 
Soft 

Very sweet Very good 

MA-003 Oval Good Yellowish 
brown 

Granular Soft Sweet Good 

MA-004 Round Medium Light reddish 
brown 

Gritty Very 
Soft 

Very sweet Very good 

MA-005 Round Good Light brown Gritty Very 
Soft 

Sweet Good 

MA-006 Round Medium Light brown Granular Soft Sweet Good 

MA-007 Round Good Light reddish 
brown 

Slightly 
Granular 

Soft Very sweet Very good 
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ABSTRACT 
Understanding the genetic basis of reproductive traits may help the 
potential for increasing yield in maize (Zea mays L.).  Progenies (F1, 
F2, BC1, BC2) from a cross between cytoplasmic male sterile A-line I-
401(A) and restorer line I-318(R) of maize  using RBD with three 
replications  were used for the study in year 2007. Significant 
differences (p<0.05) among parents and generations were observed 
for all traits. Dominance gene effects were most important in 
governing maturity traits whereas both dominance, additive and 
epistatic components mainly controlled yield attributing traits. Narrow 
sense heritabilities were 51.49 for days to 50% pollen shed, 55.2 for 
days to 50% silking, 32.13 for days to 75% husk browning, 61.8 for 
ear length, 63.9 for ear diameter, 46.32 for number of kernel rows 
per ear, 63.02 for number of kernels per row and 73.1 for 250-grain 
weight. Duplicate type of gene actions was more frequent than 
complementary type. Out of inter-allelic interactions dominance x 
dominance types were more pronounced than additive x additive and 
additive x dominance interaction.  Non applicability of simple 
additive-dominance model revealed importance of epistatic 
components in reproductive and yield in Maize which can be 
exploited through heterosis breeding or recurrent selection. 
Inheritance pattern suggested that use of CMS-sources will aid in 
development of stable and cost effective hybrids. 
Key words:  Epistasis, F1 hybrid, Gene action, inheritance pattern, Test 
weight Zea mays L 

INTRODUCTION 
Maize (Zea mays L.) which can be grown in a wide range of climates, is one of 

the most important cereal crops, both as food for human consumption and feed for 
cattle.  Being a monoceious plant, it develops male and female flowers in physically 
separate parts of the plant thus promoting natural cross pollination. The invention of 
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first commercial hybrid in maize as well as in crop plants by Jones, (1917) is 
considered as a landmark in crop breeding and provided an impetus to explore the 
possibility of commercial exploitation of heterosis, thus a new era of hybrid 
production started. The major hurdle impeding wide adoption of hybrid maize has 
been its cost consideration. Cytoplasmic male sterility (genetic emasculation) has 
been looked since long as an alternative to bring down hybrid seed production costs. 
The unique pattern of inheritance (CMS is transmitted only through female parent) 
has enabled the CMS trait to be of great utility to plant breeders and the commercial 
seed industry. 

Early maturity, stronger root systems, high yield and higher protein content are 
pre-requisites for release of economically viable maize hybrids. Yield is correlated 
with several traits including days to pollens shed and 75 per cent husk browning, test 
weight, ear length, ear diameter, kernel rows per ear, and kernels per row. However, 
few studies have examined inheritance of traits affecting yield in CMS maize 
(Duvick, 1965; Beckett, 1971; Frank and Hallauer, 1997; Dudley, 2007). 

This envisages critical evaluation of new CMS sources in maize for reproductive 
and yield traits. Therefore, the present study was initiated to identify effective 
fertility restorers among parents and evaluate their inheritance/genetic interaction for 
effective, economic and reliable hybrid maize seed production. As generation mean 
analysis (GMA) Mather and Jinks (1982) is an efficient tool to understand the nature 
of gene effects involved in expression of a character/trait and helps in understanding 
the performance of parents used in a cross. Therefore, GMA study was designed to i) 
determine gene action  ii) estimate components of variance  iii) estimate broad and 
narrow sense heritabilities iv) test adequacy of simple additive dominance model. An 
assessment of these genetic parameters shall be fruitful to evaluate inheritance of 
fertility restorer gene(s) and influence of CMS on various yield traits in the maize 
cross under study thus allowing development of efficient breeding strategies for CMS 
maize hybrids.  

MATERIAL AND METHODS 
The experimental material consisted of genetically diverse converted male sterile 

‘A-line’ [I-401 (A)], maintainer ‘B-line’ [I-401 (B)] and restorer ‘R-line’ [I-318(R)]. 
A-line was crossed with the restorer R-line to produce F1 plants. The single F1 plants 
from this initial matting were used as parental parent to produce BC1P1 (P1 x F1) and 
BC2P2 (P2 x F1) progeny and was also self pollinated to generate F2 progeny. 
Individual plant data were recorded for six generations of  I -401(A) x I-318(R) cross 
on following observations : (days to 50% pollen shed, days to 50% silking, days to 
75% husk browning, ear length, ear diameter, 250-grain weight, number of kernel 
rows per ear, number of kernels per row) 



GENERATION MEAN ANALYSIS OF REPRODUCTIVE AND YIELD TRAITS IN MAIZE  39 
 

Experimental Design 
Seeds from each of the six generations (i.e. P1, P2, F1, F2, BC1, BC2) were sown, 

in randomized complete block design with three replications at Experimental Farm 
Of Division of Plant Breeding & Genetics Shere-kashmir University of Agricultural 
sciencies-Shalimar, India during Kharif 2007. All non-segregating generations P1, P2 
and F1 were raised as two row material of 5 m length whereas segregating 
generations, backcrosses and F2 were raised in four and six rows respectively. An 
inter and intra row spacing of 60 cm and 25 cm respectively was adopted. 
Recommended package of practices were followed to raise a good crop. 

The details of population raised and selected for observation is as : 

Name of 
generation 

No. of plants 
raised 

Plants 
chosen/replication 

Total plants 
chosen/generation 

P1, P2, F1 40 10 30 
BC1, BC2 80 60 180 
F2 120 100 300 

Statistical and Genetic analysis 
Analysis of variances was performed using all the six generations. Generation 

mean analysis (GMA) was conducted using A, B and C scaling tests as suggested by 
Mather and Jinks (1971). To confirm the scaling test results joint scaling test as 
suggested by Cavalli (1952), was conducted. For instances where A, B and C values 
significantly deviate from zero and chi-square was significant additive-dominance 
with digenic interaction model as per Hayman (1960)was followed. R-software 
package was used for statistical analysis which is implementation of Box et 
al.,(1978) design. 

RESULTS 

Generation mean analysis 
Significant (p<0.05) mean differences were detected between the two parental 

lines and generations for all traits.. For days to 50% pollen shed and silking F1 mean 
values were lower than the parental values indicating early maturity of F1 than 
parents (Table-1). For yield traits the F1 mean values were higher than better parental 
values. Individual F2, BC1 and BC2 progenies were observed that reached or 
transgressed the phenotypic extremes of either parent for most traits (Table-1). BC1 
mean values were comparatively higher than BC2 means but both BC1 and BC2 
progenies resembled their respective recurrent parent with respect to growth habit but 
F2 plants varied dramatically for yield related characteristics. 



Table 1. Generation mean and variances for various characters in cross I 401(A) x I-318(R) of maize 

Trait  P1 P2 F1 F2 BC1 BC2 

X1 X 1±S.E 80.60±0.508 77.73±0.537 73.76±0.436 76.44±0.211 74.77±0.211 75.77±0.212 

 V
1x  8.386 12.202 5.564 13.592 5.534 8.107 

X2 X 2±S.E 83.60±0.381 78.93±0.499 74.96±0.463 78.55±0.219 77.19±0.219 77.78±0.213 

 V
2x  5.697 10.549 6.171 14.54 7.331 8.078 

X3 X 3±S.E 136.23±0.533 134.56±0.718 128.30±0.616 130.29±0.309 130.58±0.262 131.25±0.347 

 V
3x  9.491 20.941 11.324 28.792 12.313 21.641 

X4 X 4±S.E 12.263±0.223 13.500±0.146 15.147±0.229 14.475±0.066 14.621±0.113 13.642±0.133 

 V
4x  1.456 0.615 1.524 1.361 2.417 3.224 

X5 X 5±S.E 3.62±0.042 3.74±0.026 4.360±0.040 4.10±0.020 4.17±0.023 4.05±0.-023 

 V
5x  0.052 0.027 0.049 0.125 0.096 0.094 

X6 X 6±S.E 12.73±0.391 13.26±0.312 15.73±0.306 13.32±0.132 14.13±0.179 12.97±0.172 

 V
6x  4.823 3.168 2.685 5.177 5.703 5.385 

X7 X 7±S.E 23.06±0.380 27.03±0.548 35.80±0.782 30.68±0.199 31.50±0.280 29.25±0.353 

 V
7x  4.409 8.516 17.476 12.044 14.631 24.177 

X8 X 8±S.E 51.33±0.314 47.59±0.708 61.99±0.480 59.63±0.231 60.20±0.227 58.10±0.267 

 V
8x  5.103 14.117 7.180 16.018 9.412 13.051 

X1 = Days to 50% pollen shed; X2 = Days to 50% silking; X3 = Days to 75% husk browning; X4 = Ear length (cm); X5 = Ear diameter (cm) 
X6 = No. of kernel rows/ear; X7 = No. of kernels/row; X8 = 250 grain weight (g);  
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Gene action: Overall data revealed that almost all traits satisfy either one or 
more scaling tests indicating inadequacy of simple additive-dominance model. Chi-
square (χ2) values for joint scaling test was also significant for all traits revealing 
presence of non-allelic interactions in expression of all other traits. Although most of 
the traits satisfied six parameter model containing non-allelic parameters, some traits 
were conditioned mainly by additive/dominance effects. The weighted scaling and 
best fit model test results agreed with respect to relative importance of gene action 
for the studied traits. 

For maturity traits the estimates of additive [d] and dominance [h] components 
was significant with dominance component exhibiting higher magnitude but with 
negative direction. Joint scaling test (χ2) was non-significant revealing adequacy of 
additive-dominance model for root and stalk lodging. For component yield traits the 
role of epistatic components was more pronounced. Perfect fit solution revealed 
inadequacy of additive-dominance model. Opposite sign of dominance and 
dominance x dominance component indicated duplicate type of epistasis in most of 
the yield traits. The magnitude of [h] component was higher than [d] component for 
almost all traits in six parameter model. 

Broadsense heritabilities were relatively high for all traits and ranged from 41.3 
to 95.0. Narrow sense heritabilities were 51.49 for days to 50% pollen shed 55.2 for 
days to 50% silking, 32.13 for days to 75% husk browning, 61.8 for ear length, 63.9 
for ear diameter, 46.32 for number of kernel rows/ear, 63.02 for number of 
kernels/row, 73.1 for 250-grain weight, 29.9 respectively . Potence ratio was greater 
than unity for all the studied traits. 

DISCUSSION AND CONCLUSION 
Plant breeding aims at improving plant reproductive traits of economic 

importance through management of genetic variability. The analysis of such a 
variation and its potential genetic basis is of prime importance for crop improvement. 
Determination of the suitable breeding methodology and selection strategy for 
improvement of particular trait mainly depends on the knowledge of gene effects 
operating in breeding population. Generation mean analysis (GMA) Though for 
morphological traits additive-dominance model was adequate to explain the 
importance of both additive and dominance components in these traits for maturity 
traits (days to 50% pollen shed, days to 50% silking and days to 75% husk browning) 
the additive-dominance model was inadequate revealing importance of inter-allelic 
interactions in expression of these traits. Epistasis resulting from dominance x 
dominance component was significant and larger in magnitude than additive x 
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additive and additive x dominance component, opposite signs of [h] and [l] 
components in most of the yield/reproductive traits indicated duplicate type of gene 
interaction. Thus recurrent selection can be resorted in this cross for the enlisted traits 
(Table-2) which will facilitate selection of best recombinants. Similar findings by 
Harville and Josephson, (1979) and Vasel, (1993) have been reported. For yield 
component traits the perfect fit solution (6-parameter model) indicated that these 
traits were governed by epistatic components. For ear length and 250-grain yield both 
additive and dominance components were significant but magnitude of component 
[h] was higher than [d] component. Additive x additive interaction component was 
significant but negative in direction. Dominance x dominance components were also 
significant. Same sign of [h] and [l] components indicated presence of 
complimentary type of gene action for these traits. Thus, these traits can be exploited 
through heterosis breeding. Similar results for the traits were reported by Balla and 
Khehra (1980) and Ali and Tepora (1986), respectively. 

For ear diameter, kernels rows/ear, kernels/row. Joint scaling test revealed 
significant of chi-square values thereby greater role of interaction components for 
these traits. Opposite sign of [h] and [l] components indicated duplicate gene action 
thus biparental meeting/recurrent selection will be most beneficial for exploitation of 
these traits. 

A simplistic additive-dominance model did not adequately explain the observed 
variation for any of the traits examined except root and stalk lodging and is evidence 
for the presence of digenic epistatic interactions in the present study. This result is 
supported by the findings of Zhang et al. (2004), and Tabano and Bernado(2005). 
Gene action and empirical estimates of genetic parameters governing trait expression 
in the present study will be useful in developing breeding strategies for enhancing 
grain yield in CMS maize. Reduction in days to pollen shed and silking in CMS 
maize genotypes will help in development of early maturing hybrids through genetic 
emasculation in maize. This CMS-Fr system can be an interesting tool for increasing 
the yield of already commercialised hybridsof maize under temperate conditions. 



Table 2. Estimates of genetic components based on generation means (3-paramter model weighted and six 
parameter model) and different scaling tests and Potence ratio in various traits for the cross I-401(A) x I-
318(R) 

Types of gene effects 
& scaling test 

Days to 50% 
pollen shed 

Days to 50% 
silking 

Days to 75% husk 
browning 

Ear length (cm) Ear diameter (cm) Kernel rows/ ear Kernels/row Kernel rows/ ear Kernels/row 250-grain weight (g)

Genetic effects           

M 78 612±0 296** 81 411±0 266** 134 900±0 375** 13 212±0 115** 3 745±0 021** 12 505±0 203** 24 661±0 305** 12 505±0 203** 24 661±0 305** 51 302±0 290** 

[d] 0 146±0 226 -0 777±0 213** -0 150±0 310 1 018±0 104** -0 015±0 091 -0 378±0 179** 0 506±0 266** -0 378±0 179** 0 506±0 266** -1 290±0 252** 

[h] -5 743±0 565** -7 064±0 520** -8 041±0 718** 2 261±0 232** 0 701±0 042** 2 221±0 386** 11 939±0 629** 2 221±0 386** 11 939±0 629** 14 761±0 554** 

Scaling test           

A -4 822±0 771** -4 178±0 522** -3 356±0 969** 1834±0 392* 0 358±0 074** -0 200±0 612** 4 144±1 034** -0 200±0 612** 4 144±1 034** 7 080±0 732* 

B 0 056±0 812** 1 678±0 644** -0 356±1 174 -1 362±0 380* 0 013±0 066 -3 044±0 557** -4 333±1 188** -3 044±0 557** -4 333±1 188** 6 619±1 008* 

C -0 093±1 421** 1 760±2 023** -6 227±1 962** 1 845±0 593* 0 342±0 124** -4 160±0 950** 1 020±1 878** -4 160±0 950** 1 020±1 878** 15 642±1 542* 

Joint scaling test (χ2) 
(d.f = 3) 58 505*** 67 025*** 17 67** 61 848*** 26 396*** 39 286*** 58 57*** 39 286*** 58 57*** 131 650** 

Six parameter model           

M 76 443±0 211** 18 557±0 219** 130 29±0 309** 14 47±0 066* 4 108±0 020** 13 327±0 132** 30 68±0 199** 13 327±0 132** 30 68±0 199** 59 631±0 231* 

[d] -1 006±0 286** -0 594±0 293** -0 667±0 435 1 980±0 175* 0 113±0 032** 1 156±0 248** 2 256±0 451** 1 156±0 248** 2 256±0 451** 2 100±0 350* 

[h] 10 073±1 169** 10 560±1 194** 4 584±1 694** 1 993±0 513* 0 703±0 114** -3 649±0 825** 9 541±1 473** -3 649±0 825** 9 541±1 473** 11 753±2 084* 

[i] -4 671±1 019** -4 260±1 055** 1 196±2 623 -1 372±0 439* 0 029±0 104 0 916±0 724 -1 209±1 203** 0 916±0 724 -1 209±1 203** -1 947±1 161* 

[j] -2 434±0 467** -2 928±0 429** -1 500±0 624** 1 598±0 220* 0 172±0 041** 1 422±0 352** 4 239±0 560** 1 422±0 352** 4 239±0 560** 0 230±0 522 

[l] -9 440±1 824** -6 760±1 842** -2 516±1 513** 0 900±0 916* -0 400±0 179** 2 329±1 374** -1 398±2 603** 2 329±1 374** -1 398±2 603** 10 582±1 315** 

Type of epistasis D D D C D D D D D C 

Potence ratio 10 01 17 77 6 87 1 006 6 22 3 15 4 22 3 15 4 22 5 53 

**, *** = Significant at 5 and 1% level, respectively 
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ABSTRACT 
Twenty local sponge gourd genotypes of Bangladesh were subjected 
to cluster analysis. The genotypes were constellated into five distinct 
groups with the range of 2 genotypes in cluster IV to 6 in cluster III. 
The inter-cluster distance in all cases was larger than the intra-
cluster distance suggesting wider genetic diversity among the 
genotypes of different groups. The maximum inter-cluster distance 
was observed between genotypes of cluster II and IV (22.353) 
followed by cluster I and II (15.819) and the minimum was found 
between genotypes of cluster I and V (4.504). The highest intra 
cluster value (0.803) was observed in cluster II due to the presence 
of variations among the genotypes. Mean performance of different 
clusters revealed that cluster I recorded the second highest mean 
values for number of fruits per plant, individual fruit weight, fruit 
diametre and fruit yield and minimum mean value for harvesting 
duration, whereas fruits per plant, fruit diametre and fruit yield were 
in cluster III with the highest means and produced the lowest means 
for days to 1st harvest. Therefore, more emphasis should be given on 
cluster III for selecting genotypes as parents for crossing with the 
genotypes of cluster I which may produce new recombinants with 
desired traits. 
Key words: Genetic diversity, sponge gourd (Luffa cylindrica L.) and 
cluster analysis. 

INTRODUCTION 
Sponge gourd (Luffa cylindrica L.) is one of the important vegetables in 

Bangladesh. Earlier it was a minor vegetable, but at present it becomes a major 
vegetable in the country due to availability of exotic OP/hybrid varieties in the market. 
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Besides, a good number of sponge gourd cultivars are in cultivation in the country 
since long back, which needs evaluation to explore their potentiality. Comprehensive 
information of the nature of genetic divergence of the genotypes is the prerequisite of 
a variety development programme. The importance of genetic diversity in any crop 
improvement programme has been stressed both in self and cross-pollinated crops. 
The quantification of genetic diversity through biometrical procedures has made it 
possible to choose genetically diverge parents for a successful hybridization 
programme. Multivariate analysis by means of Mahalanobis D2 statistics is an useful 
tool in quantifying the degree of genotypic divergence among biological populations 
and to asses the relative contribution of different components to the total divergence 
both at inter and intra-cluster levels. The D2 statistics helps in selecting desirable 
parents for achieving desired goal by the breeder. Information regarding sponge 
gourd genotypic diversity study is meager in the country. Some related results have 
been reported by Masud et al. (1995) in pumpkin, in bitter gourd (Quamruzzaman, 
2008a) and ridge gourd (Quamruzzaman 2008b).. Besides, several other works have 
been done in eggplant in Bangladesh by Kumar et al. (2000), Singh and 
Gapalakrihnan (1999), Chaudhary and Pathania (1998) and Tambe et al. (1993). In 
Bangladesh, information on the selection of local sponge gourd genotypes on the 
basis of diversity is scarce. Therefore, the present investigation aimed to estimate the 
nature and magnitude of genetic diversity in some local sponge gourd genotypes of 
Bangladesh. 

MATERIALS AND METHOD 
The experiment was conducted at the experimental field of Olericulture Division, 

HRC, Bangladesh Agricultural Research Institute, Gazipur during the summer season 
of 2006. The seeds of twenty selected sponge gourd lines were sown on the polybag 
on 25th March 2006. Twenty days old seedlings were transplanted in the main field 
on 15 April 2006. The experiment was laid out in a RCB design with three 
replications. The unit plot size was 7.5 × 1.5 m. The seedlings were transplanted to the 
main plot maintaining 1.5 × 1.25 m spacing. The land was fertilized with cow dung, 
urea, TSP, MP, gypsum and zinc sulphate or oxide at the rate of 20000, 175, 175, 150, 
100 and 12 kg ha-1, respectively. The total amount of cow dung, TSP, gypsum and Zinc 
and 1/3rd of each of urea and MP were applied during final land preparation and in the 
pit. The rest of urea and MP were applied in four equal installments at 20, 40, 60 and 80 
days after transplanting. The intercultural operations (weeding and irrigation etc.) were 
done as and when necessary.  Data on days to 1st harvest, harvesting duration, number 
of fruits per plant, individual fruit weight (g), fruit length (cm), fruit diametre (cm) 
and fruit yield (kg plant-1) were recorded from three selected plants per entry per 
replication. Plot means over the replications were used for the statistical analysis. 
Genetic diversity was studied following Mahalanobis’ (1936) generalized distance 
(D2) extended by Rao (1952). Based on the D2 values, the genotypes were grouped 
into clusters following the method suggested by Tocher (Rao, 1952). Intra and inter 
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cluster distances were calculated by the methods of Singh and Chaudhury (1985). 
Statistical analyses were carried out using Genstat 5 software. 

RESULTS AND DISCUSSION 
The analysis of variance showed significant (P=<1%) differences among the 

genotypes for all the characters studied indicated the presence of sufficient variability 
among the genotypes. Based on the degree of divergence, 20 genotypes were grouped 
into five clusters (Figure 1). 

A two-dimensional scatter diagram constructed using principal component I on 
X-axis and component II on Y-axis, reflecting the relative position of the genotypes, 
also distributed the genotypes into five apparent clusters (Figure 1). The distribution 
pattern revealed that maximum number of genotypes (6) was included in cluster III 
followed by cluster I (5 genotypes) and cluster V (4 genotypes), while cluster IV 
included the minimum (2 genotypes).  

 
 
 
The maximum inter-cluster distance were recorded between the cluster II and IV 

(22.353) followed by the distance between I and II (15.819) and distance between III 
and IV (13.738) (Table 1). As the genetic variation is very distinct among the groups, 
genotypes from these five clusters if, used in hybridization may produce a wide 
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Figure 1. Scatter distribution of 20 sponge gourd genotypes on principal  
component score superimposed with clustering 
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spectrum of segregating population. The lowest inter cluster distance was observed 
between cluster I and V (4.504) followed by III and V (5.040) suggesting a close 
relationship among these three clusters. However, the intra-cluster divergence varied 
from 0.292 to 0.803, maximum being from cluster II that comprised of three 
genotypes, while the minimum distance was observed in cluster I that comprised of 
five genotypes. 

Table 1. Mean intra- (bold) and inter- cluster distances (D2) for the twenty 
sponge gourd genotypes obtained on the basis of the seven 
morphological characters 

Clusters I II III IV V 

I 0.292 15.819 6.061 8.601 4.504 

II  0.803 10.909 22.353 12.555 

III   0.317 13.738 5.040 

IV    0.331 10.210 

V     0.329 

Differences were observed in cluster means for almost all the seven characters in 
the 20 genotypes studied (Table 2). Cluster I composed of five genotypes (SGN01-3, 
SGN01-5, SGN01-10, SGN02-10 and SGN03-6) and showed minimum mean value 
for harvesting duration (82.60 days), while the second highest mean values for 
number of fruits per plant (85.40), individual fruit weight (195.00 g), fruit diametre 
(4.10 cm) and fruit yield (16.69 kg plant-1) and maximum mean values was obtained 
for days to 1st harvest (65.80 days). 

Cluster II constituted of three genotypes (SGN01-12, SGN04-10 and SGN04-11) 
which produced lowest mean for individual fruit weight (102.67 g), fruit length 
(16.80 cm), fruit diameter (3.37 cm) and fruit yield (5.66 kg plant-1).The cluster III 
also had maximum six genotypes (SGN01-1, SGN01-2, SGN01-6, SGN02-1, 
SGN02-2 and SGN02-6), which scored highest mean for number of fruits per plant 
(107.17), fruit diametre (4.18 cm) and fruit yield (17.21 kg plant-1) and produced the 
lowest means for days to 1st harvest (61.50 days) which is desirable trait for earliness 
while maximum mean values was observed for harvesting duration (88.50 days).  

Cluster IV had only two genotypes (SGN03-1 and SGN03-10), which had 
highest mean values for individual fruit weight (210.00 g), fruit length (25.70 cm) 
and second lowest mean values for days to 1st harvest (63.00 days) and harvesting 
duration (83.50 days).Cluster V constituted of four genotypes (SGN01-8, SGN04-4, 
SGN04-5 and SGN04-7), which had second highest mean values for fruit length 
(22.30 cm) only.  
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Table 2. Class mean values of seven characters in 20 genotypes of sponge gourd 

Clusters Characters 

I II III IV V 

Days to 1st harvest 65.80 63.33 61.50 63.00 63.50 

Harvesting duration 82.60 84.00 88.50 83.50 86.00 

Number of fruits per plant 85.40 56.33 107.17 50.00 58.50 

Individual fruit weight (g) 195.00 102.67 160.00 210.00 154.50 

Fruit length (cm) 20.58 16.80 17.27 25.70 22.30 

Fruit diametre (cm) 4.10 3.37 4.18 3.85 3.62 

Fruit yield (kg/plant) 16.69 5.66 17.21 10.68 9.06 

Based on principal component axes I and II, a two-dimensional scattered plotting 
diagram (Z1 and Z2) was drawn, which clearly reflect the position of genotypes 
(Figure 1). It was revealed from the diagram that the genotypes grouped into five 
clusters. Most distantly located genotypes in cluster were II (SGN01-12, SGN04-10 
and SGN04-11) and IV (SGN03-1 and SGN03-10) followed by cluster I (SGN01-3, 
SGN01-5, SGN01-10, SGN02-10 and SGN03-6) and cluster II (SGN01-12, SGN04-
10 and SGN04-11). So, there is a chance to obtain higher heterosis by crossing these 
clusters. Distribution pattern of genotypes in the scattered diagram also revealed that 
considerable variability exist in the germplasms studied. 

Contribution of characters towards divergence of the genotypes is presented in 
Table 3. The results of  the PCA revealed that in vector Z1, the important characters 
responsible for genetic divergence in the major axis of differentiations were days to 
1st harvest (0.2283) and fruit length (0.2425). In vector Z2, only harvesting duration 
(0.4876) played a major role while rest of the characters in this second axis of 
differentiations might not have played any major role. No characters were found to 
be more important role towards genetic divergence in both the vectors. 
Quamruzzaman et al. (2008b) reported that days to 1st female flower open, fruit 
diameter, single fruit weight and fruits per plant contributing major portion of the 
total genetic diversity in ridge gourd. In other study Quamruzzaman et al. (2008a) 
reported fruits per plant and fruit yield per plant contribute towards divergence in bitter 
gourd. Masud et al. (1995) found that number of fruits per plant and yield per plant 
were two important contributors to genetic divergence in pumpkin. Therefore, these 
characters could offer a scope for genetic improvement and deserve to be included as 
selection criteria in sponge gourd. 
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Table 3. Latent vectors for 7 principal component characters of 20 genotypes of 
sponge gourd 

Characters Vector (Z1) Vector (Z2) 

Days to 1st harvest 0.2283      -0.4622 

Harvesting duration -0.2872       0.4876 

Number of fruits per plant -0.4997      -0.0082 

Individual fruit weight (g) -0.2206      -0.5503 

Fruit length (cm) 0.2425      -0.3877 

Fruit diametre (cm) -0.5028      -0.1602 

Fruit yield (kg/plant) -0.5054      -0.2641 

Generally, crosses involving parents belonging to most divergent clusters are 
expected to give maximum heterosis and create wide variability in genetic 
architecture. However, for a practical plant breeder, the objective is not only 
obtaining high heterosis but also to achieve high level of production with the shortest 
possible time. In the present study, the maximum distances existed between cluster II 
and cluster IV. However, these clusters do not contain good mean values 
performances (Table 2). Considering group distance and class mean values 
performances, the inter-genotypic crosses between the members of cluster I (SGN01-
3, SGN01-5, SGN01-10, SGN02-10 and SGN03-6) with that of cluster III (SGN01-1, 
SGN01-2, SGN01-6, SGN02-1, SGN02-2 and SGN02-6) might exhibit high 
heterosis and is also likely to produce new recombinants with desired traits. 
Therefore, more emphasis should be given on cluster I and III in selecting inbreds for 
crossing in sponge gourd hybridization programme. 
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ABSTRACT 

The experiments were conducted at two locations of Kangra valley of 
Himachal Pradesh, India during 2005 and 2006 to study the 
development of S. derogata on okra in relation to weather factors 
and its management through chemical insecticides, biopesticides 
and bioagent applied alone and in integration. Weekly data on the 
number of larvae per plant and infested leaves on 100 randomly 
selected plants were taken as soon as the pest started appearing in 
fields. The population build-up data were analyzed for correlation 
with various abiotic factors. The field experiments on pest 
management comprised of ten treatments including an untreated 
control laid out in randomized block design with three replications. 
Results revealed that peak in leaf roller population appeared in 1st to 
3rd week of August at Palampur and last week of July at Kachhiari 
during 2005 and 2006. Relative humidity significantly positively 
influenced pest incidence on okra while maximum temperature and 
bright sunshine hours exhibited a significant negative effect on larval 
population and leaf infestation. At both the locations, Cypermethrin 
(0.01%), and Bacillus thuringiensis (3.96 x 107 IU ha-1) + Endosulfan 
(0.035%) sprays were found effective against S. derogata. However, 
the latter treatment is a better option for the management of cotton 
leaf roller in okra since endosulfan has been used at half the 
recommended dosages which will help in reducing the pesticidal 
pressure on the environment. 
Key words: Integrated pest management, okra, seasonal incidence, Sylepta 
derogata  
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Okra {Abelmoschus esculentus (L.) Moench} is an important warm season 
vegetable crop cultivated extensively in tropical and sub-tropical regions of the 
world. It is a short duration crop cherished for its tender and scrumptious green fruits 
used in curries, soups or in canned, dehydrated, frozen forms for off-season 
consumption (Neeraja et al., 2004). The crop is ravaged by more than 45 species of 
insect-pests throughout its growth period (Nair, 1984). The main pests reportedly 
infesting the crop are fruit borers and leafhoppers (Prasad et al., 1993; Kumar and 
Pathania, 2006; Mandal et al., 2006). Besides, cotton leafroller, Sylepta derogata 
(Fabricius) is a sporadic pest, which on the approach of congenial weather 
parameters, cause considerable damage to okra. The larvae of the pest roll the 
margins of the leaves and live within and eat the chlorophyll content causing holes in 
leaves. The knowledge regarding the seasonal incidence and management of this pest 
on okra is meager in the country. Study of seasonal incidence of the pest is felt 
necessary for initiating control measures at appropriate time and also for judicious 
use of insecticides. Besides, in crops such as okra where fruits are picked at regular 
intervals, the use of insecticides is posed with the residue problem posing 
unwarranted health hazards to consumers (Mandal et al., 2006). Therefore, it 
becomes imperative to utilize safer techniques of pest management such as bioagents, 
biopesticides etc. Keeping the above facts into consideration, present study was 
carried out to determine the effect of weather parameters on the incidence of S. 
derogata and its management through insecticides, biopesticides and a bioagent. 

MATERIALS AND METHODS 
The present study was conducted during 2005 and 2006 at two locations in 

Kangra valley of Himachal Pradesh, India viz. experimental farm of Department of 
Entomology, CSK HPKV, Palampur situated at an altitude of 1290 metres a.m.s.l and 
farmer’s fields in village Kachhiari (Kangra) situated at an altitude of 760 metres 
a.m.s.l. Okra (A. esculentus) crop was raised at the two sites following agronomic 
practices for the crop as recommended in the package of practices of the university 
except pesticide application. The crop was sown in the first week of April at 
Kachhiari during 2005 and 2006 and first week of June and last week of May at 
Palampur during the respective seasons, with a row to row and plant to plant spacing 
of 60 cm x 15 cm, respectively. The daily meteorological data on maximum and 
minimum temperature (oC), % relative humidity (RH), bright sunshine (hours) 
recorded at Palampur only, and total rainfall (mm) were obtained from the Agro-
meteorological Observatory of the Department of Agronomy, CSK HPKV, Palampur 
and Shivalik Hill Agricultural Research and Extension Centre, Kangra. To study the 
seasonal incidence of the pest, weekly data on the number of larvae per plant on 100 
randomly selected plants were taken as soon as the pest started appearing in fields. 
Per cent rolled leaf infestation was calculated by counting total number of leaves and 
number of rolled leaves having infestation of leaf roller on 100 plants at weekly 
intervals. The population build-up data were subjected to correlation analysis with 
various abiotic factors viz. maximum and minimum temperature (oC), bright sunshine 
(hours) recorded at Palampur only, % RH and total rainfall (mm) as per Fisher and 
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Yates (1967). The values of all parameters excluding rainfall were averaged for the 
preceding 7 days. 

To evaluate the field efficacy of insecticides and biopesticides, 3 commercially 
available synthetic insecticides viz. Malathion (0.05%), Endosulfan (0.07%) and 
Cypermethrin (0.01%), 2 commercially available biopesticides viz. Bacillus 
thuringiensis var. kurstaki (Dipel 3.96 x 107 IU ha-1) and Azadirachtin (Achook, 
0.00045%), one egg parasitoid, Trichogramma chilonis Ishii, laboratory reared 
(Anonymous, 1991) and released @ 50,000 host parasitized eggs ha-1 and 3 
combinations viz. T. chilonis + B. thuringiensis, T. chilonis + Endosulfan and B. 
thuringiensis + Endosulfan, all at half the recommended dosages were applied to the 
crop (cv. Pusa Sawani). The experiments were laid out in a randomized block design 
replicated thrice with each plot measuring 4.2 m x 3 m. At Palampur, sprays were 
done in last week of July during 2005 and second week of August during 2006 
whereas at Kachhiari, sprays were carried out in second week of July during 2005 
and second week of August during 2006. Two releases of T. chilonis were made at 
each location, first at 7 days before spray and second at 7 days after spray. The larval 
population of S. derogata were recorded on 10 randomly selected plants per plot in 
each replication, 72 hours before spray and at 3, 6, 9, 12 and 15 days after spray. 
Reduction in the larval population at different intervals was calculated in relation to 
untreated control. The data of two years were averaged and subjected to statistical 
analysis as per Gomez and Gomez (1984).  

RESULTS AND DISCUSSION 
Results revealed that at Palampur during 2005, the larval population of S. 

derogata was first observed in third week of July, which increased sharply and 
attained a peak (34.7 larvae per 10 plants) during third week of August due to 
favourable weather parameters viz. 25.8ºC (mean maximum temperature), 20.1ºC 
(mean minimum temperature), 89 % RH, 3.1 hours (mean bright sunshine) and 196.7 
mm (total rainfall) (Figure 1a). The population then reduced and reached a low of 
13.2 larvae per 10 plants in first week of September, which, however, increased the 
following week but declined abruptly thereafter. At Palampur during 2006, a 
comparatively higher population of pest was noticed. The initial larval population 
(2.3 per 10 plants) was observed during 2nd week of July, which followed a rising 
trend till 1st week of August when peak was observed (38.1 larvae/10 plants, Figure 
1b). The peak population coincided with the mean maximum temperature of 26.3 ºC, 
mean minimum temperature of 20.3 ºC, mean RH of 85 %, mean bright sunshine of 
2.3 hours and total rainfall of 151.2 mm.  Consequently, the pest population began to 
reach a low level in 2nd week of September during last stage of crop. The rolled leaf 
infestation was the highest during 3rd week of August during 2005 coinciding with 
the peak larval population. It then followed an almost declining trend except during 
2nd week of September. In 2006, per cent rolled leaf infestation pursued an increasing 
trend till 1st week of August coinciding with peak larval population. A declining trend 
was then set in August except during last week.  
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with 27.0 ºC and 25.4 ºC of mean maximum and minimum temperature, 85 % RH 
and 100.4 mm total rainfall while second peak was observed during 2nd week of 
August (34.4 larvae per 10 plants), which synchronized with favourable weather 
factors i.e. mean maximum and minimum temperature of 27.4 ºC and 24.8 ºC, mean 
RH of 81 % and total rainfall of 211.2 mm (Figure 2a). Thereafter, the larval 
population declined sharply and reached the lowest by 1st week of September during 
final crop harvest. During, 2006, a lower incidence of pest was noticed, first 
emergence being observed during last week of June, which pursued a rising trend till 
4th week of July when the highest population (33.8 larvae per 10 plants) was recorded 
(Figure 2b). The peak population was due to congenial weather viz. 28.4ºC (mean 
maximum temperature) and 23.6ºC (mean minimum temperature), 80 % RH and 115 
mm (total rainfall). Subsequently, the population declined towards the end of crop 
growth. The highest rolled leaf infestation (%) was recorded during 4th week of July 
coinciding with the highest larval population during 2005 as well as 2006. The 
correlation analysis showed that at Palampur during 2006, larval population showed a 
significant positive association with RH. Further, bright sunshine hours exhibited a 
significant negative influence on per cent rolled leaf infestation and larval population 
during this year. At Kachhari, during 2005, RH had a significant positive effect on 
per cent rolled leaf infestation and larval population. During 2006, larval population 
of S. derogata showed a significant negative association with maximum temperature. 
In addition, RH correlated significantly positively with per cent rolled leaf infestation 
and larval population (Table 1). Lal and Singh (1951) reported low temperature and 
high humidity coupled with rainy days favourable for the development of leaf roller, 
which is in accordance with the present results. The current results are also in 
conformity with Ghosh et al. (1999) who observed peak population of leaf roller in 
the month of August coinciding with favourable mean weather factors (RH 90-97 %, 
max temp 29.3ºC, min temp 24ºC). The significant negative influence of bright sun 
shine hours on leafroller activity is substantiated by work of Butani and Verma 
(1976) and positive correlation of larval population with relative humidity is 
supported by Ghosh et al. (1999). 

The experiments on management of S. derogata revealed that at 3 days after 
application of insecticides and biopesticides, the highest reduction in larval 
population was noticed in Cypermethrin (90.02%) followed by Endosulfan (89.18%), 
both being statistically similar (Table 2). At 6 days after spray, Cypermethrin 
inflicted the highest reduction (85.38%) followed by Endosulfan (83.96%). The 
efficacy of B. thuringiensis + Endosulfan, B. thuringiensis and T. chilonis + B. 
thuringiensis enhanced after 6 days of spray. At 9 days after spray, B. thuringiensis + 
Endosulfan caused maximum reduction (80.86 %), which is statistically identical 
with cypermethrin (80.72% reduction). 
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At 12 and 15 days after spray also, B. thuringiensis + Endosulfan proved 
significantly superior to the rest with respective reduction of 84.83 and 87.03 per 
cent. At Kachhiari (Table 3), almost parallel trend was observed. Cypermethrin 
(87.90% reduction) was significantly better than the rest in reducing larval population 
at 3 days after application. At 6 days after spray, again Cypermethrin registered 
maximum efficacy (85.47% reduction), followed by Endosulfan (80 % reduction) 
and B. thuringiensis + Endosulfan (78.25% reduction). At 9 days after application, 
Cypermethrin once again gave the highest reduction (81.26%) followed by B. 
thuringiensis + Endosulfan (77.69%) and Endosulfan (75.11%). Besides, the 
effectiveness of T. chilonis + B. thuringiensis and B. thuringiensis increased 
noticeably after 9 days causing 65.68 and 56.41 per cent reduction as compared to 
Malathion (55.57% reduction) and Azadirachtin (49.94% reduction). After 12 and 15 
days of spray, B. thuringiensis + Endosulfan caused maximum reduction of 82.52 per 
cent and 82.96 per cent, respectively. The higher efficacy of Cypermethrin than 
Azadirachtin against S. derogata has been reported earlier by Mishra et al. (2002) 
and that of Endosulfan has been mentioned by Sidhu and Dhawan (1979), Dhawan et 
al. (1988) and Jafri et al. (1988) thus corroborating present results. Likewise, the 
effectiveness of B. thuringiensis and neem based compounds in reducing S. derogata 
population has also been previously cited (Taylor, 1974; Cobbinah and Owusu, 1988; 
Anaso and Lale, 2002; Obeng and Sackey, 2003) thereby validating current findings. 

From the study, it was observed that the activity of S. derogata varied through 
the years and locations in Kangra valley of Himachal Pradesh, India and the peak 
activity of the pest was observed on the approach of favourable weather conditions. 
The pest population and damage was significantly influenced by abiotic factors viz. 
relative humidity, maximum temperature and bright sunshine hours. The pest was 
managed effectively by the application of B. thuringiensis (1.96 x 107 IU  ha-1) + 
Endosulfan (0.035%) and Cypermethrin (0.01%). However, biopesticide + 
insecticide combination (B. thuringiensis + Endosulfan) at reduced dosages is more 
advantageous than the sole application of chemical insecticide (Endosulfan and 
Cypermethrin) since it not only manages the pest effectively but is sustainable and 
also reduces the pesticidal pressure on environment and consequently the dangers 
coupled with their use. 



 

Table 1. Correlation coefficient (r) between abiotic factors, per cent rolled leaf infestation and larval population of S. 
derogata 

Palampur Kachhiari (Kangra) 

2005 2006 2005 2006 Abiotic 
factors Rolled leaf 

infestation  
(%) 

Larval 
population 

Rolled leaf 
infestation 

(%) 

Larval 
population 

Rolled leaf 
infestation 

(%) 

Larval 
population 

Rolled leaf 
infestation 

(%) 

Larval 
population 

Temperature 
(oC)  

        

Maximum -0.0105 -0.0549 -0.5085  -0.5197 -0.0192 -0.4990  -0.6213 -0.6402* 
Minimum 0.2234 0.2318  0.2493   0.2846 0.1727 0.1743 0.4425 0.4234 
RH (%) 0.4675 0.5170    0.5865   0.6390*  0.7033*  0.6919*  0.7112*  0.7089* 
Rainfall 
(mm) 

0.1298 0.2205 -0.2510  -0.2325 0.3822 0.5396 0.0739 0.0899 

BSS (hours) -0.2078 -0.2806 -0.6638*  -0.6748* - - - - 

 * Significant at 5% level of significance  

 



Table 2. Field efficacy of insecticides and biopesticides against S. derogata infesting okra at Palampur, H.P., India 
(mean data of 2005 and 2006). 

*PTP: Pre-treatment population i.e. Number of larvae per 10 plants DAS – Days after spray 
**Mean of 3 replications, Figures in parentheses are arc sine transformed values, Mean number of larvae/10 plants in untreated check at 3, 
6, 9, 12 and 15 DAS were 25.00, 28.50, 38.17, 30.00 and 28.67, respectively  

Treatment Dosages PTP* Per cent reduction in population over untreated control** 

   3 DAS 6 DAS 9 DAS 12 DAS 15 DAS 

Trichogramma chilonis 50000 ha-1 16.17 38.71 
(38.45) 

35.29 
(36.42) 

29.03 
(32.55) 

37.95 
(38.01) 

45.59 
(42.45) 

Bacillus thuringiensis 3.96x10 IU ha-1 21.00 37.40 
(37.69) 

56.24 
(48.57) 

58.54 
(49.90) 

61.74 
(51.78) 

64.88 
(53.64) 

Azadirachtin 0.00045% 20.67 64.08 
(53.16) 

60.18 
(50.86) 

51.89 
(46.07) 

47.31 
(43.44) 

44.42 
(41.78) 

Malathion 0.05% 21.17 78.03 
(62.07) 

70.10 
(56.86) 

59.77 
(50.62) 

53.61 
(45.13) 

49.01 
(44.41) 

Endosulfan 0.07% 20.84 89.18 
(70.87) 

83.96 
(66.39) 

78.71 
(59.51) 

71.25 
(57.58) 

69.39 
(56.40) 

Cypermethrin 0.01% 20.83 90.02 
(71.58) 

85.38 
(67.53) 

80.72 
(6.95) 

77.87 
(61.94) 

72.62 
(58.44) 

I. chilonis + B. 
thuringiensis  

25000 ha-1 + 0.15% 16.00 48.07 
(43.88) 

60.82 
(51.24) 

63.91 
(53.16) 

66.64 
(54.70) 

68.94 
(56.12) 

I. chilonis + Endosulfan 25000 ha-1 + 0.035% 16.17 54.59 
(47.60) 

48.52 
(44.13) 

45.20 
(42.23) 

48.01 
(43.84) 

50.76 
(45.42) 

B. thuringiensis  + 
Endosulfan 

1.98x107 IU ha-1+0.035% 21.17 67.33 
(55.13) 

78.84 
(62.61) 

80.86 
(64.06) 

84.83 
(67.08) 

87.03 
(69.12) 

Untreated check  21.34 - - - - - 

CD (5%)   1.79 1.96 1.38 1.16 1.23 



 

Table 3.  Field efficacy of insecticides and biopesticides against S. derogata infesting okra at Kachhiari, H.P., India 
(mean data of 2005  and 2006) 

Per cent reduction in population over untreated control** 
Treatment Dosages PTP* 

3 DAS 6 DAS 9 DAS 12 DAS 15 DAS 

Trichogramma 
chilonis 

50000 ha-1 15.00 42.03 (40.39) 35.53 
(36.57) 

32.78 
(34.91) 

42.89 
(40.89) 

47.62 
(43.62) 

Bacillus 
thuringiensis 

3.96x10 IU ha-1 22.50 34.53 (35.96) 53.22 
(46.83) 

56.41 
(48.67) 

61.03 
(51.35) 

65.64 
(54.09) 

Azadirachtin 0.00045% 22.84 63.16 (52.62) 56.80 
(48.89) 

49.94 
(44.95) 

46.26 
(42.84) 

41.45 
(40.06) 

Malathion 0.05% 22.50 73.81 (59.22) 62.33 
(52.13) 

55.51 
(48.15) 

50.63 
(45.34) 

46.94 
(43.19) 

Endosulfan 0.07% 23.50 83.42 (71.03) 80.00 
(63.43) 

75.11 
(60.09) 

71.47 
(57.70) 

68.73 
(55.98) 

Cypermethrin 0.01% 22.67 87.90 (69.74) 85.47 
(67.60) 

81.26 
(64.35) 

78.59 
(62.42) 

76.06 
(60.68) 

I. chilonis + B. 
thuringiensis  

25000 ha-1 + 0.15% 17.00 45.22 (42.24) 60.45 
(51.02) 

65.68 
(54.13) 

69.59 
(56.51) 

71.64 
(57.81) 

I. chilonis + 
Endosulfan 

25000 ha-1 + 0.035% 17.17 51.68 (45.94) 46.59 
(43.02) 

44.43 
(41.79) 

44.59 
(41.87) 

50.42 
(45.22) 

B. thuringiensis  + 
Endosulfan 

1.98x107 IU ha-1+0.035% 22.67 68.87 (56.08) 78.25 
(62.21) 

77.69 
(62.83) 

82.52 
(65.29) 

82.96 
(65.66) 

Untreated control  23.00 - - - - - 
CD (5%)   1.03 1.22 1.01 0.97 1.12 

*PTP: Pre-treatment population i.e. Number of larvae per 10 plants DAS – Days after spray 
**Mean of 3 replications, Figures in parentheses are arc sine transformed values, Mean number of larvae/10 plants in untreated check at 3, 
6, 9, 12 and 15 DAS were 26.67, 29.17, 28.83, 27.50 and 29.67, respectively  
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ABSTRACT 

Genetic diversity of 50 sesame (Sesamum indicum L.) genotypes 
was studied through Moahalanobis’s D2 and principal component 
analyses. The genotypes under this study fall into five clusters. 
Cluster IV (14) and III (4) contained the highest and lowest number 
of genotypes respectively. It revealed that the inter-cluster distances 
were much higher than the intra-cluster distances. The highest intra-
cluster distance was identified in cluster IV while the lowest distance 
was recorded in cluster V. On the other hand the highest inter-cluster 
distance was observed between cluster I and II, while the lowest 
distance was observed in between the cluster III and V. The highest 
intra-cluster means for yield per plant and four important yield 
contributing characters were obtained from cluster I. Cluster II had 
the highest mean for days to 50% flowering and days to 80% 
maturity, however, it is not expected for development of early variety. 
Cluster III had the lowest mean for days to 50% flowering and days 
to 80% maturity. As highest inter-cluster distance was observed 
between cluster I and II, more emphasis should be given on these 
clusters during selection of genotypes as parents for crossing, which 
may produce new recombination with desired traits except earliness. 
However, cluster III may be considered for selecting the early 
genotypes.  
Key words: Genetic diversity, Cluster, Genotype, Sesame. 

INTRODUCTION 
Sesame (Sesamum indicum L.) is an important oil crop in Bangladesh. In 

terms of acreage, it is next to mustard. In Bangladesh, 33,540 hectares of land are 
cultivated under sesame with a production of 27,043 metric tons of seed showing a 
yield of 0.81 t ha-1 (Anon., 2009). Sesame is the sixth most important oilseed crop in 
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the world with an area of 7.78 million ha and a total production of 3.66 million ton 
(Anon., 2008). An average world yield of sesame is 0.46 t ha-1 (Anon., 2004). 
Sesame seeds contain approximately 50% oil and 25% protein (Burden, 2005). The 
presence of some antioxidants (sesamin, sesamolin and sesamol) makes the oil one of 
the most stable vegetable oils in the world. The oil is mainly used for cooking and is 
also used for manufacturing margarine, cosmetics and toiletries. Sesame oil can be 
used to absorb the fragrant essence of scented flowers. In the perfumeries it is used as 
laxative. The meal is mainly used as livestock and poultry feed.  

Although sesame is one of the major oil crops in our country, however, little 
attention has been given for varietal improvement of this crop. No hybrid varieties 
are available for cultivation in Bangladesh so far. Study of diverse genotypes of this 
oil crop is needed to assess their performances and understand the existing usable 
variability, which help to develop new varieties. Hybridization is one of the major 
tools for the improvement of a crop. Before hybridization genetic diversity of the 
existing varieties need to be known. It is well established that the greater the genetic 
diversity the higher the chance of getting better hybrid or recombinant. It is a major 
tool being used in parent selection for efficient hybridization program (Bhatt, 1973; 
Khanna and Chaudhary, 1974; Chandra, 1977). Moreover, evaluation of genetic 
diversity is important to know the source of genes for a particular trait within the 
available germplasm (Tomooka, 1991). Multivariate analysis with D2 technique 
measures the amount of genetic diversity in a given population in respect of several 
characters (Naidu and Satanarayana, 1991). Therefore, this study aimed to analyze 
genetic divergence among 50 genotypes of sesame to find out suitable parental 
groups useful for future breeding program. 

MATERIALS AND METHODS 
To determine the genetic diversity, fifty genotypes of sesame were evaluated at 

the Sher-e- Bangla Agricultural University, Dhaka, Bangladesh during November 
2008 to February 2009. Genetically pure and physically healthy seeds of these 
genotypes were collected from Plant Genetic Resources Centre (PGRC) of 
Bangladesh Agricultural Research Institute (BARI), Gazipur, Bangladesh. The 
experiment was laid out in a randomized complete block design (RCBD) with three 
replications. The plot selected for the experiment was opened in the first week of 
November 2008 with power tiller and was exposed to the sun for a week. Weeds and 
stubbles were removed and finally obtained a desirable tilth of soil for sowing of 
sesame seeds. The N, P, K and S in the form of urea, TSP, MP and gypsum were 
applied at the rate of 100 , 150, 50 and 100 kg ha-1, respectively. The entire amount 
of TSP, MP and gypsum were applied before sowing as basal dose. Urea was applied 
in two equal installments, as basal dose and before flowering, respectively. On 14 
November 2008, the sesame seeds were sown in lines with a line to line distance of 
30 cm. After emergence of seedlings, intercultural operations and irrigation were 
applied for better growth and development of the sesame seedlings as and when 
necessary.  
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Data were recorded on days to 50% flowering, days to 80% maturity, plant 
height (cm), number of primary branches per plant, number of capsules per plant, 
length of capsules (cm), width of capsules (cm), number of seeds per capsule, 1000-
seeds weight (g), yield per plant (g). Mean data of the characters were used for the 
statistical analysis. Genetic diversity was studied following Mahalanobis’s (1936) 
generalized distance (D2) extended by Rao (1952) using GENSTAT 5.13 software 
through four techniques viz., Principle Component Analysis (PCA), Principle 
Coordinate Analysis (PCO), Cluster Analysis (CA) and Canonical Vector Analysis 
(CVA). Intra- and inter-cluster distances were calculated by the methods of Singh 
and Chaudhury (1985). 

RESULTS AND DISCUSSION 
The analysis of variance showed significant differences among the 50 genotypes 

for all ten characters studied indicating the presence of genetic variability among the 
genotypes. On the basis of cluster analysis, studied genotypes were grouped into five 
clusters (Table 1). The distribution pattern indicated that the highest number of 
genotypes was comprised in cluster IV (14) and the lowest were in cluster III (4). The 
inter-cluster distances in all cases were larger than the intra-cluster distances (Table 
2), suggesting wider genetic diversity among the genotypes of different groups. 
Uddin and Chowdhury (1994) studied 27 genotypes in sesame and found similar 
higher inter-cluster distances than those of intra-cluster distances. Ganesh and 
Thangavelu (1995) employed Mahalanobis D2 analysis to study the genetic diversity 
in sesame and grouped 50 sesame genotypes into four clusters. They reported inter-
cluster distances were greater than the intra-cluster distances. They also stated 
crossing between divergent parents usually produced greater heterotic effect than 
those between closely related ones. 

Table 1.  Distribution of 50 sesame genotypes in five clusters 
Cluster No. of genotypes Designation 

I 9 BD-6961, BD-6960, BD-6979, BD-6980, BD-6981,  
BD-6982, BD-6983, BD-6984, BD-7000,  

II 13 BD-6987, BD-6988, BD-6968, BD-6974, BD-6997,  
BD-7019, BD-7007, BD-7012, BD-7013, BD-7014,  
BD-7017, BD-7018, BD-6999 

III 4 BD-6969, BD-6971, BD-6994, BD-7006 
IV 14 BD-6962, BD-6963, BD-6964, BD-6985, BD-6986,  

BD-6989, BD-6990, BD-6966, BD-6970, BD-6978,  
BD-7008, BD-7009, BD-7011, BD-7016 

V 10 BD-6991, BD-6992, BD-7015, BD-6996, BD-7001,  
BD-7003, BD-7004, BD-7005, BD-7010, BD-6993 





GENETIC DIVERSITY ANALYSIS IN SESAME  69 
 

The genotypes of the distant clusters could be used in crossing programs for 
obtaining wide range of variation among the segregants. Jagadev and Samal (1991) 
got segregants between the clusters involving the parents, which belonged to distant 
clusters. It is expected that the crossing between the clusters I and II, I and IV, II and 
V may exhibit higher heterosis and also likely to produce new recombinants with 
desired traits. 

The cluster mean for 10 characters of 50 genotypes of sesame are presented in 
Table 3. The result revealed that cluster I had the highest cluster  mean for plant 
height, number of primary branches per plant, number of capsule per plant, length of 
capsule, width of capsule, number of seeds per capsule, 1000 seeds weight and yield 
per plant. Similarly cluster II showed the highest cluster mean value for two 
characters viz. days to 50% flowering and days to 80% maturity but it is not expected 
for development of early variety. The lowest cluster mean value of these two 
characters was observed in cluster III. Hybridization between the genotypes of cluster 
I and cluster II should manifest maximum heterosis and may create wide genetic 
variability as they showed maximum inter-cluster distance. Contribution of the 
characters towards divergence is presented in Table 4. The PCA (Principle 
Component Analysis) revealed that in vector 1, days to 50% flowering, number of 
seeds per capsules and 1000 seeds weight were positive divergence. In vector II, 
width of capsule was positive. Such result indicates that these characters contributed 
maximum towards divergence. It is interesting that greater divergence in the present 
material due to these characters will offer a good scope for improvement of yield 
through rational selection of parents. 

Table 3. Cluster mean for 10 characters of 50 sesame genotypes 

Cluster 
Character 

I II III IV V 

Days to 50% flowering 40.11 54.24 35.83 39.63 36.91 
Days to 80% maturity 100.33 112.1 95.75 99.52 97 
Plant height (cm) 68.08 64.76 56.05 61.55 62.99 
Number of primary branches per plant 4.67 4.21 3.66 4.18 4.13 

Number of capsule per plant 52.47 34.02 20.38 34.02 35.04 

Length of capsule (cm) 1.90 1.72 1.76 1.68 1.80 
Width of capsule (cm) 0.64 0.63 0.54 0.60 0.60 
Number of seeds per capsule 50.95 40.67 49.63 26.52 42.55 
1000 seeds weight (g) 10.8 9.9 8.82 9.68 9.19 
Yield per plant (g) 24.75 14.65 12.08 15.37 14.4 
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Table 4. Latent vectors for 10 principal component characters of 50 sesame 
genotypes 

The crosses involving parents belonging to most divergent cluster are expected to 
manifest maximum heterosis and also wide variability in genetic architecture. 
However, for a practical plant breeder, the objective is not only high heterosis but 
also to achieve high yield within shortest possible time. In the present study, the 
maximum distance existed between cluster I and II. But cluster III showed the 
minimum days to 50% flowering and minimum days to 80% maturity. Considering 
group distance and other performances, the genotypes of cluster I and cluster II may 
be selected for crossing to achieve high heterosis and to produce new recombinant 
with desired traits except earliness. For earliness, crossing should be done between 
cluster I and III. 
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ABSTRACT 

To control peste des petits ruminants (PPR) in Bangladesh a live 
attenuated conventional PPR vaccine was developed by Bangladesh 
Livestock Research Institute (BLRI) and currently being used in the 
country. Farmers and field veterinarians often raise the question 
about the efficacy of that vaccine. The poor efficacy of PPR vaccine 
in rural situation was thought to be due to break in cold chain system 
during transportation. To address to this problem, a thermostable 
preparation of the former PPR vaccine has been made by BLRI. The 
present study was carried out to assess the efficacy of both the 
vaccines on the basis of the humoral immune response. A total of 
190 goats more than 3 months of age of both sexes were selected 
for this experiment. Sera collected from experimental goats were 
analyzed with a competitive enzyme linked immunosorbent assay 
(cELISA). Percent inhibition (PI) value greater than 50% was 
considered as positive. In case of conventional PPR vaccine, it was 
found that 62% of the goats were sero-positive at 21 days post 
vaccination (DPV), which declined to 34.72 % at 180 DPV. On the 
other hand, in case of thermostable PPR vaccine, 70% serum 
samples were found positive at 21 DPV and that decreased slightly 
to 60% at 180 DPV. Kruskal-Wallis test and paired t- test revealed 
no significant difference in the antibody response of the thermostable 
vaccine kept at 25, 30, 35 and 40o C temperatures  for 7 -14 days. 
Keyword: cELISA, immune response, thermostable PPR vaccine, storage 
time, temperature 
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INTRODUCTION 
Peste des petits ruminants (PPR) is an acute, highly contagious viral disease of 

sheep and goats is characterized by fever, anorexia, ulcerative necrotic stomatitis, 
diarrhoea, purulent ocular and nasal discharges and respiratory distress which may be 
associated with coughing, pneumonia and death (Lefevre and Diallo, 1990). In non-
endemic areas morbidity and mortality may vary depending upon susceptible 
population and in severe cases that may reach up to 100 % and 90%, respectively 
(Hussain et al., 1998). The causative agent of this economically important disease of 
small ruminants is a Morbillivirus, the peste des petits ruminants virus (PPRV), under 
the family Paramyxoviridae of order Mononegavirales (Murphy et al., 1999). The 
virus is closely related to rinderpest virus (RPV), another member of Morbillvirus 
genus, which causes similar disease in large ruminants (Couacy-Hyman et al., 1995). 
The disease has been reported from many countries of the world including most parts 
of Africa, Middle East, the Arabian Peninsula and southern Asia (Abu-Elzein et al., 
1990 Shaila et al., 1996 and Lefevre et al., 1991). In Bangladesh, PPR virus was 
identified during a severe outbreak in 1993 (Sil et al., 1995). Previously, locally 
produced tissue culture based live attenuated rinderpest vaccine (TCV), as well as 
imported rinderpest vaccine were used against PPR in this country, but failed (Sil et 
al., 2001). To overcome the problem, conventional live attenuated vaccine was 
developed against PPR in nineties by BLRI to control PPR in Bangladesh and is 
being used by the Department of Livestock Services (DLS). But, like other 
Morbillivirus vaccine, the main disadvantage of this vaccine is its poor thermal 
stability. For this PPR vaccine, a cold chain system is required that cannot be 
maintained properly in the field/village level and potency of the vaccine is seriously 
deteriorated. A question about its efficacy is being often raised by farmers and field 
veterinarians. PPR is seen occasionally in the vaccinated goats.  To respond to this 
problem, a thermostable preparation of the former PPR vaccine has been developed 
experimentally by BLRI (Chowdhury et al., 2004). Previous efficacy study on this 
thermostable PPR vaccine asserted that this can be kept at normal room temperature 
(25o-30oC) as long as 14 days without loss of its potency (Siddique et al, 2006). 
Since, the environmental temperature in Bangladesh fluctuates with seasons and it 
rises up to 400C, it is therefore necessary to test the immune efficacy as well as shelf 
life of the vaccine stored at different temperatures and its shelf life. The present study 
was carried out to determine the potency in terms of antibody response of newly 
developed thermostable PPR vaccine kept at gradient temperature of 250, 300, 350 and 
400C for 7 and 14 days as well as immuno-efficacy of conventional PPR vaccine 
currently being used in Bangladesh.  
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MATERIALS AND METHODS 
Vaccine: Two types of PPR vaccine, conventional PPR vaccine developed by 

BLRI and produced by Livestock Research Institute (LRI), Mohakhali, Dhaka and 
thermostable vaccine experimentally prepared by BLRI, Savar, Dhaka were used in 
this study. Conventional PPR vaccine was collected from LRI from a freshly 
prepared batch. Proper cold chain was maintained during transportation of the 
vaccine.  

Experimental animals and immunization: To determine the immunoefficacy 
of thermostable PPR vaccine, a total of 90 goats over 3 months of ages of both sexes 
were selected randomly. All the animals were kept under same housing and 
management conditions at BLRI animal shed. The animals were treated against 
gastrointestinal helminths with Albendazole at 15 days pre-vaccination. The animals 
were divided into nine groups comprising of 10 goats each. To maintain storage time 
and temperature gradients the vaccines were kept in 4 different incubators in 
Department of Pathology, Bangladesh Agricultural University, Mymensingh and 
BLRI, Savar, Dhaka (Table 1). 

Table 1. Storage time and temperature of experimental thermostable PPR 
vaccine 

Temperature                                                        Days in the shelf 

250C 7 days 14 Days 

300C 7 days 14 Days 

350C 7 days 14 Days 

400C 7 days 14 Days 

Goats of group 1-8 were vaccinated sub cutaneously (SC) with a dose rate of 1ml 
(4 Log10 TCID50  ml-1) per animal of the thermostable PPR vaccine kept at different 
temperatures and storage times while goats of group 9 were kept as un-vaccinated 
control. The vaccinated animals were monitored for the occurrence of any disease up 
to 30 days post-vaccination. Blood samples without anticoagulant were collected 
through jugular vein puncture with sterile disposable plastic syringes from all the 
groups at pre-vaccination and at 21 and 180 days post vaccination. The sera were 
separated from blood and stored at -20

0
C until tested. 

Similarly, to determine the immunoefficacy of non thermostable PPR vaccine, 
100 unvaccinated healthy goats reared by the farmers as in the traditional farming 
condition were selected from three villages (Chattarpur, Boira and Digharkana) under 
Mymensingh Sadar Upazila, Mymensingh and tagged individually. The selected 
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goats were treated against gastro intestinal helminthes 15 -20 days before 
administration of vaccine. Vaccine was provided subcutaneously (S/C) at the neck 
region with the dose rate of 1 ml (4 Log10 TCID50  ml-1) per goat and observed 
similarly as described above. Blood samples were collected from jugular vein with 
sterile disposable plastic syringe at pre-vaccination and at 21 and 180 days post 
vaccination. The sera were separated from blood and stored at -20

0
C until tested.  

Competitive ELISA (c ELISA): PPR c-ELISA kit for PPRV antibody detection 
was obtained from Biological Systems Department, CIRAD, France Competitive 
ELISA test was performed as the method developed by Libeau et al. (1995) and 
strictly as per the protocol outlined in the  manual supplied with the kit.  Briefly, PPR 
antigen was diluted in coating buffer (PBS- 0.01 M, pH 7.4); each well of micro titer 
plate was charged with 50µl diluted antigen, incubated for 1 h at 37oC on a thermo 
mixer. After 3 washing with washing buffer and blotting dry, 45 µl of blocking buffer 
(PBS with 0.05% between 20 and 0.5 negative lamb serum) was added to all wells. 
Five µl of test sera were added to all the test wells, 5 µl of blocking buffer to 
monoclonal control wells and 55 µl of blocking buffer to the conjugate control wells. 
Strong positive, weak positive and negative control sera were added to the 
corresponding wells. Monoclonal antibody (Mab), diluted (1/150) in blocking buffer, 
was added at the rate of 50 µl to all the wells except the conjugate control. Then the 
plate was incubated for 1 hour at 37oC on thermo mixer. After 3 washings and 
blotting to dryness, 50 µl of anti-mouse conjugate were added to all wells. After 1 
hour incubation and 3 washings, 50 µl of the chromogen per substrate mixture 
(OPD/H2O2) was added to all wells. After 10 minutes of incubation at room 
temperature, colour development was stopped by adding 50 µl of stop solution 
(H2SO4, 1M) to all wells. Optical density (OD) values were read at 492 nm with 
absorbance microplate reader (EL×800, Bio Tek Instruments, USA.).  

Data expression: Microplates readings were used in two types of data analysis:  
1) Percent inhibition (PI) values which were used for the Quality 

Assurance (QA) acceptance.  These PI values were calculated as follows: 

   PI = 100 - [Replicate OD of each control x 100] 
                       Mean OD of Mab control (Cm) 
2) Percent inhibition (PI) values which were used for acceptance of 

replicate    values for test sera and diagnostic interpretation. These PI values 
were calculated as follows: 

   PI = 100 - [Replicate OD of Test Serum x 100] 
                       Mean OD of Mab control (Cm) 
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The test was accepted when the OD values of Cm and PI values of different 
controls fall within the accepted limits written in QA Fact Sheet of the supplied 
ELISA Kit. Sera showing PI greater than 50% were considered positive. 

Statistical analysis: Mean Percent Inhibition (PI) values and standard deviation 
were determined from the obtained PI values of the serum samples in each vaccinated 
and control groups. Kruskal-Wallis test were carried out to compare the immuno-
efficiency of vaccine kept at various temperatures and for different time period. 
Paired t- test was carried out to determine the significance of variation of PI values 
among the different groups (including control group) at pre and post vaccination 
(Montgomery, 2004 and Islam, 2008). Statistical test were carried out by using the 
software SPSS Version 11.5 and Minitab 13. 

RESULTS 
Both thermostable and conventional vaccines used in this study provided partial 

sero- conversion. In case of thermostable PPR vaccine, 70% of the vaccinated goats 
were sero-positive (PI values >50%) at 21 DPV. At 180 DPV, the number of sero-
positive cases slightly decreased to 60% in all groups except the group that received 
the vaccine treated at 400C for 14 days (30%) (Table 2). The average PI values for all 
groups also decreased by 8-20% (Table 2) at 180 DPV. On statistical analysis, no 
significant differences of immuno-efficiency of the vaccine (P-value<0.01) were 
observed after the vaccine kept at different temperatures and for different time 
periods (Table 3 and 4). No sero-positive goat was found in case of control group (PI 
< 50%).  

Table 2. Percentage of sero-positive goats and average PI values (mean±SD) 
following vaccination with thermostable PPR vaccine treated at 
different temperatures and for different time period 

7 days group 14 days group Control group Tem
perat
ure Day 0 Day 21 Day 180 Day 0 Day 21 Day 180 Day 0 Day 21 Day 180 

25 C a0% 
b27.7±3.8 

70% 
63.5±6.0 

60% 
53.8±2.6 

0% 
32.5±13.1 

70% 
56.4±1.3 

60% 
52.3±2.2

0% 
38.5±8.6

0% 
37.7±6 3 

0% 
36.4±7.6 

30 C 0% 
27.5±2.6 

70% 
63.6±6.6 

70% 
53.5±2.7 

0% 
34.9±7.1 

70% 
56.6±2.4 

60% 
52.7±3.7

0% 
38.5±8.6

0% 
37.7±6 3 

0% 
36.4±7.6 

35 C 0% 
22.6±9.0 

70% 
64.0±7.8 

70% 
52.6±1.2 

0% 
37.2±8.9 

70% 
55.2±2.6 

60% 
54±2.2 

0% 
38.5±8.6

0% 
37.7±6 3 

0% 
36.4±7.6 

40 C 0% 
25.1±6.8 

70% 
63.3±5.6 

70% 
54.3±2.5 

0% 
32.6±5.2 

70% 
53.4±1.7 

30% 
53±1.7 

0% 
38.5±8.6

0% 
37.7±6 3 

0% 
36.4±7.6 

   a % of positive reactor     bMean PI values ± standard deviation    
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Table 3. Summary of immuno-efficiency of vaccine kept at 25, 30, 35 and 40o C 
temperatures 

Duration of 
inventory at 

25, 30, 35 and 
40o C 

Days of post 
vaccination 

(dpv) 

Value of 
Kruskal-Wallis 

test 
P-value * Remarks 

7 days 21  0.55 0.997 

No significance 
relationship between 
temperature and 
vaccine efficacy 

 180  0.79 0.852 Ditto 

14 days 21  2.06 0.560 Ditto 

 180  3.46 0.326 Ditto 

* If P-value <0.01, the hypothesis that “vaccine efficacy 25, 30, 35 and 40o C temperatures are 
equal” to be rejected. 

Table 4.  Summary of immuno-efficiency of vaccine kept at 7 days and 14 days 

Temperature 
in storage time 
7 and 14 days 

Days of post 
vaccination 

(dpv) 

Value of 
paired –t 

P-value * Remarks 

21  0.971 0.357 

The efficacy of 
vaccine does not 
influenced by 
stock time  

250C 

180  1.202 0.260 Ditto 
21  0.901 0.391 Ditto 

300C 
          180 0.713 0.494 Ditto 

21  1.130 0.288 Ditto 
350C 

180  0.701 0.501 Ditto 
21  2.084 0.067 Ditto 

400C 
180  2.736 0.023 Ditto 

* If P-value<0.01, the hypothesis that “the efficacy of vaccine in different storage time period 
are equal” to be rejected. 

On the other hand, in case of conventional PPR vaccine that is still being used by 
DLS to control PPR exhibited 62% sero-conversion at 21 DPV and declined to 34.72 
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% at 180 DPV. It means that about 38 and 65.27% goats remained sero-negative at 
day 21 and 180 DPV, respectively. The average PI values at 180 DPV were 
decreased by 15% (Table 5). 

Table 5. Antibody response of goat after vaccination with conventional PPR 
vaccine 

Number sero-positive 
PI (Mean±STD) 

Sampling 
(Day post 

vaccination) 

Total number 
of goats 

No. Positive %  Positive 

0 100 10 
59.68±9.64a 

10 
 

21 100 62 
68.36±9.20 

62 

180 72b 25 
53.17±7.87 

34.72 

  a Mean PI values ± standard deviation, b 28 goats were sold by the farmer.   

In both the cases (for thermostable and conventional vaccine), Paired t- test 
suggested that PI values of sero-positive cases of post vaccination period is greater 
than the pre-vaccination period at 1% level of significance. 

DISCUSSION 
Both conventional and thermostable PPR vaccines induced a partial sero-

conversion and in both cases the sero-positivity also declined with time. Normally, 
homologous PPR vaccine attenuated after 63 passages in Vero cell   has been 
reported to have produced a solid immunity in 98% of the vaccinated animals for the 
whole economic life around 3 years (Diallo et al., 1995). The PPRV homologous 
vaccine was found to be safe under field conditions even for pregnant animals (Diallo 
et al., 1995). However, in this study, at 21 DPV 70% goats in case of thermostable 
vaccine and 62% goats in case of conventional vaccine were found sero-positive and 
even some of the sero-positive goats became sero-negative at 180 DPV. Average PI 
values of the serum samples for both the vaccines decreased at least by 10% at 180 
DPV. Nutrition or management factors would have affected some of the goats in both 
the experimental conditions which would have some reflection on the immuno-
efficiency of goats. The reasons that more number of sero-positive goats became 
sero-negative at 180 DPV with conventional vaccine is not clear. However, two 
experiments were conducted in two experimental conditions; conventional vaccine 
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was tested in actual field condition, thermostable vaccine was tested in intensive 
condition and it is likely that some unknown stress condition might have prevailed in 
the field condition. The goats were vaccinated at a dose rate of 1 ml (4 Log10 TCID50  
ml-1) per goat in both the experiments. The minimum titer of vaccine recommended 
by Office International des Epizooties (OIE) is 2.5 Log10 TCID50 ml-1 (OIE, 2008). 
Initially poor immunity of PPR vaccine in rural situation was thought to be due to not 
maintaining a cold chain during transportation. Using thermo-stable vaccine, on 
statistical analysis, no significant differences of effectiveness of the vaccine have 
been observed after the vaccine kept on the shelf at different temperatures and for 
different time periods that also induced the almost similar results (70% immuno-
efficiency). This needs to be investigated if the low efficiency was due to less 
homology between the vaccine and field viruses or more attenuation of the vaccine 
virus. This may even happen if the seed virus is not maintained properly.  

CONCLUSION 
PPR vaccine produced in Bangladesh provided about 70% sero-conversion that 

declined with time. The reasons of low immunity by PPR vaccine remained 
unidentified. Immune response of thermostable PPR vaccine kept at different storage 
temperature gradients and for time being revealed no significant differences 
indicating that thermosatble preparation of PPR vaccine may be used without 
maintaining a cold chain. 
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ABSTRACT 

A field experiment was conducted in two consecutive years at the 
betel leaf garden (Pan barejas) at Plant Virus Research Farm, 
Kalyani, India to test the efficacy of sanitation, two fungicides viz. 
Fosetyl-Al, Bordeaux mixture, biocontrol agent Trichoderma 
harzianum used in different combinations for the control of two major 
diseases namely foot rot and leaf rot of betelvine caused by 
Phytophthora parasitica. The results showed that integrated use of 
sanitation, Bordeaux mixture and T. harzianum gave the best control 
of foot rot and leaf rot of betelvine. The treatment yielded maximum 
leaf production (3.448 million ha-1year-1) and the highest fresh weight 
of 100 leaves (351.85 g). The economic analysis showed that 
application of Bordeaux mixture along with T. harzianum and 
sanitation may be useful to obtain satisfactory control of both the 
diseases and ecomic benefit showing BCR of 1.48:1. 
Key Words: integrated management, leaf rot, foot rot, Phytophthora 
parasitica, Trichoderma, Bordeaux mixture, Fosetyl-Al . 

INTRODUCTION 
Betelvine (Piper betle L.) cultivation is highly risky and returns are uncertain 

because of its proneness to several diseases, aggravated by the moist and humid 
conditions of the plantation, that in turn are prerequisites for good harvest. Obviously 
the major constraint to cultivation of betelvine is its diseases that severely damage 
foot, stem, root and foliage. The serious diseases reported include a foot rot 
syndrome produced by a number of pathogens including Phytophthora parasitica 
var. piperina, Phytophthora nicotianae var parasitica, species of Rhizoctonia, 
Pythium and Sclerotium rolfsii Sace, and foliage diseases like leaf rot by 
Phytophthora parasitica, Phytophthora palmivora, leaf spot and stem anthracnose 
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caused by Colletorichum capsici and bacterial leaf spot and stem rot caused by 
Xanthomonas campestries pv. betlicola. Among the pathogens, Phytophthora sp. 
perhaps ranks first in its destructiveness under both field and storage conditions. The 
extent of losses may vary from 30 – 100% in case of foot rot and 20 – 40% in case of 
leaf rot, leading to almost total crop failure (Dasgupta et al., 2000). 

The development and application of acceptable disease control programmes 
include the use of biological control, disease suppression and integrated disease 
management. An integrated approach in which antagonists such as Trichoderma sp. 
and Gliocladium sp. together with sprays of Bordeaux mixture or metalaxyl or 
phosphoric acid and cultural measures against aerial infection, provides the best 
prospect for minimizing losses (Anandaraj and Sarma, 1994).  

Till the year 1999 very much little information has been published about the 
Integrated Diseases Management (IDM) of betelvine. Maiti (1999) has meticulously 
identified the component of IDM that are now available for the Phytophthora 
diseases of betelvine, including disease resistance, plant nutrition, sanitation, 
chemical and biological control. The constraints to IPM and IDM development are 
identified as lack of forecasting system, non availability of tools for breeding either 
conventionally or biotechnologically, and a sketchy understanding of the biological 
control system. 

Efforts on IDM of betelvine were initiated under the AICRP Betelvine project at 
several centers and some prima facie improvement in disease management and yield 
increase were reported (Anonymous, 1998, 1999, 2000). 

Reports on IPM approach for Phytophthora diseases of some other crops are 
available (Anandaraj and Sarma, 1994; Chavez et al., 1995) but these are not 
necessarily applicable to betelvine. Roy (2001) found that when Bordeaux Mixture 
was used in combination with earthing-up, sanitation and biocontrol agent (T. 
harzianum) the leaf and foot rot incidence of betelvine were reduced. 

The present investigation was undertaken for the management of two dreaded 
disease i.e. leaf and foot rot of betelvine by using sanitation, biocontrol agent and 
Bordeaux mixture in combination to reduce the toxic hazards of chemicals as the 
betel leaves are chewed directly after harvest. 

MATERIALS AND METHODS 
An integrated disease management (IDM) strategy was tested to manage leaf rot 

and foot rot of betelvine. The componenets of the IDM strategy were sanitation, four 
times application of a biocontrol agent, Trichoderma harzianum to soil @ 250 g of 
106 CFU /10 m2, and four times soil drenching with two chemical fungicides viz 
1.0% Bordeaux mixture (1:1.25:10) and 0.24% (a.i.) Fosetyl-Al (3g/L formulation of 
Aliette). The components were used in eight different combinations to have eight 
treatments. They were  T1= Sanitation, T2= Sanitation + Fosetyl-Al, T3= Sanitation + 
Bordeaux mixture,  T4= Sanitation + T. harzianum, T5= Bordeaux mixture + T. 
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harzianum, T6= Fosetyl-Al +  T. harzianum, T7= Sanitation + Bordeaux mixture + T. 
harzianum, and T8= Sanitation + Fosetyl-Al + T. harzianum. T9= Control did not 
receive any treatment.  

The trial was conducted in two Barejas (the barejas were of same size and of 
same age)  of 500 m2 and 300 m2 situated at Plant Virus Research Farm (BCKV), 
Kalyani, Nadia planted with a moderately resistant variety, Simurali Bhavna for two 
consecutive years. Sanitation alone and sanitation + other treatments were conducted 
in one bareja and rest of the treatments, without sanitation, were conducted in 
separate bareja to avoid overlapping effects of the two component of IDM. As these 
two diseases generally appear more or less regularly in every plantation with the 
onset of monsoon, the experiment was started in early June and continued to till the 
end of monsoon for both the years.  

Trichoderma harzianum was isolated from soil of a bareja of Plant Virus 
Research Farm, Bidhan Chandra Krishi Viswavidyalaya, Kalyani using Trichoderma 
specific media (TSM) (Elad et al. 1981) and identified using an appropriate key book 
(Rifai 1969). The isolate showed the highest antagonistic property against P. 
parasitica both in vitro and in vivo (Mohanty 2003, Sanyal et al. 2002) and showed 
highly copper tolerant (Sanyal 2002) was selected for the trials. The selected isolate 
of  T. harzianum was grown in mustard oilcake at 28±10C for 30 days to allow 
formation of chlamydospore. After requisite period of growth light soil was mixed 
with the biocontrol agent (106 cfu) in a ratio of 1:10. The mixture was applied in 
between the rows of betelvine plants as per treatment schedule and covered with light 
soil. Soil drenching and spraying with Bordeaux mixture were done as per treatment.  

The experiment was laid out following randomised complete block design with 
three replications. Two rows of 3.75 m2 represented an experimental unit.  Before 
application of treatment, all the infected leaves and plants were removed from the 
experimental plot. Each treatment was separated with buffer rows. Data on mortality 
of vines, incidence of leaf rot, leaf yield (no. of leaves) and fresh weight of 100 
leaves were recorded at 30 days after application of treatment. Percent Disease 
Incidence (PDI) of foot rot and leaf rot, yield in lakh ha-1 and cost: benefit ratio were 
computed. Cost: Benefit ratio was obtained by calculating the extra income (benefit) 
and the additional cost of sanitation, application of fungicides, biocontrol agent and 
other cost based on market prices of inputs.  

Cost of Inputs and price of betel leaves at the time of experimentation 
1.   Cost of sanitation- 10 labourers/week/ha @ Rs.122/- per day – Rs.63440/- 
2.   Cost of sanitation + Fosetyl Al (4D) – 10000 L /ha @ 2.5g/L – 1,00,000/- + Rs. 

4,880/- (Four application cost 10 labourers per application ) = Rs. 1,04,880/- 
3.   Bordeaux mixture application @ 10000 L /ha 
      Cost of 100kg CuSO4 – Rs. 150/- x 100 =Rs. 15,000/- 
    Cost of 150 kg lime – Rs 10/- x 150 = Rs. 1500/- 
   Application cost 10 labourers per application – Rs.1220/- 
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4.  Cost of Trichoderma application/ha - Rs. 10,000/- 
     Application cost 10 labourers per application – Rs.1220/- 
5.  Sale of betel leaves – Rs 30/- per 100 leaves 

Percent disease incidence (PDI) was calculated using the formula (Townsend and 
Heuberger 1943): 

                           

100x 
msleaves/steofnumber Total

infected leaf/stem No.ofIncidence DiseasePercent =  

RESULTS AND DISCUSSION 
PDI of foot rot 
During 1st year of experimentation, the lowest percent disease incidence (PDI) of 

10.75 was recorded from T7 (Sanitation + Bordeaux mixture + T. harzianum) 
followed by T8 (Sanitation + Fosetyl-Al + T. harzianum), T5 (Bordeaux mixture + T. 
harzianum) and T6 (Fosetyl-Al + T. harzianum). The highest PDI of 28.09 was 
recorded from T9 (control). Efficacy of T8 differed significantly from T1 (sanitation 
alone) but was statistically similar to T5 and T6. In 2nd year, the highest foot rot 
disease incidence of 30.47% was observed in T9 (control) and the lowest PDI of 
11.20 was recorded from T7. Treatment T2 (sanitation+Fosetyl-Al) showed 20.31 foot 
rot, which was statistically similar to T3  (Sanitation + Bordeaux mixture) (Table 1). 

From the pooled data of both the years on leaf rot severity in terms of PDI, 
showed that the lowest PDI of 10.98% was recorded from T7, the treatment was 
significantly superior to all other treatments to reduce disease severity. The highest 
PDI of 29.28 was found under control (T9), which was statistically similar to T4 and 
T1. In order of their efficacy the treatments may be arranged as   T9,  T1,  T4  >  T2,  T3  
≥  T6,  T5  ≥  T8  >  T7. 

PDI of leaf rot 
During 1st year of experimentation, the lowest PDI of 15.75 in leaf rot was 

recorded from T7 [S + BM (4D) + T. harzianum (4 applications)], which was 
statistically similar to T8 [S + Fosetyl-Al (4D) + T. harzianum (4 application)] and T5 
[BM (4D) + T. harzianum (4 application)]. The highest disease severity (PDI) of 
33.91 was recorded from T9 (normal farmer’s practice). The treatment was 
statistically similar to T4 (sanitation+T. harzianum). During 2nd year of 
experimentation, the lowest disease severity (PDI) of 15.69 was recorded from T7, 
which was statistically to T8 and T5 (Table 1). The highest disease severity (PDI) of 
4.74 was found under control treatment though it was statistically similar to T4 and 
T1. The pooled data of two years experimentation showed that highest disease 
severity of leaf rot was in T9 (control). The lowest PDI of 15.72 was found in T7, 
which was statistically similar to T8 as well as T5. The treatments may be arranged in 
an order of their efficacy as T9 ≥ T1 ≥ T4 ≥ T2, T3 ≥ T6 ≥ T5 ≥ T8 ≥ T7    
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Table 1. Efficacy of integrated use of sanitation, Trichoderma harzianum and  

fungicides for the management of foot rot and leaf rot of betelvine 
(Piper betle L.) caused by Phytophthora parasitica 

1st year 2nd year Pooled 1st year 2nd year Pooled 
Treatment 

Foot rot (PDI)* Leaf rot (PDI)* 

T1= Sanitation 26.73 27.63 27.18 3126 32.47 31.87 

 (31.13) (31.71) (31.42) (3399) (34.74) (34.37) 

T2= Sanitation + Fosetyl-Al 1924 20.31 19.78 24.82 26.75 25.79 

 (26.01) (26.79) (26.41) (29.88) (31.14) (30.52) 

T3= Sanitation + Bordeaux mixture 1892 19.81 19.37 23.71 23.95 23.83 

 (25.79) (26.43) (26.11) (29.13) (29.30) (29.22) 

T4= Sanitation + T. harzianum 25.04 27.07 26.06 2734 29.93 28.64 

 (30.02) (3135) (30.70) (3152) (33.17) (32.36) 

T5= Bordeaux mixture + T. 
harzianum 16.04 17.72 16.88 1893 19.03 18.98 

 (23.60) (24.89) (24.26) (25.79) (25.86) (25.83) 

T6= Fosetyl-Al +  T. harzianum 16.75 17.93 17.34 2025 22.47 21.36 

 (24.15) (25.05) (24.61) (26.74) (28.30) (27.53) 

T7= Sanitation + Bordeaux mixture 
+ T. harzianum 10.75 11.20 10.98 15.75 15.69 15.72 

 (19.13) (1955) (19.35) (2339) (23.38) (23.36) 

T8= Sanitation + Fosetyl-Al + T. 
Harzianum 1426 15.03 14.65 1721 18.75 17.98 

 (22.18) (22.81) (22.50) (2450) (25.66) (25.09) 

T9= Control did not receive any 
treatment 

28.09 30.47 29.28 3391 34.74 34.33 

 (32.00) (3350) (32.76) (35.61) (36.11) (35.87) 

SEm (±) 096 1.02 0.99 0.85 1.26 1.06 

C.D. (0.05) 2.88 3.06 2.97 255 3.69 3.18 

Figures within parentheses are angular transformed value. 

In 1st year, the maximum leaf yield of 3.448 million ha-1year-1 yield was obtained 
with T7 followed by T8, T6. The lowest leaf yield of 2.583 milion ha-1year-1) found 
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under control(T9)  which was statistically similar to T2, T3, T4, T1 and T6. During 2nd 
year of experimentation, the lowest leaf yield of 2.393 million ha-1year-1 was 
recorded from T9 (control), which was not significantly different than T2 T4 and T1. 
The highest leaf yield was obtained with T7, which was statistically similar to T8, T5 
and T6 . Pooled data of two years revealed that the highest leaf yield was obtained 
with T7, which is not significantly different from T8, T5 and T6. The lowest leaf yield 
of 2.488 million ha-1year-1 was recorded from control, which was not significantly 
different from the T2, T4 and T1 (Table 2). 

Table 2. Effect of integrated use of sanitation, Trichoderma harzianum and 
fungicides for the management of foot rot and leaf rot of betelvine 
(Piper betle L.) caused by Phytophthora parasitica on leaf yield 

Leaf yield  (million ha-1year-1) Fresh weight of 100 leaves (g)
Treatment 

1st year 2nd year Pooled 1st year 2nd year Pooled 
T1= Sanitation 2.946 2.756 2.851 285.50 292.74 289.12 
T2= Sanitation + Fosetyl-Al 2.703 2.592 2.648 308.33 312.15 310.24 
T3= Sanitation + Bordeaux 
mixture 2.775 2.643 2.709 312.14 317.93 315.04 

T4= Sanitation + T. harzianum 2.873 2.704 2.789 294.50 302.53 298.52 
T5= Bordeaux mixture + T. 
Harzianum 3.101 3.123 3.112 306.23 312.87 309.55 

T6= Fosetyl-Al +  T. Harzianum 3.006 2985 2996 301.22 307.55 304.39 
T7= Sanitation + Bordeaux 
mixture + T. Harzianum 3.448 3253 3351 352.83 350.87 351.85 

T8= Sanitation + Fosetyl-Al + T. 
Harzianum 3.275 3.172 3224 332.55 341.63 337.09 

T9= Control did not receive any 
treatment 

2.583 2393 2.488 282.27 290.54 286.41 

SEm (±) 0.164 0.158 0.161 1.95 1.79 1.88 
C.D. (0.05) 0.492 0.474 0.482 5.85 5.37 5.64 
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Table 3. Effect of integrated use of sanitation, Trichoderma harzianum and 

fungicides for the management of foot rot and leaf rot of betelvine 
(Piper betle L.) caused by Phytophthora parasitica on benefit:cost ratio 
(BCR) 

Benefit :cost ratio (BCR) 
Treatment 

1st year 2nd year Pooled 
T1= Sanitation 1.98 : 1 1.98 : 1 1.98 : 1 
T2= Sanitation + Fosetyl-Al 0.21 : 1 0.35 : 1 0.28 : 1 
T3= Sanitation + Bordeaux mixture 0.44 : 1 0.57 : 1 0.51 : 1 
T4= Sanitation + T. harzianum 0.80 : 1 0.86 : 1 0.83 : 1 
T5= Bordeaux mixture + T. harzianum 1.39 : 1 1.96 : 1 1.67 : 1 
T6= Fosetyl-Al +  T. Harzianum 0.84 :1 1.18 : 1 1.01 : 1 
T7= Sanitation + Bordeaux mixture + T. harzianum 1.48 : 1 1.47 : 1 1.48 : 1 
T8= Sanitation + Fosetyl-Al + T. harzianum 0.97 : 1 1.09 : 1 1.03 : 1 
T9= Control did not receive any treatment 1 : 1 1 : 1 1 : 1 

Fresh Weight of 100 leaves 
In 1st year, the fresh weight of 100 leaves ranged 282.27 g - 352.83 g. The lowest 

fresh 100 leaf weight was found under control and the highest under T7. During 2nd 
year of experimentation, T7 also gave the highest fresh weight of 100 leaves and the 
lowest under control ranging from 290.54 g to 350.87 g. Pooled data of 2 years 
revealed that T7 [S + BM (4D) + T. harzianum (4 application)] was best to increase 
fresh leaf weight (Table 2).  

Benefit –Cost Ratio (BCR)  
Benefit:cost ratio in 1st year, 2nd year and pooled data of two years revealed that 

the T1 (Sanitation) was the most remunerative (1 : 1.98 C : B ratio) and the lowest 
remunerative (1:0.30 C:B ratio) was treatment T2 {Sanitation + Fosetyl-Al 
(4D)}(Table – 1).  

Overall, these results showed that for the control of foot rot and leaf rot of 
betelvine caused by P parasitica combined application of Sanitation + 1% Bordeaux 
mixture (4 Drenching) + T. harzianum (4 application @ 250 g of 106 CFU /10 m2) 
(T7) was most effective and more or less similar results was obtained when Bordeaux 
mixture was replaced with Fosetyl – Al (T8). Maximum yield and fresh weight of 100 
leaves were also recorded in earlier treatment. Whereas cost: benefit ratio was 
recorded in Sanitation treatment. The results of different AICRP on betelvine 
revealed that integrated disease management with sanitation + one soil drench of 
Bordeaux mixture (1%) + Trichoderma application after one month of application of 
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Bordeaux mixture + one more application of Bordeaux mixture (1%) after one month 
of application of   Trichoderma starting at the onset of monsoon significantly reduced 
the disease incidence in addition to the increase in leaf yield and fresh weight of 100 
leaves were recorded in Jabalpur, Bihar, Tamilnadu, Assam and Kalyani centres 
(Anonymous, 1998, 1999, 2000, 2001). Sanyal et al., 2002 applied prills with 
biocontrol agent (Trichoderma) soaked in 1% Bordeaux mixture in the form of prills 
also recorded good control of above diseases. Although application of Fosetyl – Al 
along with sanitation and Trichoderma recorded the statistically at par results with 
BM application along with sanitation and Trichoderma but comparatively BM 
application is safer than Fosetyl –Al as the betel leaves are directly chewed 
immediately after harvest. Moreover, as application of Bordeaux mixture was also 
effective against other major diseases of betelvine, so, application of Bordeaux 
mixture along with the application of Trichoderma and sanitation may be 
recommended against other major diseases of betelvine. 
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Cucumber (Cucumis sativus L.) (2n = 14), belongs to Cucurbitaceae, is one of the 
oldest vegetable crop originated in India (Peirce, 1987). In Bangladesh the average 
yield of cucumber during 2002-03, 2003-04 and 2004-05 were 4.45, 4.45 and 4.37        
t ha1, respectively (BBS, 2006) which indicate that the yield was declined slightly. 
Yield of cucumber is very low in our country compared to leading cucumber producing 
countries like China (12.24 t ha-1), former USSR (7.57 t ha-1), Japan (44.23 t ha-1), USA 
(11.06 t ha-1), Turkey (16.07 t ha-1), Netherlands (192.50 t ha-1), Spain (30.00 t ha-1) 
(Nonnecki, 1989).  

Different biotic and abiotic factors are responsible for low yield of cucumber in 
our country. Abiotic stresses include drought, salinity, extreme temperatures, 
chemical toxicity and oxidative stress are serious threats to agriculture and the natural 
states of environment (Wang et al., 2003). Moreover, the population of our country is 
increasing day by day while the cultivable land is decreasing. Therefore, we need to 
utilize the lands which are not under cultivation at present, such as, coastal zone 
which have high saline properties. That’s why we need millions of healthy cucumber 
seedlings in a short period of time. In the past, conventional breeding methods 
developed various crop species with improved environmental stress tolerance 
(Cullins, 1991) but they are time consuming and laborious.  

Efficient plant regeneration from cultured cells and tissues/calli is a pre-requisite 
for the successful application of biotechnology in crop improvement. We can transfer 
desire gene(s) into callus through genetic transformation system. The use of genetic 
transformation may allow the production of abiotic stress tolerant/resistant plants in a 
significantly shorter period of time than using conventional breeding, especially if 
several traits are introduced at the same time. Keeping in mind the above facts, the 
present investigation was undertaken to develop callus induction protocols of different 
cucumber varieties.   
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There were two factors in this experiment. Factor A consisted of three cucumber 
varieties viz. Shila, Green Field (GF) and Shital and factor B consisted of three types 
of explant viz. leaf, node and internode. So total number of treatments were 9. Each 
treatment consisted of 2 test tubes/vials and replicated 3 times. The experiment was 
laid under Completely Randomized Design (CRD). A nutrient medium for plant 
regeneration usually consists of organic and inorganic salts, irons, a carbon source, some 
vitamins and growth regulators. MS (Murashige and Skoog, 1962) medium was used as 
basal medium.  

Leaf segments having 0.5-1.0 cm length, 0.50-0.75 cm width with nodes and 
internodes having 0.75 -1.25 cm length were prepared. The explants were collected 
from three in vitro grown cucumber plantlets. To maintain aseptic condition, 
precautions were taken in every step of works. All inoculations and aseptic 
manipulations were carried out in a laminar air flow cabinet. It is usually started half an 
hour before use. The cabinet was wiped with 70% ethyl alcohol (C2H5OH) to reduce 
the chances of contamination. The inoculating instruments like scalpels, forceps etc. 
were sterilized. Other required materials like distilled water, hard papers etc. were 
sterilized by autoclave. Hands were properly washed with soap before starting work in 
laminar airflow cabinet. During operation, hands and cabinet base were rubbed with 
70% ethyl alcohol frequently for maintaining clean condition. To obtain possible 
contamination free condition in clean bench proper care was taken during explant 
preparation. Leaf, nodal and internodal segments were prepared in the laminar airflow 
cabinet using fine sterile forceps and scalpel. The excised explants were then 
inoculated on to the culture test tubes/vials containing MS medium supplemented 
with various concentrations and combinations of NAA (1.0, 2.0 and 3.0 mg l-1) and 
BAP (0.0, 1.0 and 2.0 mg l-1) for in vitro calli formation. The physical conditions for 
growth and development of cultures were maintained at the temperature of 25 ± 10C 
and a light intensity of 2000-3000 lux provided by fluorescent tube. The photoperiod 
was maintained at 16 hours light and 8 hours dark and the relative humidity was 60-
70%. First subculture was carried out at 25 days after explant inoculation. Second 
and third subculture were carried out at 50 and 75 days after explant inoculation, 
respectively. During subculture callus were transferred onto fresh medium containing 
the same hormonal concentrations for further proliferation and development. Weight 
of callus was measured at second subculture. Data on number of explants produced 
callus, percentage of explants produced callus, days to callus initiation and weight of 
callus at second subculture (gm) were recorded. The data were analyzed using 
MSTAT-C statistical software. Differences among the means were compared 
following Duncan’s Multiple Range Test (DMRT) at 5% level of significance.  

All the varieties produced callus after ten to fifteen days of explant inoculation. 
The varieties showed significant difference in all the parameters studied (Table 1). 
Regarding number of explants producing callus, maximum number of callus was  
produced by Shital (5.59) followed by Green Field (5.01) and Shila (4.19), 
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respectively. In a study with seven cultivars of cucumber, Lou and Kako (1994) 
observed that all the cultivars formed callus from first leaves and internode 
explants except ‘Aonagajibai’. The highest percentage (93.17 %) of calli was 
formed by Shital which was followed by Green Field (83.62 %) (Fig. 1). Shila 
produced the lowest percentage (69.94 %) of calli. Lou and Kako (1994) also 
observed cent percent (100%) callus formation in ‘Fushinarimidori’ cultivar. They 
obtained this result by using 6 % sucrose (W/V) in MS media. 

Shital took minimum time (12.12 days) for callus induction which was followed 
by Shila (12.45 days) and Green Field (12.76 days), respectively. Lou and Kako 
(1995) reported that calli were formed after 3 weeks of explantation in 
‘Fushinarimidori’ cultivar. Green Field produced the highest (1.48 gm) weighted 
callus which was significantly different from Shital (1.34 gm) and Shila (1.31 gm), 
respectively. It was apparent from the result that variety Shital was the best for 
obtaining best callus in cucumber than other tested varieties (Figure 2). 

Influence of explant also showed significant difference in all the characters 
studied (Table 1). Internodal explants exhibited superior performances to all other 
tested explants in all the parameters. Internodal explants produced the highest 
number (5.18) of calli which was closely followed by leaf explants (5.11). The lowest 
number of calli was produced from nodal explants (4.50). These results seem 
contrasting to those reported by Lou and Kako (1994). They found better callus 
formation from young first leaves and cotylendons than the internode. However, 
Shibli and Ajlouni (1996) obtained callus using only one node as explant in 
cucumber. But they didn’t mention neither the number nor percentage of callus 
produced. Regarding percentage of explants produced callus internodal explants 
produced higher (86.40 %) percentage of callus than leaf (85.31 %) and nodal (75.01 
%) explant, respectively (Figure 3). 

Internodal explants took minimum time (10.53 days) for callus induction whereas 
leaf segments took maximum time (15.38 days). Different explants took different 
time for callus induction. Because different explant tissues generally show distinct 
planes of cell division, cell proliferation and organization into specialized structures 
such as vascular systems (Chawla, 2002). Besides, the genetic make up, endogenous 
level of growth hormones and metabolic status of explant and certain other factors 
which are crucial and important for obtaining a particular morphogenic response 
(Chandra and Mishra, 2003). In case of weight of callus at second subculture the 
internodal explants showed the best performance. The internodal explants produced 
the highest (1.51 gm) callus weight which was statistically identical (1.48 gm) with 
leaf callus but significantly different (1.13 gm) from nodal explants. In this 
investigation fresh weight of callus was taken because callus growth can be 
monitored by fresh weight measurements, which are convenient for observing the 
growth of cultures over time in a non-destructive manner (Chawla, 2002). 
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be helpful for researchers/users who are working on in vitro culture and genetic 
transformation of cucumber. 
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PROSPECT OF GROWING SUMMER COTTON IN 
SALINE AREA OF BANGLADESH 

Md. Akhteruzzaman1 and Md. Abu Elias Miah2 
Strengthening Research Activities of Cotton Development Board 

Khamarbari, Dhaka-1215, Bangladesh 

This experiment was conducted in a farmer’s field situated in the village of Nolta 
at Tala Upazilla under Satkhira district of Bangladesh during 2009 – 2010 to 
determine the effect of sowing methods and planting time on cotton yield in saline 
soil. The experiment was arranged in Factorial Randomized Complete Block Design 
(FRCBD) with four treatments such as, Direct Seed Sowing in December (DSSD); 
Poly bag Seed Sowing in December (PSSD); Direct Seed Sowing in February 
(DSSF); Poly bag Seed Sowing in February (PSSF) with three replications. Unit plot 
size was 4mx10m and plant spacing provided 40 cm from plant to plant and 80 cm 
from line to line. Sowing of seeds was done in DSSD and PSSD on 14, December, 
2009 and in DSSF and PSSF on 4, February, 2010. Transplantation in PSSD and 
PSSF were done on 1st January, 2010 and 26, February, 2010 respectively. Final 
harvesting was done on 28, June, 2010.  

The cotton hybrid Rupali-1 and other inputs were supplied by Supreme Seed 
Company LTD. In case of PSSD and PSSF, 50% experimental field top soil and 50% 
full decomposed cow dung were properly mixed together at first and then filled into 
the poly bags for seedling raising. Decomposed cow dung 1.5 t ha-1 and oil cake 125 
kg ha-1 were applied at final land preparation. Before seed sowing and transplanting, 
land had been converted to ridge and furrow across the sowing & seed transplanting 
lines. Then seeds and seedlings had been sown and transplanted at the slop of the 
ridge to escape from the extreme soil salinity. Chemical fertilizers were applied at the 
rate of Urea-200, TSP -200, MoP- 200, Gypsum-175, Solubor Boron-10 and Zinc 
Sulphate-10 kg ha-1 at different stages of plant growth. Triple Super Phosphate (TSP) 
was applied into two splits during 21 and 41 days after sowing (DAS). Urea, Muriate 
of Potash (MoP) and Gypsum were applied into 3 (three) splits during 21, 41 and 61 
DAS. Solubor Boron and Zinc Sulphate were applied during 41 DAS. Six irrigations 
were provided as per requirement of the crop. The crop was infested by Aphid, Jassid 
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and Spodoptera at the vegetative and flowering stages which were controlled by 
proper application of insecticides as per recommendation of Cotton Development 
Board. Other intercultural operations such as thinning, gap-filling, weeding, 
mulching, earthling-up etc were done properly whenever needed. Soil salinity was 
managed by applying frequent irrigation (STW) water and mulching was done by 
half decomposed leaves available at that locality to reduce the evaporation. After ten 
days intervals (from 51 DAS to 91 DAS of the crop) data on plant shoot height were 
collected and shoot elongation rate was estimated divided by the number of days. 
Data on seed germination and yield attributes were collected. All other data were 
statistically analyzed. 

Highest seed germination (90%) was observed in PSSF which was followed by 
PSSD (70%). On the other hand, DSSD showed the lowest seed germination (27%) 
which was preceded by DSSF (30%).It showed that germination percentages in poly 
bags were always higher than direct seed sowing. So it may be an effective tool for 
smooth stand establishment in case of cotton cultivation in saline area. These findings 
are in close agreement with the results of Dong, H.et.al (2010). Temperature were 
recorded 14 – 29ºC during 14-18 December, 2009 and 12 – 28ºC during 4 – 8 
February, 2010 at the time  of seed germination (Fig-1&2 ). Soil salinity of the trial 
plot were ranged from 2.10 – 11.40 EC(ds m-1) of that time. But in case of poly bags 
it was used the mixture of 50% soil with 50% decomposed cow dung providing 
irrigation by the surface water that’s salinity was ranged from 1.00 to 1.50 EC        
(ds m-1). On the other hand, poly bag increases the soil temperature that was 
favorable to seed germination. So those are might be causes of better germination and 
seedlings production into poly bags. Soil salinity level in November (1.80-2.23 ds m-

1), December (2.10-4.10 ds m-1), January (4.18-10.50 ds m-1), February (11.41-10.14 
ds m-1), March (10.26-10.0), April (11.15-4.700 and May (4.44 ds m-1) were recorded 
respectively (Table-2). Monthly temperature and rain fall of Dec2009 to June 2010 of 
Satkhira Weather Station are presented in graph below (Figure1&2).  
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growth tendency, it is considered that direct seed sowing or transplanting of cotton in 
February might lead its short duration or earliness that was desirable for better cotton 
yield in saline areas. 

 Seed cotton yield and different yield attributes are presented in the Table-1.  
Significant variations among the treatments were observed for no. of vegetative 
branches per plant, single boll weight, days to first flowering and days to first boll 
splitting; but statistically insignificant for no. of primary fruiting branches per plant, 
no. of effective boll per plant and seed cotton yield. Treatment PSPD showed higher 
vegetative branches/ plant in December sowing but statistically identical to DSSD 
and lower for same treatments when sown in February. But reverse in case of single 
boll weight. Days to first flowering much earlier when sowing in December than 
February sowing. Similar trend was followed in case of days to first boll splitting. 
DSSF produced the maximum seed cotton yield (2250 kg ha-1) which was followed 
by PSSF (2166 kg ha-1) due to higher single boll weight (2.90 – 2.93 gm). 

Table 1: Effect of method of sowing and planting time on yield and yield 
attributes of cotton 

Treatment 

No. of 
vegetative 
branches 
per plant 

No. of 
fruiting 

branches 
per 

plant 

No. of 
effective
boll per 

plant 

Single 
boll 

weight 
(gm) 

Days to 
first 

flowering 
(days) 

Days to 
first 
boll 

splitting 
(days) 

Seed 
cotton 
yield 

(kg ha-1) 

DSSD 1.87  a 18.53 24.53 2.43 b 95 a 145 a 1958.00 

PSSD 2.07  a 17.13 20.23 2.40 b 95 a 145 a 2083.00 

DSSF 0.07  b 18.27 22.97 2.90 a 62 b 114 b 2250.00 

PSSF 0.10  b 17.40 20.33 2.93 a 62 b 114 b 2166.67 

LSD(0.05) 0.32 NS NS 0.07 2.28 1.00 NS 

CV (%) 15.68 5.44 17.08 1.25 1.46 0.39 5.83 

 “NS” indicate not significant. 
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Table 2 : Results of salinity test of collected soil and irrigation water sample 

Soil Sample Irrigation water Sample 
No. of sample Date of 

collection 
Salinity 

EC (ds m-1) 
Date of 

collection 
Salinity 

EC (ds m-1) 
1. 07-11-09 1.80 02-01-10 1.00 
2. 17-11-09 1.70 11-01-10 1.0 
3. 27-11-09 2.23 30-01-10 1.40 
4. 14-12-0 2.10 22-02-10 1.10 
5. 29-12-09 4.10 06-03-10 1.50 
6. 11-01-10 4.18 26-03-10 1.10 
7. 30-01-10 10.50 --- --- 
8. 10-02-10 11.41 --- --- 
9. 22-02-10 10.14 --- --- 

10. 06-03-10 10.26 --- --- 
11. 26-03-10 10.0 --- --- 
12. 06-04-10 11.15 --- --- 
13. 18-04-10 4.70 --- --- 
14. 28-04-10 4.70 --- --- 
15. 24-05-10 4.44 --- --- 

The results of this experiment indicated that well plant establishment of cotton is 
comparatively easy through seedling plantation than direct seed sowing in saline soil. 
Seedling production through poly bags may be an important tool during the month of 
December and January. Direct seed sowing or seedling transplantation of cotton in 
February, increases plant elongation rate that leads positively of it’s earliness with 
better yield in saline soil. These results are also supported by Sharma, 
A.B.(2004).Based on these results, it could be concluded that February sowing of 
summer cotton is found promising irrespective of sowing method in saline area of 
Bangladesh. 
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GENETIC VARIABILITY STUDIES IN GIANT TARO 
(Alocasia  macrorrhiza) 
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Mankachu, Alocasia macrorrhiza under Araceae family is neglected vegetable in 
Bangladesh and it contributes a considerable part of the total supply of bulky 
vegetables particularly August and September where vegetables are scarce in the 
market (Ahmed and Rashid,1975). Mankachu is used for human starch food as 
vegetable and also used for nutritional, medicinal and industrial prospects. The 
world’s rapid population growth is demanding increased production and greater 
diversification of crops. The cultivar giraman possessed high weight due to large 
corm length and corm breadth, leaf sizes were gigantic, vertical where as dhekiman 
possessed small sized corm due to short length and breadth of the corm and relatively 
slantly small leaf size. In Bangladesh very little research works had been done on this 
crop and is not yet accepted as a general crop of the farmers. Genetic variability is an 
essential prerequisite for crop improvement program for obtaining high yielding 
varieties. Thus the present investigation was designed to estimate the genetic 
variability, heritability and genetic advance among characters for identification of 
genotypes from cultivars lines of Alocasia macrorrhiza (man kachu) towards tuber 
yield. The main objectives are i) to estimate the variation through in depth study on 
gross morphological characters ii) the phenotypic and genotypic variability present in 
different characters contributing to tuber yield and iii) to estimate of heritability and 
genetic advance for grain yield and its components.  

Edible aroid, Man accessions (447) were collected from 13- aroid growing 
districts, in Bangladesh during 2005-2006. Collected propagules were planted at the 
experimental farm of the Institute of Biological sciences of Rajshahi University. Two 
healthy plantlets were planted per hill during rainy season (last week of March, 2006) 
and  later thinned out to maintain a single healthy plant per hill. The land in which 
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the experiment was carried out was medium high. The soil is sandy loam with pH 
6.5. All agronomic practices were followed as per the recommendation. 

The experiment was set up in a Randomized Complete Block (RCB) Design with 
three replications. Each experimental entry was generally placed in a single row plot 
of 4m long with a spacing of 1x 1m. The plant height, petiole length, petiole breadth, 
leaf length, leaf breadth, leaf number per plant, leaf area Index (LAI), tuber/corm 
breadth, corm/tuber length, peduncle length, corm/tuber yield per plant, b dry weight 
per plant, total weight per plant and yield per plant were recorded  following 
descriptors for Taro with some modifications (IPGRI, 1989).  

The collected data were analyzed according to Mather (1949) based on the 
mathematical model of Fisher et al.,(1932) and  analysis of variance for each 
character was performed (Cochran and Cox,1960).  Critical differences to compare 
means were calculated according to Panse and Suhatme (1978). Variance 
components, covariances, Coefficient of variability (phenotypic, genotypic and 
environmental levels) and broad sense heritability were analyzed following (Singh 
and Chaudhary, 1977).  

Table 1: Mean performance of yield contributing characters of two cultivars of 
mankachu (Alocasia  macrorrhiza ) 

Cultivars 
PLH 
Cm 

PEL 
cm 

PEB 
cm 

LEL 
cm 

LEB 
cm 

LEN LAI 
CRL 
cm 

CRB 
g 

TFW 
g 

TDW 
g 

YPP 
kg 

1. Gira 
    man  

176 4 
 

132 6 12 54 61 13 52 60 7 30 0 2412 49 57 47 97 1 285 0 181 6  93 

2.Dekhi 
    man 

168 4 
 

123 5 13 42 55 23 48 77 8 27 0 2058 35 93 38 00 0 822 0 118 2  83 

Mean 
± 

S.E. 

172 38 
± 
2  38 

128 03
± 
2  30 

12 97 
±  
0  246 

58 18 
± 
0 894 

50 68 
± 
0 774 

7 783 
± 
0  189 

0 2235 
± 
0  044 

42 75 
± 
1  21 

42 98 
± 
0  879 

1 053 
± 
0  033 

0 149 
± 
0  016 

4 87 
±  
0 311 

C.D at 
0.05 
0.01 

 
0 212 
0 283 

 
4 61 
6 14 

 
0 493 
0 657 

 
1 793 
2 389 

 
1 55 
2 06 

 
0 379 
0 505 

 
0 0115 
0 153 

 
2 427 
3 23 

 
1 763 
2 346 

 
0 0651 
0 0868 

 
0 0328 
0 0438 

 
0 623 
0 831 
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Table 2: Estimates of range and genetic parameters for yield and yield 

contributing characters of two cultivars of mankachu (Alocasia 
macrorrhiza)  

 Plant height, PEL=Petiole length, PEB=Petiole breadth, LEL=Leaf length, 
LEB=Leaf breadth, LEN=Leaf number per plant, LAI=Leaf area Index, CRL=Corm 
length, CRB=corm breadth,, TFW=total Fresh weight per plant,TDW=Total dry 
weight per plant, and YPP=Yield per plant. 

All of the studied characters showed variation with mean performances with their 
respective standard error and critical differences (Table-1). The phenotypic, 
genotypic and error variances, the estimates of genotypic, phenotypic coefficient 
of variation, heritability in broad sense, genetic advance and genetic advance in 
percentage of mean were presented for all characters in Table-2. As shown in table-2, 
high range of variations was observed for all the studied characters, which 
pronounced the existence of wide scale variability. Phenotypic variances for all 
the characters were found higher than their corresponding genotypic and 
environmental variances as expected. But on close comparison between the 
magnitude of phenotypic & genotypic variances and coefficient of phenotypic 
variability, it was seen that the magnitude of phenotypic variances and 
coefficient of variability were much higher than their corresponding genotypic 
values in all the characters. σ2

g and cvg for studied characters were also higher than 
their corresponding σe

2 and cve except total fresh weight and total dry weight. 

GENETIC 
PARAME

TERS 
PLH PEL PEB LEL LEB LEN LAI CRL CRB TFW TDW YPP 

Range 120.00
-

217.00

45.00- 
180.00 

10.00- 
17.33 

45.00
- 

80.00

40.00- 
63.00 

3.00- 
11.00 

0.135- 
0.330 

25.00-
60.00 

28.00
- 

55.00

0.70- 
1.40 

0.058
- 

0.80 

1.30- 
9.00 

σ2
p 482.00 615. 

66 
5.723 188.9

3 
87.20 5.74 0.007 165. 

53 
63. 56 0.008 0.021 6. 08 

σ2
g 243.00 317.66 2.94 166.6

3 
66.60 4.14 0.006 138.13 47.16 .0064 0.007 5.12 

σ2
e 239.00 2 98 2.78 22.30 20.22 1.61 0.001 27.40 16.40 0.009 0.014 0. 99 

CVP 12.74 19.38 18.43 23.62 18.42 30.79 37.93 30.09 18.54 8.63 95.54 50.63 

CVg 9.040 13.92 13.22 22.19 16.10 26 13 35.20 27.49 15.98 7.59 53.51 46.44 

CVe 8.970 13.48 12.85 8.12 8.960 16 30 14.14 12.24 9.42 8.96 79.42 20.18 

h2 (bs) 50.00 52.00 52.00 88.00 76.00 36.00 86.00 87.00 74.00 77.00 32.00 84.00 

GA 22.79 26.32 2.54 24.97 14.69 3.55 0.15 22.10 12.16 0. 15 0.09 4.28 

GA % 13.22 20.55 19.54 42.91 28.98 45.61 66.21 51.69 28.26 13.86 61.53 87.68 
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Maximum higher values of σ2

p and cvp than the σ2
g and cvg; σ2

e and cve lower than 
both of σ2

p and cvp and σ2
g
 and cvg for all characters excepting total fresh weight 

and total dry weight shows the value of cve & σ2
e are higher than cvg & σ2

g. So the 
character, total fresh weight and total dry weight influenced by environmental 
factors and rest of all the characters are governed by genetic factors as the 
almost similar values of cvg & cvp. It indicates that though the variations for 
these characters are genotypic in nature but the major position of the phenotypic 
variances were contributed by the effect of interaction of genotypes with different 
levels, mainly cultivars × block interactions. The almost all characters exhibited 
higher phenotypic variances than their corresponding genotypic variances, but 
the differences between σ2

p and  σ2
g were somewhat in similar or in considerable 

level. Higher σ2
p together with lower σ2

e than σ2
g
 for these characters suggested the 

existence of genetic variability, but the phenotypic variations were also 
moderately influenced by the environment as well as interaction of different levels. 
Heritability in broad sense was reported ranged from 22.00 to 88.00% (in leaf 
length). Most of the characters exhibited moderate to high heritability. Highest 
genetic advance was found for petiole length (26.32).Genetic advances were also 
found in percentage of mean ranged from 8.69 to 87.68 (in corm yield per plant). 
Close value of cvg and cvp indicated that the major portion of the phenotypic 
variances was genetic in nature i.e. environmental influences were very little for 
these traits. High heritability (h2b) as well as high genetic advance and GA as 
percent of mean indicated that these traits could be improved through selection 
and were governed to a great extent by additive gene. Chand et al., 1987 studied the 
analysis of variance for nine characters and revealed highly significant differences 
between genotypes for plant height, number of suckers per plant, corm size and 
starch content. Pandey et al., 1996 studied 31 genotypes of taro and found the genetic 
variability parameters for the characters revealed that phenotypic coefficient of 
variability (pcv) was higher in magnitude than the corresponding genotypic 
coefficient of variability (CGV) for all characters. Garcia et al, 2006 reported narrow 
sense heritability was higher for the number of suckers and dry matter content than 
for corm weight or its components (corm length and width) in taro.  
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Technology of Kashmir, Shalimar, Srinagar, 191 121, J&K India. 

Blast caused by Pyricularia grisea (Cooke) Sacc teleomorph Maganaporthe grisea 
(T.T. Hebert, Yaegashi & Udagawa) is an important disease of rice causing 
tremendous yield loss of the crop across the world where paddy is being cultivated. 
Rice crop occupies maximum area in hill and temperate zone of Kashmir in India and 
it is a staple food crop of people. The crop is cultivated under hundred percent 
irrigated and cool night ecology of Kharif (wet) season; but its productivity is 
declined due to breakdown in the resistance of high rice yielding varieties (Anwar et 
al., 2003 ).  

Blast frequently occurs on coarse grain Kashmiri japonica/indica rice cultivars. 
Disease severity varies with location, weather, cultivar maturity and the inherent 
level of partial resistance of cultivars (Anwar et al. 2009). 

Virtually avirulence of blast pathogen tends to shift to virulence nature rather 
than virulence to avirulence in rice crop. Therefore, such variability has made it 
difficult to point out strategies for selecting rice cultivar that show stable resistance to 
a blast pathogen in rice growing areas of Kashmir. This fungus also infects other host 
grasses (Anwar and Bhat, 2003) but specific host range is still contradictory. The 
discrepancy could be attributed to the variation in genetic background of the fungus 
(Padmanabhan et al., 1970) which has resulted in variability in pathogenicity.  

Diverse pathogenicity in P. grisea on rice was first noted by Sasaki (1923) in 
Japan while its physiological races are known since long. Studies on the prevalence 
of races and their variable virulence throughout the world are still in progress. 
Agriculturally important isolates (mother isolates-MI) developed from different 
locations in all the districts of Kashmir, India differed from one another such as those 
virulent or avirulent on the eight international blast differential hosts (IBD) 
(Kobayashi et al.,2007). Various primitive rice cultivars are being cultivated in 
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Kashmir from which blast isolates originates were virulent. In general, differences 
among P. grisea populations from different agro-ecological system in Kashmir 
probably reflect discernation in differential hosts by their reaction. Existence of 
pathogenic races has discerned from many rice growing areas of the different 
countries (Atkins, 1965; Ou, 1966) but its variability of population in Kashmir is as 
yet to be analyzed.  

Considering the epidemic nature of the disease and the unavailability of the 
indigenous resistant source, present investigation was carried out for two years to 
identify the resistant sources/donor that can be efficiently used in the breeding 
programme for the development of the blast resistant high yielding rice commercial 
cultivars. 

A total of 69 genotypes was tested under field conditions during Kharif 2006-
2007 at Rice Research and Regional Station, Khudwani, Anantnag, Sher-e-Kashmir 
University of Agricultural Sciences and Technology of Kashmir, Srinagar, Jammu 
and Kashmir, India to find out the resistant sources of rice against blast  disease 
caused by P. grisea.  The disease is endemic in the selected experimental site and the 
promising rice genotypes were obtained from Dr. Mukund Varier, Pricipal Scientist, 
Central Rainfed Upland Rice Research Station, India Council of Agricultural 
Research, Hazaribagh, Jharkhand, India. Genotypes were evaluated in uniform blast 
nursery (UBN) pattern (IRRI, 1979). Each test genotype was sown under natural 
epiphytotic conditions in 50cm long double rows maintaining 10cm spacing. Two 
lines of a local susceptible variety Mushk Budgi was sown after every ten test 
genotypes. The entire nursery was surrounded by two rows of the Mushk Budgi. 
Delayed sowing of the genotype (June end) and maximum nitrogen application were 
done to ensure maximum disease development. 

Thirty days old seedlings of test genotype raised in a uniform blast nursery were 
transplanted in two rows of 1 m long, spaced 20x10 cm. The local susceptible 
cultivar was staggered planted 6-8 times at 10 days intervals. To create blast 
epiphytotic additional inoculum was provided by scattering chopped diseased leaf 
pieces over the plot. This operation was carried out during prolonged wet weather to 
facilitate infection and polycyclic development of the disease. 

Severity of leaf blast was recorded at 30 days old seedlings and tillering stage. 
Severity of neck blast was also recorded at milk and hard dough stages. Blast severity 
was evaluated following a Standard Evaluation System based on a 0-9 scale 
(IRRI,1988). Subsequently, the genotypes were grouped into six reactions categories 
viz. 0-immune (I); 1-highly resistant (HR); 2-resistant (R); 3 & 4- moderately 
resistant (MR); 5 & 6- susceptibility (S); 7, 8 & 9-highly susceptible (HS) according 
to Ou (1985). Data on blast severity were collected from 30 randomly selected 
plants/hill. 

The rice genotypes from the disease sources manifested manifold reactions 
against P. grisea under favourable disease pressure at Rice Research and Regional 
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Station, Khudwani, Anantnag, Kashmir (Table 1). That 47 out of 69 genotypes were 
immune and rated 0 to leaf blast pathogen. All the donors from Brazil (CAN 
4125,CNA4136, CNA4150 and CNA4745; Thailand (KHAO-HAO, SEW DAENG 
and SEW MAE JAN); Philippines (UPL Ri 7) and Ivory coast (IRAT 112)   showed 
immune (0) reaction to leaf and neck blast. The introgression lines IR 78221-19-6-33, 
IR 78222-20-8-33, IR 78222-20-IA-7 and IR 78222-20-7-50 of IRRI/Hazaribagh also 
showed immune(0) reaction to both leaf and neck blast pathogen. 

Table 1: Screening of sixty nine rice genotypes against rice blast pathogen, 
Magnaporthe grisea  under epiphytotic conditions in temperate zone of 
Kashmir  

Disease score of leaf blast 
and varietal reaction Entry 

No. Designation Source Kind 30 days 
old 

seedling

Complete 
tillering 

stage 

Disease 
reaction

Neck 
Blast 
score 

SES 0-
9 score 

Reacti
-on 

1. B 6144-MR-6-0-
0 

Indonesia HVY 0.0 0.0 I 0.0 I 

2. CAN 4125 Brazil DONOR 0.0 0.0 I 0.0 I 
3. CAN 4136 Brazil DONOR 0.0 0.0 I 0.0 I 
4. CAN 4150 Brazil DONOR 0.0 0.0 I 0.0 I 
5. CAN 4745 Brazil DONOR 0.0 0.0 I 0.0 I 
6. HPR 2082 Himachal HVY 0.0 0.0 I 0.0 I 
7. HPR2104 Himachal HVY 0.0 0.0 I 0.0 I 
8 HPR2143 Himachal HVY 0.0 0.0 I 2.0 R 

.9. HPR2188 Himachal HVY 0.0 0.0 I 0.0 I 
10. IRAT 112 Ivory coast DONOR 0.0 0.0 I 0.0 I 
11. K-627-7-1-1 J&K HVY 3.0 4.0 MR 3.0 MR 
12. K-696-2-1-2-8 J&K HVY 0.0 2.0 R 0.0 I 
13. KHAOHAO Thailand DONOR 0.0 0.0 I 0.0 I 
14. SEW DAENG Thailand DONOR 0.0 0.0 I 0.0 I 
15. SEW MAE JAN Thailand DONOR 0.0 0.0 I 0.0 I 
16. PUSA 1517-2-1-

1-7 
IARI HVY 0.0 0.0 I 0.0 I 

17 PUSA 2517-2-
51-1 

IARI HVY 0.0 0.0 I 0.0 I 

18 RRR 222-1 Hazaribagh HVY 3.0 4.0 MR 6.0 S 
19 Hazaridhan Hazaribagh HVY 0.0 0.0 I 0.0 I 
20 RR 166-645 Hazaribagh Advanced 5.0 6.0 S 7.0 HS 
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Disease score of leaf blast 
and varietal reaction Entry 

No. Designation Source Kind 30 days 
old 

seedling

Complete 
tillering 

stage 

Disease 
reaction

Neck 
Blast 
score 

SES 0-
9 score 

Reacti
-on 

breeding 
line 

21 RR 270-56 Hazaribagh Advanced 
breeding line

0.0 2.00.0 R 0.0 I 

         
22 RR 345-2 Hazaribagh Advanced 

breeding 
line 

0.0 7.0 I 0.0 I 

23 RR 347-4 Hazaribagh Advanced 
breeding 
line 

5.0 0.0 HS 5.0 S 

24 RR 366-5 Hazaribagh Advanced 
breeding 
line 

0.0 4.0 I 0.0 I 

25 RR 383-2 Hazaribagh Advanced 
breeding 
line 

3.0 6.0 MR 7.0 HS 

26 RR 383-4 Hazaribagh Advanced 
breeding 
line 

4.0 0.0 S 6.0 S 

27 RR 388-4 Hazaribagh Advanced 
breeding 
line 

0.0 0.0 I 0.0 I 

28 RR V388-5 Hazaribagh Advance 
breeding 
line 

0.0 0.0 I 0.0 I 

29 RR 393-1 Hazaribagh Advanced 
breeding 
line 

0.0 0.0 I 0.0 I 

30 RR 393-6 Hazaribagh Advanced 
breeding 
line 

0.0 0.0 I 3.0 MR 

31 RR 427-100 Hazaribagh Advanced 
breeding 
line 

4.0 5.0 S 8.0 HS 

32 RR 433-2-1 IRRI 
/Hazaribagh 

Advanced 
breeding 
line 

0.0 0.0 I 2.0 I 

33 IR 78221-19-6-
33 

IRRI 
/Hazaribagh 

Itrogressio
n line 

0.0 0.0 I 0.0 I 

34 IR 78222-20-8-
33 

IRRI/Hazarib
agh 

Itrogressio
n line 

0.0 0.0 I 0.0 I 

35 IR 78222-20-IA-
7 

IRRI 
/Hazaribagh 

Itrogressio
n line 

0.0 0.0 I 0.0 I 
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Disease score of leaf blast 
and varietal reaction Entry 

No. Designation Source Kind 30 days 
old 

seedling

Complete 
tillering 

stage 

Disease 
reaction

Neck 
Blast 
score 

SES 0-
9 score 

Reacti
-on 

36 IR 78222-20-7-
50 

IRRI 
/Hazaribagh 

Itrogressio
n line 

0.0 0.0 I 0.0 I 

37 C 101-A51 IRRI Blast 
differential

3.0 5.0 S 0.0 I 

38 C 101 LAC IRRI Blast 
differential

0.0 0.0 I 0.0 I 

39 IR 74731-70-1-1 IRRI Blast 
differential

0.0 0.0 I 0.0 I 

40 IRBLI CL IRRI/JIRCAS Blast 
differential

4.0 5.0 S 0.0 I 

         
41 IRBL 11-ZH IRRI/ 

JIRCAS 
Blast 
differential

0.0 0.0 I 2.0 R 

42 IRBL 12-M IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 0.0 I 

43 IRBL 3-CP4 IRRI/ 
JIRCAS 

Blast 
differential

2.0 4.0 MR 4.0 MR 

44 IRBL A-A IRRI/ 
JIRCAS 

Blast 
differential

4.0 5.0 S 5.0 S 

45 IRBL A-C IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I - - 

46 IRBL B-B IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 0.0 I 

47 IRBL 1-F5 IRRI/ 
JIRCAS 

Blast 
differential

4.0 6.0 S 9.0 HS 

48 IRBL K-KA IRRI/ 
JIRCAS 

Blast 
differential

3.0 5.0 S 7.0 HS 

49 IRBL KH-K3 IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 2.0 R 

50 IRBL KM-TS IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 3.0 MR 

51 IRBL KP-K-60 IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 3.0 MR 

52 IRBL KS-F5 IRRI/ 
JIRCAS 

Blast 
differential

3.0 4.0 MR 6.0 S 

53 IRBL KS-S IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 0.0 I 

54 IRBL SH-B IRRI/ 
JIRCAS 

Blast 
differential

4.0 6.0 S 6.0 S 

55 IRBL SH-S IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 5.0 S 
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Disease score of leaf blast 
and varietal reaction Entry 

No. Designation Source Kind 30 days 
old 

seedling

Complete 
tillering 

stage 

Disease 
reaction

Neck 
Blast 
score 

SES 0-
9 score 

Reacti
-on 

56 IRBL TA-CP1 IRRI/ 
JIRCAS 

Blast 
differential

6.0 8.0 HS 9.0 HS 

57 IRBL TA-CT2 IRRI/ 
JIRCAS 

Blast 
differential

6.0 7.0 HS 9.0 HS 

58 IRBL TA-K1 IRRI/ 
JIRCAS 

Blast 
differential

4.0 6.0 S 7.0 HS 

59 IRBL TA2-P1 IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 0.0 I 

60 IRBL A2-RE IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 3.0 MR 

61 IRBL Z-FU IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 0.0 I 

62 IRBL Z5-CA IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 0.0 I 

63 IRBL ZT-T IRRI/ 
JIRCAS 

Blast 
differential

0.0 0.0 I 0.0 I 

64 UPL Ri-7 IRRI DONOR 0.0 0.0 I 0.0 I 
65 VL 81 VPKAS HYV 0.0 0.0 I 0.0 I 
66 VL 6309 VPKAS HYV 0.0 0.0 I 0.0 I 
67 VL 7045 VPKAS HYV 0.0 0.0 I 0.0 I 
68 CO 39 - Susceptible 5.0 7.0 HS 7.0 HS 
69 B 40 - Susceptible 5.0 8.0 HS 9.0 HS 

0= Immune                                                1=Highly Resistant (HR) 
2= Resistant                                               3&4= Moderately Resistant (MR) 
5&6= Susceptible (S)                              7,8&9+ Highly Susceptible (HS) 

Thirteen advanced breeding lines of Hazaribagh exhibited distinct reactions and 
only one line RR 347-4 was found highly susceptible showing severity score of 7.0 
on SES while three lines namely RR166-645, RR383-4 and RR427-100 showed 
susceptible reactions to leaf blast having the evaluation score of 5 and 6. Among 
these three lines, RR 166-645 and RR 427-100 were rated as highly susceptible 
showing reaction score of 7.0 to neck blast but a single line RR 383-2 exhibited 
moderately resistant (MR) reaction to leaf blast. Remaining 6 lines comprised with 
HYV lines viz. Hazaribagh, RR 345-2, RR 366-5, RR 388-4, RR 388-5 and RR 393-
1 showed immune reaction to leaf and neck blast under field conditions. Moreover 
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HYV genotypes of IARI and Himachal Pradesh also showed immune reaction to leaf 
and neck blast but only HPR 2143 showed resistant reaction to neck blast (Table-1). 
The genotypes of J&K state viz. K-627-7-1-11 and K-696-2-1-2-8 were recorded as 
immune to moderately resistant to neck and leaf blast. 

The leaf and neck blast immune and resistant genotypes were noted as promising 
genotypes and they can be utilized as local specific donors in hundred per cent 
irrigated and temperate rice breeding programme where disease resistance is to be 
deployed into the high yielding varieties. 

Similarly Anwar et al. (2011), in a study from monoconidial single lesions on 
international differential hosts found that the physiological race IC-17 was the most 
common race in Kashmir besides ID-1 and IC-25 races caused avirulence reaction 
(R) to Raminad Str-3 but virulence to Kanto-51 (s) whereas Zenith exhibited resistant 
reaction to all the isolates(MI) except to isolates from certain places of Pulwama, 
Budgam and Srinagar because of  new physiologic races were reported to appear with 
a frequency of about one new race for every four monoconidial isolates tested 
international differentials sets of rice cultivars (Ou and Ayad, 1968). 
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