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Abstract: The present investigation was carried out during during rabi 2007-08 at Research Farm, S.K.N. College of 

Agriculture, Jobner with 60 genotypes of fenugreek (Trigonella foenum-graecum L.) in RBD with three replications to 

estimate the genetic variability, heritability and genetic advance for nine quantitative traits. Analysis of variance 

indicated significant genetic variability among the genotypes for all the characters in individuals as well as  the pooled 

basis under both the environments. High magnitude of PCV and GCV were observed for seed yield per plant in both the 

environments. High estimates of PCV, GCV, heritability and genetic advance as percentage of mean were found for seed 

yield per plant in both the environment. Based on the present investigation it is suggested that in breeding programme 

major emphasis should be given to pods per plant in both the environmental conditions as it had positive correlation with 

seed yield per plant with high direct effect. The association analysis revealed that seed yield per plant was significantly 

and positively correlated with branches per plant, pods per plant and seeds per pod in both the environment. Path 

coefficient analysis indicated that direct selection for pods per plant in both the environments, was the important 

character for selection of high yielding genotype as this exerted high positive direct effect as well as showed high and 

positive correlation with seed yield. Based on the present investigation it is suggested that in breeding programme major 

emphasis should be given to pods per plant in both the environmental conditions as it had positive correlation with seed 

yield per plant with high direct effect. On the other hand concerted efforts on evaluation of a larger number of genotypes 

are likely to identify genotypes worth exploitation in breeding programme to develop limited moisture stress tolerant 

varieties in fenugreek. 
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INTRODUCTION 

 

enugreek (Trigonella foenum-graecum L.) a 

member of Fabaceae family, originated from 

Iran and North India (Smith, 1982). Fenugreek 

seeds and leaves are strongly aromatic and 

flavorful. The seeds are bitter in taste, but lose their 

bitterness if lightly roasted. They are rich in 

vitamins such as thiamin, folic acid, riboflavin, 

niacin, vitamins A, B6, and C, and are a rich 

storehouse of many minerals such as copper, 

potassium, calcium, iron, selenium, zinc, 

manganese, and magnesium. Fenugreek leaves are a 

rich source of vitamin K as well. Fenugreek seeds 

are a rich source of trigonelline, lysine and l-

tryptophan. The seeds also contain a large amount 

of saponins and fibers that may account for many of 

the health benefits of fenugreek.Like reduces 

cholesterol, regulates blood sugar and controls 

diabetes, enhances breast milk production, protects 

from cancer, maintains healthy testosterone levels, 

aids digestion, helps with weight loss and 

fenugreek's use as a natural home 

remedy  Fenugreek is an indispensable spice  due to 

its nutrition value, taste and flavour and has its 

unique place in the diet as a vegetable cum spice 

crop (Gadaginmath, 1992). It seed contains 

carbohydrates (48%), proteins (25.5%), 

musilagenous matter (20.0%), fats (7.9%) and 

saponin (4.8%) (Rao and Sharma, 1987). Fenugreek 

seeds are generally found in most blends of curry 

powder, spice mixes and meat products. A potential 

use of fenugreek is for extraction of diosgenin. 

Diosgenin is a steroid precursor, which is used as a 

basic material in the synthesis of sex hormones and 

contraceptives. Fenugreek also has a high degree of 

medicinal value as it is used in certain Ayurvedic 

medicines for curing colic flatulence, dysentery, 

diarrhoea, dyspepsia with loss of appetite. In 

addition, it is also used for correcting gastric 

troubles, regulating digestive system, relief in joints 

pains particularly of old age and as component of 

concentrate mixture in cattle feeds. 

India is the largest producer, consumer and exporter 

of fenugreek in the world with an annual production 

of 121,775 tonnes from  96,304 hectares.(National 

Horticulture Board, 2011-12). Rajasthan leads the 

country in its production, productivity and export 

followed by Gujarat, Madhya pradesh and Uttranchal 

(Spices Board, 2016). 

The productivity of the crop is low due to many 

limiting factors such as lack of superior genotypes or 

improved cultivars for use in breeding programme to 

develop potential hybrids. So, there is need for 

development of new varieties and hybrids with high 

productivity. The critical assessment of nature and 

magnitude of variability in the germplasm stock is 

one of the important pre-requisites for formulating 

effective breeding methods (Krishna et al. 2007). 

Improvement in any crop is proportional to the 
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magnitude of its genetic variability present in 

germplasm. Greater the variability in a population, 

there are the greater chance for effective selection for 

desirable types (Vavilov, 1951). Heritability is the 

portion of phenotypic variation which is transmitted 

from parent to progeny. Higher the heritable 

variation, greater will be the possibility of fixing the 

characters by selection. Hence, heritability studies 

are of foremost importance to judge whether the 

observed variation for a particular character is due to 

genotype or due to environment. Heritability 

estimates may not provide clear predictability of the 

breeding value. Thus, estimation of heritability 

accompanied with genetic advance is generally more 

useful than heritability alone in prediction of the 

resultant effect for selecting the best individuals 

(Johnson et al. 1955). 

Therefore, the present investigation was carried out 

with a view to study the genetic variability, 

heritabilty and genetic advance for yield and yield 

component characters in 60 fenugreek genotypes. 

 

MATERIAL AND METHOD 

 

The experiment was carried out with 60 genotypes 

(Table 1) of  fenugreek at Research Farm, S.K.N. 

College of Agriculture,Jaipur, rajasthan, India. The 

site of the experiment at Jobner. Jobner is situated at 

an elevation 420 meters above mean sea level at 20º 

6’ N and 75º 25’ E which falls under dry climate. A 

total of 60 germplasm lines were raised in a 

Randomized Block Design with three replications in 

two environments namely, (i) normal and (ii) 

limited moisture condition. In each 

environment/replication, each genotype was sown 

in a plot size 2.0 x 0.3 m
2
 consisting of one row. 

The row to row and plant to plant distance was 30 

cm and 10 cm, respectively. Five competitive plants 

were selected at random for recording the 

observations on plant height (cm), branches per 

plant, number of pods per plant, Number of seed per 

pod,  Pod length (cm) ,1000-seed weight (g) and 

Seed yield per plants (g). Data on days to 50% 

flowering and Days to maturity was however 

recorded on whole plot basis. The crop was raised as 

per the recommended package of practices.Analysis 

of variance was carried out as per the procedure 

given by Panse and Sukhatme (1985). Genotypic and 

phenotypic correlation coefficients of variability 

were estimated according to the Burton and Devane 

(1953) by using the following formulae. 

 

PCV =   
 2𝑝

x 
× 100    GCV =   

 2𝑔

x 
× 100 

Where, 

PCV = Phenotypic Correlation Coefficient, GCV = 

Genotypic Correlation Coefficient 


2
g = Genotypic variance = (Mean sum of squares 

due to genotypes – Error mean sum of squares) ÷ 

Replications 


2
p = Phenotypic variance =  

2
g +

2
e  


2
e = Environmental variance = (Error mean sum of 

squares) ÷ Replications 

x̅ = General mean 

PCV and GCV were classified as suggested by 

Sivasubramanian and Menon (1973). 

Less than 10% = Low 

10-20% = Moderate 

More than 20 % = High 

Heritability in broad sense (h2 (b)) was estimated as 

per the formulae suggested by Allard (1960). 

h
2 
(b) =  

(2g ) 

(2p)
× 100 

The heritability (h2 (b)) was categorised as suggested 

by Johnson et al. (1955). 

0-30% = Low 

31-60% = Medium 

61% and above = High 

Genetic advance (GA) was estimated as per formula 

given by Allard (1960) 

GA = K × p × h
2
 (b) Where, 

K = Selection differential at 5 per cent selection 

intensity which accounts to a constant value 2.06 

p = Phenotypic standard deviation 

Genetic advance over mean (GAM) was calculated 

using the following formula and was expressed in 

percentage. 

 

GAM= 
(𝐺𝐴)

x̅
× 100 

            The genetic advance as per cent over mean 

was categorized as suggested by Johnson et al. 

(1955). 

Less than 10% = Low 

10-20% = Moderate 

More than 20 % = High 

   RESULT AND DISCUSSION 

 

Analysis of variance (Table 5) revealed significant 

differences among the genotypes for all the traits 

indicating presence of significant variability in the 

genotypes which can be exploited through selection. 

The analysis of variance revealed that significant 

variability was present in the genotypes for all the 

characters under normal and limited moisture 

condition. This suggested that the material had 

adequate variability and response to selection may 

be excepted in the breeding programme for seed 

yield or any of its supporting characters. These 

results are in agreement with the findings of Shukla 

and Sharma (1978) in fenugreek, Dhayal and 

Bhargava (1997) in cumin, Patni (1983) in wheat, 

Sadaqat et al. (2003) in rape and Singh and Jat 

(2007a) in cumin in normal and moisture stress 

conditions. The values of all possible correlation 

coefficients among morphological characters at 

phenotypic and genotypic levels were calculated 
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under normal and limited moisture conditions and 

are presented in Table 1 and 2, respectively. In 

general the genotypic correlation coefficients were 

higher in magnitude than respective phenotypic 

correlation coefficients for most of the characters 

pairs. The direction of phenotypic and genotypic 

correlation coefficients was similar for most of the 

character combinations. The correlation between 

different characters under normal condition at 

phenotypic level, seed yield per plant had 

significant positive correlation with pods per plant 

(0.8461), seeds per pod (0.3336), branches per plant 

(0.3245) and pod length (0.2061). All other 

associations of seed yield per plant were found to 

be non-significant. The correlation among 

characters inter se showed that the association of 

days to 50 % flowering was found to be positive 

and significant with days to maturity (0.6609) and 

significant negative correlation with 1000-seed 

weight (-0.3679). The association of days to 

maturity was found to be negative and significantly 

correlated with 1000-seed weight (-0.3262) and 

significant positive correlation with plant height 

(0.2002). The association of plant height was found 

to be negative and significantly correlated with 

branches per plant (-0.3136). The association of 

branches per plant was found to be positive and 

significant with pods per plant (0.3740), seed yield 

per plant (0.3245) and seeds per pod (0.2142). The 

association of pods per plant was found to be 

positive and significant with seed yield per plant 

(0.8461), seeds per pod (0.2960) and pod length 

(0.2290). The association of seeds per pod was 

found to be positive and significant with pod length 

(0.7360) and seed yield per plant (0.3336). The 

association of pod length was found to be positive 

and significant with seed yield per plant (0.2061). 

The association of 1000-seed weight was found to 

be non-significant with all the characters. 

Under limited moisture condition there was in 

general good correspondence between the 

correlation under normal and limited moisture 

condition (Table 1) Seed yield per plant had 

positive and significant correlation with pods per 

plant (0.8798), plant height (0.5440), seeds per pod 

(0.2771) and branches per plant (0.2550). Seed 

yield per plant had negative and non-significant 

correlation with 1000-seed weight. 

The correlation among the characters inter se 

showed that association of days to 50% flowering 

was found to be positive and significant with days 

to maturity (0.6776) and plant height (0.2260). The 

association of days to maturity was positive and 

significant with plant height (0.2514). The 

association of plant height was found to be positive 

and significant with seed yield per plant (0.5440), 

pods per plant (0.5357) and seeds per pod (0.2220). 

The association of branches per plant was found to 

be positive and significant with pods per plant 

(0.3076) and seed yield per plant (0.2550), whereas, 

the association with 1000-seed weight (-0.2739) 

was negative and significant. The association of 

pods per plant was found to be positive and 

significant with seed yield per plant (0.8797) and 

seeds per pod (0.2329). The association of seeds per 

pod was found to be positive and significant with 

pod length (0.5818) and seed yield per plant 

(0.2771). The association of pod length had non-

significant correlation with all the characters. The 

association of 1000-seed weight had non-significant 

correlation with all the characters. 

The association analysis revealed that seed yield per 

plant was significantly and positively correlated 

with branches per plant, pods per plant, seeds per 

pod and pod length in normal conditions. Whereas, 

it had positive and significant correlation with plant 

height, branches per plant, pods per plant and seeds 

per pod in limited moisture condition. For all the 

other characters the correlation estimates varied 

with the environmental conditions.  

The association analysis revealed that seed yield per 

plant was significantly and positively correlated 

with branches per plant, pods per plant and seeds 

per pod in both the environment. 

The genotypic correlation coefficients were 

generally stronger than the respective phenotypic 

correlation coefficients which indicated higher 

degree of association between two characters at 

genotypic level. Genetic correlation provides 

information about degree and direction of 

association between two or more than two 

variables. It may be result due to genetic causes, 

such as pleiotropic effect or linkage or it may also 

be due to environmental causes. The magnitude and 

direction of correlation coefficient varies with the 

genetic material being evaluated. 

The knowledge of correlations is imperative as it 

facilitates quick assessment of the characters 

influencing the ultimate character, seed yield in the 

present case. Since, suitable test for significance of 

genotypic correlation coefficient is not available, 

major emphasis has therefore been put on 

phenotypic correlation coefficient. The seed yield 

per plant was found to be positively and 

significantly associated with branches per plant, 

pods per plant, seeds per pod and pod length. The 

association with pods per plant being the stronger in 

normal environment. In comparison, the correlation 

of seed yield per plant showed stronger correlation 

with most of the traits namely plant height, 

branches per plant, pods per plant and seeds per pod 

in stress environments. Reports of Sharma et al. 

(1990), Kailash Chandra (1992), Bajiya and Pareek 

(1996) and Mahey et al. (2003) in fenugreek also 

support the above observations. 

Path coefficient analysis helps in separating the 

direct effect of a component character on yield from 

indirect effect via other characters. The genotypic 

and phenotypic correlation coefficients of seed 

yield with its contributing characters were 
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partitioned into direct and indirect effect through 

path coefficient analysis. To assess the direct and 

indirect effect of various characters on seed yield, 

path coefficient analysis was carried out by taking 

seed yield as dependent variable and other yield 

components as independent variables. The results of 

path coefficient analysis, have been presented in 

Table 3 and 4 for each of the two environmental 

conditions. 

Under normal condition, pods per plant showed 

highest direct effect at genotypic (1.4302) and 

phenotypic (0.8269) levels, respectively. The direct 

effect of pods per plant (1.4302), pods length 

(1.2984) and days to maturity (0.8864) was higher 

and positive, while high negative direct effect was 

observed for seeds per pod (-1.5586) followed by 

branches per plant (-0.2518), days to 50% flowering 

(-0.2413) at genotypic level. At phenotypic level, 

high positive direct effect was observed for pods 

per plant (0.8269), while moderate negative direct 

effect was observed for pod length (-0.1015). Days 

to 50% flowering showed high positive indirect 

effect via days to maturity (0.9928) at genotypic 

level. Days to maturity showed high negative 

indirect effect via seeds per pod (-0.5044) and days 

to 50% flowering   (-0.2703) at genotypic level. 

Plant height showed high positive indirect effect via 

days to maturity (0.3121), whereas, high negative 

indirect effect via seeds per pod (-0.4098) at 

genotypic level. Branches per plant showed high 

positive indirect effect via pods per plant at 

genotypic and phenotypic level, 0.6168 and 0.3092, 

respectively, whereas, it showed high negative 

indirect effect via seeds per pod  (-0.3418) at 

genotypic level. Pods per plant showed high 

positive indirect effect via pod length (0.4168), 

whereas, it showed high negative indirect effect via 

seeds per pod (-0.8553) at genotypic level. Seeds 

per pod showed high positive indirect effect via pod 

length (1.2550) and pods per plant (0.7849) at 

genotypic level. Pod length showed high positive 

indirect effect via pods per plant (0.4591), whereas, 

it show high negative indirect effect via seeds per 

pod (-1.5065) at genotypic level. 1000-seed weight 

showed high negative indirect effect via days to 

maturity  (-0.5843) at genotypic level. 

On the basis of high and positive direct effects and 

correlation with seed yield it could be concluded 

that under normal condition direct selection for 

pods per plant may be effective for the 

improvement of seed yield per plant. Residual 

effect was of a high magnitude at phenotypic level 

(0.5191). The high residual effect was obtained due 

to weak correlation among the characters. These 

result suggest the need for diversification of 

germplasm collections incorporating more entries 

from geographically distant area. 

Under limited moisture condition, the direct effect 

of pods per plant (1.0716 and 0.8134) were higher 

and positive at genotypic and phenotypic levels. 

The direct effect of other characters were 

negligible. The direct effect of pods per plant 

(1.0716) followed by days to 50% flowering 

(0.1561) were higher and positive, whereas, 

moderate negative direct effect was observed for 

plant height (-0.1573) at genotypic level. High 

positive direct effect was observed for pods per 

plant (0.8134) at phenotypic level. Days to 50% 

flowering showed high positive indirect effect via 

pods per plant (0.3091) and days to maturity 

(0.1665) at genotypic level. Days to maturity 

showed high positive in direct effect via pods per 

plant (0.3230) and days to 50% flowering (0.2998) 

at genotypic level. Plant height showed high 

positive indirect effect via pods per plant (0.6670) 

at genotypic level. Branches per plant showed high 

positive indirect effect via pods per plant (0.3670) 

at genotypic level. Pods per plant showed negligible 

indirect effect at both genotypic and phenotypic 

levels. Seeds per pod showed high positive indirect 

effect via pods per plant (0.4022) at genotypic level. 

Pod length showed high positive indirect effect via 

pods per plant (0.3371) at genotypic level.1000-

seed weight showed negligible indirect effect at 

both genotypic and phenotypic level. 

On the basis of high and positive direct effects and 

correlation coefficient with seed yield per plant, it 

could be concluded that under limited moisture 

condition direct selection for pods per plant may be 

effective for the improvement of seed yield per 

plant. The residual effect was of a high magnitude 

at genotypic and phenotypic levels, 0.2045 and 

0.4593, respectively. The high residual effect was 

obtained due to weak correlation among the 

characters. 

Path coefficient analysis indicated that direct 

selection for pods per plant in both the 

environments, was the important character for 

selection of high yielding genotype as this exerted 

high positive direct effect as well as showed high 

and positive correlation with seed yield. 

Based on the present investigation it is suggested 

that in breeding programme major emphasis should 

be given to pods per plant in both the environmental 

conditions as it had positive correlation with seed 

yield per plant with high direct effect. On the other 

hand concerted efforts on evaluation of a larger 

number of genotypes are likely to identify 

genotypes worth exploitation in breeding 

programme to develop limited moisture stress 

tolerant varieties in fenugreek. 

Information gained from correlation studies does 

not provide a clear picture of contribution of each 

component character to the final dependent 

character i.e. seed yield. At the same time as more 

variables are included in association studies, the 

direct association become complex and important. 

Under such situation path coefficient analysis is 

useful in partitioning direct and indirect causes of 

correlation and allow a detailed examination of 
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specific forces acting to produce a given 

correlation. Path analysis measures the relative 

importance of each, causal factor. Hence, this study 

provides a realistic basis for allocation of weightage 

to each attribute in deciding a suitable criterion for 

genetic improvement.  

Though the path coefficient analysis was estimated 

at both phenotypic and genotypic levels, more 

emphasis was given to path coefficient analysis at 

phenotypic level. As such the direct effects at 

genotypic level were stronger than phenotypic 

level. In the present investigation path coefficient 

analysis was carried out by taking seed yield as 

dependent variable and all the yield components as 

independent variables. Path coefficient analysis 

over two environmental conditions indicated the 

variable contribution of different characters towards 

seed yield with change of environmental conditions. 

Change in the direction and magnitude of direct and 

indirect effects were noted between environments. 

In normal condition all the traits which exhibited 

significant and positive correlations with seed yield 

per plant had high positive and direct effects on 

seed yield per plant indicating that the major 

portion of correlation is ascribed to direct effects. 

Among the traits, pods per plant had highest 

positive direct effect on seed yield per plant. This is 

followed by pod length at genotypic level. Seeds 

per pod exhibited high negative direct effect on 

seed yield per plant at genotypic level. The above 

findings are in conformity with Mehta et al. (1992), 

Sade et al. (1996), Lowanshi et al. (1998), Mahey 

et al. (2003) in fenugreek and Singh and Jat (2007b) 

in cumin.  

In limited moisture condition also there was good 

correspondence between the correlations with seed 

yield per plant and direct effect. Similar to normal 

condition, the highest direct effect was exhibited by 

pods per plant. The later two traits i.e. pod length 

and 1000-seed weight had low correlation estimate 

with seed yield per plant in normal environment. 

Such results were earlier reported by Verma and 

Gulati (1981), Pathak et al. (1986) in wheat, 

Sadaqat et al. (2003) in rape, Singh et al. (2003) in 

barley, Singh and Jat (2007b) in cumin.  

The extent of variability with respect to 9 characters 

in different genotypes measured in terms of mean, 

range, genotypic coefficient of variation (GCV), 

phenotypic coefficient of variation (PCV) along with 

the amount of heritability (h), expected genetic 

advance and genetic advance as per cent of mean 

(GAM) are presented in Table 2. 

The general mean of the characters was higher in 

normal environment in comparison to limited 

moisture condition for each of the trait as expected. 

Similarly the range was also wider in normal 

envelopment in comparison to limited moisture (C2) 

for each of the trait. The mean days to 50% flowering 

was 57.87 and 52.89 days, respectively in normal and 

limited moisture condition. The mean days to 

maturity was observed to be high in normal condition 

(142.54) and was low in limited moisture condition 

(133.82). The highest mean plant height was 

observed in normal condition (60.50 cm) and (36.83 

cm) in limited moisture condition. Plant height had 

widest range in limited moisture condition and 

lowest in normal condition. Mean branches per plant 

was observed to be high in normal condition (3.59) 

and was low in limited moisture condition (3.28) 

although the values are nearly similar. The range was 

nearly similar in both the environments. The mean 

number of pod per plant was 27.67 in normal 

condition and 22.31 in limited moisture condition. 

The range was narrow in limited moisture condition. 

The mean seeds per pod was higher in normal 

condition (16.70) in comparison to limited moisture 

condition (16.43). The range was nearly similarly in 

both the environments. The mean pod length was 

high in limited moisture condition (8.43 cm) and was 

low in normal condition (8.37 cm). The mean 1000-

seed weight was high in normal condition (12.07 g) 

and was low in limited moisture condition (11.39 g). 

The mean seed yield per plant was high in normal 

condition (5.03 g) and was low in limited moisture 

condition (3.66 g).  

Change in the means of character in limited moisture 

condition in comparison to normal condition were 

noted. Mean values were higher in normal condition 

in comparison to limited moisture condition, as 

expected, for the characters viz., days to 50% 

flowering, day to maturity, plant height, pods per 

plant and seed yield per plant. Pod length had higher 

mean value in limited moisture condition in 

comparison to normal condition. This indicated 

clearly the adverse effect of moisture stress on the 

character expression by the genotypes. Similar 

findings was reported by Jat et al. (1990) in wheat 

under moisture stress condition on seed yield and 

other traits. The mean values of characters branches 

per plant, seeds per pod and 1000-seed weight varied 

little across environmental conditions.  

In order to get unit free estimates of variation, 

coefficients of variation, namely. PCV and GCV 

were estimated for all the characters (Table 3 and 4, 

respectively). The phenotypic variances were higher 

than the respective genotypic variances due to the 

effect of non-heritable components of variance. The 

phenotypic variances ranged from 1.26% (days to 

maturity) to 19.52% (seed yield per plant) in normal 

condition and was 1.39% (days to maturity) to 

22.00% (seed yield per plant) in limited moisture 

condition. In normal condition highest PCV was 

recorded for seed yield per plant (19.52%) followed 

by pods per plant (15.06%) and moderate value of 

PCV was recorded for branches per plant (12.49%), 

plant height (9.65%) and 1000-seed weight (7.08%). 

Low PCV values were recorded for seeds per pod 

(4.54%), pods length (4.13), days to 50% flowering 

(2.03) and days to maturity (1.26%). In limited 

moisture condition, highest PCV value was recorded 
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for seed yield per plant (22.00%) followed by 

branches per plant (20.42%) and pods per plant 

(15.09 %), whereas, moderate values of PCV was 

recorded for plant height (13.82%) and 1000-seed 

weight (7.37%) and low PCV values were recorded 

for seeds per pod (6.46%), pod length (6.34), days to 

50% flowering (2.43%) and days to maturity 

(1.39%). 

In normal condition, the highest GCV value was 

recorded for seed yield per plant (18.00%) followed 

by pods per plant (14.17%), moderate value of GCV 

was recorded for branches per plant (10.86%) and 

plant height (9.46%), while lower values of GCV 

were recorded for 1000-seed weight (5.46%), pod 

length (2.83%), seeds per pod (2.51%), days to 50% 

flowering (0.95%) and days to maturity (0.74%). In 

limited moisture condition, the highest GCV was 

recorded for seeds yield per plant (20.56%) followed 

by branches per plant (19.42%), moderate values of 

GCV were recorded for pods per plant (13.48%) and 

plant height (13.11%). Whereas, low GCV values 

were observed for 1000-seed weight (5.10%), seeds 

per pod (3.82%), pod length (3.16%), days to 50% 

flowering (1.07%) and days to maturity (0.53%).   

Comparison among the characters indicated that 

GCV and PCV values varied little across 

environmental conditions for days to 50% flowering, 

days to maturity, pods per plant, 1000-seed weight 

and seed yield per plant. For plant height, branches 

per plant, seeds per pod and pod length, the GCV and 

PCV values were higher in limited moisture 

condition in comparison to normal condition.  

The phenotypic coefficients of variation were in 

general higher than the genotypic coefficient of 

variation for all the characters, which indicated effect 

of environments on the character expression.  

It is a common knowledge that the change in mean is 

associated with higher variation for most of the traits 

in stress conditions (Paroda and Chopra, 1986). The 

estimates of coefficients of variations were in general 

higher in stress environment than in normal. In both 

the environments high estimates of variation were 

observed for traits, plant height, branches per plant, 

pods per plant and seed yield per plant, thus selection 

may be more effective for these characters because 

the response to selection is directly proportional to 

the variability present in the experimental material. 

Similar findings were reported by Singh and Jat 

(2007a) in cumin under normal and stress conditions. 

Low estimates of variation was observed for days to 

50% flowering, days to maturity, seeds per pod and 

pod length in both the conditions, which indicated 

that selection might not be effective for these 

characters. Similar results were reported by Kohli et 

al. (1988), Reddy and Reddy (1991), Kailash 

Chandra et al. (2000) in fenugreek and Singh and Jat 

(2007a) in cumin.  

Comparison among the characters indicated that 

GCV and PCV values varied little across 

environments for pods per plant and seed yield per 

plant. For characters plant height, branches per plant 

and seeds per pod the GCV and PCV values were of 

higher magnitude in limited moisture condition. 

Heritability in broad sense was estimated for all the 

characters (Table 6 and 7) in each of the 

environments. Heritability estimates varied from one 

environment to the other. In normal condition, high  

(> 60%) heritability estimates were recorded for 

plant height (95.99%) followed by pods per plant 

(88.60%), seed yield per plant (85.04) and branches 

per plant (75.54%) and moderate (40-60%), 

heritability was recorded for 1000-seed weight 

(59.32%) and pods length (46.96%), whereas low 

heritability (< 40%) estimates were recorded for days 

to 50% flowering (21.87%), seeds per pod (30.51%) 

and days to maturity (34.14%). 

In limited moisture condition, high (>60%) 

heritability estimates were recorded for branches per 

plant (90.50%) followed by plant height (90.07%), 

seed yield per plant (87.34%) and pods per plant 

(79.76%), whereas moderate (40-60%) estimates of 

heritability were recorded for 1000-seed weight 

(47.75%). Whereas, low estimates (<40%) were 

recorded for seeds per pod (34.89%), pod length 

(24.81%), days to 50% flowering (19.22%) and days 

to maturity (14.35%).  

High estimates of heritability were recorded for plant 

height, pods per plant, seed yield per plant and 

branches per plant in both the environment, moderate 

estimates for 1000-seed weight and low estimates 

were recorded for days to 50% flowering, seeds per 

pod and days to maturity in both the environments.   

Comparison among the characters indicated that, the 

heritability values varied across the environmental 

conditions. For days to 50% flowering, days to 

maturity, plant height, pods per plant, pod length and 

1000-seed weight, the heritability value was higher 

in normal condition in comparison to limited 

moisture condition. The heritability values were 

higher in limited moisture condition for traits viz., 

branches per plant, seeds per pod and seed yield per 

plant in comparison to normal condition. 

Expected genetic advance as percentage of mean was 

calculated for all the characters (Table 3 and 4) in 

each of the environment. In normal condition, 

genetic advance as percentage of mean ranged from 

0.89% (days to maturity) to 34.19% (seed yield per 

plant). Higher values of genetic advance as 

percentage of mean were recorded for seed yield per 

plant (34.97%) followed by pods per plant (27.48%), 

while, moderate values of genetic advance as 

percentage of mean were recorded for branches per 

plant (19.44%) and plant height (19.09). Low values 

for genetic advance as percentage of mean were 

recorded for 1000-seed weight (8.66%), pod length 

(4.00%), seeds per pod (2.85%), days to 50% 

flowering (0.91%) and days to maturity (0.89%). 

In limited moisture condition, genetic advance as 

percentage of mean ranged from 0.41% (days to 

maturity) to 39.59% (seed yield per plant). Higher 



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (4) 289 

values of genetic advance as percentage of mean was 

recorded for seed yield per plant (39.59%) followed 

by branches per plant (36.06%), while moderate 

values of genetic advance as percentage of mean 

were recorded for plant height (25.63%) and pods per 

plant (24.79%). Low values for genetic advance as 

percentage of mean were recorded for 1000-seed 

weight (7.25%), seeds per pod (4.64%), pod length 

(3.24%), days to 50% flowering (0.96%) and days to 

maturity (0.41%).  

Comparison among the characters indicated that, 

value of genetic advance as percentage of mean 

varied little across environmental conditions for days 

to 50% flowering, day to maturity, seeds per pod, 

pod length and 1000-seed weight. For characters like 

plant height, branches per plant and seed yield per 

plant the genetic advance as percentage of mean 

values were higher in limited moisture condition in 

comparison to normal condition. For pods per plant 

the genetic advance as percentage of mean were 

higher in normal condition in comparison to limited 

moisture condition.   

The heritability estimates along with the genetic 

advance are more meaningful. Estimates of 

heritability serves as an useful guide to the breeder. 

The breeder is able to appreciate the proportion of 

variation that is due to the genotype (broad sense 

heritability) or additive (narrow sense heritability) 

effects i.e. the heritable portion of variation of the 

first case, and the portion of genotypic variation that 

is fixable in pure lines in the later case. If heritability 

of a character is high (> 60%), selection for such a 

characters should be fairly easy. This is because there 

would be close correspondence between genotypic 

and phenotypic variation due to a relatively smaller 

contribution of environment to the phenotype, but for 

a character with a low heritability (< 40%), selection 

may be considerably difficult or virtually impractical 

due to masking effect of environment on the 

genotypic effect. 

In present investigation broad sense heritability was 

observed to be high for plant height followed by pods 

per plant, seed yield per plant and branches per plant 

in normal condition and for most of the characters 

except days to 50% flowering, days to maturity, 

seeds per pod, pod length and 1000-seed weight in 

limited moisture condition, which is agreement with 

earlier reports of high heritability for plant height, 

1000-seed weight in normal condition and for 

branches per plant, 1000-seed weight and seed yield 

per plant characters in limited moisture condition in 

cumin by Singh and Jat (2007a) and for pods per 

plant and branches per plant in fenugreek by Mehta 

et al. (1992); for plant height by Kohli et al. (1988), 

Kailash Chandra et al. (2000); for 1000-seed weight 

by Berwal et al. (1996) and Singh (2000) and for 

seed yield per plant by Sharma et al. (1990), Meena 

(1994) and Singh (2000) and for most of the 

characters except pod length by Paramjit Singh and 

Amardeep Kaur (2007) in fenugreek. While the 

estimates of heritability changed very little between 

the environments for traits - plant height, and seed 

yield per plant. The change was considerable for 

days to maturity, pod length and 1000-seed weight. 

The estimates were higher in the normal 

environment.  

Heritability estimates alone do not provide 

information on the amount of genetic progress that 

would result from the selection of the best genotype. 

Johnson et al. (1955) has pointed out that heritability 

estimates along with genetic advance were more 

useful than heritability estimates alone in predicting 

the response to selection. Therefore, genetic advance 

as percentage of mean was calculated in order to 

determine the relative merits of different characters 

that can be further utilized in the selection 

programme.  

In normal condition high magnitude of genetic 

advance as percentage of mean was obtained for 

pods per plant and seed yield per plant which is in 

agreement with earlier reports of Reddy and Reddy 

(1991) and Singh (2000) for seed yield per plant and 

pods per plant. Moderate genetic advance as 

percentage of mean was observed for plant height 

and branches per plant is in agreement with the 

reports        of moderate genetic advance for plant 

height by Singh (2000). Low magnitude of genetic 

advance as percentage of was observed for days to 

50% flowering, days to maturity, seeds per pod, pod 

length and 1000-seed weight which is in agreement 

with the earlier reports of low genetic advance for 

1000-seed weight by Kohli et al. (1988), for pod 

length by Shukla (1978), Kohli et al. (1988) and 

Singh (2000); for number of seeds per pod by 

Kailash Chandra et al. (2000). However, in limited 

moisture condition characters branches per plant, 

seed yield per plant and plant height had high 

heritability along with high genetic advance as 

percentage of mean which indicated that these 

characters may be under the control of additive gene 

action and selection of these character may be 

effective. The characters pods per plant had high 

heritability with moderate genetic advance as 

percentage of mean. Comparison of the genetic 

advance estimates between the environments 

indicated that minimum change in the estimates were 

observed for seed yield per plant. While the changes 

was considerable for trait - branches per plant and 

plant height, while in branches per plant, seed yield 

per plant and plant height, the estimates increased in 

stress in comparison to normal environment. The 

estimates was lower in pods per plant in stress in 

comparison to normal environment. Days to 50% 

flowering, seeds per pod and 1000-seed weight had 

high heritability and low genetic advance as 

percentage of mean. Days to 50% flowering and low 

heritability with low genetic advance as percentage 

of mean. These finding are in agreement with earlier 

report of Singh and Jat (2007a) in cumin. 
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Table 1. Genotypic and phenotypic correlation coefficients between different characters in fenugreek under normal condition 

Characters  Days to 

maturity 

Plant height 

(cm) 

Branches 

per plant 

Pods per 

plant 

Seeds per 

pod 

Pod length 

(cm) 

1000-seed 

weight (g) 

Seed yield 

per plant (g) 

Days to 50% flowering G 1.1200 0.1658 0.1077 -0.1566 0.2471 -0.0803 -0.7682 -0.1108 

 P 0.6609** 0.0921 0.0543 -0.0526 0.0035 -0.0298 -0.3679** 0.0021 

Days to maturity G  0.3521 0.1758 -0.0270 0.3236 0.0716 -0.6591 -0.0034 

 P  0.2002* 0.1503 -0.0105 0.1452 0.0540 -0.3262** 0.0449 

Plant height (cm) G   -0.3708 -0.0675 0.2629 0.1688 -0.1941 -0.0473 

 P   -0.3136** -0.0589 0.1382 0.1193 -0.1536 -0.0362 

Branches per plant G    0.4313 0.2193 0.1425 0.0172 0.3772 

 P    0.3740** 0.2142* 0.1581 0.0240 0.3245** 

Pods per plant G     0.5488 0.3210 0.1510 0.9243 

 P     0.2960** 0.2290* 0.0981 0.8461** 

Seeds per pod G      0.9666 0.0296 0.6314 

 P      0.7360** 0.0260 0.3336** 

Pod length (cm) G       0.1462 0.3013 

 P       0.0372 0.2061* 

1000-seed weight (g) G        0.1129 

 P        0.0535 

* and ** refers to significant at P = 0.05 and P = 0.01, respectively 

 

Table 2. Genotypic and phenotypic correlation coefficients between different characters in fenugreek under limited moisture condition 

Characters  Days to 

maturity 

Plant height 

(cm) 

Branches 

per plant 

Pods per 

plant 

Seeds per 

pod 

Pod length 

(cm) 

1000-seed 

weight (g) 

Seed yield 

per plant (g) 

Days to 50% flowering G 1.9208 0.5700 0.2431 0.2884 0.5590 -0.0645 -0.2418 0.4223 

 P 0.6776** 0.2260* 0.1596 0.0964 0.1211 0.0713 -0.1384 0.1483 

Days to maturity G  0.6888 0.2020 0.3014 0.8316 -0.0144 -0.3676 0.4493 

 P  0.2514** 0.1025 0.1221 0.1016 0.0780 -0.0741 0.1621 

Plant height (cm) G   0.1857 0.6224 0.4228 0.3095 -0.1337 0.5897 

 P   0.1709 0.5357** 0.2220* 0.1574 -0.0706 0.5440** 

Branches per plant G    0.3425 -0.2381 0.0608 -0.4328 0.2837 

 P    0.3076** -0.1220 0.0654 -0.2739** 0.2550** 

Pods per plant G     0.3753 0.3146 -0.0205 0.9645 

 P     0.2329** 0.1099 -0.0524 0.8798** 

Seeds per pod G      0.8746 0.0274 0.4410 

 P      0.5818** -0.0327 0.2771** 



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (4)      291 

Pod length (cm) G       -0.1528 0.2029 

 P       0.0393 0.1242 

1000-seed weight (g) G        -0.0006 

 P        -0.0423 

* and ** refers to significant at P = 0.05 and P = 0.01, respectively 

 

Table 3. Genotypic and phenotypic path coefficients between different characters in fenugreek under normal condition 

Characters  Days to 50 

% 

flowering 

Days to 

maturity 

Plant height 

(cm) 

Branches 

per plant 

Pods per 

plant 

Seeds per 

pod 

Pod 

length 

(cm) 

1000-seed 

weight (g) 

Correlation 

with seed 

yield per 

plant (g) 

Days to 50% flowering G -0.2413 0.9928 -0.0164 -0.0271 -0.2240 -0.3851 -0.1043 -0.1054 -0.1108 

 P 0.0281 0.0102 -0.0009 -0.0006 -0.0435 0.0006 0.0030 0.0051 0.0021 

Days to maturity G -0.2703 0.8864 -0.0349 -0.0443 -0.0386 -0.5044 0.0930 -0.0905 -0.0034 

 P 0.0186 0.0154 -0.0019 -0.0016 -0.0087 0.0240 -0.0055 0.0045 0.0449 

Plant height (cm) G -0.0400 0.3121 -0.0990 0.0934 -0.0965 -0.4098 0.2192 -0.0266 -0.0473 

 P 0.0026 0.0031 -0.0093 0.0033 -0.0487 0.0228 -0.0121 0.0021 -0.0362 

Branches per plant G -0.0260 0.1558 0.0367 -0.2518 0.6168 -0.3418 0.1850 0.0024 0.3772 

 P 0.0015 0.0023 0.0029 -0.0105 0.3092 0.0354 -0.0160 -0.0003 0.3245** 

Pods per plant G 0.0378 -0.0239 0.0067 -0.1086 1.4302 -0.8553 0.4168 0.0207 0.9243 

 P -0.0015 -0.0002 0.0005 -0.0039 0.8269 0.0489 -0.0232 -0.0014 0.8461** 

Seeds per pod G -0.0596 0.2869 -0.0260 -0.0552 0.7849 -1.5586 1.2550 0.0041 0.6314 

 P 0.0003 0.0022 -0.0013 -0.0023 0.2447 0.1651 -0.0747 -0.0004 0.3336** 

Pod length (cm) G 0.0194 0.0635 -0.0167 -0.0359 0.4591 -1.5065 1.2984 0.0201 0.3013 

 P -0.0008 0.0008 -0.0011 -0.0017 0.1893 0.1215 -0.1015 -0.0005 0.2061* 

1000-seed weight (g) G 0.1854 -0.5843 0.0192 -0.0043 0.2160 -0.0461 0.1898 0.1373 0.1129 

 P -0.0103 -0.0050 0.0014 -0.0003 0.0811 0.0043 -0.0038 -0.0140 0.0535 

Residual effect : Genotypic = 0.5673  Phenotypic = 0.5191  * and ** refers to significant at P = 0.05 and P = 0.01, respectively 

 

Table 4. Genotypic and phenotypic path coefficients between different characters in fenugreek under limited moisture condition 

Characters  Days to 

50% 

flowering 

Days to 

maturity 

Plant height 

(cm) 

Branches 

per plant 

Pods per 

plant 

Seeds per 

pod 

Pod 

length 

(cm) 

1000-seed 

weight (g) 

Correlation 

with seed 

yield per 

plant (g) 

Days to 50% flowering G 0.1561 0.1665 -0.0897 -0.0330 0.3091 -0.0772 -0.0038 -0.0058 0.4223 

 P -0.0638 0.1117 0.0155 0.0003 0.0784 0.0101 -0.0024 -0.0015 0.1483 

Days to maturity G 0.2998 0.0867 -0.1083 -0.0274 0.3230 -0.1148 -0.0008 -0.0088 0.4493 

 P -0.0432 0.1649 0.0172 0.0002 0.0180 0.0085 -0.0026 -0.0008 0.1621 
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Plant height (cm) G 0.0890 0.0597 -0.1573 -0.0252 0.6670 -0.0584 0.0181 -0.0032 0.5897 

 P -0.0144 0.0415 0.0684 0.0003 0.4358 0.0185 -0.0053 -0.0008 0.5440** 

Branches per plant G 0.0379 0.0175 -0.0292 -0.1356 0.3670 0.0329 0.0036 -0.0104 0.2837 

 P -0.0102 0.0169 0.0117 0.0018 0.2502 -0.0102 -0.0022 -0.0031 0.2550** 

Pods per plant G 0.0450 0.0261 -0.0979 -0.0465 1.0716 -0.0518 0.0184 -0.0005 0.9645 

 P -0.0062 0.0201 0.0366 0.0006 0.8134 0.0194 -0.0037 -0.0006 0.8798** 

Seeds per pod G 0.0872 0.0721 -0.0665 0.0323 0.4022 -0.1380 0.0511 0.0007 0.4410 

 P -0.0077 0.0168 0.0152 -0.0002 0.1894 0.0834 -0.0194 -0.0004 0.2771** 

Pod length (cm) G -0.0101 -0.0013 -0.0487 -0.0083 0.3371 -0.1207 0.0584 -0.0037 0.2029 

 P -0.0046 0.0129 0.0108 0.0001 0.0894 0.0485 -0.0334 0.0004 0.1242 

1000-seed weight (g) G -0.0377 -0.0319 0.0210 0.0587 -0.0220 -0.0038 -0.0089 0.0239 -0.0006 

 P 0.0088 -0.0122 -0.0048 -0.0005 -0.0426 -0.0027 -0.0013 0.0111 -0.0442 

Residual effect : Genotypic =  0.2045  Phenotypic = 0.4593      * and ** refers to significant at P = 0.05 and P = 0.01, respectively  

 

Table 5. Pooled ANOVA for different characters of fenugreek genotypes evaluated under normal (C1) and limited moisture (C2) conditions  

S. No. Characters Source of variation with d.f. 

E 

1 

R 

4 

G 

59 

            G×E 

59    

               Error 

236 

1. Days to 50% flowering  2225.06** 2.38 3.66** 0.61 1.21 

2. Days to maturity  6838.23** 4.87 8.66** 1.26 2.55 

3. Plant height (cm) 50434.66** 2.77 119.96** 52.19** 1.97 

4. Branches per plant 8.71** 0.04 0.87** 0.89** 0.05 

5. Pods per plant  2578.70** 3.48 51.33** 26.17** 2.14 

6. Seeds per pod  6.53** 0.89 1.69** 1.14** 0.57 

7. Pod length (cm) 0.32 0.22 0.39** 0.27** 0.14 

8. 1000-seed weight (g) 41.47** 0.43 2.64** 0.33 0.33 

9. Seed yield per plant (g) 170.19** 0.18 2.99** 1.40** 0.11 

* and ** refers to significant at P = 0.05 and P = 0.01, respectively   

 

Table 6. Mean, range, estimate of variances, coefficients of variation, heritability (broad sense) and genetic advance for yield and other attributes (normal condition) 

S. 

No. 

Characters Mean Range Estimates of variance Coefficients of variation Heritabilit

y % (bs) 

GA as 

%age of 

mean 

σ
2
e σ

2
g σ

2
p Environment Genotypic Phenotypic 

1. Days to 50% flowering  57.87 56.00-59.67 1.08 0.30 1.37 1.80 0.95 2.03 21.87 0.91 

2. Days to maturity  142.54 138.00-145.33 2.13 1.11 3.24 1.02 0.74 1.26 34.14 0.89 
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3. Plant height (cm) 60.50 46.10-71.07 1.37 32.75 34.12 1.93 9.46 9.65 95.99 19.09 

4. Branches per plant 3.59 2.97-4.37 0.05 0.15 0.20 6.22 10.86 12.49 75.54 19.44 

5. Pods per plant  27.67 20.70-37.63 1.98 15.37 17.35 5.08 14.17 15.06 88.60 27.48 

6. Seeds per pod  16.70 15.37-17.83 0.40 0.18 0.57 3.78 2.51 4.54 30.51 2.85 

7. Pod length (cm) 8.37 7.67-8.92 0.06 0.06 0.12 2.93 2.83 4.13 46.96 4.00 

8. 1000-seed weight (g) 12.07 10.67-13.72 0.30 0.43 0.73 4.54 5.46 7.08 59.32 8.66 

9. Seed yield/plant (g) 5.03 2.70-6.93 0.14 0.82 0.96 7.44 18.00 19.52 85.04 34.19 

 

Table 7. Mean, range, estimate of variances, coefficients of variation, heritability (broad sense) and genetic advance for yield and other attributes (limited moisture 

condition) 

S. 

No. 

Characters Mean Range Estimates of variance Coefficients of variation Heritabilit

y % (bs) 

GA as 

%age of 

mean 

σ
2
e σ

2
g σ

2
p Environment Genotypic Phenotypic 

1. Days to 50% flowering  52.89 51.00-55.00 1.34 0.32 1.65 2.19 1.07 2.43 19.22 0.96 

2. Days to maturity  133.8 130.33-137.00 2.97 0.50 3.47 1.29 0.53 1.39 14.35 0.41 

3. Plant height (cm) 36.83 22.80-49.83 2.57 23.32 25.89 4.35 13.11 13.82 90.07 25.63 

4. Branches per plant 3.28 2.03-5.57 0.04 0.41 0.45 6.09 19.42 20.42 90.50 38.06 

5. Pods per plant  22.31 14.17-29.23 2.29 9.04 11.33 6.78 13.48 15.09 79.76 24.79 

6. Seeds per pod  16.43 15.00-18.23 0.73 0.39 1.13 5.20 3.82 6.46 34.89 4.64 

7. Pod length (cm) 8.43 7.83-8.98 0.22 0.07 0.29 5.56 3.16 6.34 24.81 3.24 

8. 1000-seed weight (g) 11.39 9.46-12.62 0.37 0.34 0.71 5.34 5.10 7.37 47.75 7.25 

9. Seed yield/ plant (g) 3.66 1.70-5.62 0.08 0.57 0.65 7.73 20.56 22.00 87.34 39.59 
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Abstract: The experiment on well-maintained 12 year old trees each of Sweet orange (Citrus sinensis(L.)Osbeck) cv. Jaffa 

and Pineapple; Mandarin hybrids Pearl Tangelo (Citrus reticulataBlanco x Citrus paradisiMacf.) and Kinnow (Citrus nobilis 

Lour. x Citrus deliciosaTenore) and Grapefruit (Citrus paradisiMacf.)cv.Duncan and Ruby Red was carried out at CCS 

HAU, Hisar during 2014 and 2015. The relative water contentwere observed 80-90% in almost all cultivars. Cell membrane 

stability index and potent physiological indices were observed highest in Kinnow. As Kinnow mandarin was found most 

photo-synthetically efficient mandarin cultivar in fixing more CO2 among all cultivars and species of citrus. Transpiration 

rate was recorded highest in sweet orange cv. Pineapple and lowest in grapefruit cv. Duncan. Apparently no marked 

differences were recorded in stomatal conductance among all citrus species and their cultivars. Leaf water potential in 

Pineapple and osmotic potential in cv. Ruby Red were greatest.Whereas it was lowest in grapefruit cv. Ruby Red and 

osmotic potential in sweet orange cv. Jaffa.Spring flush leaves of Kinnow mandarin were behaved most drought tolerant 

with least cell membrane injury, followed by Ruby Red grapefruit with highest cell membrane stability index.  

 

Keywords: Citrus, Mandarin, Sweet orange, Grapefruit, Cell membrane injury 

 

INTRODUCTION 

 

itrus, belongs to C3 plants, with photosynthetic 

rates lower than rate of C4 plants. It is 

economically most important fruit crop of the world, 

is grown in both developed and developing countries 

and certainly constitutes one of the main sources of 

vitamin C. It contains the largest number of 

carotenoids found in any fruit with an extensive array 

of secondary compounds such as vitamin E, 

provitamin A, flavonoids, limonoids, 

polysaccharides, lignin, fiber, phenolic compounds 

and essential oils etc. having pivotal nutritional 

properties (Iglesias et al., 2007). The citrus grows 

under rather varied climatic conditions, ranging in 

latitude from over 40° north to almost 40° south, 

from equatorial hot-humid climates through the 

warm-subtropical and even cooler maritime climates 

(Spiegel-Roy and Goldschmidt, 1996). It is a 

commercially vital fruit crop of India and grown 

across its length and breadth with a production of 

111.47 thousand MT from an area of 1077.7 

thousand hectares (Saxena and Gandhi, 2015) 

There are marked differences in growth pattern of 

different citrus species.Mediavillaet al. (2001) 

reported that plants leaf photosynthetic rate depends 

on photosynthetic components contents, such as 

RuBisCO, cytochromef, H+-ATPase and reaction 

centers, but also on structural parameters, such as 

leaf thickness and area per leaf mass. Morinaga and 

Sykes (2001) reported that photosynthesis of 

Satsuma Mandarin decrease when water potential 

decrease below -1.5 MPa. The inhibition of net 

photosynthesis under water stress may result in part 

from lower diffusion of CO2 across the leaf 

mesophyll cells (Flexas and Medrano, 2002). 

Stomatal limitations play an important role in the 

down regulation of sweet orange tree photosynthesis 

under heat stress conditions. Jifon and 

Syvertsen(2003) concluded that there is a direct 

effect of high temperature on citrus leaf 

photosynthesis due to which stomatal conductance 

reduced. Stomata in species of citrus are confined to 

the ventral surface of the leaves and density of 

stomata decreased as the area of the leaf increased. 

The size of stomata in Citrus leaves varies among 

species. Kriedemann and Barras (1981) reported low 

stomatal conductance in Sweet orange < 8 µmol CO2 

m
-2

 s
-1

. Citrus leaf stomatal conductance (gs) is 

particularly sensitive to changes in leaf to air vapour 

pressure difference; stomatal conductance decreases 

as leaf temperature leaf to air vapour pressure 

differenceincrease (Syvertsen and Salyani, 1991). 

This enable trees to limit water loss, and thereby 

increase water-use efficiency and productivity in 

semi-arid environments. 

As per Mendel (1969) the main temperature ranges 

for the growth of citrus is minimum of 12.5-13 ᵒC 

optimum, 23-34 ᵒC and maximum (limiting growth) 

37-39 ᵒC. Thus, in central India month of March is 

found crucial for citrus growth. In this period 

minimum temperature remains favorable for growth, 

but maximum exceeds beyond required limit and 

cause heavy drop of small fruitlets and leads to 

drastic reduction in yield. The low nocturnal 

temperature inhibit photosynthesis by decreasing 

C 
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RuBP carboxylation and the maximum electron 

transport rate for RuBP regenerationwith impairment 

of primary photochemistry under 38 ºC. Citrus 

respiration is also affected by temperature being 

stimulated in leaf temperatures higher than 35 ºC 

(Ribeiroet al., 2012) thus affect pheno-physiological 

characteristics of citrus. Ribeiroet al. (2008) found 

the higher temperature and low relative humidity 

induce decreases in leaf water potential, stomatal 

conductance and leaf CO2 assimilation of exposed 

leaves. They may reduce carbohydrate synthesis and 

the supply to reproductive sinks, being a cause of 

intense drop of flowers and fruits.  

The significant correlations of leaf water potential, 

leaf relative water content, and leaf osmotic potential 

with protein content and Rubisco under severe stress, 

revealed a close relationship of these parameters on 

recovery. Lower cellular osmotic potentials also 

conserve cellular volume and maintain gradients of 

water potential favorable for water influx 

(Mediavillaet al., 2001). Cell membrane injury 

reflects damage to cell membranes. Srinivasanet al. 

(1996) suggested that damage to cell membranes (as 

reflected by an increased leakage of electrolytes) was 

less, and recovery from heat stress was faster thus 

membrane injury was negatively associated with 

specific leaf weight. 

No work has been done to study the growth and 

fruiting patterns in Citrus species and cultivars under 

semi-arid conditions of Haryana. Therefore, present 

investigation entitled ‘Physiological studies of 

different Citrus species and cultivars under semi-arid 

conditions of Hisar, Haryana’ was planned with the 

following objectives:To study the growth pattern and 

physiological indices in citrus species 

 

MATERIAL AND METHOD  

 

Fully grown and properly maintained of uniform size 

and vigour, free from disease and pest, twelve year 

old trees involving three Citrus groups with two 

cultivars in each were used in study. For all the six 

varieties of three groups, the spring flush was taken 

for the investigation. 

1. Sweet orange (Citrus sinensis(L.) Osbeck) cv. 

Jaffa and Pineapple 

2. Mandarin hybrids- Pearl Tangelo (Citrus 

reticulataBlanco x Citrus paradisiMacf.) and      

Kinnow (Citrus nobilis Lour. x Citrus deliciosa 

Tenore)  

3. Grapefruit (Citrus paradisiMacf.)cv.Duncan and 

Ruby Red 

Five trees of each of two cultivars taken from every 

species mentioned above three citrus groups were 

selected for investigation. Thus, all the six cultivars 

were replicated five times using single plant as a unit 

arranged in Randomized Block Design (RBD). The 

recommended standard package of cultural practices 

and plant protection measures for citrus crop were 

followed uniformly for all these 30 trees throughout 

the study period. On each replicated tree, randomly 

five shoot were tagged in all directions representing 

North, West, East and South and middle portion of 

the tree canopy for further recording following 

observations.

 

 
Figure 1. The graphical presentation of meteorological parameters recorded at experimental 

orchard site Hisar during the year 2014 and 2015. 

 

Photosynthetic rate(µmol/m
2
/sec): Five matured 

leaves were selected on each plant in lot of five and 

their photo synthetic rates were measured using 

infrared gas analyzer (PS System II) and average 

photosynthetic rate was expressed inµ 

mol/m
2
/sec.Transpiration rate and stomata 

conductance (m mol/m
2
/sec): Five matured leaves 

were selected on each plant in lot of five and their 

transpiration rate and stomata conductance were 

measured using infrared gas analyzer and average 

transpiration rate and stomata conductance was 

expressed in m mol/m
2
/sec.Leaf water potential 

(bars): In a transpiring plant, water in the xylem is 

pulled upward by transpirational pull and hence the 

xylem water column is under tension, the tension 

with which the xylem sap is pulled towards the leaf 

cells is equal to the potential of the leaf cells.Leaf 

osmotic potential (bars):The osmotic potential or 
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solute potential (ψs) of a system, measured by 

Osmometer, can be defined as the amount of work 

that must be done per unit quantity of pure water to 

transport it reversibly from a pool of pure water at a 

specified elevation at atmospheric pressure, to a pool 

containing a solution identical in composition with 

the water of the system under consideration 

otherwise identical to the reference pool. It is equal 

and negative to osmotic pressure (ψs = - π). Five 

leaves per plant were collected from experimental 

field at the time of fruit set. Leaf samples freezed at -

70°C were taken out and allow it to thaw. Then took 

sap from the sampled tissue. Opened the sample 

chamber of osmo-meter and loaded 10 µL of the sap 

onto the sample disc. Inserted sample slide and 

closed the sample chamber by rotating the chamber 

locking lever to the horizontal ‘locked’ position. 

Read out the osmolality at end of the process. Leaf 

relative water content (%): The relative water content 

in recently matured leaves was determined as per 

method of Brass and Weathery (1962). In order to 

reduce the chances of water loss from leaves, the leaf 

samples wrapped and sealed properly in polythene 

bags were brought to the lab as soon as possible. 

Collected leaves were immediately rinsed with 

distilled water and cut into 8 mm discs with a cork 

borer. A composite sample of 10 leaf discs was made 

with a disc cutter and fresh weight of the discs made 

was determined, followed by flotation on double-

distilled water in closed petri-plates for 4 h. The 

turgid weight was then recorded after surface drying 

by placing then in between few sheets of Whatman 

No.1 filter papers. These leaf discs were then placed 

for drying in oven at 70°C for 2 to 3 days until 

constant weight. Finally the dry weight (DW) of 

samples was recorded. The relative water content 

was estimated using the following formula. 

LRWC (%) = [(Fresh weight – oven DW) / (Turgid 

weight – oven DW)] x 100 

Cell membrane injury and stability indexes 

(CMII): The method suggested by Blum and 

Ebercon (1981) was employed for the estimation of 

membrane injury index of leaf. Accurately weighed 

0.1 g of freshly sampled leaf material was immersed 

in a test tube containing 10 ml of double distilled 

water. The tube was incubated at 45°C for 30 

minutes in a hot water bath. Thereafter, electrical 

conductivity of the incubated solution (EC1) was 

measured with the help of a conductivity meter 

(Systronics India Ltd., Mumbai, India). These tubes 

were then incubated in hot water bath (100°C) for a 

period of 10 minutes. The incubated solution was 

cooled down to the room temperature and electrical 

conductivity (EC2) was measured. The membrane 

injury index of leaf was calculated according to the 

following formula. 

Cell membrane injury (CMII) = EC1/EC2 

 

RESULT AND DISCUSSION 

 

Photosynthesis, transpiration and stomatal 

conductance rates 

The photosynthetic rate was found maximum in 

Kinnow (6.74 and 6.10 µmol/m
2
/sec) and minimum 

in Pearl Tangelo (3.52 and 3.37 µmol/m
2
/sec) during 

both the years. Data mentioned in Table 1 indicated 

that photosynthetic rate of sweet orange and 

grapefruit was almost at par with each other during 

all phenological stages. This indicated that Kinnow 

was photo-synthetically most efficient cultivar in 

fixing higher CO2 among all cultivars. The rate of 

transpiration reveals the extent of gaseous exchange 

in plants. Maximum rate of transpiration was 

recorded in sweet orange cv. Pineapple (2.17 and 

2.14 m mol/m
2
/sec) while, minimum transpiration in 

grapefruit cv. Duncan (1.80 and 1.76 m mol/m
2
/sec) 

in respective two years of study (Table 1). 

 

Table 1. Rate of photosynthesis, transpiration and stomatal conductance in different citrus species and cultivars 

during 2014 and 2015 

 

Citrus species 

 

Cultivars 

Season 2014 

Photosynthesis 

rate 

(µmol/m
2
/sec) 

Transpiration 

rate 

(m mol/m
2
/sec) 

Stomatal conductance 

rate  

(m mol/m
2
/sec) 

Sweet orange 

(Citrus sinensis) 

Jaffa 5.39 2.11 49.60 

Pineapple  4.33 2.17 46.80 

Mandarin hybrids 
Pearl Tangelo 3.52 2.12 44.40 

Kinnow 6.74 1.87 45.70 

Grapefruit 

(Citrus paradisi) 

Duncan  5.60 1.80 46.30 

Ruby Red 5.86 1.84 41.30 

Mean 5.24 1.98 45.68 

SE(m)± 0.43 0.08 2.67 

CD at  5% 1.23 0.23 N.S. 

Citrus species Cultivars Season 2015 

Sweet orange 

(Citrus sinensis) 

Jaffa 5.47 2.05 54.20 

Pineapple  4.38 2.14 48.00 

Mandarin hybrids Pearl Tangelo 3.37 2.09 45.80 
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Kinnow 6.10 1.84 47.40 

Grapefruit 

(Citrus paradisi) 

Duncan  5.47 1.76 48.70 

Ruby Red 5.81 1.78 44.40 

Mean 5.10 1.94 48.08 

SE(m)± 0.32 0.06 2.53 

CD at  5% 0.91 0.17 N.S. 

 

The stomatal conductance rate was highest in sweet 

orange cv. Jaffa (49.60 and 54.20 m mol/m
2
/sec) and 

minimum in grapefruit cv. Ruby Red (41.30 and 

44.40 m mol/m
2
/sec) in both the years (Table 1). 

Apparently no marked differences in the stomatal 

conductance were noted among all the citrus species 

and cultivars/hybrids during both the years of 

investigation. 

Leaf water potential and leaf osmotic potential (- 

MPa) 
Leaf water potential is an important aspect to 

estimate the effect of water status of characteristic 

young spring flush leaves of citrus on flowering and 

fruit set. Young citrus leaves tend to have lower leaf 

water potentials. During summers, the stressed new 

leaves attain zero turgor with higher leaf water 

potentials. Thus, data given in Table 2 showed 

significant differences in leaf water potential of 

various citrus species and cultivars investigated. 

Highest leaf water potential was recorded in sweet 

orange cv. Pineapple (1.38 and 1.44  -MPa) and 

lowest was in grapefruit cv. Ruby Red (1.65 and 1.60  

-MPa) during both the years.  

New leaves of spring flush had higher osmotic 

potential then older leaves, which became non-

significant as leaves attained maturity (Table 2).  The 

higher leaf osmotic potential recorded in grapefruit 

cv. Ruby Red. (1.51and 1.85 -MPa) revealed the 

tendency or capability of grapefruits leaves to adjust 

them osmotically under stress environment. While, 

leaves of sweet orange cv. Jaffa had least osmotic 

potential (1.95 and 1.81-MPa) to be true as the 

reverse and hence, least adjusting under stress 

environmental conditions. The mandarins appeared 

to be intermediate of both the sweet orange and 

grapefruits for this parameter. 

Cell Membrane Injury (%)  

Cell membrane injury (CMI) is a stress analyzing 

factor and its maximum value CMI indicates the 

sensitivity of plant towards stressed conditions. Data 

presented in Table 2 indicated noticeable differences 

in CMI of spring flush leaves of various species and 

their cultivars till the time of fruit set. Mandarin 

hybrid Kinnow was found tolerant to stress with 

minimum CMI values of 25.54 and 33.15% in both 

the years. Whereas, grapefruit cv. Duncan was found 

most sensitive in stress tolerance throughout the 

study with maximum CMI values of 44.70 and 

44.81%. Other cultivars were at par with mandarin 

hybrid Kinnow. Statistically, there were significant 

differences in CMI among different cultivars during 

both years. 

  

Table 2. Physiological indices in different citrus species and cultivars during 2014 and 2015   

 

Citrus species 

 

Cultivars 

Season 2014 

Membrane injury 

(%) 

Leaf water potential 

(-MPa) 

Leaf osmotic potential 

(-MPa) 

Sweet orange 

(Citrus sinensis) 

Jaffa 39.97 1.39 1.95 

Pineapple  32.01 1.38 1.86 

Mandarin hybrids 
Pearl Tangelo 30.76 1.57 1.71 

Kinnow 25.54 1.48 1.65 

Grapefruit 

(Citrus paradisi) 

Duncan  44.70 1.57 1.75 

Ruby Red 28.47 1.65 1.51 

Mean 33.58 1.74 1.51 

SE(m)± 0.52 0.15 0.05 

CD at  5% 1.49 N.S. 0.13 

Citrus species Cultivars Season 2015 

Sweet orange 

(Citrus sinensis) 

Jaffa 44.01 1.57 1.75 

Pineapple  41.10 1.44 1.75 

Mandarin hybrids 
Pearl Tangelo 37.71 1.58 1.73 

Kinnow 33.15 1.49 1.66 

Grapefruit 

(Citrus paradisi) 

Duncan  44.81 1.59 1.75 

Ruby Red 36.66 1.60 1.81 

Mean 39.57 1.74 1.55 

SE(m)± 1.42 0.04 0.05 

CD at  5% 3.52 N.S. N.S. 
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Relative water content (%) 

Leaf relative water content (RWC) is a measure of 

plant water status of which the data is presented in 

Tables 3a and 3b. It showed a significant decrease 

while moving towards stress period of the year 

(March to July), then slight increase in relative water 

content was observed in all species towards end of 

year. The mean RWC content within species was 

recorded maximum in cv. Pineapple followed by 

Jaffa.

  
Table 3a. Relative water content (%) in different citrus species and cultivars at different growth stages during 

2014 till fruit harvest 

Month of 

observation 

Relative water content (%) during 2014 

Sweet orange Mandarin hybrids Grapefruit 

Jaffa Pineapple Pearl Tangelo Kinnow Duncan Ruby Red 

March 85.52 85.72 85.95 85.41 85.41 85.26 

April 84.64 85.62 85.51 83.47 84.00 84.98 

May 84.28 85.26 84.80 82.16 83.88 83.43 

June 77.70 78.68 77.26 79.40 80.81 78.85 

July 79.58 81.60 79.31 81.91 81.30 80.82 

August 81.88 83.64 85.81 82.24 82.88 81.48 

September  83.64 85.13 85.94 83.82 83.12 82.95 

October  84.22 86.94 - 85.86 84.15 84.93 

November  85.09 87.78 - 84.37 85.07 85.73 

December  - - - 85.76 - - 

Mean 82.95 84.48 83.51 83.44 83.40 83.16 

SE(m)± 0.81 2.46 1.62 1.55 0.89 0.67 

CD at 5% 2.34 N.S. 4.76 N.S. 1.82 1.93 

 

Table 3b. Relative water content (%) in different citrus species and cultivars at different growth stages during 

2015 till harvest 

Month of 

observation 

Relative water content (%) during 2015 

Sweet orange Mandarin hybrids Grapefruit 

Jaffa Pineapple Pearl Tangelo Kinnow Duncan Ruby Red 

March 85.33 86.70 86.64 85.74 84.92 86.20 

April 84.76 85.15 85.25 84.97 85.86 85.11 

May 83.91 83.87 83.98 83.48 85.31 83.79 

June 83.40 84.04 83.99 83.49 85.11 84.88 

July 83.86 84.21 84.22 83.67 84.82 85.45 

August 84.60 84.83 85.09 84.42 84.62 84.95 

September  84.46 85.24 85.53 84.88 85.61 85.89 

October  85.38 85.54 - 84.91 85.87 85.57 

November  85.72 85.81 - 85.20 85.90 85.08 

December  - - - 85.97 - - 

Mean 84.60 85.04 84.96 84.67 85.33 85.21 

SE(m)± 1.84 0.64 0.58 0.95 0.61 0.86 

CD at 5% N.S. N.S. 1.69 N.S. N.S. N.S. 

 

Nevertheless, RWC in mandarins and grapefruits was 

found at par with respective cultivars Pearl Tangelo, 

Kinnow, Duncan and Ruby Red. In general, the 

RWC was not significantly variable and was within 

the optimum range in various cultivars. However, for 

the cv. Jaffa, Duncan and Ruby Red during 2014 and 

mandarin hybrid Pearl Tangelo in both the years the 

differences in RWC were significant. The RWC of 

leaves during the months of June and July was low 

across all the species and their cultivars and hybrids 

investigated in the study. 

 

DISCUSSION 

Photosynthesis, transpiration and stomatal 

conductance rate 

Among all species and cultivars maximum 

photosynthetic rate was recorded in Kinnow 

mandarin (6.74µmol/m
2
/sec and 6.10µmol/m

2
/sec) 

and minimum (3.52µmol/m
2
/sec and 

3.37µmol/m
2
/sec) in Pearl Tangelo mandarin in both 

years. Lower rate of photosynthesis under water 

stress may be a result of lower diffusion of CO2 

across mesophyll cells and stomata causes down 

regulation of sweet orange tree photosynthesis under 

heat stress conditions (Flexas and Medrano, 2002 

and Martin-Gorrizet al., 2011). Mediavillaet al. 

(2001) strengthened our findings that leaf 

photosynthetic rate depends on photosynthetic 

components contents, such as RuBisco, cytochrome, 

H+-ATPase and reaction centers, also on leaf 



302 NIDHI SHARMA, SAVITA DUHAN, SUNEEL SHARMA AND K.D. SHARMA  

thickness and area per leaf mass. The photosynthetic 

rate of sweet orange and grapefruit was almost at 

equity to each other at fruit set (Table 1). It indicates 

that Kinnow was most photo-synthetically efficient 

cultivar in fixing more CO2 among all cultivars and 

species of citrus under study.  

The rate of transpiration reveals the extent of gaseous 

exchange in plants (Table 1). Maximum rate of 

transpiration was recorded in sweet orange cv. 

Pineapple (2.17µmol/m
2
/sec and 2.14µmol/m

2
/sec) 

with minimum transpiration in grapefruit cv. Duncan 

(1.80µmol/m
2
/sec and 1.76µmol/m

2
/sec). Findings of 

our study were in harmony with (Martin-Gorrizet al., 

2011; Machado et al., 2005 and Machado et al., 

2002) that, under natural conditions, transpiration 

varied as a function of temperature and water vapour 

pressure deficit (VPD). 

The stomatalconductance  was highest in sweet 

orange cv. Jaffa (49.60 m mol/m
2
/sec and 54.20 m 

mol/m
2
/sec) and minimum in grapefruit cv. Ruby 

Red (41.30 m mol/m
2
/sec and 44.40 m mol/m

2
/sec) 

during 2014 and 2015 (Table 1). Findings of our 

study were in agreement with (Martin-Gorrizet al., 

2011; Machado et al., 2005 and Machado et al., 

2002) that,  stomata conductance is a function of 

temperature and water vapour pressure deficit 

(VPD). Apparently no marked differences in the 

stomata conductance were found among all the 

species of citrus.Citrus leaf stomata conductance (gs) 

is particularly sensitive to changes in leaf to air 

vapour pressure difference; gs decreases as leaf 

temperature leaf to air vapour pressure 

differenceincrease (Syvertsen and Salyani, 1991). 

Leaf water potential and leaf osmotic potential 

Pertaining data in Table 2 showed an observable 

difference in leaf water potential of various citrus 

species under the study. Significantly, higher leaf 

water potential was recorded in Sweet orange cv. 

Pineapple (1.38 and 1.44 -MPa) and lowest was in 

grapefruit cv. Ruby Red (1.65 and 1.60 -MPa) in 

both years within cultivars. During summers stressed 

new leaves reaches zero turgor with higher leaf water 

potentials. At higher temperature and low relative 

humidity causes reduction in leaf water potential due 

to which there is reduced carbohydrate synthesis and 

supply to reproductive sinks leads to reduced fruit 

size and yield. Ribeiroet al., 2008; Moringa and 

Sykes, 2001 and Mediavillaet al., 2001  also in 

support of our findings. 

Results illustrated difference in leaf osmotic 

potentials of various citrus species and cultivars in 

Table 2. A significantly higher leaf osmotic potential 

was reported in Ruby Red cv. of grapefruit i.e. 

(1.51and 1.85 -MPa). It revealed grapefruits leafs 

had a tendency to adjust them osmotically under 

stressed environment. But on the other hand in sweet 

orange cultivar Jaffa had least osmotic potential 

among all i.e. (1.95 and 1.81-MPa). Osmotic 

adjustment in response to water stress is considered 

an important physiological mechanism enabling 

plants to tolerate water deficits (Begg and Turner, 

1970), can increase its resistance to dehydration 

through reduction in cellular osmotic potential by a 

net accumulation of cellular solutes (Hsiao et al., 

1976 and  Guinchardet al., 1996). 

Cell membrane injury and Cell membrane 

stability index 

Cell membrane injury (CMI)indicated that mandarin 

hybrid Kinnow was most tolerant to stress with 

minimum CMI i.e. (25.54 and 33.15%) in both years 

whereas, grapefruit cv. Duncan was found most 

sensitive in stress tolerance throughout study with 

maximum CMI values (44.70 and 44.81%) (Table 

2).Cell membrane stability index (CMSI) depicted a 

marked difference in stress tolerating abilities of 

spring flush leaves in various cultivars of citrus 

under study. Thus, Kinnow mandarin was found 

most tolerant among all species with maximum 

(74.46 and 66.85%) CMSI and Duncan grapefruit 

was least tolerant with minimum (55.30 and 55.18%) 

stability in stress hours. Our findings were supported 

by several workers (Ismail and Hall, 1991; 

Srinivasan et al., 1996 and Carfurdet al., 2003). 

Relative water content  

Leaf relative water content (RWC) is a measure of 

plant water status data on which is presented in 

Tables 3a and 3b. As showed a significant decrease 

moving towards stress period of year (March to 

July), then slight increase in relative water content 

was observed in all species towards end of year. 

Highest mean RWC content within species was 

recorded in cv. Pineapple (84.48%; 85.04% 2014 and 

2015) than Jaffa (84.48%; 85.04% during 2014 and 

2015). But RWC in mandarins and grapefruits were 

found at par with respective cultivars content i.e. 

(Pearl Tangelo 83.51%, 84.96%, Kinnow 83.44%, 

84.67%, Duncan 83.40%, 85.33%, Ruby Red 

83.16%, 85.21%).  

Statistically RWC was found non-significant, that 

RWC in various cultivars was within optimum range. 

Our results were in harmony with Panigrahiet al. 

(2014) and Taiz and Zieger (2002) that leaf RWC 

affects photosynthesis, soluble protein content of leaf 

so as RuBP carboxylase activity but remains 

uninfluenced of temperature might be due to osmotic 

adjustment (Barkataky, 2009). 
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Abstract: A field experiment was conducted at crop research farm, Department of Agronomy, Allahabad School of 

Agriculture, Sam Higginbottom Institute of Agricultural, Technology & Sciences, Allahabad (U. P). It is on the near of the 

river Yamuna to study the effect of different planting systems and organic sources of nutrients on growth and yield of 

scented rice (Oryza sativa L.)” during kharif season at 2010.   

The field experiment was laid out in split plot design with three replications. The results showed that treatment  (M2)green 

manuring with Crotalaria spp. (M2) gave 4.08 and 30.87% more seed yield compared than othergreen manuring with 

sesbania spp.(M1) and basal application of FYM 12 t ha-1 (M3) respectively and significantly maximum growth and yield 

attributes plant height (70.24 cm, 98.71 cm, at 60, 100 DAS respectively), plant dry weight (14.67, 42.13, 81.71, and 145.47 

g at 20, 40, 60, 80, and 100 DAS),  CGR (g m-2 day-1) (00.136, 0.483, 1.442, 1.897 and 2.768 g at 0-20, 20-40, 40-60, 60-80 

and 80-100 DAS), , number of effective tillers hill-1 (9.36), grain yield (7.85 t ha-1), straw yield (7.85 t ha-1), harvest index 

(38.05 %) and test weight(22.61 g) than other application of green manuring treatments. 

The treatment (S3) i.e. system of rice intensification (SRI), (S3) gave 15.00 and 38.89 % significantly the highest seed yield 

(5.27 ha-1) compared than other system of planting S1 transplanted rice and direct seeded rice (DSR) also recorded non 

significantly the highest straw yield (8.25 t ha-1), but significantly higher harvest index (38.52 %) and test weight (23.00 g) 

than other two planting system. 

 

Keyword: System of Rice Intensification (SRI), Organic sources, Green manuring, Scented rice and Pusa Basmati -1 

 

INTRODUCTION 

 

ice is one of the most important cereal crops in 

India.  Rice  is  grown  in  an  area  of  42.40  

million  ha produces about 104.39 million tones with 

the productivity 2462 kg ha
-1

(GOI, 2012-13). 

Meeting the targeted demands of rice is a challenging 

task.  Decreasing in the soil fertility and increasing in 

water scarcity is becoming threat for rice cultivation. 

Rice (Oryza sativa L.) is the staple food for nearly 

half of the world population and most of them are 

living in developing countries. The crop occupies 

one third of the world‟s total area and provides 35 to 

60 % of the calories consumed by 2.7 billion people. 

The excessive use of chemicals in agriculture causes 

water pollution and human health hazards.(Thawait 

et al., 2014) Organic farming is a production system 

which avoids or largely excludes the use of 

synthetically compounded fertilizers, pesticides, 

growth regulators, genetically modified organisms. 

The crop plants growing depends largely on 

temperature, root volume, moisture and soil fertility 

for their growth and nutritional requirements (Singh 

and Singh, 2005).  FYM or well decomposed 

compost at the 5 to 10 t ha
-1 

every year is helpful in 

maintaining soil health, increases the availability of 

nutrient and reduces toxic effects of chemicals and 

fertilizers. Green manure using dhaincha (Sesbania 

aculeata L), or sunnhemp (Crotalaria juncea. L) will 

promote sustainability in the rice based cropping 

system (Abraham et al.,2002).  

Most of the growth in rice production during this 

period is attributed to release of high yielding 

varieties and use of higher doses of fertilizers, but the 

use of higher doses of high analysis fertilizers 

(containing only N, P and K) and insufficient use of 

organics has created deficiencies of secondary and 

micronutrients particularly of Zn and Fe (Takkar, 

1996). Proper selection of a variety and appropriate 

nutrient management are important in organic rice 

production (Manjunath et al.,2009). A number of 

organic waste materials are available, which can 

supply a good amount of plant nutrients, NPK to 

produce comparable yield (Ghosh, 2005). Organic 

manures as a source of humus and plant nutrients 

need to improve the soil fertility and soil health of 

tropical soils. 

Rice being a crop having high water requirement, 

there is a need to search for alternative method to 

reduce water requirement of rice without reduction in 

yield. In recent years, water table is running down at 

a very rapid rate throughout the globe, thus, poses 

alarming threats and limiting the scope for 

cultivation of high water requiring crops very 

seriously. Rice being water requirement crop, there is 

a need to search for alternate methods to reduce 

water requirement without reduction in the yield 

(Krishna et al.,2008). System of Rice Intensification 

(SRI) is another emerging water saving technology, 

R 
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with many fold increase in crop yield 

(Laulanie,1993). SRI is emerging water saving 

technology, with many fold increase in crop yield. 

This method was developed in Madagascar (West 

Africa) in the early 1980s, where it has been shown 

that yield can be enhanced by suitably modifying 

certain management practices such as controlled 

supply of water, planting of younger seedlings and 

providing wider spacing (Hugar et al.,2009).The  

sustainability  of  DSR,  however,  is  endangered  by  

heavy  weed  infestations  (Chauhan,  2012; Mahajan  

et  al.,  2013).   

By adopting this SRI system of cultivation we could 

save water, protect soil productivity and could 

environment by checking methane gas from water 

submerged rice cultivation practices, bring down the 

input cost besides improving the production for 

providing food to the burgeoning population. Careful 

water management needs to be pursuit. The field 

should be kept moist and water should not be 

allowed stagnated and should be kept shallow (up to 

2.5 cm) and intermittent irrigation i.e. alternatively 

drying and wetting shaved about 30-40 percent water 

under SRI as compared to conventional rice 

cultivation. This system of cultivation not only helps 

to minimize loss of nutrients specially nitrogen but 

also helps to increase applied nutrient and enhance 

the tillering of rice plants. Increased soil aeration and 

organic matter help in improving soil biology leading 

to better nutrient availability. (Chowdhury et al., 

2014) 

This paper deals with the objective to determine 

suitable organic sources and system of planting for 

scented rice variety practices cultivation to maximize 

their growth attributes, yield and yield attributes. 

 

MATERIAL AND METHOD 

Experimental site and soil characteristics 

A field experiment was conducted during kharif 

season of the year 2010 at Allahabad located at 25
0
 

North latitude, 81
0
  50

'' 
 East longitude and 98 m 

above the mean sea level. Rice variety Pusa Basmati 

-1 was taken as test variety to study the effect of 

different planting systems and organic sources of 

nutrients on growth and yield of scented rice (Oryza 

sativa L.)”. The soil of the experimental plot was 

sandy loam in texture, alkaline in reaction (pH 7.93) 

and available nitrogen 0.028 kg ha
-1

, available 

phosphorous 19.85 kg ha
-1

 and available potassium 

163.2 kg ha
-1

content. The soil is experimental plot 

was sandy loam in texture having pH of 7.93 with 

low level of organic carbon 0.33 %, available N 

(0.028 kg ha
-1

) but medium level of P (7.00 kg ha
-1

) 

and K (50.66 kg ha
-1

). 

Experimental design and treatmentsThere were 

nine treatment combinations, consisting of three 

organic manuring, M1 - Green manuring with 

dhaincha (Sesbaniaaculeata L), M2 -Green manuring 

with sunnhemp (Crotalaria juncea. L) and M3 - 

Basal application of FYM (12 t ha
-1 

as a main plot 

treatment and three S1 -system of planting 

transplanted rice, S2 -Direct seeded rice and S3 -

System of Rice Intensification as a sub plot 

treatments 

were tested under split plot design with three 

replications.  

Green manuring, FYM and application of organic 

manure 

Green manure crops dhaincha (Sesbania aculeata L.) 

and sunnhemp (Crotalaria juncea. L.) were grown in 

the up to 60 days and buried in the field with tractor 

drawn disc plough at 16 June 2010. FYM was 

applied at the rate of 12 t ha
-1

 15 days before 

transplanting.  

Transplanting and sowing  

In the experiment for the transplanting SRI treatment 

of 12 days old rice seedling was done with spacing 

(25 cm x 25 cm), in conventional transplanted rice, 

the transplanting of 21 days old rice seedling with 

spacing (20 cm x 15 cm) and other crop 

establishment method direct seeded rice drum 

seedling of sprouted seed of rice with spacing (15 cm 

x 5 cm) under puddle conditions.  

Crop growth rate (CGR) (g m
-2

 day
-1

) 

It represents dry weight gained by unit area of a crop 

in a unit time, expressed as g m
-2

day
-1

. The crop 

growth rate was computed with the help of dry 

matter production recorded for each treatment at 0-

15, 15-30, 30-45, and 45-60 DAS intervals. It was 

calculated with the help of following formula.

   W2-W1 

Crop growth rate (CGR) =----------- 

     t2-t1 

Where, 

W1 = dry weight production per unit area at time t1 

W2 = dry weight production per unit area at time t2 

Statistical analysis 
The value of table „F at 5% level significance, where 

the treatment difference between were found 

significant the value of CD and CV % were also 

worked out to compare the treatment mean (Snedecor 

and Cochran 1967). At initial stage select random 

five plants from net plot area for further recording 

observations. 

 

RESULT AND DISCUSSION 

Effect of organic manure 

Data presented in (Table-1) indicated that different 

organic sources of nutrients green manuring with 

Sesbaniaspp. (M1) recorded non-significant, the 

highest plant height at 20 DAT/DAS. In treatment 

green manuring with Crotalaria spp. (M2) was found 

non- significant the highest plant height at 60 DAS 

and 100 DAS. Application of organic manure source 

green manuring with crotalaria spp. recorded non - 

significantly the highest plant dry weight (1.66 g, 

14.67 g, and 42.13g at 20, 40, 60DAS and also 

significantly higher81.71 g and 145.47 g at 80 and 

100 DAS respectively).The treatment also recorded 

significantly crop growth rate (g m
-2

 day
-1

) the 
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highest at 0.136 g, 0.483 g, 1.442 g and 1.897 g at 0-

20, 20-40, 40-60, 60-80 DAS respectively, as 

compared to rest of all organic sources of nutrients. 

However significantly higher CGR (2.768 g m
-2

 day
-

1
) at 60-100 DAS/DAT. Among organic sources, 

supplication of green manuring with crotalaria spp. 

increased the RGR (g g
-1

 day
-1

) significantly as 

against the application of rest of the organic green 

manuring sources. The treatment also recorded 

significantly higher number of effective tillers hill
-1 

(9.36) but was at par with rest of the treatments. The 

variation in plant growth due to organic manures was 

considered to be due to variation in the availability of 

major nutrients. All the parameters were significantly 

lower with the control. The increase in the plant 

height might be due to green manuring of sesbania 

spp. and Crotalaria spp. may have resulted in the 

priming effect and made the fixed soil nutrients in 

available from and thus showed perceptible increase 

of plant height (Suzuki, 1997).The probable reason 

for that the maximum CGR (g m
-2

 day
-1

) in green 

manuring of Crotalaria spp poetically throw might 

be due to the addition of nitrogen in to the soil and 

also organic matter, which may have had its impact 

on physio-chemical and biological properties of soil 

(Singh and Singh, 2008) 

Further data presented in (Table-2) indicated that 

significantly higher grain yield (4.89 t ha
-1

) and non-

significantly the highest straw yield (7.85 t ha
-1

) were 

obtained under treatment M2 (Green manuring with 

crotalaria spp).  Whereas, significantly lower grain 

yield (3.38 t ha
-1

) and non- significantly the lowest 

straw yield (7.38 t ha
-1

) were observed under organic 

sources of nutrients M1 (Basal application of FYM 12 

t ha
-1

). Treatment M2 (Green manuring with 

crotalaria spp) recorded higher grain yield, that 

increase at the extent of 4.08, and 30.87 % over the 

treatments M1, and M3 respectively. While treatment 

grain yield (4.69 t ha
-1

) M1 (Green manuring with 

Sesbania spp.) at par with treatment M2 (Green 

manuring with Crotalaria spp).However, the lowest 

grain and straw yields were associated with basal 

application of FYM (12 t ha
-1 

(M3). This might be 

because decomposition of the manures releases 

nutrients slowly throughout the growth period that 

leads to better nutrient supply for chlorophyll 

synthesis, (Srivastava 2014).The increased dry matter 

production might have resulted in which turn  

produced  higher number  of  panicles  leading  to  

higher  yield. This increased  panicle  length  may  be  

attributed  to  steady supply  of  nutrients  which  

enhanced  the  dry  matter production due to more 

availability of photosynthates. (Singh et al.,2013) 

The higher nutrient uptake with organic manure 

might be attributed to solubilization of native 

nutrients, chelation of compex intermediate organic 

molecules produced during decomposition of added 

organic manures, their mobilization and 

accumulation of different nutrients in different plant 

parts healthy root growth as translocation of 

photosynthates.The increase in seed yield this may 

be due ascribed to the micro and macro nutrient 

availability as well as physical condition of the soil 

(Parihar, 2004).  

Application of green manuring through Crotalaria 

spp (M2) brought about significantly higher harvest 

index (38.05 %) and test weight (22.33 g) rest of the 

treatments.However, treatment M1 (Green manuring 

with Sesbania spp.) was at par with M2 (Green 

manuring with Crotalaria spp) in case of harvest 

index and test weight. 

Effect of system of planting 

Data The results indicated that treatment (Table-1) 

system of planting S1 (Transplanted rice) recorded 

significantly higher plant height at 20 DAT/DAS. 

However, treatment S3(System of rice 

intensification) was statistically significantly higher 

plant height at 60, 100 DAT/DAS. . The treatment S1 

(Transplanted rice) recorded significantly the higher 

plant dry weight 1.55 g at 20 DAS and significantly 

higher (15.01 g, 52.33 g, 150.48 g at 40, 60, 100 

DAS and significantly the highest 88.52 g at 80 DAS 

respectively. The treatment also recorded 

significantly the highest crop growth rate (g m
-2

 day
-

1
)0.505 g, 1.713 g and 2.208 g  at 20-40, 40-60, 60-

80 DAS respectively as compared to rest of all 

system of planting. However significantly the  

highest CGR (3.221 g m
-2

 day
-1

) at 80-100 

DAS/DAT. Among system of planting application of 

S3System of rice intensification increased the RGR 

(g g
-1

 day
-1

) 0.030 and 0.026 g at60-80 and 80-100 

DAS/DAT significantly as against the application of 

rest of the system of planting. The treatment also 

recorded significantly the highest number of 

effective tillers hill
-1 

(10.85). 

System of planting had significantly the highest 

effect on grain yield (5.27 t ha
-1

) of scented rice and 

non-significantly the highest straw yield (8.25 t ha
-1

) 

were recorded under treatment S3(System of rice 

intensification) (Table-2). Whereas, significantly 

lower grain yield (3.22 t ha
-1

) and non significantly 

lower straw yield (6.88 t ha
-1

) were observed under 

system of planting treatment S2 (Direct seeded rice).  

Application of S3 (System of rice intensification) 

brought about significantly higher harvest index 

(38.52 %) and test weight (23.00 g) rest of the 

treatments. However, treatment S3(System of rice 

intensification) was at par with S1 (Transplanted rice) 

in case of harvest index and test weight. 

The probable reason might be attributed to the large 

volume, profuse and strong tillers and well filled 

spikelets with higher grain weight Satyanarayana and 

Babu (2004). Second reason higher grain yield 

realized with SRI method might be due to large root 

volume, strong tillers with big panicles as well as 

higher fertility of spikelet. The present findings are 

similar to those recorded by Jayadeva et al., (2008).
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Table 1. Effect  of organic sources of nutrients and system of planting on growth, yield and yield attributes of rice 

Treatments Plant height (cm) Plant dry weight (g) CGR (g m-2 day-1) RGR (g g -1 day-1)  

No. of 

effective 

tillers hill-1 

20 

DAS 

60 

DAS 

100 

DAS 

20 

DAS 

40 

DAS 

60 

DAS 

80 

DAS 

 

100 

DAS 

0-20 

DAS 

20-40 

DAS 

40-60 

DAS 

60-80 

DAS 

80-

100 

DAS 

20-40 

DAS 

40-60 

DAS 

60-80 

DAS 

60-

100 

DAS 

Organic sources       

M1 : Green Manuring 

with Sesbania spp. 

33.49 67.15 95.97 1.33 12.61 39.34 71.88 125.00 0.116 0.458 1.355 1.876 2.661 0.118 0.057 0.028 0.023 9.16 

M2 : Green Manuring 

with Crotalaria spp 

32.52 70.24 98.71 1.66 14.67 42.13 81.71 145.47 0.136 0.483 1.442 1.897 2.768 0.128 0.061 0.029 0.028 9.36 

M3:Basal application 

of FYM 12 t ha-1 

33.32 64.38 85.35 0.86 11.14 41.98 62.62 98.73 0.11 0.417 1.185 1.284 1.633 0.087 0.050 0.024 0.019 7.33 

F test NS NS NS NS NS NS S S NS NS NS S S S NS NS S S 

SEd(_+) 0.73 2.87 4.62 0.43 1.5 3.65 2.50 1.60 0.06 0.135 0.110 0.183 0.215 0.007 0.008 0.004 0.002 0.32 

CD (P=0.05) - - - - - - 5.45 3.49 - - - 0.400 0.596 0.016 - - 0.005 0.71 

System of planting        

S1: Transplanted rice 35.49 67.41 93.02 1.55 14.97 47.48 75.11 138.32 0.157 0.496 1.577 1.793 2.584 0.113 0.058 0.027 0.023 9.46 

S2: Direct seeded rice 

(DSR) 

29.98 60.43 86.34 0.97 8.38 23.61 52.57 83.98 0.105 0.357 0.690 1.056 1.257 0.107 0.046 0.024 0.020 5.54 

S3 :System of Rice 

Intensification (SRI) 

33.42 73.92 100.6

7 

1.33 15.01 52.33 88.52 150.48 0.106 0.505 1.713 2.208 3.221 0.106 0.063 0.030 0.026 10.85 

F test S S S S S S S S NS NS S S S NS NS S S S 

SEd(_+) 1.51 3.83 4.49 0.17 1.33 2.79 6.03 13.04 0.061 0.084 0.177 0.146 0.184 0.003 0.006 0.001 0.001 0.50 

CD (P=0.05) 3.29 8.34 9.79 0.37 2.90 6.07 13.14 28.42 -  0.386 0.319 0.402 - - 0.003 0.002 1.10 
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Table 2. Effect of between organic manuring practices and system of planting on yield attributes, and (seed 

yield t ha 
-1

)of scented rice 

 

Table 3. Interaction effect between organic manuring practices and system of planting on seed yield (t ha
-1

) 

Organic manure sources  

System of planting 

S1 : 

Transplanted 

rice 

S2: Direct seeded rice 

(DSR) 

S3 :System of Rice 

Intensification (SRI)   

M1 : GM with Sesbania spp. 5.00 3.33 5.05 

M2 : GM with Crotalaria spp 4.76 3.66 6.25 

M3 : Basal application of FYM 

12 t ha
-1

 
3.66 2.66 3.83 

S.Em. ± NS  

CD at 5% - 

 

Significantly higher harvest index (38.52 %) was 

observed in treatment S3(System of rice 

intensification). However, treatment S1 (Transplanted 

rice) was statistically at par with S3(System of rice 

intensification). 

Interaction effect between organic manure and 

planting systems 

The appraisal of data presented in (Table 3) revealed 

that there was non-significant interaction effect 

between organic manure and planting systems. 

Significantly the highest seed yield (6.25t ha-1) was 

recorded under treatment combination M2S3 (Green 

Manuring with Crotalaria spp (M2) and System of 

Rice Intensification (SRI) (S3). The probable reason 

might be the highest seed yield was recorded under 

treatment combination M2S3(Green Manuring with 

Crotalaria spp (M2) and System of Rice 

Intensification (SRI) (S3) increase in yield attributes, 

grain and straw yields might be due to large root 

volume, strong tillers with big panicles as well as 

higher fertility of spikelet. The present findings 

similar to those recorded  by (Jayadeva et al., 2008). 
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Abstract: The field experiment was conducted at the Horticulture farm, Rathindra Krishi Vigyan Kendra, Palli Siksha 

Bhavana (Institute of Agriculture), Visva-Bharati, at Sriniketan during the period of March 2010 to June 2010 and Okra 

variety “Parbhani Kranti” were sown in experimental site. The basic objective of the experiment was to find out the seasonal 

incidence of Red cotton bug (Disdercus cingulatus ) and Fruit & shoot borer ( Earias vitella ) of okra and their correlation 

with abiotic factors. Experimental findings revealed that the Red cotton bug and Fruit & shoot borer observed to infest the 

crop at different growth stages and ecological factors played an important role in their fluctuation during the crop growing 

season as many weather parameters showed their significant effects on population abundances. The incidence of red cotton 

bug started from 18th standard week i.e. 1st week of May and the maximum population was recorded to the tune of 2.41/plant 

on 21st standard week during peak fruiting (4th week of May). The peak populations of fruit & shoot borer (6.97%/plant) 

were recorded on 1st week of June. Multiple regression analyses depicted that contribution of all the abiotic factors to the 

variations of red cotton bug population was 8.5% and for fruit & shoot borer it was 98.4%. 

 

Keywords: Okra, Seasonal incidence, Disdercus cingulatus, Earias vitella, Abiotic factors 

 

INTRODUCTION 

 

kra  Abelmoschus esculentus L. (Moench), is an 

economically important vegetable crop grown 

in tropical and sub-tropical parts of the world. 

(Tindall, 1983). It is a native crop of Africa, South 

East Asia and North Australia to the pacific (Boswell 

and Reed, 1962). This crop is suitable for cultivation 

as a garden crop as well as on large commercial 

farms. It is grown commercially in India, Turkey, 

Iran, Western Africa, Yugoslavia, Bangladesh, 

Afghanistan, Pakistan, Burma, Japan, Malayasia, 

Brazil, Ghana, Ethiopian, Cyrpus and the Southern 

United States. India ranks first in the world with 3.5 

million tonnes (70% of the total world production) of 

okra produced from over 0.35 million ha land 

(FAOSTAT 2008).  

Okra is known by many local names in different 

parts of the world. It is called lady’s finger in 

England, gumbo in the United States of America, 

guino-gombo in Spanish, guibeiro in Portuguese and 

bhindi in India. It is quite popular in India because of 

easy cultivation, dependable yield and adaptability to 

varying moisture conditions. Even within India, 

different names have been given in different regional 

languages (Chauhan, 1972).  

Okra is cultivated for its fibrous fruits or pods 

containing round, white seeds. The fruits are 

harvested when immature and eaten as a vegetable. 

Okra plays an important role in the human diet  

(Kahlon et al. 2007, Saifullah and Rabbani 2009).  by 

supplying fats, proteins, carbohydrates,phosphorus,  

calcium, iron, sulphur, fibre,  minerals and vitamins  

(Lamont 1999, Owolarafe  and Shotonde 2004,  

Gopalan et al. 2007, Arapitsas 2008,).  Okra is said 

to be very useful against genito-urinary disorders,   

spermatorrhoea and chronic dysentery (Nadkarni, 

1927).  Its medicinal value has also been reported in 

curing ulcers and relief from hemorrhoids (Adams, 

1975).  

Okra provides an important source of vitamins, 

calcium, potassium and other mineral matters which 

are often lacking in the diet of developing countries 

(IBPGR, 1990). The fully ripened fruits and stem 

containing crude fibers are used in paper industry, 

while roots and stem are used for purification of 

sugarcane juice in Jaggery (Gur) manufacture in 

India. In India, okra has occupied a prominent 

position among the export oriented  vegetables. It is 

cultivated in 51.8 mha with 12.1 mt/ha productivity 

(National Horticulture  Database, 2012).  

Insect pests are the main constraint in the successful 

cultivation of okra. The okra crop is attacked by 

number of insect pests right from germination to 

harvesting of the crop viz.; jassid (Amrasca biguttula 

biguttula Ishida); whitefly (Bemisiatabaci Genn.); 

aphid (Aphis gossypii Glover); shoot and fruit borer 

(Earias insulana Boised and E. vitella Fab.); leaf 

roller (Sylepta derogate Fab.); red cotton bug 

(Dysdercu skoenigii Fab.); mite (Tetrantchus telarius 

Linn.); green plant bug (Nezara viridula Linn.) and 

green semilooper (Anomis flava Fab.). Among the 

insect pests jassid (A.biguttula biguttula Ishida); 

whitefly (B.tabaci Genn.) and shoot and fruit borer 

(E.insulana Boised and E. vittella Fab.) are 

considered as major pests. 

The larvae of shoot and fruit borer bore into the 

growing shoots, flower buds, flowers and fruits of 
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okra, thereby killing the plants or causing heavy 

shedding of flower buds. The infested fruits become 

distorted and rendered unfit for human consumption 

and procurement of seeds. The borers have been 

reported to cause 24.16 to 26.00 per cent damage to 

okra shoots  and 40 to 100 per cent loss to fruits  in 

India. (meena et al. 2009). 

 

MATERIAL AND METHOD 

 

In order to study the seasonal incidence of red cotton 

bug ( Disdercus cingulatus) and fruit & shoot borer  

(Earias vitella ) of okra and correlation with abiotic 

factors , the experiment was laid out in a 

Randomized Block Design (RBD) with three 

replications.  The soil condition of the plot was 

loamy sand (utisol) in texture with acidic in nature. 

The range of weekly maximum and minimum 

temperature during the crop growing season was 

34.11
o
C to 41.68

o
C and 23.35

o
C to 27.15

o
C, 

respectively. 

The maximum and minimum temperatures during the 

crop season were almost similar to the normal 

temperatures. The morning relative humidity during 

the crop growing period varied from 83.85 to 91.14 

per cent while the afternoon relative humidity varied 

from 24.14 to 56.57 per cent. Total rain fall received 

during the crop season was nearly 31.00 mm and the 

mean wind velocity was ranged from 4.18 to 7.31 

kph/day. 

The experimental plots were measured about of 2.7 × 

3.6 sq m in which plant-to-plant and row-to-row 

spacing were of 45 cm and 60 cm, respectively. All 

recommended package of practices were followed 

during for raising a healthy crop. 

 

Details of data collection 

Seven different sizes of sample viz., two, four, five, 

six and seven, eight and sixteen plants were used for 

estimation of insect populations of okra.  Each 

sample size was considered as a treatment. 

Therefore, there were seven treatments for the 

present investigation in which two samples per plot 

represents T1 while four, five, six, seven, eight and 

sixteen samples per plot represent T2, T3, T4, T5, T6 

and T7, respectively. These treatments were randomly 

allocated in seven plots in each replication. In each 

plot, the plants for respective sample size were 

selected randomly from whole population leaving the 

border plants in the following manner.   

For sample size two, from 1-16 plants two plants 

were randomly chosen for estimation of insect 

population. The crop was kept under constant 

observation for appearance of pests. Observations 

were recorded in each standard week from 6 a.m. to 

10 a.m. However, observations for different insect 

populations were taken in separate days in each 

standard week. The observations were continued till 

last harvesting of fruits. 

The population of red cotton bug was recorded from 

whole plant and the data were expressed as mean 

number of insect per plant while the level of fruit 

infestation by the lepidopteran borer was ascertained 

by picking fruits from whole plot and subsequent 

sorting of infested and healthy fruits have been done 

for estimation of percent fruit damaged out of total 

fruits for each treatment. 

 

Statistical analyses  
For finding out the effect of abiotic factors on insect-

pests population correlation and regression analyses 

were carried out while to compare the population 

abundances in different growth stages of the crop 

analysis of variance was done in randomized block 

design. (Gomez and Gomez, 1984).         

 

Meteorological data 

Weekly data of atmospheric temperature (maximum 

and minimum), relative humidity and total rainfall 

were obtained from meteorological observatory, Palli 

Siksha Bhavana, (Institute of Agriculture) Visva-

Bharati, Sriniketan.  

 

RESULT AND DISCUSSION 

Incedence of Red cotton bug and Shoot & Fruit 

borer at different stages of okra during the 

growing seasons 

The population of red cotton bug didn’t found during 

the early growth stage of the crop. The Table 1 

depicted that, initiation of this hemipteran bug 

occurred during 18
th

 standard week i.e. on 1
st
 week of 

May and the maximum population was recorded to 

the tune of 2.41/plant on 21
st
 standard week during 

peak fruiting (4
th

 week of May) when the maximum 

& minimum temperatures, morning & afternoon r.h., 

rain fall and wind velocity were 34.78
0
c, 24.58

0
c, 

83.85%, 50.28%, 4.83 mm and 5.22 kph, 

respectively. Thereafter, the population gradually 

decreased. Interestingly, during this period the insect 

was observed to infest mostly on the fruits. Higher 

populations at this stage also reported by Srivastava 

(1993).  

Seasonal incidence of shoot and fruit borer as 

recorded in Table 1 substantiated that its infestation 

was not observed in the initial growth phase. 

However, the population was observed from 16
th

 

standard week i.e. 3
rd

 week of April. This insect is 

considered to be the most notorious pest in this 

region and hardly any variety could be found free 

from any blemishes of its infestation. Initiation of 

this pest was manifested by the presence of wilted 

shoot and then shifted to green fruits and noticed to 

feed the internal content. This peculiarity in damage 

also recorded in the present investigation. After 

initiation, the population increased sharply and 

attained maximum level (6.97%/plant) at 1
st
 week of 

June (22
nd

 standard week). After which, the 

population gradually decreased but caused 

considerable damage to the fruits till the maturity of 
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the crop. This observation also in accordance with 

the findings of Zala et. al. (1999). 

 

Role of weather parameters on the population 

fluctuations of insect- pests of okra 

Population density of red cotton bug during the 

experimental period was below the threshold level 

estimated in this lateritic zone and it was observed 

that the population was some what lower than the 

average of past few years’ data. Hence, in the present 

investigation correlation between the bug population 

and other weather factors recorded very low except 

morning r.h. (r= -0.416 ns) and wind speed (r= 0.340 

ns) (Table 1 & 2 ).  

The upward population of shoot and fruit borer was 

recorded with increased fruiting as well as rise of 

temperatures and wind speed. Rain fall, minimum 

and maximum relative humidity non-significant but 

negative correlatation with the fruit and shoot borer 

population. More or less strong positive correlations 

were recorded between the borer population (%fruit 

damage) and maximum temperature (r= 0.355ns), 

minimum temperature (r= 0.537ns) and wind speed 

(r= 0.507ns) (Table 1 & 2). Therefore, it was 

apparent from the results that the insect had immense 

potentiality to cause continuous damage to the crop 

during congenial weather conditions. Ahmad et 

al.(2000) reported that the larval population of E. 

vitella in fruits of Parbhani Kranti was correlated 

with weather factors. The analysis revealed the 

existence of significant positive relationship with the 

minimum temperature (r= 0.578) and negative 

correlation with the maximum temperature (r = -

0.747) as well as positive correlation with both the 

r.h. at 7 h (r= 0.774) and 14 h (r= 0.800), 

respectively. Rainfall too had significant impact on 

the larval population as the coefficient of correlation 

(r= 0.410) was significant. 

 

Multiple interactions of ecological parameters 

with insect population 

Multiple regression analyses were worked out to find 

out the combined effect of all the abiotic factors on 

population abundance of the insect on the crop. For 

this purpose, coefficient of determination (R
2
) was 

computed. Besides this, percentage of contribution of 

different independent variables viz. maximum and 

minimum temperatures, maximum and minimum 

relative humidity, rain fall and wind speed to the 

variations of dependent variable (insect population) 

was also calculated from the standardized partial 

regression coefficients (’s) and the results regarding 

these findings are presented in Tables 3 & 4. 

Table 3 revealed that coefficient of determination 

(R
2
) between and independent variables was 0.771 

while adjusted R
2
 was computed as 0.085 which 

indicated that 8.5 per cent variation in insect 

population was caused due to the abiotic factors. 

Based on calculation the major contribution was 

made by maximum temperature (45.71%) followed 

by minimum temperature (25.47%) and afternoon 

relative humidity (12.94%). Rainfall, wind speed, 

morning relative humidity had little countribution on 

the fluctuation of the insect population. 

Okra fruit and shoot borer is one of the most 

important insect-pest of this crop. The insect has an 

immense potentiality to damage the crop in favorable 

weather conditions. Earlier reports on this aspect 

revealed that many a time the crop suffered from 

havoc yield loss caused by this insect. Therefore, an 

attempt has been made to study the combined effect 

of weather factors on the variation of population 

build up of this insect in the crop. For borer 

population, Coefficient of determination (R
2
) 

between and independent variables was 0.997 while 

adjusted R
2
 was computed as 0.984 which indicated 

that 98.4 percent variation in insect population was 

caused due to the abiotic factors (Table 4). 

Contribution of each abiotic factor was also 

computed separately to find out the individual effect 

of those independent variables to the population 

fluctuation of the fruit borer. In nature, this was not 

generally happened exactly because those weather 

parameters were more or less correlated to each other 

and none of these parameters remained constant for a 

long period. However, the information regarding the 

above findings gave an idea on the individual effect 

of independent variables on the population 

fluctuation of the insect. From the Table 4 it was 

appeared that the major contribution was made by 

maximum temperature (41.98%) followed by 

minimum temperature (34.87%). Afternoon relative 

humidity (9.71%), wind speed (7.46%) and rain fall 

(5.96%) showed little contribution on the fluctuation 

of the insect population. Ahmad et al.(2000) reported 

that larval population peak of E. vittella in fruits of 

okra cv. Parbhani Kranti remained confined during 

1st fortnight of July at 29.9±2.9 
0
C, 84.0±5.1 percent 

r.h. and 61.4 mm precipitation while the population 

was minimum during 2nd fortnight of May when the 

temperature (31.6±7.7 
0
C) was comparatively higher 

and  r.h.  was 54±2.1 per cent. Multiple regression 

analysis revealed that with one unit increase in 

maximum and minimum temperature there were 7.9 

per cent decrease and 10.2 per cent increase in larval 

population, respectively. Similarly, with one unit 

increase in the rainfall, there was 0.8 per cent 

decrease in the larval population. 
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Table 1. Incidence of Red cotton bug  and Fruit & shoot borer at different growth  stages of okra 

Standard weeks Plant growth stages Insect Populations # 

Red cotton bug 

(No./ plant) 

Fruit & shoot borer 

(%/plant) 

15 3-4 leaves 0 0 

16 Initiation of branching with 6-7 

leaves 
0 0 

17 1-2 branching with 9-10 leaves 0 0 

18 Initiation of flowering 0.17 1.39 

19 Peak flowering & initiation of 

fruiting 
0.47 2.64 

20 Fruiting 1.07 4.73 

21 Peak fruiting 2.41 6.67 

22 Post peak fruiting 1.99 6.97 

23 Fruiting but initiation of 

senescence 
1.01 5.27 

# Population of insects estimated on the basis of 16 samples/ plot (44.44% plant population) 

 

Table 2. Correlation between different weather parameters and mean insect population 

Weather parameters Red cotton bug fruit & shoot borer 

Maximum temperature (
O
C) 

.025ns .355ns 

Miniimum temperature (
O
C) .228ns .537ns 

Maximum relative humidity (%) -.416ns -.262ns 

Miniimum relative humidity (%) -.016ns -.161ns 

Rainfall (mm) -.083ns -.234ns 

Wind speed (Km/h) .340ns .507ns 

** Correlation is significant at p= 0.01  

*  Correlation is significant at p= 0.05 

 

Table 3. Regression coefficients between abiotic factors and red cotton bug population on okra 

Weather  Parameters Partial 

regression 

coefficient (b) 

Standard partial 

regression coefficient 

(β) 

Student“t” 

value 

% contribution 

# 

Maximum temperature 

(X1) 

-1.928 -3.369 NS 45.72 

Miniimum temperature 

(X2) 

1.639 2.515 NS 25.47 

Maximum relative 

humidity (X3) 

-0.0013 -0.005 NS 0.01 

Miniimum relative 

humidity (X4) 

-0.307 -1.793 NS 12.94 

Rainfall (X5) 0.395 1.247 NS 6.26 

Wind speed (X6) 1.379 1.544 NS 9.60 

 

The prediction equation for insect population: Y= 35.604 -1.928X1 + 1.639X2 – 0.0013X3 – 0.307X4 + 

0.395X5 + 1.379X6  

Coefficient of determination (R
2
) = 0.771 

Adjusted R
2 
=0.085 
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Per cent contribution of all the abiotic factors on insect population = 8.5 

* t value significant at p = 0.05  ** t value significant at p = 0.01  NS: F test non- significant  

# Contribution of different independent variables (abiotic actors) to variation in the dependent variable (D. 

cingulatus) on okra 

 

Table 4. Regression coefficients between abiotic factors and fruit & shoot borer population on okra 

Weather  Parameters 
Partial regression 

coefficient (b) 

Standard partial 

regression 

coefficient (β) 

Student“t” 

value 

% contribution 

# 

Maximum temperature 

(X1) 
-4.310 -2.561 * 41.98 

Miniimum temperature 

(X2) 
4.475 2.334 * 34.87 

Maximum relative 

humidity (X3) 
- - - - 

Miniimum relative 

humidity (X4) 
-0.620 -1.232 * 9.71 

Rainfall (X5) 0.898 0.965 * 5.98 

Wind speed (X6) 2.838 1.080 * 7.46 

The prediction equation for insect population: Y= 58.528 – 4.310X1 + 4.475X2 – 0.620 X4 + 0.898X5 + 

2.838X6 

Coefficient of determination (R
2
) = 0.997 

Adjusted R
2 
=0.984 

Per cent contribution of all the abiotic factors on insect population = 98.4 

* t value significant at p = 0.05  ** t value significant at p = 0.01  NS: t- test non- significant  

# Contribution of different independent variables (abiotic actors) to variation in the dependent variable (E. 

vittella) on okra 
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Abstract: Molecular characterization is helpful in understanding the phylogenetic relationship among various germplasm to 

reveal the genetic diversity within a given taxonomic group.  Evaluation of genetic diversity would promote the efficient use 

of genetic variations (Paterson et al., 1991), effective conservation and purity of the genotype to be determined as well as 

utilization of germplasm in crop improvement .RAPD marker analysis was performed to detect relatedness and diversity 

among eight parental genotypes. Twenty five RAPD primers having 60% or more GC content were used for the present 

investigation. Out of 25 primers only 17 were amplified and produce total 391 amplified fragments (amplicon) ranged 

between 100 bp to 2500 bp. Out of 104 scorable bands, 91 were polymorphic that showed 88 per cent polymorphism. The 

average number of bands per primer was found to be 6.12 and average numbers of polymorphic bands per primer were 5.35. 

OPP-10 proved to be best primer in our investigation with total 52 fragments and eight highest scorable bands as well as 100 

per cent polymorphism.   

 

Keywords : Mungbean, RAPD Markers, Yield, Yield components 

 

INTRODUCTION 

 

ulses constitute an important ingredient of the 

vegetarian diet in the Indian sub-continent and 

play a significant role in Indian farming because of 

their value in providing quality food to teeming 

million and restoring soil fertility through biological 

nitrogen fixation. India is the largest producer and 

consumer of pulses in the world accounting 33 per 

cent of the area and 25 per cent of the global out-put. 

Green gram [Vigna radiata (L.) Wilczek) is the most 

important legume (Pulse) crop in India after chickpea 

and pigeonpea. It contributes to about 14% of total 

pulses cultivation area and 7% of total pulses 

production in India. Among pulses, green gram has 

important place as it contains more digestible 

proteins. It contains 25.0 per cent proteins with all 

essential amino acids, which is almost three times 

more than that of cereals (Saini et al., 2010). Besides 

being a rich source of protein, green gram enriches 

soil fertility through atmospheric nitrogen fixation 

with the help of rhizobium bacteria in nodules and 

humus thus, plays a crucial role in furthering 

sustainable agriculture. For any successful breeding 

programme to improve grain yield and component 

characters, it is essential to know precisely the 

genetic architecture of these characters under 

prevailing conditions. 

Morphological and biochemical markers used for 

discriminating cultivars / varieties or parental 

material are not adequate as they are subject to 

environmental influences, whereas the molecular 

markers especially DNA based, have proven better. 

The latter may or may not correlate with phenotypic 

expression of a genomic trait. Varietal profiling 

methods that directly utilize DNA have been found 

to potentially address all the limitations associated 

with morphological and biochemical data. They offer 

numerous advantages over conventional, phenotype-

based characters as they are stable and detectable in 

all situations regardless of growth, differentiation, 

development or defense status of the cell. 

Additionally, they are not confounded by 

environmental, pleotropic and epistatic effects. The 

DNA markers become the marker of choice for the 

study of crop genetic diversity, especially those 

based on DNA sequence variations which are 

increasingly being utilized in crops for construction 

of genetic maps and marker-assisted selection 

studies. Among the DNA markers, development of 

RAPD-PCR based DNA finger printing has proved 

to be versatile (Gherardi et al., 1998). RAPD markers 

have been used for the identification and assessing 

the genetic diversity among parental material of 

several crops like green gram (Saini et al., 2010),.  

Moreover, RAPD-derived genetic information helps 

to compare each germplasm and to choose competent 

parents for hybridization. Among the various 

molecular markers, PCR based RAPD markers have 

become popular since their application does not need 

any prior information about the target sequences on 

the genome and is simple and fast. Application of 

molecular markers to plant breeding has established 

the need for information on variation in DNA 

sequence even in those crops in which little classical 

genetic and cytogenetic information is available. 

 

MATERIAL AND METHOD 

 

Eight diverse and well adapted genotypes of green 

gram were selected as parents for crossing 

programme, namely IPM-99-125, BM-4, ML-131, 

IPM 02-03, PDM-139, RMG-1035, RMG-344 and 

RMG-1045.  Cross success percentage was very less 

P 
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in open field at normal environmental condition; 

therefore crosses were attempted at green house 

during spring, 2013-14 in diallel fashion (excluding 

reciprocals) to obtain 28 F1 crosses. The experimental 

material for the present investigation comprised of 36 

entries including 8 parents and their 28 F1 crosses.  

These parents and F1 were grown in randomized 

block design with three replications during kharif, 

2014 at RCA college farm, MPUAT, UDAIPUR All 

recommended cultural practices and plant protection 

measures were adopted to raise a good crop.

 

Table 1. Experimental material and their pedigree 

Parent         Pedigree    Source 

IPM 99-125 PM 3 x APM 36 IIPR, Kanpur 

BM 4 MUTANT of T44 ARS, Badnapur 

ML 131 ML 1 x ML 23 ARS, Durgapura 

IPM 02-03 IPM 99-125 x Pusa bold 2  IIPR, Kanpur 

PDM 139 ML 20/19 x ML 5 IIPR, Kanpur 

RMG 1035 RMG 492 x ML 818 ARS, Durgapura 

RMG 344 MOONG SEL.1 x J 45 ARS, Durgapura 

RMG-1045 RMG-62 x KM 2170 ARS, Durgapura 

 

Molecular marker analysis was done exclusively for 

the parental material only to see the diversity present 

among the parental material. DNA extracted from 

different green gram cultivars were compared using 

RAPD  methodology. DNA was extracted from 

young leaves (3–4 weeks old) using CTAB method 

and  was amplified by using decamer random 

oligonucleotide primer in a DNA thermo cycler 

(Biometra). The amplified samples were separated on 

agarose gel electrophoresis (1.2%). The bands were 

scored for their presence or absence. The leaves were 

harvested after 21 days and DNA was isolated with 

the help of Doyle and Doyle, 1987 protocol.  

The DNA was diluted to final concentration of 10.0 

ng/μl in T10E1 buffer (10 mM Tris HCL, 1 mM 

EDTA, pH 8.0). A set of 30 decanucleotide RAPD 

primers were used for PCR amplification. PCR 

amplification conditions such as concentration of 

template DNA, primers, concentration of MgCl2, Taq 

DNA polymerase and annealing temperature were 

optimized for RAPD primers. Reproducible and clear 

banding patterns were obtained in a reaction mixture 

of 20 µl containing 50 ng of template DNA, 2 µl of 

10 X Taq DNA polymerase buffer, 1.5 mM MgCl2, 

200 µM of each dNTP, 0.30 µM of primer and 1 U of 

Taq DNA polymerase, at an annealing temperature 

of 37°C (RAPD)  for  PCR amplification. Similar 

findings reported by Khamassi et al. (2011).

  

Table 2. PCR reaction mixture content 

Components Final concentration Single tube/20 (μl) 

DNA template 50ng 2.00 μl 

Master Mixture    

(i) dNTP MIX  200µM 1.6 μl 

(ii) Taq polymerase 1 U 0.33μl 

(iii) Reaction buffer (10x) 1X 2.00 μl 

(iv) Primer 0.5 µM 1.00μl 

(vi) dd  H2O       12.07μl 

 

Agarose gel electrophoresis and Data analysis:  

Submerged gel electrophoresis unit was used for 

fractionating amplified PCR products on 1.5 per cent 

agarose gel. The gel was prepared in 1X TAE buffer 

containing [(0.50 µg/ml) of ethidium bromide] the 

samples and loading dye were mixed in 1:1 ratio and 

loaded with micropipette. Electrophoresis was 

carried out at 100 volt for 3 hrs.  Photographs from 

ethidium bromide containing gel were used to score 

the data manually and independently for RAPD 

analysis. Presence of amplified product were scored 

as 1 and its absence as 0 for all genotypes and primer 

combinations. These data matrices were then entered 

into NTSYS-PC (Numerical Taxonomy and 
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Multivariate Analysis System Programme) developed by Rohlf (1993). 

  

 

 
Figure 1. Protocol used for RAPD primers for PCR amplification 

 

RESULT AND DISCUSSION 

 

The amount of DNA isolated from various genotypes 

of V. radiata L. ranged from 757 to 1518 ng/µl 

(Table 4.23). The genotype IPM 02-03 yielded the 

highest amount of DNA (1518 ng/µl). Whereas the 

lowest amount of DNA (757 ng/µl) was obtained 

from genotype RMG-344. The ratio of absorbance 

(A260/A280) ranged from 1.70 to 1.89 revealing that 

the DNA obtained was free from contaminants like 

polysaccharides, protein and RNA. The quality of 

DNA as also checked by gel electrophoresis revealed 

a single discrete band in all genotypes showing that 

genomic DNA was intact and had high molecular 

weight, free from any mechanical or enzymatic 

degradation, free from RNA contamination and was 

of high quality. 

 

Table 3. Quality and quantity of total genomic DNA of V. radiata L. isolated and purified by CTAB method 

Genotypes Parents’ Name 

Concentration 

Ratio 260/280 (ng/ µl) 

P1 IPM 99-125 1420 1.81 

P2 BM-4 968 1.77 

P3 ML-131 1250 1.79 

P4 IPM 02-03 1518 1.89 

P5 PDM-139 1251 1.8 

P6 RMG-1035 1012 1.81 

P7 RMG-344 757 1.74 

P8 RMG-1045 998 1.82 

 

Twenty-five RAPD primers having 60% or more GC 

content were used for the present investigation. Out 

of 25 primers only 17 were amplified. A total of 104 

amplified bands were obtained of which 91 were 

polymorphic and 13 monomorphic that showed 88 % 

polymorphism. The total number of amplified bands 

varied between 5 and 8. The average number of 

bands per primer was found to be 6.12 and average 

numbers of polymorphic bands per primer were 5.35. 

The polymorphism amongst all genotypes of V. 

radiata L. was 88% and the overall size of PCR 

amplified products ranged between 100 bp to 2500 

bp. The per cent polymorphism ranged from as low 

as 60 % (OPA-15 and OPB-06) to as high as 100 % 

(OPA-09, OPA-10, OPA-08, OPB-03, OPB-07, 

OPE-03, and OPA-16). Similar result has been found 

by Datta et al. (2012), Undal et al. (2011) and Saini 

et al. (2010) etc. 
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Table 4. Details of the RAPD primers used for amplification of genomic DNA of green gram Genetic 

relationship and Cluster Tree Analysis 

Total number of primers 25 

Number of primers which showed amplification 17 

Number of primer which showed polymorphism 17 

Total number of monomorphic bands  13 

Total number of polymorphic bands 91 

Total number of bands 104 

Total number of amplicon produced  391 

 

The data obtained by using RAPD and ISSR primers 

were further used to construct similarity matrix of 

eight V. radiata L. genotypes using ‘Simqual’ sub-

programme of software NTSYS-pc. Dendrograms 

were constructed using similarity matrix values as 

determined from RAPD  data for V. radiata L. 

genotypes using unweighted pair group method with 

arithmetic average (UPGMA) sub-programme of 

NTSYS-pc software.  

Similarity Matrix 
Based on RAPD similarity matrix data, the value of 

similarity coefficient ranged from 0.34 to 0.57 . The 

average similarity across the eight parents was found 

out to be 0.46 showing that genotype were 

moderately diverse from each other. Maximum 

similarity value of 0.57 was observed between 

genotypes PDM-139 and RMG-1035; PDM-139 and 

RMG-1045 followed by PDM-139 x RMG-344 and 

RMG-1035 x RMG-344 with a similarity coefficient 

value of 0.54. Likewise, minimum similarity value of 

0.34 was observed between genotypes IPM 99-125 

and RMG-1045.  The findings confirm with that of 

Saini et al. (2010) and Lavanya et al. (2008).  

RAPD Marker Based Cluster Tree Analysis 

The Jaccard’ssimilarity coefficient based on 

UPGMA displayed in the range of 0.34 to 0.57. The 

RAPD cluster tree analysis of eight V. radiata L. 

genotypes showed that they could be divided into 2 

major clusters viz., cluster I and cluster II at a 

similarity coefficient of 0.40 . The dendrogram 

clearly indicated that cluster I included two 

genotypes IPM 99-125 and IPM 02-03 at 0.46 

similarity coefficient. The cluster II was larger than 

cluster I, included six genotypes, viz. BM-4, ML-

131, PDM-139, RMG-1035, RMG-1045 and RMG-

344. Cluster II was divided into two sub-clusters, 

cluster II-A has only one genotype BM-4, where as 

cluster II-B has two sub-clusters, II B1 included 

genotype ML-131 and second sub cluster II B2 

included four genotypes PDM-139, RMG-1035, 

RMG-1045 and RMG-344. II B2’ has two sub-

clusters, sub-cluster II B2’a included PDM-139 and 

RMG-1035 with 0.57 similarity coefficient, Looking 

to the morphological similarity both are having hard 

seed with approx. similar maturity time and yield 

potential and RMG-1045 included sub-cluster II B2
1
 

b. While, the genotype RMG-344 was grouped single 

in separate cluster (II B2”). Saini et al. (2010) and 

Datta et al. (2012) reported almost similar results.

  

Table 5. Jaccard’se Similarity Coefficient based on RAPD profiling 

  

IPM 99-

125 BM-4 ML-131 IPM 02-03 

PDM-

139 

RMG-

1035 

RMG-

344 

RMG-

1045 

         IPM 99-125 1.00 

       
         BM-4 0.40 1.00 

      

         ML-131 0.46 0.41 1.00 

     

         IPM 02-03 0.46 0.40 0.43 1.00 

    

         PDM-139 0.40 0.51 0.51 0.40 1.00 

   

         RMG-1035 0.38 0.49 0.51 0.41 0.57 1.00 

  

         RMG-344 0.38 0.44 0.50 0.42 0.54 0.54 1.00 

 

         RMG-1045 0.34 0.42 0.37 0.38 0.57 0.53 0.47 1.00 
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From the above discussion, it may be concluded that 

RAPD analysis revealed substantial polymorphism in 

parental mungbean genotypes. The technique may be 

used to obtain reasonably precise information on 

genetic relationship among mungbean genotypes. 

Such information may be useful for selecting diverse 

parents for hybridization purpose and also 

monitoring the genetic diversity periodically in the 

breeders working collection of mungbean. To 

achieve breakthrough in the yield and quality 

characters of V. radiata L., genetic divergence 

analysis should be attempted so that the highly 

diverse genotypes could be selected for molecular 

breeding programmes 

 

Table  6. Polymorphism information of RAPD primers analyzed 

Sl 

No 

Primer Total 

No of 

bands 

(a) 

Total no. of 

polymorphic bands 

Polymorphism % (b/a X 

100) 

Range of band size 

(b) 

1 OPA-02 7 6 86 200-1000 

2 OPA-05 6 5 83 300-2000 

3 OPA-07 7 6 86 300-1000 

4 OPA-08 7 7 100 400-2000 

5 OPF-19 6 4 67 200-1500 

6 OPP-03 5 4 80 300-1500 

7 OPB-06 5 3 60 100-900 

8 OPA-10 6 6 100 200-1000 

9 OPP-10 8 8 100 200-1500 

10 OPA-11 6 5 83 400-1500 

11 OPA-14 NA NA NA -  

12 OPA-15 5 3 60 400-1000 

13 OPC-01 NA NA NA -  

14 OPB-03 6 6 100 100-1500 

15 OPA-09 7 7 100 200-2500 

16 OPB-07 6 6 100 300-1000 

17 OPC-05 NA NA NA -  

18 OPE-03 5 5 100 400-1500 

19 OPA-16 6 6 100 400-2000 

20 OPC-06 NA NA NA -  

21 OPB-02 6 4 67 400-2000 

22 OPB-04 NA NA NA -  

23 OPB-05 NA NA NA  - 

24 OPB-08 NA NA NA  - 

25 OPB-10 NA NA NA  - 

Total 104 91 88  - 

Average 6.12 5.35     
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Abstract: The present investigation was carried out with half diallel analysis involving 10 parents and their 45 F1 hybrids to 
estimate the heterosis for fibre quality traits. The hybrid Pusa 9127 x BS 277 recorded highest heterobeltiosis (8.23) for 2.5% 
span length and hybrid BS 2170 x TCH 1728 exhibited positive significant relative heterosis (9.09%) for uniformity ratio. 
hybrid GSHV 99/ 307 x TSH 0250 (32.26%) showed significant positive heterobeltiosis for miconaire while hybrid CCH 
510 x BS 2170 (18.25%) for strength to length ratio appears to be most superior hybrids. 

 
Keywords: Heterobeltiosis, Relative heterosis, Miconaire, 2.5% span length, Half Diallel analysis 

 

INTRODUCTION 

 

ndia is second most leading country in production 

and utilization of cotton after the china at global 

level. By introduction of transgenic Bt (Bacillus 

thuringiensis) cotton with good management 

practices resulted in bumper harvest with minimum 

pesticide usage. However in the recent years demand 

for cotton fibers in markets dramatically increased 

(Zeng and Wu., 2012). Fiber quality is a complicated 

quantitative trait consists of several other traits such 
as fiber length, uniformity ratio, fiber strength, fiber 

elongation, micronaire etc., each were under control 

of many genes with variable effects (Song et al., 

2014). Thus, improvement of cultivar with desirable 

fiber quality trait is most sustainable approach to 

meet the demands of textile industry and maintain 

profitability of cotton growers.  

Heterosis breeding is most extensively used method 

for genetic improvement of both quantitative and 

qualitative traits and significantly contributed for 

development of large number of varieties, hybrids 

with desirable fiber quality traits. Previous studies of 

Ahuja (2003) suggested that to meet the requirement 

of present modern spinning mills there is urgent need 

for development of high fibre length and strength 

cultivars.  By considering the importance of the use 

of heterosis for quality traits and its impact on future 

cotton production, present study is carried out with 

an objective of estimating manifestation of heterosis 

for fibre quality in F1 hybrids in a 10x 10 half diallel 

mating design. 

 

MATERIAL AND METHOD 

 

Parental genotypes: Ten genetically distant upland 

cotton genotypes were selected from All India 

Coordinated Cotton Improvement Project (AICCIP) 

whose performance was found to be consistency in 

productivity and fiber quality traits. Forty-five F1 

hybrids were obtained by crossing the parental 

genotypes in half diallel mating design. 

Field experiment 

The F1 seeds were hand dibbled to ensure uniform 

maintains of population size in a row having 20 

plants spaced at 60 cm within plants and 90 cm 

between the rows in a randomized complete block 

design (RCBD) with two replications. All 

recommended cultural practices were carried out to 

establish good crop and maintained uniform 

agronomic practices to discourage environmental 

variability to the maximum possible extent.  

Observations were note done on the middle five 

competitive plants, Seed cotton sample of about 300g 

was collected from each treatment in each replication 

and these were ginned to 100g lint weight. Fiber 

quality properties viz, 2.5% Span length (mm), Fibre 

strength (g tex -1), Fibre elongation (%), uniformity 

ratio, Fibre strength to length ratio were measured by 

using High Volume Instrument (HVI) at Central 

Institute for Research on Cotton Technology 

(CIRCOT), Main Station at Mumbai (India); data 

analysis carried out by using WINDOSTAT 8.0 

software to estimate the magnititude of Heterosis and 

expressed as percentage increase (+) or decrease (-) 

respectively.

 

 

 

 

I 

RESEARCH ARTICLE 

mailto:kumar.shiva602@gmail.com


324 SHIVA KUMAR K., J.M. NIDAGUNDI AND A.C. HOSAMANI 

RESULT AND DISCUSSION 

 

Table 1. ANOVA for different fibre quality traits in 10 x 10 half diallel set of cross at ARS Siruguppa during 

kharif 2012-13 

Source of variation df 

2.5% 

span 

length 

(mm) 

Uniformity 

ratio (%) 

Micronaire 

(µg/inch) 

Fibre 

strength 

(g/tex) 

Elongation 

(%) 

Streng

th to 

length 

ratio 

1 2 3 4 5 6 

Replicates 1 0.25 28.50** 0.72** 6.19 1.12 102.15 

Treatments 54 3.24* 2.97 0.20** 2.38 0.27 34.73 

Parents 9 3.84* 3.76 0.21* 5.072** 0.18 50.76 

Hybrids 44 3.19* 2.73 0.20** 1.88 0.30 32.16 

Parent Vs Hybrids 1 0.06 6.34 0.07 0.25 0.10 3.91 

Error 54 1.85 2.71 0.08 1.81 0.34 25.70 

Total 109 2.53 3.07 0.14 2.14 0.31 30.88 

 

The analysis of variance indicated (Table 3) 

significant differences between the treatments for 

2.5% span length, Micronaire value suggesting the 

presence of wide variability for the traits. Parents 

were showed significant differences for 2.5% span 

length, Micronaire and Fibre strength while, crosses 

for 2.5% span length and Micronaire value 

respectively. 

Mean sum of squares due to parents were greater 

than hybrids for 2.5% span length, uniformity ratio, 

Micronaire and Fibre strength whereas, it was Vice 

versa for other traits. The mean sum of Squares due 

to Parent Vs Hybrids was non-significant for all the 

traits under study 

 

Table 2. Ranges for mean performance of parents in fibre quality traits 

SI No. Traits 

Minimum 

value 

Maximum 

value Mean Lowest parents Highest 

1 2.5% span length 26.12 30.65 28.40 H 1462 TSH 0250 

2 uniformity ratio 48.50 54.00 51.45 GSHV 99/ 307 Surabhi 

3 micronaire 3.10 4.10 3.47 GSHV 99/ 307 BS 2170 

4 fibre stregth 19.45 24.50 21.73 H 1462 TCH 1728 

5 elongation % 5.00 6.10 5.68 GSHV 99/ 307 BS 2170 

6 S/L ratio 0.65 0.87 0.77 GSHV 99/ 307 BS 2170 

 

Table 3. Ranges for mean performance of hybrids in fibre quality traits 

SI No. Traits 

Minimum 

value 

Maximum 

value Mean Hybrids lowest Highest 

1 2.5% span length 25.8 31.59 29.11 CCH 510 x TSH 0250 BS 277 x TCH 1728 

2 uniformity ratio 48.5 54.5 52.20 BS 277 x TCH 1728 Pusa 9127 x Surabhi 

3 Micronaire 3.2 4.4 3.79 TSH 0250 x TCH 1728 GSHV 99/ 307 x Surabhi 

4 fibre strength 20.05 23.85 21.77 Surabhi x CCH 510 ARB 904 x H 1462 

5 elongation % 4.3 6.1 5.48 Pusa 9127 x  Surabhi ARB 904 x  BS 2170 

6 S/L ratio 0.69 0.88 0.74 Surabhi x TCH 1728 H 1462 x TCH 1728 

 

Table 4. Heterosis for 2.5% span length, uniformity ratio and micronaire in 10 x 10 half diallel set of crosses 

Crosses 

2.5% span length Uniformity ratio (%) Micronaire 

Hmp Hbp Hmp Hbp  Hmp Hbp 

GSHV 99/ 307 x Pusa 9127 0.78 -4.13 -0.47 0.95 -4.4 12.86 

GSHV 99/ 307 x ARB 904 -3.99 -4.09 -1.9 0.96 9.33 16.92* 

GSHV 99/ 307 x Surabhi 2.84 -6.77 0 -4.63 11.54 26.15 
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GSHV 99/ 307 x CCH 510 -4.67 -1.49 -1.44 1.9 5.41 22.54** 

GSHV 99/ 307 x  BS 277 2.03 -5.61 -0.95 1.98 -1.28 8.33 

GSHV 99/ 307 x BS 2170 -6.32 -4.79 0.49 1.96 17.73 * -6.1 

GSHV 99/ 307 x  H 1462 -1.74 -8.25 -1.44 -2.86 9.33 5.06 

GSHV 99/ 307 x TSH 0250 5.71 -7.67* -3.32 1.94 0 32.26** 

GSHV 99/ 307 x TCH 1728 -0.34 -3.8 1.45 0.99 3.5 23.44** 

Pusa 9127 x ARB 904 -1.54 0.34 -0.48 1.9 1.99 5.71 

Pusa 9127 x  Surabhi 5.03 -1.55 6.34 * -2.78 -12.1 14.29 

Pusa 9127 x CCH 510 2.1 -1.03 0.96 -0.95 10.07 8.45 

Pusa 9127 x  BS 277 0 8.23* -1.44 3.81 4.46 -4.17 

Pusa 9127 x  BS 2170 -3.74 4.56 2.97 1.9 14.08 * 24.39** 

Pusa 9127 x  H 1462 10.06 * -3.44 0 -1.9 -5.96 4.05 

Pusa 9127  x TSH 0250 9.69 * -7.5 -0.95 -0.95 -18.24 ** 16.29* 

Pusa 9127  x  TCH 1728 1.46 6.79 0 -0.95 1.39 1.43 

ARB 904 x Surabhi -1.02 7.14* 2.94 -3.7 -12.16 30.77** 

ARB 904 x  CCH 510 -7.82 * 3.15 4.35 -0.96 1.43 2.82 

ARB 904 x  BS 277 1.22 6.43 0.96 1.92 5.41 -1.39 

ARB 904 x  BS 2170 1 3.93 3.48 0.96 0.75 -20.73** 

ARB 904 x  H 1462 -0.77 7.22* -0.48 2.86 -7.04 -10.13 

ARB 904 x TSH 0250 -7.69 -5.38 4.31 0.96 -8 20.00** 

ARB 904  x TCH 1728 -0.59 3.06 0.49 0.96 15.56 * 3.08 

Surabhi  x CCH 510 -6.92 1.4 2.46 -0.81 0 -4.63 

Surabhi  x  BS 277 7.08 -7.69 1.96 0.93 -9.09 -4.17 

Surabhi  x  BS 2170 -3.37 7.01 6.60 * -4.63 5.04 -4.88 

Surabhi x  H 1462 7.38 5.38 0.49 -7.41 -2.7 -2.53 

Surabhi x TSH 0250 7.99 -8.97* 2.44 -3.7 0 12.31* 

Surabhi x TCH 1728 0.43 0.03 0.5 2.72 14.89 * 7.69 

CCH 510 x  BS 277 -1.8 0.35 0.48 1.94 9.59 1.39 

CCH 510 x  BS 2170 -6.45 8.23* 8.00 ** -0.97 3.82 -12.20* 

CCH 510 x  H 1462 -0.84 4.2 -1.94 1.9 7.14 -1.27 

CCH 510 x  TSH 0250 10.78 * -4.21 -6.73 * -1.94 -12.16 14.08* 

CCH 510 x TCH 1728 -10.43 ** 5.09 3.92 3.88 27.82 ** -2.82 

BS 277 x  BS 2170 6.4 2.61 3.48 1.96 5.04 -2.44 

BS 277  x  H 1462 -5.08 2.52 5.31 2.86 5.41 -13.92 

BS 277 x  TSH 0250 11.01 * -3.69 -0.48 -1.94 -10.26 19.05* 

BS 277 x TCH 1728 2.9 7.27 -0.49 -3.96 -0.71 -9.72 

BS 2170  x  H 1462 -1.27 2.46 5 0.95 5.26 3.66 

BS 2170 x  TSH 0250 -0.71 -10.34* 2.97 0.97 -7.8 -6.1 

BS 2170 x  TCH 1728 -7.95 * 4.41 9.09 ** 1.96 3.17 -10.98 

H 1462  x  TSH 0250 2.29 -2.94 -2.88 -0.95 -4 -11.39 

H 1462 x TCH 1728 -8.97 * 1.02 0 -0.95 21.48 ** -11.39 

TSH 0250 x TCH 1728 10.35 * -4.4 0 -0.97 -11.89 9.37 

Mean 0.32 0.32 1.25 -0.04 2.06 4.57 

SEd 1.18 1.36 1.43 1.65 0.24 0.28 

Hmp = Heterosis over mid-parent,  Hbp = Heterosis over better parent  * & ** Significant at 5% & 1% 

respectively 

 

Table 5. Per se performance and heterosis for fibre strength, elongation and strength to length ratio in 10 x 10 

half diallel set of crosses 

Crosses 

Fibre strength 

(g/tex) Elongation (%) Strength to Length ratio  

Hmp Hbp Hmp Hbp Hmp Hbp 

GSHV 99/ 307 x Pusa 9127 -2.6 7.62 -1.82 1.87 -3.58 7.39 
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GSHV 99/ 307 x ARB 904 -8.53 1.89 -4.98 -7.69 -4.23 -2.07 

GSHV 99/ 307 x Surabhi -0.9 -1.43 0.45 -1.87 -3.92 -4 

GSHV 99/ 307 x CCH 510 -3.56 -6.4 0.46 -8.26 0.67 -10.7 

GSHV 99/ 307 x  BS 277 -1.84 -0.23 2.3 1.85 -3.58 -2.62 

GSHV 99/ 307 x BS 2170 -1.18 -7.19 4.31 -9.02 4.9 -15.18** 

GSHV 99/ 307 x  H 1462 -7.49 7.2 -6.09 -3.54 -5.63 0.7 

GSHV 99/ 307 x TSH 0250 -1.31 -5.54 -3.6 -10 -6.89 2.02 

GSHV 99/ 307 x TCH 1728 -5.73 -15.31** 1.31 -10.83 -5.59 -14.45** 

Pusa 9127 x ARB 904 3.62 4.96 -1.35 -0.85 5.3 0.58 

Pusa 9127 x  Surabhi -2.65 3.1 -22.87 * 3.74 -6.98 -0.38 

Pusa 9127 x CCH 510 2.62 -2.35 0.45 -9.09 1.02 -3 

Pusa 9127 x  BS 277 -2 -2.76 0.46 -20.37 -1.99 -10.31 

Pusa 9127 x  BS 2170 6.91 -1.74 4.27 -9.02 11.03 -14.79** 

Pusa 9127 x  H 1462 5.54 -0.95 -1.72 -2.65 -4.13 -0.16 

Pusa 9127  x TSH 0250 3.65 -2.22 -4.46 -8.33 -5.33 5.58 

Pusa 9127  x  TCH 1728 -2.49 -2.86 -17.75 * -5 -3.47 -9.05 

ARB 904 x Surabhi 5.99 1.67 2.68 -8.55 6.98 -6.7 

ARB 904 x  CCH 510 -4.57 -4.05 -6.31 -21.49* 3.73 -6.77 

ARB 904 x  BS 277 -7.5 3.92 -4.55 -4.27 -7.95 -2.68 

ARB 904 x  BS 2170 6.29 2.18 14.15 -5.74 5.34 -7.54 

ARB 904 x  H 1462 3.7 1.18 1.29 -75.41** 4.76 0.9 

ARB 904 x TSH 0250 1.9 -11.09 -3.11 -12.5 10 -8.73 

ARB 904  x TCH 1728 -8.82 -8.57 -2.59 0.83 -8.52 -11.25* 

Surabhi  x CCH 510 -8.64 1.71 -8.11 -2.48 -2.04 0.49 

Surabhi  x  BS 277 -0.47 -1.38 7.27 0.93 -6.98 0 

Surabhi  x  BS 2170 0.24 -6.54 0 -7.38 3.57 -16.4 

Surabhi x  H 1462 3.65 3.58 -3 -0.88 -3.82 -1.46 

Surabhi x TSH 0250 6.68 -10.86* 4.89 -15 -1.67 -5.32 

Surabhi x TCH 1728 -12.99* -13.67* -3.45 -1.67 -13.29* -16.00** 

CCH 510 x  BS 277 -0.46 -11.73* 4.59 -12.4 1.69 -12.14 

CCH 510 x  BS 2170 10.74 -0.21 -17.14 -7.38 18.25** -13.11 

CCH 510 x  H 1462 -8.42 -6.4 -2.16 -2.48 -7.14 -10.46 

CCH 510 x  TSH 0250 7.78 -14.29* -1.35 -7.44 -3.07 -16.28** 

CCH 510 x TCH 1728 -10.68* -8.98 -13.04 -9.09 -0.65 -13.39* 

BS 277 x  BS 2170 7.43 -6.54 12.5 -6.56 0.36 -14.21* 

BS 277  x  H 1462 0.79 6.91 6.55 -23.01 6.67 4.09 

BS 277 x  TSH 0250 12.05* -7.1 2.26 -5.83 1.33 -8.62 

BS 277 x TCH 1728 -4.19 -8.16 0 -8.33 -6.62 -14.39** 

BS 2170  x  H 1462 -2.44 -8.93 -3.17 -18.03 -1.36 -11.37** 

BS 2170 x  TSH 0250 8.32 -9.37 9.86 -11.48 8.24 -13.12* 

BS 2170 x  TCH 1728 -4.99 -11.43* -2.73 -4.1 2.7 -19.03** 

H 1462  x  TSH 0250 1.17 0 -7.69 -5.83 -0.96 1.9 

H 1462 x TCH 1728 -4.28 -7.96 1.24 -5.83 6.06 -8.76 

TSH 0250 x TCH 1728 2.62 -11.43* 3 -5 -6.03 -10.95 

Mean -0.38 -3.82 -1.31 -8.57 -0.51 -6.93 

SEd 1.17 1.35 0.5 0.58 4.39 5.07 

Hmp = Heterosis over mid-parent,  Hbp = Heterosis over better parent.  * & ** Significant at 5% & 1% 

respectively 

 

Mean performance  

Mean performance of any genotype is estimated 

based on its performance under field conditions. 
Mean performance of parents and F1 hybrids were 

represented in Table 2 and Table 3 respectively. 

mean performance of parents for 2.5% span length is 

varied from 26.12 mm to 30.65 mm and its 

expression is affected by environmental factors 

(Geddam et al., 2011; Usha rani et al., 2015) while, 

Cross shows variation from 25.8 mm to 31.59 mm. 

Among forty five hybrids twenty six hybrids were 
recorded significantly higher mean value than grand 

mean value.  

The range of mean value varied from 48.5% (CCH 

510 x TSH 0250) to 54.5% (Pusa 9127 x Surabhi)) 

for uniformity ratio between the hybrids. Twenty five 
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out of forty five hybrids exhibited significantly 

higher means value than grand mean value. Highest 

values (54.5%) were observed for four cross 

combinations (Pusa 9127 x Surabhi, BS 277 x H 

1462, ARB 904 x TSH 0250, BS 277 x H 1462). 

These findings were in accordance with the previous 
reports of Sekhar et al., (2012) in male sterile diploid 

cotton hybrids. 

For micronaire mean value of parent’s ranges from 

3.1 to 4.1μg/inch while, in hybrids it represents from 

3.2μg/inch (TSH 0250 x TCH 1728) to 4.4μg/inch 

(GSHV 99/ 307 x Surabhi). 29/45 hybrids manifested 

significantly higher mean values than the grand mean 

values (Ashokkumar et al., 2013) and greater 

difference among the cultivars were extensively 

observed by Bolek et al., (2010) for the trait. Among 

the hybrids mean value of variation represents from 

20.1g/tex (Surabhi x CCH 510) to 23.9g/tex (ARB 
904 x H 1462) while in parents from 19.45 g/tex to 

23.85 g/tex for fiber strength (Karademir et al., 

2011). 

Mean performance of parents were slightly higher 

than the hybrids and it ranges in hybrids from 4.3% 

(Pusa 9127 x Surabhi) to (ARB 904 x BS 2170) 

6.1%. Twenty seven out of forty five hybrids were 

manifested significantly higher mean values than the 

grand mean value.   Between cross combinations 

mean range of variation arises from 0.69 (Surabhi x 

TCH 1728) to (H 1462 x TCH 1728) 0.88 for 
Strength to Length ratio while, parents represents 

from 0.65 to 0.87 respectively.  24 out of 45 hybrids 

were recorded higher mean value the grand mean 

value. 

 

Estimation of Heterosis  

Heterosis refers to superiority of progeny in 

performance over their parents either in positive or 

negative direction. Calculated Heterosis values were 

presented in Table 4 and Table 5 respectively. Three 

hybrids viz., BS 277 x TSH 0250 (11.01), CCH 510 

x TSH 0250 (10.78), TSH 0250 x TCH 1728 (10.35) 
were manifested significant positive heterosis over 

mid-parent and four (Pusa 9127 x BS 277, CCH 510 

x BS 2170, ARB 904 x H 1462, ARB 904 x Surabhi) 

over better parent respectively for 2.5% span length. 

These findings were in accordance with previous 

studies of Patel et al., (2014). For uniformity ratio 

four hybrids expressed significant positive heterosis 

over mid parent and one in negative direction 

(Jyotiba et al., 2010). However, none of the hybrid 

was manifested significant positive heterosis over 

better parent. Six out of 45 hybrids recorded 
significant mid parent Heterosis in positive direction 

and one in negative direction for micornaire value. 

The magnitude of percent heterosis over better parent 

was found to be the highest for the cross GSHV 99/ 

307 x TSH 0250 (32.26%). One hybrid (BS 277 x 

TSH 0250) exhibited significant positive heterosis 

over mid parent (Abro et al., 2014) while other two 

in negative direction viz., Surabhi x TCH 1728 (-

12.99) and CCH 510 x TCH 1728 (-10.68) for fibre 

strength.   

For Elongation percent none of the hybrids manifest 

themselves over better parent in positive but seven 

hybrids expressed in negative direction. Heterosis 

over the mid parent among the hybrids ranged from -
22.87 (PUSA 9127 x Surabhi) to 14.15 (ARB 904 x 

BS 2170) per cent. None of the hybrids expressed 

significant mid parent in positive direction. Two out 

of 45 hybrids [PUSA 9127 x Surabhi (-22.87) and 

PUSA 9127 x TCH 1728 (-17.75)] showed 

significant mid parent heterosis in negative direction. 

Heterosis over mid parent among the hybrids ranged 

from -13.29 (Surabhi x TCH 1728) to 18.25 (CCH 

510 x BS 2170) percent. While one of the cross 

(CCH 510 x BS 2170) expressed significant mid-

parent heterosis in positive direction, the cross 

Surabhi x TCH 1728 showed significant heterosis in 
negative direction. However, none of the hybrid 

manifests significant positive heterosis over better 

parent for strength to length ratio.  Thus the present 

study concludes that even though much Heterosis is 

not manifest in large number of hybrids, mean 

performance can be used as one of the criteria for 

selection of hybrids and provides a future way for 

crossing negative x negative hybrids or intermitting 

may probably expected to produce desirable 

combination. 
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Abstract: Sapota (Manilkara zapota L.) is a tropical fruit found in several parts of India. Once ripe, it needs to be consumed 

within a couple of days due to the highly perishable nature of this exquisite fruit variety. Drying is effective method to 

convert this perishable fruit into stabilised dehydrated products that can be stored for an extended period of time. In this 

study, influence of solar and oven drying on the quality of sapota fruit was investigated. Acidity and non-reducing sugars 

increased in sapota pieces dried by different methods of drying during storage upto 90 days. Sapota pieces dried in solar 

dryer had maximum acidity (0.346%). Total and reducing sugars decreased during storage in both methods of drying. Solar 

dried sapota powder contained maximum total sugars (35.58%) and minimum reducing sugars (26.27%) whereas minimum 

total sugar (35.52%) and maximum reducing sugar content (28.58%) was recorded in oven dried sapota on all periods of 

storage. Sapota dried after cutting in 4 parts had maximum acidity, total and reducing sugars in both methods of drying. 

 

Keywords: Sapota, Acidity, Drying methods, Solar, Oven, Sugars 

 

INTRODUCTION 

 

he reduction of losses and maintenance of 

quality of harvested products prior to 

consumption are extremely important. Drying is one 

of the widely used postharvest technologies which 

overcome problems related to over production, over 

supplied, postharvest handling and short shelf life. 

Drying is applied to lower the moisture content of 

fruit to a level that can prevent the growth of mould 

and fungi and thus minimize microbial degradation. 

Vijaya et al. (1997) reported that moisture content of 

sapota was reduced from 76% to 10-15% (wt basis) 

within 76 hrs by solar drying with time savings of 

26.9% over sun drying. Drying can be applied to 

convert this perishable fruit into stabilised 

dehydrated products that can be stored for an 

extended period of time. Selection of drying method 

depends upon industries and economic factors. 

Among various drying methods commercially 

available, open sun drying and solar drying have 

been exploited to some extent (Pareek & Kaushik, 

2012). Ganjyal et al. (2003) found that vacuum-oven 

drying (14 to 31 hrs) of Sapota was better than 

convection air-oven drying (15 to 35 hrs) at the 

temperatures tested (55
0
C to 70

0
C) in terms of drying 

duration. Sapota fruit (Manilkara zapota) is 

evergreen tree native to Mexico and Tropical 

America. The ripe fruit is eaten as a dessert fruit but 

only the pulp is usually consumed, although the skin 

is richer in nutritive value. Thus, production and 

commercialization of sapota fruit is rather limited 

due to the short shelf-life. Furthermore, there is lack 

of information on the physical and chemical 

characteristics of the fruit during postharvest storage. 

The sapota fruit can be processed into powdered 

form and used as natural flavor in jams, ice creams, 

and milk shakes. Sapota fruit has a high fiber content 

and hence the powder can be consumed as a fiber 

supplement for children as well as adults. Also, 

sapota fruit contains carotene, which is a known 

antioxidant and it can be consumed for its laxative 

property (Ganjyal et al., 2005). Thus, sapota powder 

can be considered as a complete food rich in 

vitamins, carbohydrates, fibers, and proteins. Thus, it 

is desired to process sapota to increase the shelf-life. 

Typically, the process includes controlled 

atmospheric storage and dehydration. The latter is 

the most cost effective and a viable method for the 

removal of a great part of constitutional water. 

Generally after drying the various metabolic activity 

of fruit stop or become negligible even then it is 

essential to find out various biochemical changes  

during storage of dried fruit to find out keeping 

quality of the dried fruit. For drying of fruits among 

the different methods the size of fruit pieces is also 

helpful to change in drying time and keeping quality. 

Therefore, the present study was carried out to see 

the effect of Sapota pieces dried by different methods 

on biochemical constituents.  

 

MATERIAL AND METHOD 

 

Sapota fruits (Var. Cricket Ball) of half ripe stage 

were harvested from ten year old trees and cut into 

quarter fruit (cut exactly into 4 parts along the 

longitudinal axis), slices of 5 mm and 10 mm thick. 

Samples were dried in solar and oven till constant 

weight was obtained. The dried fruit pieces of sapota 

in each of the drying method were ground in powder 

by grinding in grinder. The dehydrated sapota 

powder were sealed in air tight polyethylene with 

sealing machine and stored at room temperature. The 

sapota powder prepared by sapota dried by different 

methods of drying was used for the estimation of 

acidity and sugars just after drying and then at 15 

T 
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days of interval for 90 days. The total titrable acidity 

content was determined by the standard method 

(AOAC, 1990). Total sugars and reducing sugars 

were amount estimated by the method of Paleg 

(1960). Non-reducing sugars were determined by 

subtracting the amount of reducing sugar from the 

total sugars and expressed as percent. Observations 

were tabulated and statistically analysed. 

 

RESULT AND DISCUSSION 

 

Data presented in Table 1 indicate that acidity 

content of the sapota powder showed steady increase 

with increasing period of storage, i.e. 0.298%, 

0.312%, 0.324%, 0.341%, 0.354%, 0.356% and 

0.382% on 0, 15
th

, 30
th

, 45
th
, 60

th
, 75

th
 and 90

th
 day of 

storage, respectively. This increase in acidity content 

in fruit powder might be due to conversion of sugars 

(Clydesdale et al., 1972) and other substances which 

might be converted into acids during storage. 

Increase in acidity content has also been observed in 

dehydrated Mango pulp (Rao & Roy, 1980), Desi 

and Banarasi cultivars of Aonla (Ghorai & Sethi, 

1996), Dates (Kumar, 1989) and Aonla (Kumari, 

2016). Acidity content was higher in powder of 

sapota fruit dried by solar drying (0.346%) as 

compared to oven dried (0.334%). This could be 

attributed to different rate of various physiological 

processes which might have occurred at different 

rates in sapota dried by different methods of drying. 

Results of variations in acidity content in fruit 

powder prepared by different methods of drying have 

also been reported by Pareek & Kaushik (2012), 

Kumari (2016) and Pragati et al. (2003) in Aonla. 

Fruit cut in different sizes and converted into powder 

also significantly affected the acidity of fruits during 

storage. The maximum acidity (0.351%) was 

observed in sapota powder prepared after drying of 

fruits cut in 4 parts pieces and minimum in sapota 

powder prepared after drying of fruits cut in 5 mm 

pieces (0.328%). This might be due to de-

esterification of pectin molecules during storage 

resulting in loss of jelly grade which might have lead 

to decrease in methoxy content and resulted in 

increase in acidity content. The maximum acidity 

(0.401%) was recorded in solar dried sapota powder 

prepared by drying of 4 parts cut pieces on 90
th

 day 

of storage. However, minimum acidity was recorded 

in oven dried sapota powder prepared by drying of 

fruit cut in 5 mm pieces (0.278%) on initial day (0 

day) of storage.  

The data revealed that the total sugar content (Table 

2) was affected by fruit cut in different sizes and 

different methods of drying during storage. It 

decreased from 35.83% which was recorded on 0 day 

of storage to 35.74% after 15 days, 35.62% after 30 

days, 35.54% after 45 days, 35.43% after 60 days, 

35.38% after 75 days to 35.30% after 90 days of 

storage. The decrease in total sugars during storage 

might be due to the non-specific hydrolysis of 

macromolecules and inter conversions of sugars 

(Patter, 1985). These results are in conformity with 

the previous findings of Ghorai & Sethi (1996) in 

Desi and Banarasi cultivars of dried Aonla and 

Kumari (2016) in Chakaiya cultivars of Aonla. 

Sapota powder dried in solar dryer had more content 

of total sugar (35.58%) than oven dried sapota 

powder (35.52%). This might be due to the reason 

that different drying methods might have affected 

various physiological processes to different extent. 

The variation in total sugar by different drying 

methods is in agreement with an observed by Pragati 

et al. (2003) and Pareek & Kaushik (2012) in aonla. 

Fruit cut in different sizes and converted into powder 

also significantly affected the total sugar of fruits 

during storage. Total sugar content in sapota dried in 

different sizes, lower total.  

 

Table 1. Effect of Sapota pieces dried by different methods on acidity (%) during storage at   room temperature 

Drying 

Methods 

(M) 

Days of storage (D) 

Fruit 

Size (S) 
0 15 30 45 60 75 90 Mean 

Solar 

dryer 

5 mm 0.278 0.291 0.313 0.347 0.351 0.357 0.372 0.329 

10 mm 0.303 0.312 0.326 0.351 0.372 0.380 0.385 0.347 

4 Parts 0.318 0.320 0.343 0.361 0.383 0.390 0.401 0.359 

Mean 0.301 0.308 0.327 0.353 0.369 0.376 0.386 0.346 

Oven 

dryer 

 

5 mm 0.271 0.314 0.321 0.325 0.331 0.350 0.374 0.326 

10 mm 0.305 0.316 0.323 0.331 0.341 0.353 0.379 0.336 

4 Parts 0.310 0.321 0.325 0.334 0.347 0.359 0.382 0.340 

Mean 0.295 0.317 0.323 0.330 0.339 0.354 0.378 0.334 

Mean 0.298 0.312 0.324 0.341 0.354 0.356 0.382  

Mean of fruit parts 5 mm = 0.328    10 mm = 0.341       4 Parts = 0.351 

CD at 5% D=0.018   M=0.009 S=0.012       D×M=0.025      D×S=0.031

 M×S=0.016    D×M×S=0.044 
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Table 2. Effect of Sapota pieces dried by different methods on total sugars (%) during storage at room 

temperature 

Drying 

Methods 

(M) 

Days of storage (D) 

Fruit 

Size (S) 
0 15 30 45 60 75 90 Mean 

Solar 

dryer 

5 mm 35.67 35.59 35.34 35.32 35.30 35.26 35.21 35.38 

10 mm 35.79 35.71 35.63 35.55 35.41 35.35 35.24 35.53 

4 Parts 36.13 36.01 35.93 35.81 35.73 35.68 35.61 35.84 

Mean 35.86 35.77 35.63 35.56 35.48 35.43 35.35 35.58 

Oven 

dryer 

 

5 mm 35.58 35.54 35.43 35.34 35.20 35.11 35.03 35.32 

10 mm 35.85 35.75 35.67 35.58 35.47 35.40 35.31 35.58 

4 Parts 35.97 35.86 35.74 35.64 35.48 35.49 35.41 35.66 

Mean 35.79 35.72 35.61 35.52 35.38 35.33 35.25 35.52 

Mean 35.83 35.74 35.62 35.54 35.43 35.38 35.30  

Mean of fruit parts 5 mm = 35.35  10 mm = 35.56  4 Parts = 35.75 

CD at 5% D=1.12  M=0.50  S=1.08  D×M=N.S.  D×S=N.S.

  M×S= N.S.  D×M×S= N.S. 

 

sugar content (35.35%) was observed in sapota 

powder prepared by drying fruits after cutting in 5 

mm pieces and higher content of total sugar content 

(35.75%) was observed in Sapota powder prepared 

by drying of fruits cutting in 4 parts pieces. This 

might be due to the reason that drying might have 

affected various physiological processes to different 

extent in different sizes.  

   

Table 3. Effect of Sapota pieces dried by different methods on reducing sugars (%) during storage at room 

temperature 

Drying 

Mehods (M) 

Days of storage (D) 

Fruit 

Size (S) 
0 15 30 45 60 75 90 Mean 

Solar dryer 

5 mm 27.56 26.33 25.94 25.77 25.43 25.18 24.98 25.60 

10 mm 27.12 26.81 26.56 26.15 25.89 25.67 25.45 26.24 

4 Parts 27.96 27.53 27.21 26.94 26.66 26.35 26.19 26.98 

Mean 27.21 26.89 26.57 26.28 25.66 25.73 25.54 26.27 

Oven dryer 

 

5 mm 29.91 28.68 28.41 28.04 27.79 27.53 27.29 28.24 

10 mm 29.99 28.71 28.44 28.07 27.88 27.56 27.34 28.28 

4 Parts 30.05 29.83 29.41 29.21 28.94 28.68 28.45 29.23 

Mean 29.98 29.07 28.75 28.44 28.20 27.92 27.69 28.58 

Mean 28.60 27.98 27.66 27.36 26.93 26.83 26.62  

Mean of fruit parts 5 mm = 26.92  10 mm = 27.26  4 Parts = 28.11 

CD at 5% 
D=1.29  M=1.11  S=1.19  D×M=N.S.  D×S=N.S.

  M×S= 0.26 D×M×S= N.S. 

 

Reducing sugar content of Sapota powder during 

storage has been presented in table 3. Reducing sugar 

content was maximum in Sapota powder just after 

drying i.e. 28.60% whereas Sapota powder stored for 

90 days had minimum reducing sugar content 

(26.62%). Decrease in reducing sugars might be due 

to the dehydration reactions causing sugars to 

become unsaturated and highly reactive. The hexose 

reducing sugars might have partially converted to 2-

furaldehyde and 5-hydroxymethyl-2-furaldehyde, 

which might have remained undetected in reducing 

sugar test (Pragati et al,. 2003 and Fennema, 1985). 

Decrease in reducing sugar content during storage has 

also been reported by Pragati et al. (2003), Pareek & 

Kaushik (2012) and Mehta (1995) in Aonla. Oven 

dried sapota powder had maximum (28.58%) 

reducing sugar content and minimum reducing sugar 

content was observed in Sapota dried by solar dryer 

(26.27%) when considered on mean basis 

irrespective of storage period and fruit sizes. Sapota 

powder prepared by drying of fruit cut in different 

sizes also significantly affected the reducing sugar 

content of fruits during storage. This might be due to 

the reason that there might have been change in 

various physiological processes to different extent 

during drying by different methods. Similar reports 

of variation in reducing sugars by different methods 

of drying have been reported by Pragati et al. (2003) 

and Pareek & Kaushik (2012) in Aonla. Ghorai & 

Sethi (1996) have also reported variation in reducing 

sugars in dried Aonla of Desi and Banarasi cultivars.  

Reducing sugar content was lower (26.92%) in 

sapota powder prepared by drying fruits after cut in 5 

mm pieces whereas higher content of reducing sugar 

content (28.11%) was observed in powder prepared 

by drying of fruits cut in 4 parts irrespective of 



332 SUMAN BALA, JITENDER KUMAR AND SAVITA DUHAN  

drying methods and storage period. This might be 

due to the reason that there might have been change 

in various physiological processes to different extent 

during drying of pieces in different sizes.  

Non-reducing sugar content showed steady decrease 

during storage in Sapota powder prepared by fruits cut in 

different sizes and dried by different methods of drying 

(Table 4). Highest content of non-reducing sugar in 

Sapota powder was recorded on 0 day of storage i.e. 

7.23%. Non-reducing sugar content decreased slightly 

during storage and minimum non-reducing sugars were 

recorded after 90 day of storage i.e. 8.69%. This may be 

due to the reason that during storage, total sugars 

decreased because of non-specific hydrolysis which 

might have been converted to non-reducing sugars as 

a result of which non-reducing sugar content 

increased. Results of increase in non-reducing sugars 

during storage in powder are in agreement with 

finding of Kumari (2016) in Aonla. Among different 

methods of drying, minimum non-reducing sugars was 

recorded in the sapota dried in oven dryer (6.43%) 

whereas maximum non-reducing sugars was observed in 

solar dried sapota powder (9.26%). This might be due 

to the reason that there might have been change in 

various physiological processes to different extent 

during drying by different methods. Different drying 

methods affect reducing sugars differentially in aonla 

during storage has also been observed by Kumari 

(2016) in aonla. Among fruit sizes, maximum non-

reducing sugar content was observed in sapota powder 

obtained by drying of fruits cut in 5 mm pieces (8.47%) 

minimum content was observed in sapota powder 

prepared by drying of fruits cut in 4 parts (7.65%). This 

might be due to the reason that there might have been 

change in various rates of physiological processes to 

different extent during drying of different sizes. 

 

CONCLUSION 

 

Fruits drying is one of the oldest methods that are 

used to preserve some perishable fruit; in order to 

ensure their availability all year round, reduce post 

harvest losses and achieve food security. Sapota 

fruits dried by solar and oven drying can be stored up 

to 90 days at room temperature and maintained more 

content of acidity and total sugar when it was dried 

in solar dryer after cut in 4 parts. So among both 

drying techniques, solar drying was most cost 

effective for drying the fruits after cut in 4 parts than 

oven drying. 

  

Table 4. Effect of Sapota pieces dried by different methods on non-reducing sugars (%) during storage at room 

temperature 

Drying 

Methods (M) 

Days of storage (D) 

Fruit 

Size (S) 
0 15 30 45 60 75 90 Mean 

Solar dryer 

5 mm 9.11 9.26 9.40 9.55 9.87 10.08 10.23 9.64 

10 mm 8.67 8.91 9.07 9.42 9.53 9.68 9.79 9.29 

4 Parts 8.17 8.48 8.72 8.85 9.07 9.33 9.42 8.86 

Mean 8.65 8.88 9.06 9.27 9.49 9.70 9.81 9.26 

Oven dryer 

 

5 mm 5.86 7.04 7.23 7.51 7.59 7.84 7.97 7.30 

10 mm 5.67 6.86 7.02 7.30 7.41 7.58 7.74 7.08 

4 Parts 5.92 6.03 6.33 6.43 6.54 6.81 6.96 6.43 

Mean 5.81 6.65 6.86 7.08 7.18 7.41 7.56 6.94 

Mean 7.23 7.98 7.96 8.18 8.51 8.56 8.69  

Mean of fruit parts 5 mm = 8.47  10 mm = 8.19    4 Parts = 7.65 
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Abstract: The present studies were carried out during spring seasons of the year 2013-14 and 2014-15 at Research cum 

Instructional Farm, IGKV, Raipur (C.G.).Nine insecticides from different groups were applied as foliar sprays (liquid 

formulations) and whorl application (granular formulations) on maize crop against pink stem borer Sesamia inferens, Walker 

.The treatment was given at 15 days after germination of the crop when pink stem borer infestation was observed in the field. 

Among the insecticides evaluated, spinosad 45 SC proved to be highly effective in reducing the pink borer infestation with 

minimum leaf injury level (2.94) and tunnel length (2.31cm) resulting in higher grain yield(61.63 q/ha.). 

 

Keywords: Chemical control, Maize, Sesamia inferens, Spinosad, Tunnel length 

 

INTRODUCTION 

 

nsect pests are one of the major limitations for low 

yield of maize. In India, nearly 32.1 per cent of the 

actual produce is lost due to insect pests (Borad and 

Mittal, 1983).In India the crop is being attacked by 

about 139 species of insect pests with varying degree 

of damage to the maize crop. However, only about a 

dozen of these are quite serious (Siddiqui and 

Marwaha, 1993). Among the different insect pests, 

stem borer species associated with maize in India are 

Chilo partellus Swinhoe and Sesamia inferens 

Walker, commonly known as pink stem borer. 

Losses due to S. inferens which is a major pest 

during post rainy season in south India varied from 

25.7 to 78.9 percent. The infestation of the maize 

stalk borer (Chilo partelllus) throughout India during 

rainy season while, S.inferens only in peninsular 

India during winter season as serious pest causing 

grain yield losses ranging from 18.0 to 49.0 percent.  

The pink stem borer, Sesamia inferens is one of the 

major insect pests of maize, that causes wide damage 

to the crop in peninsular India during rabi season. In 

India, it is reported as a pest in Andhra Pradesh, 

Karnataka, Tamilnadu, Madhya Pradesh, 

Maharashtra, Orissa, West Bengal, Bihar, Assam, 

Uttar Pradesh, Delhi and Punjab. (Reddy et al., 

2003).Injudicious and indiscriminate use of chemical 

pesticides in the past has created a number of 

problems like insecticide resistance, insecticide 

residues, pest resurgence, environmental pollution 

and direct and indirect hazards to human beings etc. 

The larva of pink stem borer after hatching moves in 

large numbers inside the leaf whorl and remain there 

up to III instar in gregarious form, later on these 

larvae comes out from the whorl and bore inside the 

stem.  This stage is critical to formulate effective 

management by insecticides.  

 

MATERIAL AND METHOD 

 

The present studies were carried out during spring 

seasons of the year 2013-14 and 2014-15 at Research 

cum Instructional Farm, IGKV, Raipur (C.G.) to 

evaluate the efficacy of nine chemicals against pink 

stem borer on maize crop. The experiment was 

carried out by sowing NK-30 hybrid maize hybrid on 

January 22, 2013 and January 23, 2014 in 

randomized block design (RBD) with three 

replications. Row to row and plant to plant spacing 

were 75 cm and 25 cm respectively. The size of the 

plot was 4 x 3 m
2
.Test insecticides from different 

groups were applied as foliar sprays (liquid 

formulations) and whorl application (granular 

formulations). The details of test insecticides are 

furnished in Table 1 

The treatment was given at 15 days after germination 

of the crop when pink stem borer infestation was 

observed in the field. In case of liquid formulations 

the required quantity of each insecticide was 

measured and mixed with small quantity of water 

and made up to the required quantity of the spray 

fluid. The spray fluid was stirred thoroughly before 

pouring in to the sprayer. In case of granular 

insecticides per plant was weighed and applied in the 

deep leaf whorls of the plant.  

The observation on the extent of infestation by stem 

borer in the form of leaf injury including dead heart 

was recorded (1-9 scale) 30 days after sowing on 10 

randomly selected plants. Plant height, stem 

tunneling and grain yield were recorded at crop 

maturity stage. 

  

 

 

I 
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Table 1. Details of the insecticidal treatments 

Treatments Dosage /ha Method of application 

Buprofezin 25%SC  800 ml/ha Foliar application 

Carbofuran 3G @0.3kg/ha 10 kg/ha Whorl application 

Cartap hydrochloride 4G @0.3kg/ha 7.5 kg/ha Whorl application 

Imidacloprid 70WG  35 g/ha Foliar application 

Chlorantraniliprole 18.5 SC 60 ml/ha Foliar application 

Spinosad 45 SC 160 ml/ha Foliar application 

Fipronil 0.3 G @0.06 kg/ha 20  kg /ha Whorl application 

Emamectin benzoate 5 % SG 200 g/ha Foliar application 

Thiamethoxam 25 % WG.  100 g/ha Foliar application 

Control    

 

The yield data of each treatment was recorded 

replication wise and subjected to statistical analysis 

to test the significance of mean yield in different 

treatments. The percentage increase in yield over 

untreated control was also calculated by following 

formula (Gomez and Gomez, 1994)  

 % increase in yield over untreated control 

= [Yield in treatment-Yield in untreated control]x100  

   Yield in untreated control 

 

RESULT AND DISCUSSION 

 

Among the treatments, the granular formulations 

were applied in leaf whorls and the liquid 

formulations were applied as foliar sprays. Following 

observation were taken after spraying: 

Leaf Injury Rating (LIR) 
Data recorded on leaf injury rating at 30 days after 

germination presented in the Table 2.indicated 

significant superiority of insecticidal treatments over 

control in reducing pink stem borer incidence. The 

mean leaf injury rating ranged from 2.07 to 3.98 in 

spring season 2013-14 based on 1-9 scale in the 

insecticidal treatments compared to 6.00 in untreated 

plants. Among the insecticidal treatments spinosad 

45 SC and chlorantraniliprole 18.5 SC were found to 

be at par and significantly effective over the rest of 

the treatments in controlling the pink stem borer 

where the leaf injury was as low as 2.07 and 2.20 

respectively. Emamectin benzoate 5WG, carbofuran 

3G and fipronil 0.3G treatments were also gave 

significantly good control and was at par. The mean 

leaf injury in Emamectin benzoate 5WG spray, 

carbofuran 3G and fipronil 0.3G application was 

2.53, 2.57 and 2.62 respectively. Application of 

thiamethoxam 25WG and Imidacloprid 70WG 

recorded leaf injury of 2.87 and 3.15 and 

significantly controlled the pink stem borer as 

compared to the control (6.00). Buprofezin 25%SC 

and Cartap hydrochloride 4G were found to be the 

least effective by recording 3.35 and 3.98 leaf injury 

rating respectively. 

 

Table 2. Relative efficacy of different insecticides against S. inferens during 2013-14 

Treatments Leaf injury  at 

30 DAS  

(LIR) 

 

Plant height 

at harvest 

(cm) 

Tunnel 

length 

(cm) 

Grain Yield 

(q/ha.) 

Per cent 

increase over 

control 

Buprofezin 25%SC  3.35 159.83 5.30 53.73 24.37 

Carbofuran 3G  2.57 160.20 1.06 54.24 25.55 

Cartap hydrochloride 4G  3.98 161.80 4.66 51.40 18.98 

Imidacloprid 70WG  3.15 166.63 5.6 56.13 29.93 

Chlorantraniliprole 0.4 G 2.20 165.77 2.18 61.53 42.43 

Spinosad 45 SC 2.07 169.77 2.23 62.71 45.16 

Fipronil 0.3G 2.62 165.37      3.23 56.84 31.57 

Emamectin benzoate 

5WG 

2.53 162.03 3.10 54.98 27.26 

Thiamethoxam 25WG.  2.87 160.53 4.80 54.07 25.16 

Control  6.00 138.47 7.13 43.20 - 

Overall mean 3.13 161.04 3.93 54.88 - 

S.Em 0.541     2.939 0.92 1.166 - 

CD at 5% 1.61**    8.73** 2.76** 3.47** - 

**Significant at 1% level 

 

During 2014-2015 spring season spinosad 45 SC and 

chlorantraniliprole 18.5 SC and carbofuran 3G were 

found to be significantly effective over the rest of the 

treatments in controlling pink stem borer. The mean 

leaf injury in spinosad 45 SC and chlorantraniliprole 

18.5 SC and Carbofuran 3G was 3.82, 4.00 and 4.02 
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respectively and at par. The mean leaf injury rating 

in imidacloprid 70WG, emamectin benzoate 5WG, 

thiamethoxam 25WG and fipronil 0.3G was 4.15, 

4.15, 4.22 and 4.50 respectively as against 6.90 in 

control. Buprofezin 25%SC and Cartap 

hydrochloride 4G were found to be the least effective 

treatments.(Table 4.40)The pooled analysis also 

indicated the similar trend. The mean leaf injury 

rating ranged between 2.94 to 4.61 on 1-9 scale in 

the insecticidal treatments compared to 6.45 in the 

control. (Table 3) 

 

Table 3. Relative efficacy of different insecticides against S. inferens during 2014-15     

Treatments Leaf injury  

at 30 DAS  

(LIR) 

 

Plant height at 

harvest 

(cm) 

Stem 

tunneling  

(cm) 

Grain Yield 

(q/ha.) 

Per cent increase 

over control 

Buprofezin 25%SC  4.60 164.10 4.46 53.11 25.40 

Carbofuran 3G  4.02 161.40 4.20 57.11 34.85 

Cartap hydrochloride 4G  5.23 144.80 5.86 45.15 6.61 

Imidacloprid 70WG  4.15 163.30 4.33 56.60 33.64 

Chlorantraniliprole 0.4 G 4.00 160.37 2.66 60.04 41.77 

Spinosad 45 SC 3.82 166.32 2.40 60.55 42.97 

Fipronil 0.3G 4.50 164.80 3.30 57.02 34.63 

Emamectin benzoate 

5WG 

4.15 164.60 2.10 59.89 41.41 

Thiamethoxam 25WG.  4.22 161.17 5.03 56.51 33.43 

Control  6.90 122.27 7.90 42.35 - 

Overall mean 4.56 157.31 4.22 54.83 - 

S.Em 0.67     1.85 0.88 1.585 - 

CD at 5% - 5.50** 2.63** 4.71** - 

**Significant at 1% level 

 

Among the insecticide treatments Spinosad 45 SC 

and Chlorantraniliprole 18.5 SC were found to be 

significantly effective over the rest of the treatments 

in controlling pink stem borer, where the incidence 

as low as 2.94 and 3.11 respectively. Carbofuran 3G 

(3.28), emamectin benzoate 5WG (3.34) also gave 

significantly good control. Similarly, Thiamethoxam 

25WG, Fipronil 0.3G and Imidacloprid 70WG 

significantly controlled the pink stem borer, where 

the leaf injury was 3.54, 3.56 and 3.65 respectively 

as against 6.45 in control. Buprofezin 25%SC (3.98) 

and Cartap hydrochloride 4G (4.61) were found to be 

the least effective against the pink stem borer 

S.inferens. 

Tunnel length 

The data showed that stem tunneling was 

comparatively low in the insecticide treated plots as 

compare to the control. The mean tunnel length in 

cm ranged between 1.06 cm to 4.80 cm in insecticide 

treated plots compared to 7.13 cm in the control plot 

during 2013-14 spring season. (Table 2)Among the 

insecticide treated plots, applied with  carbofuran 3G 

recorded lowest stem tunneling (1.06 cm) followed 

by chlorantraniliprole 18.5 SC (2.18 cm) and 

spinosad 45 SC (2.23 cm).Maximum tunnel length 

was observed in imidacloprid 70WG (5.60) and 

buprofezin 25%SC(5.30 cm)among the insecticidal 

treatments. The stem tunneling was significantly low 

and ranged between 2.10 to 5.86 cm in insecticidal 

treated plots compared to 7.90 cm in the control plot 

during 2014-15 also. (Table 3). Among the 

insecticidal treatments, emamectin benzoate 5WG 

(2.10 cm) followed by spinosad 45 SC (2.40 cm) and 

chlorantraniliprole 0.4 G (2.66 cm).Tunnel length 

was maximum in cartap hydrochloride 4G (5.86 cm) 

and thiamethoxam 25WG (5.03 cm) respectively as 

against 7.90 cm in control. Pooled analysis indicated 

that the mean tunnel length in the insecticidal 

treatments ranged between 2.31 to 5.26 cm as 

compared to 7.51 cm per meter stem in the control. 

Spinosad 45 SC, chlorantraniliprole 18.5 SC, 

emamectin benzoate 5WG, carbofuran 3G and 

fipronil 0.3G had shown low stem tunnel length of 

2.31, 2.42, 2.60, 2.63, and 3.20 and were at par. 

Among the insecticidal treatments highest tunnel 

length was recorded in buprofezin 25%SC, 

thiamethoxam 25WG, imidacloprid 70WG and 

cartap hydrochloride 4G with 4.88 and 4.91 4.94 and 

5.26 cm tunnel length respectively. (Table 4) 

Plant Height  

In case of control plot where insecticide spray was 

not done, there was significant reduction in plant 

height compared to the insecticide treated plots. The 

mean plant height ranged between 159.83 cm to 

169.77 cm in the insecticidal treatment plots 

compared to 138.47 cm in control plot during 2013-

14 spring season. (Table 2) There was significant 

reduction in plant height of control plot (122.27 cm) 

than the insecticide treated plots during 2014-15 

spring season also. The mean plant height in 

chlorantraniliprole 18.5 SC, thiamethoxam 25WG, 

carbofuran 3G, imidacloprid 70WG, buprofezin 

25%SC, emamectin benzoate 5WG, fipronil 0.3G 

and spinosad 45 SC  160.37, 161.17, 161.40, 163.30, 
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164.10, 164.60, 164.80 and 166.32 respectively at 

par. Lowest plant height was observed in cartap 

hydrochloride 4G (144.80 cm) among the insecticidal 

treatments. (Table 3) 

Significant reduction in plant height was evident in 

control (130.37cm) as compare to the insecticidal 

treatments when pooled analysis was considered. The 

mean plant height in spinosad 45 SC, 

chlorantraniliprole 18.5 SC, fipronil 0.3G, 

imidacloprid 70WG, emamectin benzoate 5WG, 

buprofezin 25%SC  166.04, 165.08, 165.07,164.97, 

163.32 and 162.15 cm respectively and was at par. 

Two insecticides thiamethoxam 25WG and 

carbofuran 3G recorded lowest plant height of 

160.85 and 160.62 cm respectively. (Table 4) 

Grain yield 

The data indicated that all treatments recorded 

significantly superior and increased grain yield over 

control during 2013-14 in spring season. Spinosad 45 

SC and chlorantraniliprole 18.5 SC were found to be 

most effective against pink stem borer and recorded 

significantly superior grain yields of 62.71q/ha and 

61.53 q/ha respectively with 45.16 and 42.43 per cent 

increased grain yield respectively. Fipronil 0.3G and 

imidacloprid 70WG. Grain yields of 56.84 and 56.13 

q/ha was at par. The plots received emamectin 

benzoate 5WG, carbofuran 3G, thiamethoxam 

25WG, buprofezin 25%SC treatment yielded 54.98, 

54.24, 54.07, and 53.73 q/ha respectively. Among the 

treatments, lowest grain yield (51.40 q/ha) was 

recorded in case of plots treated with cartap 

hydrochloride 4G. (Table 2) 

In data of 2014-15 also recorded significantly higher 

grain yield from the insecticidal treated plots over 

control. The per cent increase in grain yield ranged 

between 6.61 and 42.97 in the treated plots, 

maximum being with the plots sprayed with spinosad 

45 SC. The plots received emamectin benzoate 5WG, 

carbofuran 3G, fipronil 0.3G, imidacloprid 70WG, 

thiamethoxam 25WG and buprofezin 25%SC gave 

significantly more yield and were at par with mean 

grain yield of 59.89, 57.11, 57.02, 56.60, 56.51 and 

53.11 q/ha respectively. Among all the treatments 

lowest grain yield was recorded in cartap 

hydrochloride 4G treatment (45.15 q/ha). (Table 3)

 

Table 4. Relative efficacy of different insecticides against S. inferens during 2013-14 and 2014-15 

Treatments Leaf Injury 

Rating at 

30 DAS  

(LIR) 

 

Plant height 

at harvest 

(cm) 

Stem 

tunneling  

(cm) 

Grain Yield 

(q/ha.) 

Per cent increase 

over control 

Buprofezin 25% SC  3.98 162.15 4.88 53.42 24.90 

Carbofuran 3G  3.28 160.62 2.63 55.67 30.16 

Cartap hydrochloride 4G  4.61 153.28 5.26 48.27 12.85 

Imidacloprid 70WG  3.65 164.97 4.94 56.36 31.77 

Chlorantraniliprole 0.4 G 3.11 165.08 2.42 60.78 42.10 

Spinosad 45 SC 2.94 166.04 2.31 61.63 44.09 

Fipronil 0.3G 3.56 165.07 3.26 56.93 33.10 

Emamectin benzoate 5WG 3.34 163.32 2.60 57.43 34.27 

Thiamethoxam 25WG.  3.54 160.85 4.91 55.29 29.27 

Control  6.45 130.37 7.51 42.78 - 

Overall mean 3.84 159.17 4.07 54.86 - 

S.Em 0.419 1.71 0.626 1.01 - 

CD at 5% 1.25** 5.10** 1.86** 3.01** - 

**Significant at 1% level 

 

The pooled data revealed that, the insecticidal 

treatments gave significantly higher grain yield over 

control (42.78 q/ha).The per cent increase in grain 

yield ranged between 12.85 per cent and 44.09 per 

cent. Among the insecticidal treatments spinosad 45 

SC and chlorantraniliprole 0.4 G which were most 

effective against pink stem borer, also produced the 

highest and significantly superior grain yield of 

61.63 and 60.78 q/ha which was 44.09 per cent and 

42.10 per cent increase respectively over the control. 

Emamectin benzoate 5WG, fipronil 0.3G and 

imidacloprid 70WG also gave significantly more 

grain yields of 57.43, 56.93 and 56.36 q/ha 

respectively at par. Grain yields of carbofuran 3G 

(55.67 q/ha) and thiamethoxam 25WG 55.29 (q/ha) 

were at par. Among the all insecticidal treatments 

lowest grain yield was recorded in Cartap 

hydrochloride 4G treatment (48.27 q/ha). (Table 4) 

Similar results were also found by Rameash et al. 

(2012), they recorded stem borer infestation ranged 

from 20.00 to 31.67 per cent. The infestation levels 

were very low in the spinosad and emamectin 

benzoate treatment throughout the study period. 

Foliar application of spinosad 240 EC and 

emamectin 1.9 EC were reported to reduce the 

damage of C.partellus and Atherigona soccata below 

ETL (Shahzad et al. 2010). 

Similarly, Patra et al. (2009) observed the highest 

efficacy of spinosad in recording lowest shoot and 
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fruit infestation of 7.47 and 9.88% respectively 

followed by indoxacarb, emamectin benzoate.  

The field experiments conducted by Justin and 

Preetha (2014) and their results  revealed that 

chlorantraniliprole 0.4 GR was proved to be the best 

among all the tested insecticides with reduced stem 

borer infestation and recorded higher yield. Highest 

efficacy of chlorantraniliprole was also reported by 

Misra (2011) against L. orbonalis when applied @ 

40 and 50 g a.i/ha. Both these treatments were 

significantly superior and statistically on par with 

each other resulting in around 95-97and 87-90 per 

cent reduction in the shoot as well as fruit damage 

respectively. Ahmad et al. (2003) reported the 

efficacy of imidacloprid 70 WS +carbofuran 3G @ 

5g/kg seed +750 g a.i./ha,thiamethoxam 70 WS 

+fipronil 0.3 G @5 g/kg seed +75 g a.i/ha were 

found moderately effective against C. partellus over 

untreated control and recorded 15.00 and 17.00 per 

cent dead hearts. 

On the contrary ,Pal et al.(2009) who recorded 

superiority of Imidacloprid 17.8 S L @ 150 ml/ha in 

controlling maize stem borer with minimum leaf 

injury rating (2.4), dead hearts (7.4 %) at 40 DAS 

and maximum grain yield (36.29 q/ha). 
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Abstracts: The present study was carried out during 2013 in the Durg district of Chhattisgarh state. This study was 

conducted in randomly selected 8 villages of two purposively selected blocks i.e. Durg and Dhamdha located in Durg 

district. The aim of this study was to know the level of knowledge about tomato production technology. A total of 128 

respondents including 64 drip irrigation farmers and 64 non-drip irrigation farmers were selected randomly. The data 

collection was done by the use of interview schedule through personal interview. Data were analyzed with help of suitable 

statistical tools. The findings further revealed that Majority of the DIF and non-DIF were having high level of knowledge 

about sowing time and were adopted U. S.440 and mahalakshmi varieties of tomato and harvested their tomato in partial ripe 

stage. Gajargansh was found as important weed, tomato fruit borer and blight diseases were prevalent in the study area. 

 

Keywords: Drip irrigation, Knowledge level, Risk bearing capability, Tomato growers 

 

INTRODUCTION 

 

egetables not only provide maximum output but 

also give more income per unit area of land. 

Vegetable cultivation among small land holders has 

always been source of supplementary income and 

provides gainful employment through intensive 

cultivation and thus vegetable growers are normally 

more prosperous than those who grow cereals, 

because of higher returns.  A tomato is the edible, 

often red fruit from the plant (Solanum lycopersicum) 

commonly known as a tomato plant. Both the species 

and its use as a food originated in Mexico, and 

spread around the world following the Spanish 

colonization of the Americas. Its many varieties are 

now widely grown, sometimes in greenhouses in 

cooler climates. The tomato is consumed in diverse 

ways, including raw, as an ingredient in many dishes, 

sauces, salads, and drinks. While it is botanically a 

fruit, it is considered a vegetable for culinary 

purposes, which has caused some confusion. The 

fruit is rich in lycopene, which may have beneficial 

health effects. 

Tomatoes are now eaten freely throughout the world, 

and their consumption is believed
 
to benefit the heart, 

among other organs. They contain the carotene 

lycopene, one of the most powerful natural 

antioxidants. In some studies, lycopene, especially in 

cooked tomatoes, has been found to help prevent 

prostate cancer, but other research contradicts this 

claim. Lycopene has also been shown to improve the 

skin's ability to protect against harmful UV rays. A 

study done by researchers at Manchester and 

Newcastle universities revealed that tomato can 

protect against sunburn and help keeping the skin 

looking youthful. Natural genetic variation in 

tomatoes and their wild relatives has given a genetic 

plethora of genes that produce lycopene, carotene, 

anthocyanin, and other antioxidants. Tomato 

varieties are available with double the normal 

vitamin C (Doublerich), 40 times normal vitamin A 

(97L97), high levels of anthocyanin (resulting in blue 

tomatoes), and two to four times the normal amount 

of lycopene (numerous available cultivars with the 

high crimson gene). Lycopene has also been shown 

to protect against oxidative damage in many 

epidemiological and experimental studies. In 

addition to its antioxidant activity, other metabolic 

effects of lycopene have also been demonstrated. The 

richest source of lycopene in the diet is tomato and 

tomato derived products. Tomato consumption has 

been associated with decreased risk of breast cancer, 

head and neck cancers and might be strongly 

protective against neurodegenerative diseases. 

Tomatoes, tomato sauces and puree are said to help 

lower urinary tract symptoms (BPH) and may have 

anticancer properties. Tomato consumption might be 

beneficial for reducing cardiovascular risk associated 

with type 2 diabetes. 

Keeping in view of the above facts in to 

consideration, the present study was undertaken to 

find out the level of knowledge about tomato 

production technology.  

 

RESEARCH METHODOLOGY 

 

This study was conducted in Durg district of 

Chhattisgarh, during the year 2013. The Chhattisgarh 

state consists of 27 districts, out of which Durg 

district was selected because the farmers of this 

district adopted highest drip irrigation technology. 

From this district only two blocks i.e., Durg and 

Dhamdha were selected purposively. From each 

selected block, 4 villages (Total 4 X 2 = 8) will be 

selected on the basis of maximum availability of drip 

irrigation technology adopters in the villages. From 

V 
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each selected village, 8 tomato growers having drip 

irrigation system were selected randomly and similar 

number of tomato growers not having drip irrigation 

system was selected randomly from the same village. 

In this way a total of 164 farmers were considered as 

respondent. Out of which 64 was drip irrigation 

holders and remaining 64 was treated as control 

group without having drip irrigation. In this 

investigation farmers having drip irrigation were 

enumerated as DIF and those respondents who have 

no drip irrigation facility were considered as non-DIF 

were selected as respondents for the present study. 

Respondents were interviewed through personal 

interview. Prior to interview, respondents were taken 

in to confidence by revealing the actual purpose of 

the study and full care was taken in to consideration 

to develop good rapport with them. For the data 

collection well designed and pre-tested interview 

scheduled were used. Collected data were analyzed 

by the help of various statistical tools i.e. frequency, 

percentage, mean and standard deviation, etc.  

 

RESULT AND DISCUSSION  

Level of knowledge about tomato production 

technology 

The findings on extent of knowledge regarding time 

of sowing, seed rate, sowing distance, improved 

variety, use of fertilizer, irrigation method, weed 

control, insect control, disease control, are presented 

in Table 1. The data represented in Table 1 indicated 

that majority of the DIF (89.06%) had high level of 

knowledge about time of sowing, followed by 62.5 

per cent had high level of knowledge regarding 

sowing distance, insect control (50.00%), disease 

control (46.88%), improved variety (46.56%), weed 

control (40.63%), seed rate (37.5%), irrigation 

method (18.75%) and use of fertilizer (17.60%). 

Similarly, majority (76.56%) of the non-DIF had 

high level of knowledge about time of sowing, 

followed by 21.88 per cent of the non-DIF had high 

level of knowledge regarding disease control, weed 

control (20.32%) and insect control (20.32%), 

sowing distance (10.94%), seed rate, improved 

variety (10.93%), irrigation method (9.37%) and use 

of fertilizer (7.82%) in tomato cultivation. 

It is worthwhile to note that majority of the DIF 

(82.40%) and non-DIF (92.18%) had medium level 

of knowledge about use of fertilizer. Irrigation 

method (81.25%), seed rate (62.5%), weed control 

(59.37%), improved variety (53.44%), insect control 

(50.00%), disease control (43.75%), sowing distance 

(37.5%) and 10.94 per cent of the DIF had medium 

level of knowledge regarding time of sowing. 

However, non-DIF had medium level of knowledge 

about irrigation method (90.63%), seed rate and 

improved variety (89.07%), sowing distance 

(87.50%), insect control (76.56%), weed control 

(70.31%), disease control (64.06%) and time of 

sowing (23.44%). 

  

Table 1. Distribution of respondents according to their practice wise level of knowledge regarding tomato 

production technology 

 

Tomato cultivation practices 

Level of knowledge 

DIF (n=64) Non-DIF (n=64) 

Low Medium High Low Medium High 

 Time of sowing  00.00     10.94 89.06 0.00 23.44 76.56 

 Seed rate 00.00 62.5 37.5 0.00 89.07 10.93 

 Sowing distance  00.00 37.5 62.5 1.56 87.5 10.94 

 Improved variety  00.00 53.44 46.56 00.00 89.07 10.93 

 Use of fertilizer 1.56 82.40 17.60 00.00 92.18 7.82 

 Irrigation method 00.00 81.25 18.75 00.00 90.63 9.37 

 Weed control 00.00 59.37 40.63 9.37 70.31 20.32 

 Insect control  00.00 50.00 50.00 3.12 76.56 20.32 

 Disease control  9.37 43.75 46.88 14.06 64.06 21.88 

 

Similarly, about 9 per cent of the DIF and non-DIF 

(14.06%) had low level of knowledge about disease 

control, followed by use of fertilizer (1.56%). 

Whereas, weed control of the non-DIF (9.37%), 

insect control (3.12%) and sowing distance (1.56%).  

It could be concluded from the table that majority of 

the DIF and non-DIF had high level of knowledge 

about time of sowing. 

  

Table 2. Distribution of the respondents according to their overall level of knowledge regarding tomato 

production technology 

 

Category   

DIF  (n=64) Non-DIF  (n=64) 

Frequency Percentage Frequency Percentage 

Low (<6.66) 0 0 00 00 

Medium (6.67-13.34) 31 48.43 52 81.25 



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (4) 343 

High (13.35-20) 33 51.57 12 18.75 

Overall knowledge (%)            78.51                            58.20 

 

The overall extents of knowledge regarding tomato 

production technology are present in Table 2. The 

data reveals that the majority of the DIF (51.57%) 

had high level of knowledge regarding tomato 

production technology, followed by 48.43 per cent of 

DIF were having medium level of knowledge, no 

DIF respondent were found to have low overall 

knowledge. Whereas, the majority of the Non-DIF 

(81.25%) had medium level of knowledge regarding 

tomato production technology, followed by 18.75 per 

cent had high level of knowledge.  

Regarding overall knowledge, 78.51 per cent overall 

knowledge about tomato production technology was 

reported amongst the DIF respondent as compared to 

58.20 per cent overall knowledge of non-DIF 

respondents towards tomato production technology. 

It could be concluded that non-DIF had low 

percentage of overall knowledge about tomato 

production technology than the DIF respondents. 

Technological characteristics of the respondents 

Popular variety and harvesting time 

 

Table 3. Distribution of the respondents according to popular variety and harvesting time adopted by the 

farmers in tomato production technology 

 

Category   

DIF  (n=64) Non-DIF  (n=64) 

Frequency Percentage Frequency Percentage 

 Varietal use*     

 Avinash 11 17.18 12 18.75 

 Abhishek   14 21.88 0 00 

 Mahalakshmi 9 14.06 19 29.68 

 U. S.440 26 40.62 19 29.68 

 U. S. 3140 5 7.81 4 6.25 

 Karina 7 10.93 12 18.75 

 Karishma 1 1.56 1 1.56 

 Indour  3 4.68 9 14.06 

 Harvesting time     

 Before ripe  7 10.93 4 6.25 

 Partial ripe  53 82.81 59 92.18 

 Fully ripe  4 6.25 1 1.56 

*Frequency based on multiple responses 

 

Distributions of the respondents according to popular 

tomato varieties and harvesting time adopted by the 

farmers in tomato production are presented in Table 

3. The table shows that majority (40.62%) of the DIF 

were adopted U.S.440 variety of tomato, followed by 

21.88 per cent of the DIF were adopted abhishek 

variety. Avinash (17.18%), mahalakshmi (14.06%), 

karina (10.93%), U. S. 3140 (7.81%), indour (4.68%) 

and karishma variety were also adopted by the DIF 

respondents but by slightly less number. Whereas, 

majority (29.68%) each of the non-DIF respondents 

was adopted mahalakshmi and U. S.440 variety of 

tomato, followed by avinash and karina (18.75%). 

Indour (14.06%), U. S. 3140 (6.25%) and karishma 

variety of tomato (1.56%) were relatively less 

adopted by the non-DIF respondents. 

Regarding harvesting time, the study (Table 3) 

revealed that majority of DIF (82.81%) as well as 

non-DIF respondents (92.81%) were harvested their 

tomato in partial ripe stage. Before ripe stage 

harvesting was done by 10.93 and 6.25 percentage of 

the DIF and non-DIF respondents, respectively. Only 

6.25 per cent DIF and 1.56 per cent non-DIF 

respondents were harvested their produce at fully 

ripe stage. 

It could be concluded that majority of the DIF and 

non-DIF respondents were adopted U. S.440 and 

mahalakshmi varieties of tomato. Majority of the 

DIF and Non-DIF respondents harvested tomato fruit 

in partial ripe stage may be because of convenience 

to transport and marketing. 

Popular weed, major insect pest and major 

diseases 
Distributions of the respondents according to popular 

weed, major insect pests and major diseases in 

tomato production are presented in Table 4. The 

finding shows that majority (46.87%) of the DIF 

reported about gajargansh weed, followed by sava 

(39.06%). Dubghas (18.75%) and dalbaji weed were 

also found in some tomato field. The non-DIF 

respondents also reported about gajargansh 

(64.06%), sava (46.87%), dalbaji (23.43%), dubghas 

(18.75%), motha (6.25%) and patharchatta as 

important weed found into the tomato field. 

As regard to major insect pest, majority (67.81%) of 

the DIF perceived about fruit borer, followed by 

thrips (45.31%) as important insect pest. Whitefly 

(17.18%), aphid (10.93%) and mites (9.37%) were 

also causing harm in some of the DIF respondent’s 

tomato field. Whereas, majority, 92.18 per cent non-
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DIF respondents perceived that fruit borer is most 

harmful insect pest, followed by whitefly (20.31%), 

thrips (15.62%) and aphid (12.5%). 

 

Table 4. Distribution of respondents according to their perception about popular weed, major insect pest and 

major diseases in tomato production  

 

Category   

DIF  (n=64) Non-DIF  (n=64) 

Frequency Percentage Frequency Percentage 

 Major weeds *     

 Gajargansh 30 46.87 41 64.06 

 Sava  25 39.06 30 46.87 

 Dalbaji  02 3.12 15 23.43 

 Dubghas  12 18.75 12 18.75 

 Patharchatta  00 00 03 4.68 

 Motha 00 00 04 6.25 

 Major insect pest*     

 Thrips  29 45.31 10 15.62 

 Fruit Borer  43 67.81 59 92.18 

 Aphid  07 10.93 08 12.5 

 Mites  06 9.37 0 00 

 Whitefly  11 17.18 13 20.31 

 Major disease*     

 Blight  40 62.5 51 79.68 

 Virus  25 39.06 25 39.06 

 Leaf curl  04 6.25 08 12.5 

*Frequency based on multiple responses 

 

Regarding major diseases occurred in tomato crop, 

the findings envisaged that blight disease was most 

popular amongst both the DIF (62.5%) and non DIF 

(96.68%) respondents. Further the viral disease was 

found as the second important disease being occurred 

in the tomato as perceived by the 39.06 per cent of 

both DIF and non DIF respondents. Leaf curl disease 

was another important disease, but its occurrence 

was perceived by only 12.5 per cent non-DIF and 

6.25 per cent DIF respondent.  

It could be concluded that majority DIF and non-DIF 

respondents perceived gajargansh as important weed. 

However, majority of the DIF and non-DIF 

respondent had knowledge about tomato fruit borer. 

Majority of the DIF and non-DIF had knowledge 

about blight diseases.  

 

CONCLUSION 

 

From the above research works it can be concluded 

that the majority of the DIF (89.06%) and majority 

(76.56%) of the non-DIF had high level of 

knowledge about time of sowing. Whereas, 95.33 per 

cent of the DIF and majority (96.87%) of the non-

DIF had medium level of knowledge about average 

yield and majority of the DIF (9.37%) and majority 

(14.06%) of the non-DIF had low level of knowledge 

about disease control. The overall extents of 

knowledge regarding tomato production technology 

the majority of the DIF (51.57%) had high level of 

knowledge and majority of the non-DIF (81.25%) 

had medium level of knowledge regarding tomato 

production technology. 

Majority (40.62%) of the DIF and majority (29.68%) 

of the non-DIF were adopted U. S.440 and 

mahalakshmi variety of tomato. Majority of DIF 

(82.81%) as well as non-DIF respondents (92.81%) 

were harvested their tomato in partial ripe stage. 

Majority (46.87%) of the DIF and majority (64.06%) 

of the non-DIF reported about gajargansh weed. 

However, majority (67.81%) of the DIF and majority 

of the 92.18 per cent Non-DIF perceived about fruit 

borer. Regarding major diseases occurred in tomato 

crop, the findings envisaged that blight disease was 

most popular amongst both the DIF (62.5%) and non 

DIF (96.68%) respondents. 
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Abstract: Five row tractor drawn multi-crop inclined plate planter was developed at I.G.A.U., Raipur for sowing of different 

crops. The calibration of seed and fertilizer rate was done in the laboratory of SVCAET & RS, IGAU Raipur. The seed rate 

was found 20.13 kg/ha for maize crop (45 cm30 cm) and fertilizer rate was found from 9.24 kg/ha to 124.43 kg/ha. The 

field capacity was 0.70 ha/h and field efficiency was 80%. The plant population was found 9-12 plants per square meter. The 

cost of sowing per hactare was 2 times economical than traditonal method. 

 

Keywords: Cost economics, Field capacity, Field eficiency, Inclined plate planter, Tractor drawn 

 

INTRODUCTION 

 

aize (Zea mays L) is one of the most versatile 

emerging crops having wider adaptability 

under varied agro-climatic conditions. Globally, 

maize is known as queen of cereals because it has the 

highest genetic yield potential among the cereals. In 

India, maize is the third most important food crops 

after rice and wheat. There have been large variations 

in the production of maize in India since 

Independence. It was only 1.7 million tonnes in 

1950-51 which rise to 4.1 million tonnes in 1960-61 

and 7.5 million tonnes in 1970-71. According to 

advance estimate it is cultivated in 8.7 m ha (2010-

11) mainly during Kharif season which covers 80% 

area. Maize which can be used food, feed and 

industry has a remarkable place among 

cereals. Maize is an inferior grain which is used both 

as food and fodder. Its grain provides food and is 

used for obtaining starch and glucose. Its stalk is fed 

to cattle. Maize can be grown under varied climatic 

and soil conditions. 

Maize is mainly a rainfed kharif crop which is sown 

just before the onset of monsoon and is harvested 

after retreat of the monsoon. In Chhattisgarh it is 

sowing as both in rabi and kharif crop. It requires 50-

100 cm of rainfall and it cannot be grown in areas of 

more than 100 cm rainfall. This crop usually grows 

well under temperatures varying from 21°C to 27°C, 

although it can tolerate temperatures as high as 35°C. 

Sowing is one of the important agricultural 

operations for raising crops. Proper application of 

fertilizer at proper location has also a good effect on 

crop growth and yield and seed rate, proper 

placement of seed fertilizer and row spacing are also 

necessary. The main reason for increase in yield is 

the uniform and controlled application of fertilizer 

with respect to seed in a concentrated bond at about 

50 mm below and 50 mm away from the seed. 

Traditional method of sowing is not suitable for 

growing the crop. The result is very low production. 

There are many faults such as not proper seed rate, 

fertilizer rate so several type of planter has been 

developed by various research organization and 

agricultural enginieering institutions. Tractor drawn 

inclined plate planter has been developed by IGAU, 

Raipur. The use of tractor drawn inclined plate 

planter to increase the grain yield by optimizing the 

seed rate. 

The third important source of farm power is 

mechanical power that is available through tractors 

and oil engines. In recent years, diesel engines and 

tractors have gained considerable popularity in 

agricultural operations. Tractor drawn implements 

possess higher working capacity and are operated at 

higher speeds. These implements need more 

technical knowledge for operations and maintenance 

work. 

The machine combines their function is seed drill or 

planter. The basic difference between seed drill and 

planter is that a seed drill sows seeds at specified rate 

and at proper depth in rows. It cannot deposit the 

seeds in hills nor in check rows, where as a planter 

can deposit seeds at a specified rate in hills and rows 

spaced to permit inter row cultivationand also 

function as a seed drill if required, several studies 

have shown that the use of planter increase the yield 

by 15 to 25% and may increase up to 40% depending 

upon the crop variety. Increase in yield due to 

uniform and controlled drilling of fertilizer with 

respect to seed in a concentrated band. Fertilizer is 

placed about 5 cm below and 5 cm away from the 

seed which provides good environment for root 

development. As soon as germination takes place, 

root branches go down at about 45 angle in soil and 

come into direct contact of fertilizer within a few 

days after germination. 

Seed metering/placement 

Roy (1942) suggested that the planter employing 

inclined plate were capable of uniform metering of 

seeds. It was essential that the cells in the plates fit 

seed to be planted. The diameter of the cell should be 

M 
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1/64 inch larger then the maximum diameter of the 

seed to ensure proper clearance. Movement of seed 

through cell could be further improved by tapering 

the cell wall from top to bottom. The tapering to an 

inclined angle of approximately 12°C was sufficient 

to ensure free movement of seed through the cell. 

Sahoo and Shrivastav (2000) results shows that 

inclined plate metering mechanism of three-row 

ridger okra planter saving of 76% on cost of 

operation over manual planting with an average 

operating speed of 2.27 km/h. 

Under ICAR Co-ordinate scheme on farm implement 

and machinery at pune centre, a three rows animal 

drawn multi-crop planter was developed for Tamil 

Nadu, popularly known as planter. It is used for 

planting various crops like groundnut, sorghum, 

bengal gram, green gram etc. Different rotors were 

provided for different crops and seed rate was also 

controlled by the size of the rotors. This unit was 

extensively tested and their performances were found 

to be satisfactory (Devnani, 1982 a). 

Under ICAR Co-ordinate scheme at Ludhiana centre, 

a tractor drawn seed-cum fertilizer drill-cum-planter 

was developed for Punjab. For drilling seeds, fluted 

rollers metering device was used. For planting unit, 

inclined plates with not shed cells were used. The 

cell plates were selected according to crop (Devnani, 

1982 b). The plant to plant spacing was regulated by 

changing the speed of drive system. The unit was 

extensively used for sowing groundnut, sorghum, 

Bengal gram etc. with its satisfactory work 

performance. 

Fertilizer metering / placement 

Sethi and Prakash (1973) designed and developed a 

fertilizer   metering device    and then tested. They 

concluded that the parabolic hopper with diamond 

opening and auger type agitator did not allow any 

bridge formation due to the two way action and helps 

for free flow fertilizer towards the opening, head of 

fertilizer had no significant effect on average 

delivery of fertilizer. In case of auger type agitator, it 

has no effect at all. 

Jadhav and Bote (1990) developed a low cost and 

high utility device at Agricultural Engineering 

Research Centre, Pune to transport wet land paddy 

with a recommended plant geometry of 0.15  0.20 

m and to facilitate applying urea super granules 

(USG) during transplanting at recommended rates 

without damaging the granules. This device is called 

the row plant spacing (RPS) marker-cum-USG 

dispenser. 

Furrow openers 

Verma (1982) conducted trials on different type of 

seeding machineries in farmers field under All India 

Co-ordinate Research Project for Dryland 

Agriculture in Hoshiyarpur District. None of the 

furrow openers used with these seed drills was found 

suitable for deep sowing. Farmers liked deep furrow 

seeder with simple design for its easy handling. 

Shukla et al. (1987) developed a rotary blade till 

attachment for direct sowing operation. The machine 

could be operated by a tractor of 35 HP and above. 

The machine was evaluated for sowing wheat after 

maize and paddy and maize after wheat. Randomized 

Block Design was used for the evaluation in 

comparison to the conventional tillage and sowing 

practices. Both mechanical and chemical weeding 

treatments were studied. Germination count and the 

yield was comparable to the conventional tillage 

sowing practices. Saving in time, fuel and production 

cost over the conventional tillage and sowing 

practices were 4.33 to 11.33 h/ha, to 50.79 to 70.03 

percent and 2.68 to 14 percent, respectively. 

Khan et al. (1990) suggested that inverted “T” 

furrow openers are best suited for better seed 

germination while establishing technical 

consideration for the selection of seed-cum-ferilizer 

drill. This type of drill could be used in both 

cultivated and no till field conditions and for direct 

seeding of wheat in rice stubble fields. 

Farmers in the rural areas use machet or sticks to sow 

different seeds; often times more than the required 

numbers of the seed are dropped in a hole and 

covered. Planting seeds through this means is labor- 

intensive and can be made to benefit considerably 

from simple mechanization (Baniro et al, 1986). 

Timeliness of field operation in seed planting has 

been identified as a major factor increasing the 

intensity of cropping (Ojha and Michad, 2012). 

Hence, there is a necessity to mechanize seeding 

operation. According to Bamgboye and Mofolasayo 

(2006), the traditional planting method is tedious, 

causing fatigue and backache due to the longer hours 

required for careful hand metering of seeds if 

crowding or bunching is to be avoided. Sowing 

maize by hand increases production cost as extra 

man-hours is required for thinning operation as 

excessive seeds is inevitably sown per hole in 

addition to drudgeryness and boring nature of the 

work. It is therefore more profitable to develop a 

system that will be affordable and easy to maintain 

which will alleviate these difficulties and thus, 

increase maize production in the rural areas. 

Considering above points a tractor drawn inclined 

plate planter (IGAU model) was tested with 

following objectives: to calibrate multi crop planter 

for seed (maize) and fertilizer metering, to evaluate 

planter under field condition and to compare the 

economics of sowing with traditional method. 

 

MATERIAL AND METHOD 

 

This chapter deals wth the methodologcal approach 

followed in the laboratory as we as in actual field for 

testing of tractor drawn five row inclined plate 

planter. 

Description of fve row multicrop tractor drwan 

inclined plate planter: 

Make: I.G.A.U. Raipur 
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Power source: 50 HP Tractor 

Overall dimension: 

Length: 2320 mm 

Width: 800 mm 

Height: 1100 mm 

Seed box: Separate for each furrow 

Shape: Semicircular 

Length: 250 mm 

Width: 190 mm 

Fertilizer tank 

Shape: Trapezoidal 

Length: 2000 mm 

Width: Top width= 220 mm 

Bottom width= 100 mm 

Depth: 200 mm 

Rated working width of the machine: 1880 mm 

Number of rows: 5 

Row to row spacing: 450 mm 

Type of furrow openers: Shoe type  

Dia of lugged type ground wheel: 450 

Type of power transmission: chain and sprocket 

system 

Type of seed metering mechanism: Inclined plate 

rotor type 

Type of fertilizer metering mechanism: Fluted roller 

with adjustable opening 

Speed ratio 

Ground wheel to seed metering mechanism: 2.5:1 

Groun wheel to fertilizer metering mechanism: 2.5:1 

Crop suitability: Multicrop planting, maize, 

sunflower, peageon pea, lentil, wheat gram, pea etc. 

Location of the experimental site 

The tractor drawn five row inclned plate planter was 

tested in the actual field of IGAU, Raipur. The soil 

was loam having 42.4% sand, 35.6% silt and 22% 

clay. On an average the initial bulk density and 

infiltration rate was found to be 1.53 gm/cc and 0.25 

cm/h.   

Experimental procedure 

Laboratory testing of machine: 

All the moving components of the machine were 

lubricated properly. It was attached with tractor to 

observe the movement pattern. It was then calibrated 

or proper seed rate and fertilizer rate. 

Calibration of inclined pate planter: 

The procedure of testing the planter for correct seed 

and fertilizer rate is called calibration of panter. It is 

necessary to calibrate the machine before putting it in 

actual use to find out the confirmation of desired 

seed rate and fertilizer rate. 

The following procedure was adoopted or calibration 

of tractor drawn inclined plate panter. 

Number of furrow openers in planter = N 

Distance between two furrow openers = W 

Diameter of drive wheel = D 

Working width of the planter = N  W 

Distance covered in 10 revolution of drive wheel 

= πD × 10 m 

Area covered in 10 revolution =   N × W ×  πD ×
10  m2 

Fertilizer drop in 10 revolution = Y Kg 

Then, rate setting will be =   Y/(N × W ×  πD × 10) 

kg/m
2 

Or = Y × 104(N × W ×  πD × 10) kg/ha …(1) 

Similarly, the different rate setting of fertilizer drop 

at different opening position was done in order to 

obtain the calibration curve or fertilizer metering 

system. The seed drop was also verified with the 

appropriate cell for sowing maize and other crops by 

similar methods. 

Measurement of grain damage 

After calibration of metering mechanism for 

recommended rate setting of seed and fertilizer, five 

revolution of ground wheel was given and weight of 

seed dropped was calculated. The dropped seed was 

sorted out fresh or healthy seed and damaged seed. 

The sorted seed was then counted. Total six readings 

were taken for each setting. The average value of 

these readings resulted the percentage damage of 

seed due to metering mechanism. The following 

relationship was used for calculation of seed damage. 

% Damage =
ND

NT

× 100 … (2) 

Where 

ND = Total number of seeds 

NT = Total number of damage seeds 

Seed uniformity test by sand bed method 

Prepare an artificial leveled bed of 25 cm depth from 

fine sand and of a length of at least 5 m and width 

equal to the nominal width of planter. Allowed the 

planter to travel over this bed with furrow openers or 

seed tube lower to 3 to 5 cm from the top surface of 

the bed. Observed the number of seeds dropped and 

the average distance between 2 seeds for each meter 

of bed length. Repeat the test at least three times. 

Field testing of machine 

Measurement o field capacity and field efficiency: 

The field capacity and field efficiency of the planter 

was measured for maize planting. The rate setting of 

planter was done 20.13 kg/ha for maize seed and 124 

kg/ha for fertilizer. For planting maize, a plot size 

257 m was selected. Speed was 4.0 km/h. Effective 

operating time was measured with the help of stop 

watch. The field capacity was calculated as 

following: 

The theoretical field capacity was calculated based 

on the formula given below: 

Theoretical field capacity (ha/h)  =  S ×W

10
   

Where 

S = Linear speed of travel of machine in km/h 

W = Width of operation of machine in meter 

Actual field capacity (ha/h)  =  
A

T×104   

A = Area of plant, m
2
  

T = actual time taken to cover the area, h (including 

losses) 

Field capacity, % =  
Actual  field  capacity

Theoretical  field  capacity
×100  

  

Measurement of depth and spacing of seed and 

fertilizer 
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The depth and width of furrow, depth of seed and 

fertilizer placement, lateral distance between seed 

and fertilizer were measured with the help of steel 

scale. Depth of seed and fertilizer was measured by 

placing one scale horizontally on the ground and 

other scale was kept in furrow vertically. Seed to 

seed spacing was measured with the help of scale 

after germination of seed. 

 

RESULT AND DISCUSSION 

 

The results have been presented under following 

heads: 

Laboratory performance of machine 

The laboratory performance of machine was 

evaluated for verification of seed drop through 

respective rollers and metering fertilizer (DAP). 

Initially all the moving components o planter were 

lubricated properly and then it was verified for 

proper seed rate as well as fertilizer rate. The actual 

fertilizer drop for each furrow opener at full opening 

(Table 3). The actual calibration curve is shown in 

Fig. 1. The seed damage due to metering of device 

was found to be nil. The calibrated seed rate or maize 

was found to be 20.60 kg/ha which was about 

recommended seed rate. The high seed rate of maize 

was obtained due to smaller size of seed, therefore, 

more than one seed was dropped from the cell at a 

time. 

Distance covered by ground wheel in one revolution =
 π D =  3.14  0.45 =  1.413 m  

Distance covered by 10 revolutions =  14.13 m 

Row to row distance =  45 cm 

Area cover by 10 revolution = 1.80 14.13 
=  25.34 m2 

25.34 m2 land seed drop 120.4 g 

Therefore, 10,000 m2 land seed drop = 47.5 kg/ha 

Hence seed rate in first calibration = 47.5 kg/ha 

Initially number of teeth in the seed metering 

sprocket was 19 and the number of teeth in ground 

wheel sprocket was 14 so the speed ratio was 1.3:1. 

In this case seed rate was more than recommended 

seed rate. Therefore, by modifying the speed between 

ground wheel and seed metering device by changing 

the seed metering sprocket teeth from 19 to 37 teeth. 

The speed ratio become 2.5:1 and seed rate of the 

planter was brought down to desired level. 

Calibration of modified seed rate is presented in 

Table 2. 

 

 
Fig. 1. Calibration curve of inclined plate planter for metering fertilizer 

 

Table 1. First calibration and seed rate 

Sr. No. No. of 

revolutions 

Seed dropping in furrow (g) Total seed 

(g) I II III IV V 

1. 10 30 32 34 33 30 159 

2. 10 30 28 33 27 25 143 

3. 10 25 26 28 28 26 133 

4. 10 20 19 18 22 23 102 

5. 10 25 23 28 24 30 130 

Average 133.4 

 

Table 2. Modified seed rate 

Sr. No. No. of 

revolutions 

Seed dropping in furrow (g) Total seed 

(g) I II III IV V 

1. 10 15 12 11 13 10 61 

2. 10 12 16 13 12 13 66 

3. 10 11 13 14 13 14 65 

y = 18.43x
R² = 0.938
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4. 10 14 10 13 12 13 62 

5. 10 14 12 11 14 12 63 

Average 63.4 

 

Table 3. Calibration of planter for metering fertilizer (DAP) 

Opening 

position 

Numbers of 

revolution 

Weight of fertilizer dropped in each furrow (kg) Average 

rate of 

metering 

fertilizer 

(kg/ha) 

Furrow 

opener I 

Furrow 

opener 

II 

Furrow 

opener 

III 

Furrow 

opener 

IV 

Furrow 

opener 

V 

Total 

1. 10 0.006 0.002 0.005 0.004 0.002 0.019 9.24 

2. 10 0.009 0.020 0.010 0.011 0.012 0.062 21.13 

3. 10 0.020 0.017 0.023 0.017 0.011 0.088 42.35 

4. 10 0.038 0.035 0.037 0.030 0.031 0.171 76.3 

5. 10 0.055 0.050 0.050 0.057 0.057 0.269 108.76 

6. 10 0.056 0.051 0.053 0.058 0.059 0.277 113.78 

7. 10 0.057 0.053 0.053 0.060 0.060 0.283 124.43 

 

Seed uniformity test by sand bed method: The 

average distance between two seeds is about 20 to 24 

cm which is near to 25 cm recommend plant to plant 

spacing for maize. The average depth of furrow was 

found to be 50 mm width depth placement of seed 

and fertilizer as 41 mm and 50 mm, respectively, 

lateral distance between seed and fertilizer placement 

for maize crop was found to be 45.29 mm. 

Field performance of planter for sowing maize: 

After getting satisfactory performance in the 

laboratory, the machine was taken to the field for 

actual testing by sowing maize. The seed rate was 

found 20.13 kg/ha, fertilizer rate 124 kg/ha and row 

to row spacing 45 cm. Wheel skid was measured by 

operating the planter for five revolution of the 

ground wheel. Initially, the distance covered by 

planter for 10 revolution of the ground wheel at no 

load was measured. The machine was then operated 

at load, putting the seed metering and fertilizer 

metering equipment in function and the actual 

distance traveled was measured.  

Field capacity and field efficiency of the planter 

for sowing maize: 

The actual field capacity and field efficiency of the 

machine was evaluated in the experimental field by 

observing actual time requirement and area covered. 

Before testing the machine, the various soil 

parameters like moisture content, mean mass 

diameter and bulk density were recorded. The actual 

and theoretical field capacity for sowing maize crop 

was found to be 0.70 ha/h and 0.87 ha/h, respectively 

and field efficiencies were calculated as 80 %. 

Economics of use of machine: 

The cost analysis for use of multi crop inclined plate 

planter with tractor and fluted roller seed drill were 

calculated. The cost of sowing with the tractor drawn 

planter was found to be ₹ 378/h whereas with fluted 

roller seed rill by placing seed and fertilizer behind 

the plough was found to be only ₹ 498/h. The actual 

field capacity of the tractor drawn inclined planter 

and fluted roller seed drill was 0.70 ha/h and 0.45 

ha/h, respectively. Thus the cost of sowing per 

hectare with tractor drawn incline planter and fluted 

roller seed drill was ₹ 540/ha and ₹ 1,107/ha, 

respectively. Therefore, it may be said that sowing 

with inclined plate planter is 2 times economical than 

traditional method. In addition to economy, the 

timely completion of sowing operation as well as 

enhanced production is an unparallel advantage for 

the use of planter. 

 

CONCLUSION 

 

This 5 row inclined plate planter is known multi-crop 

inclined plate planter and developed under IGKV, 

Raipur for sowing different type of crops. Thus the 

project was undertaken with the following 

objectives: 

1. To calibrate multi crop planter for seed (maize) 

and fertilizer metering. 

2. To evaluate planter under field condition. 

3. To compare the economics of sowing with 

traditional method. 

4. To achieve the above objectives calibration of 

planter was done in the laboratory for the seed 

and fertilizer rate. Depth and distribution pattern 

of fertilizer with respect to seed, field capacity 

and field efficiency were measured in actual 

field condition for maize crops. Different soil 

parameters such as moisture content, bulk 

density and mean mass diameter were recorded. 

5. Based upon above experimentation the 

following conclusion was drawn out: 

6. The inclined plate planter could be easily 

attached with the tractor 

7. The fertilizer rate was found to be from 9.24 

kg/ha to 124.43 kg/ha 

8. The seed rate was found to be 20.13 kg/ha 

9. Plant population was found from 9 to 12 plants 

per square meter. 

10. Row to row distance was 450 mm and plant to 

plant distance varied from 300 mm. 

11. Depth of sowing was 50 mm. 
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12. Spacing between seed and fertilizer was 

observed to 41.2 mm. 

13. Field capacity and field efficiency of planter 

were 0.70 ha/h and 80%, respectively. 

14. The cost of sowing per hectare with inclined 

plate planter and fluted roller seed drill was ₹ 

540 and 1,107, respectively. Therefore, it may 

be said the sowing with tractor drawn five row 

inclined plate planter is 2 times economical than 

traditional. 

The seed damage due to metering mechanism was 

found to be nil. 
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Abstract: Currently the marigold flower is well spread around the world due to their social and religious values. We do 

prefer it in all our social gatherings and rituals as important mean due to their specific colors and fragrance. Looking to their 

wide demand a very less area is taken under cultivation in Chhattisgarh due to lack of awareness which compelling them to 

buy it from other states. The productivity can be enhanced in Chhattisgarh by the incorporating suitable varieties and use of 

PGR’s, which can prove to be better option for the farmers of Chhattisgarh. In this context, an experiment was conducted to 

investigate the effect of different levels of growth promoter and retardant on growth and flower yield of different cultivars of 

African marigold in Chhattisgarh plains condition at College of Agriculture and Research Station, Kanker, IGKV, Raipur in 

the year 2014-15 and 2015-16. The experiment was laid out in factorial RBD comprising treatment combination of two PGR 

(GA3 and Cycocel) and two marigold cultivars (Pusa Narangi Gainda and Pusa Basanti Gainda). The result indicated that the 

growth and flower yield were significantly influenced by different plant growth regulators and cultivars. The maximum 

number of secondary branches plant-1, minimum period for days taken to first bud emergence and 50 per cent flowering, 

maximum number of flowers and flower yield ha-1 was recorded with Pusa Narangi Gainda. While, maximum flower 

diameter was recorded with Pusa Basanti Gainda. Among the growth regulators treatments, GA3 300 ppm (25 DAT) + GA3 

300 ppm (45 DAT) recorded early initiation of flower bud and earliest 50 per cent flowering and maximum flower diameter. 

However, maximum number of secondary branches, number of flowers plant-1 and flower yield ha-1 was noticed with 

treatment GA3 300 ppm (25 DAT) + CCC 1500 ppm (45 DAT). 

 

Keywords: Marigold, PGR, Gibberellic acid (GA3), Cycocel (CCC). Pusa Narangi Gainda, Pusa Basanti Gainda  

 

INTRODUCTION  

 

loriculture is a dynamic global enterprise in 

today’s world and is rapidly expanding. Apart 

from the enormous economic importance of flowers 

and decorative plants, they symbolize beauty, purity, 

peace, love, affection and honesty. They have their 

own importance from birth to death. African 

marigold (Tagetes erecta L.) family Asteraceae is 

major one of the important commercial annual flower 

crop of this country and widely grown all over the 

India for loose flower production. African marigold 

is popular throughout the world because of wide 

spectrum of attractive colours, shape and good 

keeping quality. Marigold has gained popularity in 

India on account of its easy cultivation, wide 

adaptability and production throughout the year.  

In recent year, use of plant growth regulators is being 

increased to manipulate the growth, flowering and 

yield of many ornamental plants. Gibberellic acid 

(GA3) and Cycocel (CCC) are very important plant 

growth regulators and are widely used in 

horticulture. The importances of PGR’s in flower 

production are well known for improving 

productivity and produce quality. But the study on 

integrated use of both growth promoter and growth 

retardant in marigold is very few. The investigation 

was framed out in a view that initial vegetative 

growth is important but subsequently reproductive 

growth is congenial. It is important to check the 

further vegetative growth by using growth retardant 

to keep reproductive stage more healthier and 

productive. Therefore, the combination of both 

growth promoter and growth retardant at their right 

level and their right stage of crop is highly desired. 

The GA3 regulation of growth itself is involved with 

both cell division and cell enlargements without cell 

division (Haberand and Leopold, 1960). Sachs et 

al.(1960) reported that application of CCC retarded 

stem elongation by preventing cell division in the 

sub-apical meristem, usually without similarly 

affecting the apical meristem. Gibbrellin activates the 

vertical growth of plant by sensitizing the apical 

meristem, while CCC enforce stop the vertical 

growth consequently induces the lateral or horizontal 

growth. It is very important for establishing source 

and sink relationship, which could be artificially 

induced by using PGR’s for the proportionate 

vegetative and reproductive growth. Thus, keeping in 

view the potentialities of growth regulators like GA3 

and CCC, the present study was undertaken to find 

out the suitable concentration of these PGR’s for 

better flowering and yield of African marigold 

cultivar suitability in Chhattisgarh. 
 

MATERIAL METHOD 

The present experiment was carried out during two 

Rabi seasons of the years 2014-15 and 2015-16, at 

F 
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Agriculture Farm Singarbhat, College of Agriculture 

and Research station, Kanker, (C.G.). The 

experiment was laid out in Factorial Randomized 

Block Design with three replications comprising 

fourteen treatment combinations of seven levels of 

PGR’s viz., GA3 200 ppm at 25 DAT+ GA3 200 ppm 

at 45 DAT (P1 ), GA3 300 ppm at 25 DAT+ GA3 300 

ppm at 45 DAT (P2 ), GA3 200 ppm at 25 DAT + 

CCC 1000 ppm at 45 DAT(P3 ),  GA3 300 ppm at 25 

DAT + CCC 1000 ppm at 45 DAT(P4 ),  GA3 200 

ppm at 25 DAT + CCC 1500 ppm at 45 DAT(P5 ),  

GA3 300 ppm at 25 DAT + CCC 1500 ppm at 45 

DAT (P6) along with distill water spray (P7) and two 

varieties viz., Pusa Narangi Gainda and Pusa Basanti 

Gainda of African marigold were taken. Seedlings of 

African marigold were raised in the beds of the 

nursery. Four weeks old seedlings were planted in 

the experimental field. Desired quantities of the GA3 

were first dissolved in few drops of alcohol 

(C2H5OH) and then volume was made up to 500 ml 

of distilled water to make the proper concentrations 

of GA3. Cycocel was dissolved in required amount of 

distilled water for preparation of stock solution and 

then diluted before spraying. The spraying was done 

in the morning hours with the help of hand sprayer. 

Two time periods of crop growth were chosen for 

spraying of PGR’s i.e., first at 25 DAT and at 45 

DAT. Observations were recorded at 30, 60 and 90 

days after transplanting. The various growth 

parameters like height of plant (cm), number of 

branches per plant were recorded for observation. 

The yield parameters like number of flowers per 

plant, fresh weight of flower (kg) and flower yield 

(q/ha) were also recorded. 

 

RESULT AND DISCUSSION 

 

The results obtained from the present investigation as 

well as relevant discussion have been summarized 

under following heads: 

Effect of Cultivars  

Data presented in Table-1 and Table-2 revealed that 

the cultivars of African marigold had significant 

influence on growth and flowering characters. The 

maximum number of secondary branches plant 
-1

 was 

recorded with cv. Pusa Narangi Gainda (V1) as 45.58 

and 43.27 in the year 2014-15 and 2015-16, 

respectively. While, minimum number of secondary 

branches plant 
-1

was measured under cv. Pusa 

Basanti Gainda (V2).  

The pooled mean data revealed that the minimum 

period for days taken to first bud emergence (31.18 

DAT) and 50 per cent flowering (60.93 DAT) and 

maximum number of flowers plant 
-1

 (60.68) and 

flower yield ha
-1

 (141.44 q) were recorded under cv. 

Pusa Narangi Gainda (V1) as compared to. Pusa 

Basanti Gainda. While, maximum flower diameter 

(5.53 cm ) was recorded with Pusa Basanti Gainda.  

This might be due to the congenial environment to 

express the dominant genes in the genotypes and also 

different genetic makeup of the different variety. 

Similar findings are noticed by Choudhary et al. 

(2013), Gourishankaraya et al. (2005) in African 

marigold, Singh and Singh (2010) and Raghuvanshi 

and Sharma (2011) in French marigold. 

Effect of plant growth regulators:  

During the first year of the investigation, the 

application of growth regulators treatments, GA3 300 

ppm (25 DAT) + GA3 300 ppm (45 DAT) recorded 

early initiation of flower bud (33.76 DAT ) and 

earliest 50 per cent flowering (62.96 DAT) and 

maximum flower diameter (5.77 cm) as compared to 

control. Similar trend was observed in second year of 

trial as well as in pooled mean data. The early 

enhancement in first flower bud formation and 50 per 

cent flowering in GA3 treatments may be due to 

increase in the endogenous level of gibberellins 

which by virtue of its flower inducing characteristics 

might have also promoted the first flower bud 

formation. Similar results have also been reported by 

Sunitha et al. (2007) and Ramdevputra et al. (2009) 

in marigold and Shinde et al. (2010) in 

chrysanthemum. Increase in flower diameter might 

be due to cell elongation in the flower. Gibberellins 

are also known to increase the sink strength of 

actively growing parts. The similar findings were 

also noted by Rajhansa et al. (2015) and 

Shivaprakash et al. (2011) in marigold and by Shinde 

et al. (2010) in chrysanthemum. 

The application of growth regulators treatment GA3 

300 ppm (25 DAT) + CCC 1500 ppm (45 DAT) was 

recorded maximum number of secondary branches 

plant
-1

(46.60) number of flowers plant
-1 

(66.57) and 

flower yield ha
-1 

(154.17 q.) as compared to control 

during both  the years of trial as well as in pooled 

mean data. Maximum number of secondary branches 

plant
-1

 was recorded with application of cycocel 

which might be due to check in apical dominance 

due to lower levels of endogenous auxins which in 

turn induced sprouting of auxiliary buds or the 

increase may be due to its inhibitory effects on cell 

division in apical bud which subsequently might 

have stopped the growth of main axis. This in turn 

might have accelerated the growth of auxiliary buds 

and enhanced the number of laterals. The increase in 

number of laterals with CCC was reported earlier by 

Ramesh et al. (2001) and Veena joshi and 

Amarender Reddy (2006) in China aster. Simillar 

resuts were obtained by Singh (2004), Rathore et al. 

(2011) and Kumar et al. (2011) in African marigold. 

Increases number of flowers plant
-1

 in African 

marigold with the application of cycocel might be 

due to more number of branches. The apical 

dominance of the plant suppressed it and allowed the 

lateral branches or auxiliary shoots with flowers 

located terminally resulting in increased number of 

flowers plant
-1

. These results are in close agreement 

with findings of Khimani et al. (1994) in gaillardia,
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Table 1. Influence of varieties and plant growth regulators on Number of secondary branches plant
-1

, Days to first bud appearance and Days to 50% flowering of African 

marigold (Tagetes erecta L.) in Chhattisgarh Plains 2014-15 and 2015-16 
Treatments Number of secondary                Days to first bud                Days to 50% flowering           

Branches plant
-1                        

               appearance (DAT)                            (DAT)                                                

Varieties 

 
2014-15 2015-16 

Pooled 

Mean 
2014-15 2015-16 

Pooled 

Mean 
2014-15 2015-16 

Pooled 

Mean 

Pusa Narangi Gainda - V1  
45.58 

 
43.27 

 
44.42 

 
30.36 

 
32.00 

 
31.18 

 
60.75 

 
61.116 

 
60.93 

Pusa Basanti Gainda - V2 41.46 39.04 40.25 40.42 42.60 41.51 72.44 74.72 73.58 

SEm SEm± 0.56 0.811 0.456 0.85 1.41 1.00 0.708 0.56 0.475 

CD(p=0.05) 1.65 2.371 1.333 2.48 4.12 2.93 2.071 1.663 1.388 

PGR          

P1-  GA3 200 ppm (25 DAT)  +  GA3 200 ppm (45 DAT)        42.56 40.15 41.35 35.23 37.21 36.22 64.90 66.23 65.56 

P2  - GA3 300 ppm  (25 DAT)  + GA3 300 ppm (45 DAT)     43.13 41.85 41.99 33.76 34.35 34.05 62.96 65.01 63.99 

P3 - GA3 200 ppm (25 DAT)   + CCC 1000 ppm (45 DAT) 43.53 41.16 42.34 35.20 37.76 36.48 66.80 68.36 67.58 

P4 - GA3 300 ppm (25 DAT)   + CCC 1000 ppm (45 DAT) 44.36 42.58 43.47 34.13 35.93 35.03 66.49 67.60 67.04 

P5 - GA3 200 ppm (25 DAT)   + CCC 1500 ppm (45 DAT) 45.66 43.27 44.47 35.60 38.53 37.06 68.20 69.38 68.79 

P6 - GA3 300 ppm (25 DAT)   + CCC 1500 ppm (45 DAT)         46.60 44.28 45.44 35.66 35.66 35.66 66.76 67.67 67.21 

P7 - Distilled water  38.80 35.77 37.28 38.16 41.66 39.91 70.06 71.16 70.61 

SEm± 1.06 1.518 0.853 0.45 0.75 0.53 1.325 1.064 0.888 

CD (p=0.05) 

Treatment combinations 

( PGR X V) CD (p=0.05) 

3.09 

 

NS 

4.436 

 

NS 

2.493 

 

NS 

1.33 

 

NS 

2.20 

 

NS 

1.57 

 

NS 

3.874 

 

NS 

3.111 

 

NS 

2.596 

 

NS 

 

Table 2.  Influence of varieties and plant growth regulators on Flower diameter, Number of flowers and Flower yield of African marigold  (Tagetes erecta L.) in Chhattisgarh 

Plains 2014-15 and 2015-16 
Treatments       Flower diameter (cm)            Number of flowers               Flower yield (q/ha)              

                                                                   plant-1 

Varieties 
2014-15 2015-16 

Pooled 

Mean 
2014-15 2015-16 

Pooled 

Mean 
2014-15 2015-16 

Pooled 

Mean 

  Pusa Narangi Gainda - V1 5.24  5.29 5.27 62.31 59.05 60.68 146.73 136.16 141.44 

Pusa Basanti Gainda - V2 5.45 5.61 5.53 50.49 47.24 48.87 127.83 116.56 122.19 

SEm SEm± 0.064 0.070 0.046 1.462 1.472 1.108 1.706 2.116 1.212 

CD(p=0.05) 0.187 0.206 0.135 4.274 4.303 3.238 4.986 6.184 3.544 

PGR          

P1-  GA3 200 ppm (25 DAT)  +  GA3 200 ppm (45 DAT)        5.09 5.24 5.17 50.54 48.23 49.38 130.45 118.44 124.45 

P2  - GA3 300 ppm  (25 DAT)  + GA3 300 ppm (45 DAT)     5.77 6.07 5.92 54.02 50.66 52.34 132.58 121.90 127.24 

P3 - GA3 200 ppm (25 DAT)   + CCC 1000 ppm (45 DAT) 5.39 5.42 5.40 55.52 52.76 54.14 137.93 127.81 132.87 

P4 - GA3 300 ppm (25 DAT)   + CCC 1000 ppm (45 DAT) 5.32 5.49 5.40 59.48 56.00 57.74 144.45 132.70 138.58 

P5 - GA3 200 ppm (25 DAT)   + CCC 1500 ppm (45 DAT) 5.49 5.74 5.61 62.31 57.06 59.69 151.10 135.63 143.37 

P6 - GA3 300 ppm (25 DAT)   + CCC 1500 ppm (45 DAT)         5.30 5.36 5.33 66.57 60.06 63.32 154.17 140.62 147.39 

P7 - Distilled water  5.05 4.85 4.95 46.37 47.26 46.82 110.27 107.40 108.83 

SEm± 0.120 0.132 0.086 2.735 2.754 2.073 3.191 3.958 2.268 

CD (p=0.05) 

Treatment combinations 

( PGR X V) CD (p=0.05) 

0.350 

 

NS 

0.385 

 

NS 

0.253 

 

NS 

7.996 

 

NS 

8.049 

 

NS 

6.059 

 

NS 

9.329 

 

NS 

11.596 

 

NS 

6.630 

 

NS 
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Narayan Gowda and Jayanti (1986), Yadav (1997) ), 

Khan et al. (2012) and Kumar  et al. (2011) in 

African marigold. 

Maximum flower yield per hectare in African 

marigold with the application of GA3 in early growth 

stage and cycocel in mid growth stage might be due 

to increase in number of branches and leaves per 

plant which might have produced more number of 

flowers plant
-1

and also increasing weight of flowers 

ultimately increasing the flower yield plant
-1

and per 

hectare. Similar results were also reported by Khan et 

al. (2011), kumar et al.(2012) and Yadav (1997) in 

African marigold. 

The interaction effect of growth regulator and variety 

treatments was found to be non-significant for all the 

characters. This may be due to the similar effect of 

plant growth regulator on both the varieties of 

marigold. 

 

CONCLUSION 

 

It can be concluded from the present investigation 

that cultivar Pusa Narangi Gainda was observed to be 

superior in terms of growth and flower yield 

attributes. The flowering parameters viz., days to first 

bud appearance, days to 50 per cent flowering and 

flower diameter were found early with GA3 300 ppm 

+ GA3 300 ppm and for variety in Pusa Narangi 

Gainda. The combination of PGR, gibberellins and  

cycocel gave positive impact on growth and flower 

yield over the sole application of GA3 and CCC at 25 

and 45 DAT. Thus, the present investigation clearly 

indicates that the application of gibberellic acid 300 

ppm at early growth stage and Cycocel 1500 ppm at 

later stage have been found  effective in the direction 

of increasing number of branches, number of flowers 

and flower yield of  African marigold. 
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Abstract: A field experiment was conducted during winter season of to study the performance of pigeonpea genotypes to 

planting geometry. The genotype and planting geometry significantly influenced the seed yield, stalk yield, harvest index, 

availability of nutrient in soil, nutrient % in seed and Stover.  Among the six genotypes (Asha, Rajeevlochan, RPS- 2007-

106, Laxmi, RPS-2008-4 and RPS-2007-10) tested, genotype Asha (1281 kg ha-1) recorded significantly highest seed yield 

over the other genotype. In the two planting geometry significantly maximum seed yield of 1235 kg ha-1 was realized with 

spacing of 45 cm x 10 cm and was higher yield than the yield recorded with spacing of 60 cm x 10 cm (1085 kg ha-1). In 

genotype Asha (227.722 kg ha-1) availability of nitrogen and nutrient (NPK) % of seed and Stover are significance. In 

narrow spacing significantly maximum availability of nitrogen and nutrient (NPK) % of seed and Stover was significance 

over the wild spacing.  

 

Keyword: Genotype, Geometric, Nutrient, Energy, Seed and Plant 

 

INTRODUCTION 

 

igeonpea (Cajanus cajan L.) is important 

component as it belong to leguminous family 

which enriches the soil by adding nitrogen, reduce 

soil erosion, improve physic-chemical properties of 

the soil. Thus, there is an urgent need to increase the 

production of pulses to meet the increasing demand 

by manipulating the production technologies 

appropriately. Pigeonpea is the second most 

important pulse crop of India after chickpea. It has 

been realized that not only chemical fertilizers but 

also organic manures will sustain and maintain the 

productivity. Pigeonpea with a broad inter row and 

plant spacing will provide good scope for 

incorporation of organic manure in the seed line 

itself so that the efficiency of the manure will be 

increased many folds. Since, the information on the 

optimum plant density is urgently needed with 

special reference to nutrient removal, irrigation 

requirement and their effect on growth of pigeonpea. 

This will be attained at an optimum plant density, 

which not only utilizes light, moisture and nutrients 

more efficiently but also avoids excessive 

competition among the plants. Based on climatic 

conditions, researchers obtained differential response 

of mash bean in relation to row spacing. Results 

obtained by Davi et al. (1995) deciphered that grain 

yield was highest at 15 cm intra-row spacing. 

Whereas, Nagaraju et al. (1995) revealed that seed 

yield decreased with an increase in row spacing. 

Kumar et al. (1997) obtained. The highest seed yield 

with row spacing of 15 cm (1.09 t ha
-1

). However, 

Mishra and Mishra (1995) concluded that seed yield 

was not affected by row spacing. 

MATERIAL AND METHOD 

 

A field experiment was carried out during the winter 

season at the Instructional Cum Research Farm, 

I.G.K.V.,Raipur (C.G.). Experiment was laid out in 

factorial randomized block design with three 

replications. The treatment consisted of six 

genotypes viz. – Asha, Rajeev lochan, Laxmi, RPS-

2008-4, RPS-2007-10 and RPS- 2007-106 as factor 

one and two planting geometry viz. 60 cm x 10 cm 

and 45 cm x 10 cm as factor two. Crop was fertilizes 

@ 20:50:20:20 kg N:P2O5:K2O:S. Stomp 30 EC 

(Pendimethalin) was applied @ 2.5 lit ha
-1

 as pre-

emergence to control the weeds followed by two 

hand weeding at 40 and 65 DAS. Two spray of 

Curacron 10 % (Profenophos) 1 lit ha
-1 

spray
-1

 was 

done at 50 and 80 DAS as plant protection measures. 

The crop was given total four irrigations.  

 

RESULT AND DISCURSION  

 

It is quite clear from table that genotype Asha (V1) 

recorded significantly higher seed yield (1281.42 kg 

ha
-1

) and Stover yield (5887.50 kg ha
-1

) over other 

genotypes of pigeonpea tested in the experiment. It 

was statistically comparable with Rajeevlochan (V2), 

Laxmi (V3) and RPS 2007-106 (V6). Asha recorded 

18.03 %, 19.31% and 28.89 %, 30.86% higher seed 

yield and Stover yield than RPS-2007-10 and RPS-

2008-4, respectively. This might be due to higher 

number of pods plant
-1

, more number of seeds pod
-1

, 

number of seeds plant
-1

, higher 100-seed weight and 

growth characters viz. plant height, branches, LAI, 

dry matter accumulation
 
resulting into higher seed 

yield and Stover yield in Asha (V1) genotype. Each 

genotypes has their own yield potential which 

expressed in shape of plant growth and ultimately to 

seed yield. Similar findings have also been reported 
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by Goswami et al. (1998). Genetic differences for 

seed yield have also been reported by Kashyap et al. 

(2003), Umesh et al. (2013). 

 

Table 1. Seed yield, stalk yield and harvest index as influenced by pigeon pea genotypes and planting geometry 

Treatment Seed yield 

(kg ha
-1

) 

Stalk yield 

(kg ha
-1

) 

Harvest Index (%) 

Genotype 

Asha 1281.42 5887.50 18.14 

Rajeev lochan 1268.48 5784.17 18.32 

Laxmi 1220.10 5578.82 18.33 

RPS-2008-4 911.27 4070.48 18.33 

RPS-2007-10 1050.38 4750.33 18.30 

RPS- 2007-106 1226.47 5596.93 18.21 

SEm+ 63.4 295.4 0.09 

CD (P=0.05) 185.9 866.5 NS 

Planting geometry 

S1 : 45 cm x 10 cm 1234.80 6172.72 16.67 

S2 : 60 cm x 10 cm 1084.60 4383.35 19.87 

 

Harvest index is a measure of physiological 

productivity potential of crop genotypes. It is the 

ability of a plant to convert the dry matter into 

economic yield. The difference in harvest index (%) 

due to genotypes was found non-significant. 

In two spacing treatments, the crop planted with row 

spacing of 45 cm and plant to plant 10 cm (S2) 

recorded significantly higher grain yield (1234.80 kg 

ha
-1

) and Stover yield (6172.72 kg ha
-1

) over wider 

row spacing 60 cm x 10 cm. narrow planting of 

pigeonpea (45 cm x 10 cm) recorded 12.16 % more 

yield over wider row spacing of 60 cm x 15 cm (S2). 

However, in terms of seed yield and Stover yield 

narrow spacing was statistically found superior over 

wider spacing might be due to the fact that total 

number of plants (2.22 lakh plants ha
-1

) per unit area 

was higher over wider spacing and this higher 

number of plants per unit area neutralized the effect 

of vegetative and reproductive parameter registered 

in wider spaced crops. Optimum plant population is a 

pre-requisite for obtaining high yields (Nandan and 

Kumar 2005). The results are in accordance with the 

findings of Panwar and Sirohi (1987). Significantly 

maximum value of harvest index (19.87 %) was 

recorded under 60 cm x 10 cm (S2) planting 

geometry, over narrow planting geometry of 45 cm x 

10 cm (16.67) Similar results were recorded by 

Asaduzzaman et al. (2010). 

 

Table 2. Available nutrient (kg ha
-1

) in soil as influenced by pigeonpea genotypes & planting geometry 

Treatment Available nutrient (kg ha
-1

) 

N P K 

Genotype 

Asha 227.722 18.050 329.413 

Rajeev lochan 224.720 17.967 327.373 

Laxmi 226.722 18.917 326.523 

RPS-2008-4 218.760 16.883 323.350 
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RPS-2007-10 223.172 17.870 325.418 

RPS- 2007-106 227.925 18.350 329.750 

SEm+ 1.916 0.430 1.506 

CD (P=0.05) 5.620 NS NS 

Planting geometry 

S1 : 45 cm x 10 cm 226.569 18.217 327.749 

S2 : 60 cm x 10 cm 223.104 17.796 326.193 

SEm+ 1.106 0.248 0.870 

CD (P=0.05) 3.245 NS NS 

 

Table 3. N, P and K content in grain and Stover (%) as influenced by pigeonpea genotypes and planting 

geometry 

Treatment N content (%) P content (%) K content (%) 

Seed Stover Seed Stover Seed Stover 

Genotype 

Asha 3.525 0.837 0.302 0.100 0.580 1.118 

Rajeev lochan 3.413 0.807 0.280 0.097 0.560 0.957 

Laxmi 3.337 0.708 0.268 0.079 0.513 0.852 

RPS-2008-4 3.207 0.592 0.263 0.064 0.480 0.830 

RPS-2007-10 3.287 0.622 0.273 0.070 0.498 0.915 

RPS- 2007-106 3.400 0.802 0.290 0.095 0.538 0.930 

SEm+ 0.066 0.041 0.008 0.005 0.016 0.043 

CD (P=0.05) 0.195 0.121 0.022 0.016 0.047 0.127 

Planting geometry 

S1 : 45 cm x 10 cm 3.423 0.766 0.288 0.090 0.542 0.972 

S2 : 60 cm x 10 cm 3.300 0.690 0.271 0.078 0.514 0.896 

SEm+ 0.038 0.024 0.004 0.003 0.009 0.025 

CD (P=0.05) 0.112 0.070 0.013 0.009 0.027 0.074 

Interaction NS NS NS NS NS NS 
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Genotypes differed significantly with respect to 

available nitrogen in soil. Asha recorded significantly 

higher available nitrogen in soil (227.722 kg ha
-1

) 

than comparable with other genotype in soil. But the 

phosphors and potash are non significance in 

different genotype. It is quite clear from table that 

genotype Asha (V1) recorded significantly higher 

availability nitrogen, phosphorus and potash present 

in seed (3.52, 0.30 and 0.58 %) and stover (0.83, 0.10 

and 1.11 %) over other genotypes of pigeonpea 

tested in the experiment. It was statistically 

comparable with Rajeev lochan (V2), Laxmi (V3) and 

RPS 2007-106 (V6). Similar findings have also been 

reported by Subbalah and Sudhakar Rao (1998). 

In two spacing treatments, the crop planted with row 

spacing of 45 cm and plant to plant 10 cm (S2) 

recorded significantly higher availability nitrogen, 

phosphorus and potash present in seed (3.42, 0.28 

and 0.54 %) and Stover (0.76, 0.09 and 0.97 %) over 

wider row spacing 60 cm x 10 cm. Similar findings 

have also been reported by Subbalah and Sudhakar 

Rao (1998). 
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Abstract: The present study was carried out during 2015-16 in the Durg district of Chhattisgarh state. This study was 

conducted in randomly selected 18 villages from Durg district. A total of 90 beneficiaries were selected randomly as 

respondents, for comparison and to know the impact of BGREI programme on production of rice crop, 90 non-beneficiaries 

were also selected. Thus a total of 180 farmers were chosen for the study. The data were collected from the selected 

respondents are aimed to know the impact BGREI programme on production of rice crop in Durg district. The data 

collection was done by the use of well structured pre-tested interview schedule through personal interview. Data were 

analyzed with help of suitable statistical tools. The findings of the study revealed that the majority of the beneficiaries 

farmers were agree with improvement in standard of living. To determine the level of difference between the beneficiaries 

farmers and non-beneficiaries farmers related to their rate of adoption for approved rice production technology. 

 

Keywords: BGREI, Rice production technology, Impact assessment, Durg, Chhattisgarh 

 

INTRODUCTION  

 

Indian agriculture is known for its multi 

functionalities of providing employment, livelihood, 

and food, nutritional and ecological securities. 

Agriculture and allied activities contribute 29.1 per 

cent to the GDP and employs 69 per cent of the total 

work force. It has been central to all strategies and 

planning for the socio-economic development of the 

country. 

The program of Bringing Green Revolution to 

Eastern India (BGREI) is intended to address the 

underlying constraints for enhancing productivity of 

rice and wheat in seven states of eastern India 

(Assam, Bihar, Chhattisgarh, Jharkhand, Eastern 

Uttar Pradesh, Orissa and West Bengal) so that 

agricultural productivity is reasonably enhanced in 

these areas. These constraints are often described in 

terms of natural or ecological, technological and 

economic. In so far as natural or ecological 

constraints are concerned, these BGREI States are 

endowed with abundant rainfall needed for 

agricultural vocation. The program takes care of 

needed technology in terms of assured provision for 

incentivized supply of recommended agricultural 

inputs to the farmer‟s adopting cluster approach in 

order to ensure equity amongst farmers across 

selected locations in the BGREI States. The process 

of input inducement under BGREI program differs 

from other crop development programs in respect of 

the provision of cash doles for “Deep ploughing in 

rain-fed areas/land preparation & line 

sowing/transplanting for all ecologies” and making 

provision of improved seed supply. Besides this, 

inter-ministerial coordination was ensured to enhance 

supply of agriculture credit and procurement of 

agriculture commodities by the public sector 

agencies at the minimum support prices declared by 

Government of India in general and in the BGREI 

districts in particular. The program of Bringing 

Green Revolution in Eastern India was launched in 

the year 2010-11 to enhance the agriculture 

production in the states of Assam, Bihar, 

Chhattisgarh, Jharkhand, Orissa, Eastern U.P and 

West Bengal based on action plans developed by 

these strategies. It was conceived as a lateral to 

Rashtriya Krishi Vikas Yojna (RKVY). 

To determine the impact of Bringing Green 

Revolution to Eastern India (BGREI) programme on 

production of Rice crop, the present study was 

investigated to assess the impact of Bringing Green 

Revolution to Eastern India (BGREI) among the 

beneficiaries and non-beneficiaries in Durg district. 

 

RESEARCH METHODOLOGY  

 

The present study was undertaken to assess the 

impact of BGREI programme on production of rice 

crop during 2015-16 in 18 randomly selected villages 

of the Durg district of Chhattisgarh state. For this 

study a total of 90 beneficiaries were selected 

randomly as respondents, for comparison 90 non-

beneficiaries were also selected. Thus a total of 180 

farmers were selected for the study. The data 

collection was done by the use of well structured pre-

tested interview schedule through personal interview. 

The collected data were analyzed by using 

appropriate statistical tools i.e. frequency, 

percentage, correlation and regression analysis etc.   
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Impact of BGREI Programme 

The dictionary meaning of the term “impact” is a 

strong impression or outcomes. Thus impact is 

awareness and behavioral outcome of a person. It 

refers to desirable changes in targeted population. 

The impact of any technological development can be 

assessed in two ways. Viz direct and indirect. The 

direct impact is the direct effect of technology on the 

productivity, while indirect impact of the programme 

can be accessed through change in socio-economic 

status of the programme among the respondents. This 

procedure followed by Sengar et al. (2003).  

The direct and indirect impact of BGREI Programme 

on production and productivity was assessed with 

help of the following formula: 

X1 – X2 

I      =                         x 100 

X2 

Where, 

I = Impact of BGREI programme 

X1= Current position of rice production 

X2=Pre position of rice production i.e. position 

before implementation of BGREI programme. 

 

RESULT AND DISCUSSION  

 

Impact of BGREI programme on production and 

productivity of rice 

The data regarding total production and productivity 

of rice crop in study area presented in Table 1. In 

year 2014-15, the beneficiaries farmers had total 

production of 10116.91 Qtl., while total productivity 

of 3218.36 Qtl. and average productivity of 35.75 

Qtl. / ha. In year 2015-16, they had total production 

of 11606.74 Qtl., while total productivity of 4264.55 

Qtl. and average productivity of 47.38 Qtl. / ha. So 

the difference of production and productivity 

between both the year was expressed in form of (% 

change), which was 12.83 per cent (Total Production 

and Average production) and 24.54 per cent (Total 

productivity and Average productivity), respectively.  

Whereas, in year 2014-15, the non-beneficiaries 

farmers had total production of 7369.75 Qtl., while 

total productivity of 2740.50 Qtl. and average 

productivity of 30.45 Qtl. / ha. In year 2015-16, they 

had total production of 8265.47 Qtl. , while total 

productivity of 3597.30 Qtl. and average productivity 

of 39.97 Qtl. / ha. So the (% change) was 10.84 per 

cent Total Production and 23.81per cent (Total 

productivity and Average productivity), respectively. 

According to above records, it can be express that 

production and productivity both increased. 

 

Table 1. Impact on Production and productivity of rice crop in study area 

Respondent Category 2014-15 2015-16 % change 

Beneficiaries 
Total Production (in Qtl.) 10116.91 11606.74 12.83 

Total productivity (in Qtl.) 3218.36 4264.55 24.54 

Average productivity (in Qtl./ha.) 35.75 47.38 24.54 

Non-beneficiaries 
Total Production (in Qtl.) 7369.75 8265.47 10.84 

Total productivity (in Qtl.) 2740.50 3597.30 23.81 

Average productivity (in Qtl./ha.) 30.45 39.97 23.81 

 

Considerable change was observed in production of 

beneficiaries‟ farmers because they were exposes 

with training on approved (recommended) 

technologies. 

Difference between Beneficiaries farmers and 

Non-beneficiaries farmers with respect to their 

production and productivity of rice crop 

To determine the level of difference between the 

beneficiaries farmers and non-beneficiaries farmers 

related to their rate of adoption for approved rice 

production technology, “t” test was applied and 

results were summarized in Table 2. It revealed that 

the beneficiaries farmers had significantly higher 

adoption as compared to non-beneficiaries farmers, 

because the “t” value is 31.53**and was found 

highly significant. This indicated that BGREI 

programme played important role in increasing the 

rate of adoption of the beneficiaries‟ farmers through 

proper strategic application of technologies to 

increase production and productivity of rice. 

 

Table 2. Difference between Beneficiaries and Non-beneficiaries farmers with respect to their productivity of 

rice 

Particular Beneficiaries farmers Non-beneficiaries farmers 

Frequency 90 90 

Mean Qtl./ha. 47.38 39.97 
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S.D. Qtl./ha. 1.32 1.78 

„t‟ value 31.53** 

**Significant at 0.01 level of probability 

 

Benefit Cost Ratio 

Table 3. BC ratio of rice crop in study area 

Crop Average Productivity  

            (in Qtl.) 

Average Cost of 

Cultivation(Rs.) 

Average Gross 

Return(Rs.) 

Net 

Return 

(Rs.) 

Rice 47.38 

 

22477.11 

 

66811.28 

 

44334.17 

 

BC Ratio=2.0 

    

The result of Table 3 showed that average 

productivity of the rice crop in study area were 47.38 

Qtl/Ha. Average Gross return were 66811.28 Rs., 

Average Cost of cultivation were 22477.11 Rs. And 

Net return were 44334.17 Rs. The Benefit Cost Ratio 

were 2.0.of beneficiaries respondents. 

Correlation coefficient and multiple regression 

analysis of independent variables with impact of 

BGREI programme on production and 

productivity of rice crop  
To determine the relationship of selected 

independent variables with the productivity of rice, 

the correlation analysis was worked out and results 

are present in Table 4. The finding revealed that out 

of 09 independent variables, 4 variables i.e. land 

holding, annual income, contact with extension 

agencies and cropping intensity were found to be 

positive and highly significantly. 2 variable Land 

holding and annual income, correlated at 0.01 level 

of probability, and 2 variables contact with extension 

agencies and cropping intensity were found to be 

positive and significantly correlated at 0.05 level of 

probability with the productivity of rice 

(beneficiaries). In case of non-beneficiaries farmers, 

out of 9 variables, 2 variables were found positive 

and significant towards productivity of rice. One 

variable i.e. land holding. was correlated at 0.01 level 

of probability and contact with extension agencies 

was correlated with 0.05 level of probability with 

productivity of rice. 

 

Table 4. Correlation coefficient analysis of independent variables with impact of BGREI programme on 

production and productivity of rice crop 

Variable 

code Independent variables 
Correlation “ r” values  

Beneficiaries Non-beneficiaries 

X1 
Occupation 0.158 NS 0.134 NS 

X2 
Land holding  0.352** 0.213* 

X3 
Annual  income  0.279** 0.118 NS 

X4 

Contact with extension agencies 

0.245* 0.229* 

X5 Cafeteria information 0.097 NS 0.114 NS 

X6 
Cropping intensity 0.210* 0.201 NS 

X7 

Effect of technical intervention 0.143NS - 

X8 

Knowledge about approved rice production technology 

0.080NS 0.020NS 

X9 
Economic Motivation 0.170NS 0.107NS 

** Significant at 0.01 level of probability (“r” value = 0.267) 

* Significant at 0.05 level of probability (“r” value = 0.205) 

NS = Non-significant 

 

The result of multiple regression analysis is 

presented in Table 5. The data reveals that out of 09 

independent variables, the 1 variable viz. land 

holding contributed positively and significant at 0.01 

per cent level of probability towards productivity of 

rice (beneficiaries). And 2 variables annual income 

and cropping intensity contributed positively and 

significant at 0.02 per cent level of probability 
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towards productivity. In case of non-beneficiaries 

farmers, the 2 variable viz. land holding and annual 

income contributed positively and significant at 0.02 

per cent level of probability towards productivity. 

All the selected 9 variables which were fitted in 

regression model explained the 63.00 per cent and 

57.01 per cent of the total contribution were 

explained in the productivity of rice with 

beneficiaries and non-beneficiaries farmers 

respectively.

 

Table 5. Multiple regression analysis of independent variables with impact of BGREI programme on production 

and productivity of rice crop 

Variable 

code 

Independent variables 

Beneficiaries 
Non-beneficiaries 

t-value 

Regression 

coefficient 

“b” value 

t-value 

Regression 

coefficient 

“b” value 

X1 Occupation  0.14 0.71 NS 0.01 0.06 NS 

X2 

Land holding  
1.95 3.23** 0.56 2.18* 

X3 
Annual  income  0.983 1.991* 0.29 2.03* 

X4 Contact with extension agencies  0.08 0.32 NS 0.00 0.01NS 

X5 
Cafeteria information  0.08 0.81 NS 0.01 0.13 NS 

X6 Cropping intensity  1.076 2.031* 0.00 0.45 

X7 
Effect of technological 

intervention  0.06 0.79NS - - 

X8 Knowledge about approved rice 

production technology 0.07 0.67 NS 0.10 1.18 NS 

X9 Economic Motivation  0.02 0.20 NS 0.02 0.27 NS 

 
                                      R

2
 = 0.63         R

2
= 0.57 

** Significant at 0.01 level of probability (t value = 0.270)    

*Significant at 0.05 level of probability (t value =0.207) 

  NS = Non-significant 

 

CONCLUSION  

 

From the above finding it can be concluded that the 

87.78 per cent of the beneficiaries farmers were 

agree with improvement in standard of living and the 

level of difference between the beneficiaries farmers 

and non-beneficiaries farmers related to their rate of 

adoption for approved rice production technology. It 

revealed that the beneficiaries farmers had 

significantly higher adoption as compared to non-

beneficiaries farmers, because the “t” value is 

31.53**and was found highly significant. This 

indicated that BGREI programme played important 

role in increasing the rate of adoption of the 

beneficiaries‟ farmers through proper strategic 

application of technologies to increase production 

and productivity of rice. 
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Abstracts: The present study was undertaken in Durg district of Chhattisgarh with 180 respondents (90 beneficiaries and 90 

non beneficiaries) to assess the communicational sources used by respondents. From the selected respondents data were 

collected by using well structured and pre tested interview schedule and collected data were analyzed by using appropriate 

statistical tools. In case of cafeteria in information the results of the study indicated that the majority of the beneficiaries 

farmers and the non-beneficiaries farmers both had found information from ATIC, as regards to contact with extension 

agencies, the majority of the beneficiaries farmers and the non-beneficiaries farmers both had always contacted with Govt. 

Agril. Deptt., majority of the beneficiaries farmers and the non-beneficiaries farmers both had medium level of contact with 

extension agencies. 
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INTRODUCTION  

 

ndian agriculture is known for its multi 

functionalities of providing employment, 

livelihood, and food, nutritional and ecological 

securities. Agriculture and allied activities contribute 

29.1 per cent to the GDP and employs 69 per cent of 

the total work force. It has been central to all 

strategies and planning for the socio-economic 

development of the country. A rapid growth in the 

agricultural sector is essential not only to achieve self 

reliance at the national level but also to the 

household food security and most importantly to 

bring about equity in distribution of income and 

wealth. 

Communication is an integral part of development 

and this is more so in the context of India, where 

large population still lives in villages and may not be 

able to take active part in the development process 

due to illiteracy, shortage of resources, poor 

infrastructure facilities and low bargaining power etc. 

(Vittal, 1982). Communication plays an important 

role in extension system. The communication 

efficiency also influences the job satisfaction and job 

commitment of an individual. 

Farmers use many information sources and channels 

for seeking many agricultural information and 

package of practices. In this regards the study aims to 

assess the communication behavior of the 

respondents towards the BGREI on production of 

Rice. 

 

RESEARCH METHODOLOGY  

 

The present study was conducted in Durg district of 

Chhattisgarh as it is the well known for rice 

cultivation district. All three blocks of Durg district, 

Durg, Dhamdha and Patan blocks were selected 

purposively, because the maximum numbers of 

farmers who are involved with BGREI programme in 

this district are residing in these blocks. From each 

selected block, 6 villages were selected thus total 18 

villages (Total 6X3=18) were selected on the basis of 

maximum availability of beneficiaries and non-

beneficiaries in the villages. From each selected 

village, 5 beneficiaries (Total5X18=90) were 

selected randomly as respondents. For comparison 

and to know the impact of BGREI programme on 

production of rice crop, 5 non-beneficiaries (Total 5 

X 18 = 90) were also selected. Thus a total of 180 

(Total 18 X 10 = 180) farmers were chosen for the 

study. The data were collected with the help of well 

structured pretested interview schedule through 

personal interview. The collected data were analyzed 

by using appropriate statistical tools i.e. frequency, 

per cent etc. 

 

RESULT AND DISCUSSION  

 

Contact with extension agencies 

The data presented in Table 1 revealed the contact of 

BGREI beneficiaries and non-beneficiaries farmers 

with the extension agencies. The result of table 

indicates that the majority (78.89%) of the 

beneficiaries farmers had always contacted with 

Govt. Agril. Deptt., while 21.11 per cent of the 

beneficiaries farmers had sometimes contacted with  

Govt. Agril. Deptt., 53.34 per cent of the 

beneficiaries farmers had sometimes contacted with 

the KVK, while 36.66 per cent of the beneficiaries 

farmers had always contacted with the KVK, 10.00 

per cent of the beneficiaries farmers had never 

contacted with the KVK, 46.67 per cent of the 

beneficiaries farmers had sometimes contacted with 

I 
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Agril. Colleges/university, while 40 per cent of the 

beneficiaries farmers had never contacted with Agril. 

Colleges/university, 13.33 per cent of the 

beneficiaries farmers had always contacted with 

Agril. Colleges/university, 57.78 per cent of the 

beneficiaries farmers had never contacted with the 

KSK, while 32.22 per cent of the beneficiaries 

farmers had sometimes contacted with the KSK, 

10.00 per cent of the beneficiaries farmers had 

always contacted with the KSK, 50.00 per cent of the 

beneficiaries farmers had never contacted with the 

KCC, while 31.11 per cent of the beneficiaries 

farmers had always contacted with the KCC and 

18.89 per cent of the beneficiaries farmers had 

sometimes contacted with the KCC. 

Whereas, the majority (65.56%) of the non-

beneficiaries farmers had always contacted with 

Govt. Agril. Deptt., 22.22 per cent of the non-

beneficiaries farmers had never contacted with Govt. 

Agril. Deptt., 12.22 per cent of the non-beneficiaries 

farmers had sometimes contacted with Govt. Agril. 

Deptt., 46.66 per cent of the non-beneficiaries 

farmers had sometimes contacted with the KVK, 

32.22 per cent of the non-beneficiaries farmers had 

always contacted with the KVK, 21.11 per cent of 

the non-beneficiaries farmers had never contacted 

with the KVK, 54.45 per cent of the non-

beneficiaries farmers had never contacted with Agril. 

Colleges/university, 25.55 per cent of the non-

beneficiaries farmers had sometimes contacted with 

Agril. Colleges/university, 20.00 per cent of the Non-

beneficiaries always contacted with Agril. 

Colleges/university, 60.00 per cent of the non-

beneficiaries farmers had never contacted with the 

KSK, 27.78 per cent of the non-beneficiaries farmers 

had sometimes contacted with the KSK, 12.22 per 

cent of the non-beneficiaries farmers had always 

contacted with the KSK, 64.44 per cent of the non-

beneficiaries farmers had never contacted with the 

KCC, 18.89 per cent of the non-beneficiaries farmers 

had always contacted with the KCC, and 16.67 per of 

the non-beneficiaries farmers had sometimes 

contacted with the KCC. 

 

Table 1. Distribution of the respondents according to their extent of contact with extension agencies 

(n=180) 

S.No. Extension 

agencies 

Beneficiaries farmers 

(n=90) 

Non- beneficiaries farmers   (n=90) 

  Always 

use 

F/% 

Sometime 

use 

F/% 

Never 

use 

F/% 

Always 

use 

F/% 

Sometime 

use 

F/% 

Never 

use 

F/% 

1 Govt. Agril. 

Deptt. 

71 

(78.89) 

19 

(21.11) 

00 

(00.00) 

59 

(65.56) 

11 

(12.22) 

20 

(22.22) 

2 KVK 33 

(36.66) 

48 

(53.34) 

09 

(10.00) 

29 

(32.22) 

42 

(46.66) 

19 

(21.11) 

3 Agril. college/ 

university 

12 

(13.33) 

42 

(46.67) 

36 

(40.00) 

18 

(20.00) 

23 

(25.55) 

49 

(54.45) 

4 KSK 09 

(10.00) 

29 

(32.22) 

52 

(57.78) 

11 

(12.22) 

25 

(27.78) 

54 

(60.00) 

5 KCC 28 

(31.11) 

17 

(18.89) 

45 

(50.00) 

17 

(18.89) 

15 

(16.67) 

58 

(64.44) 

*Data are based on multiple responses F = Frequency    % =Percentage 

 

The Fig 1 indicated that majority (54.44%) of the 

beneficiaries farmers had medium level of contact 

with extension agencies, followed by 32.22 per cent 

of the beneficiaries farmers who had low level of 

contact with extension agencies, while only 13.34 per 

cent of the beneficiaries farmers had high level of 

contact with extension agencies. Bhosle et al. (2002), 

Shrivastava (2005), Vathsala (2005), Reddy (2006) 

and Deshmukh et al. (2007) were also found similar 

findings in their studies.   Whereas, Fig 2 shows that 

the majority (48.88%) of the non-beneficiaries 

farmers had medium level of contact with extension 

agencies, followed by 41.12 per cent of the non-

beneficiaries farmers had low level of contact 

agencies, while 10.00 per cent of the non-

beneficiaries farmers had high level of contact 

agencies.
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Fig 1. Distribution of the beneficiary’s respondents according to their overall extent of contact with extension 

agencies 

 

 
Fig 2. Distribution of the non-beneficiaries respondents according to their overall extent of contact with 

extension agencies 

 

Cafeteria information 

The data regarding cafeteria information presented in 

Table 2 revealed that the majority (93.33%) of the 

beneficiaries farmers had found information from 

ATIC, followed by 82.22 per cent of the respondents 

were obtained information from scientists, while 

71.11 per cent of the respondents were obtained 

information from KVK, 68.89 per cent of the 

respondents were obtained Information from Agril. 

exhibitions, 67.78 per cent of the respondents were 

using farmer’s fair as information source, 64.44 per 

cent of the respondents were using Display board and 

KCC both as information source, 61.11 per cent of 

the respondents were obtained information from 

Kisan gosthi, 52.22 per cent of the respondents were 

obtained information from SAU, 51.11 per cent of 

the respondents were using leaflets and pamphlets as 

information source, 48.89 per cent of the respondents 

were obtained information from training or exposure, 

43.33 per cent of the respondents were obtained 
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information from extension buses, 36.67 per cent of 

the respondents were obtained information from ICT 

film / mobile, 27.78 per cent of the respondents were 

obtained information from Road show and 22.22 per 

cent of the respondents were obtained information 

from Joint visit of extension personnel .  

Whereas, the majority (83.33%) of the non-

beneficiaries farmers had found information from 

ATIC, followed by 60.00 per cent of the respondents 

were obtained information from farmer’s fair, while 

58.89 per cent of the respondents were obtained 

information from Agril. exhibition and Kisan gosthi 

both, 57.78 per cent of the respondents were obtained 

information from scientists and Display board both, 

51.11 per cent of the respondents were obtained 

information from KVK, 48.89 per cent of the 

respondents were obtained information from 

extension buses, 46.67 per cent of the respondents 

were obtained information from Leaflets / pamphlets, 

38.89 per cent of the respondents were obtained 

information from Road show, 37.78 per cent of the 

respondents were obtained information from KCC, 

36.67 per cent of the respondents were obtained 

information from SAU, 27.78 per cent of the 

respondents were obtained information from 

Training or exposure, and 23.33 per cent of the 

respondents were obtained information from Joint 

visit of extension personnel. 

 

Table. 2 Distribution of the respondents according to their use of cafeteria information  (n = 180) 
 
Cafeteria in 

Information 

Beneficiaries farmers (n=90) Non- beneficiaries farmers   (n=90) 

Always 

use 
F/% 

Sometime 

use F/% 

Never 

use F/% 

Total use 

F/% 

Always 

use 
F/% 

Sometime 

use F/% 

Never 

use F/% 

Total use 

F/% 

Agril.exhibition 49 (54.45) 13 (14.44) 28 (31.11) 62 (68.89) 46 (51.11) 07 (07.78) 37 (41.11) 53 (58.89) 

Training or exposure 20 (22.22) 24 (26.67) 46 (51.11) 44 (48.89) 16 (17.78) 09 (10.00) 65 (72.22) 25 (27.78) 

Road show 15 (16.67) 10 (11.11) 65 (72.22) 25 (27.78) 22 (24.45) 13 (14.44) 55 (61.11) 35 (38.89) 

Kisan gosthi 25 (27.78) 30 (33.33) 35 (38.89) 55 (61.11) 35 (38.89) 18 (20.00) 37 (41.11) 53 (58.89) 

Joint visit of Extension 

personels 

06 (6.67) 14 (15.55) 70 (77.78) 20 (22.22) 13 (14.44) 08 (08.89) 69 (76.67) 21 (23.33) 

ATIC 57 (63.33) 27 (30.00) 06 (06.67) 84 (93.33) 50 (55.55) 25 (27.78) 15 (16.67) 75 (83.33) 

Scientist 33 (36.67) 41 (45.55) 16 (17.78) 74 (82.22) 24 (26.67) 28 (31.11) 38 (42.22) 52 (57.78) 

Leaflets/pamphlets 26 (28.89) 20 (22.22) 44 (48.89) 46 (51.11) 20 (22.22) 22 (24.44) 48 (23.34) 42 (46.67) 

SAU 30 (33.33) 17 (18.88) 43 (47.79) 47 (52.22) 23 (25.56) 10 (11.11) 57 (63.33) 33 (36.67) 

Display board 39 (43.33) 19 (21.11) 32 (35.56) 58 (64.44) 27 (30.00) 25 (27.78) 38 (42.22) 52 (57.78) 

Farmers fair 29 (32.22) 32 (35.56) 29 (32.22) 61 (67.78) 21 (23.33) 33 (36.67) 36 (40.00) 54 (60.00) 

Extension buses 15 (16.67) 24 (26.67) 51 (56.66) 39 (43.33) 14 (15.55) 30 (33.34) 46 (51.11) 44 (48.89) 

KVK 21 (23.33) 43 (47.79) 26 (28.88) 64 (71.11) 17 (18.88) 29 (32.23) 44 (48.89) 46 (51.11) 

KCC 28 (31.11) 30 (33.33) 32 (35.56) 58 (64.44) 11 (12.22) 23 (25.56) 56 (62.22) 34 (37.78) 

ICT Film/Mobile 05 (05.56) 28 (31.11) 57 (63.33) 33 (36.67) 02 (02.22) 16 (17.78) 72 (80.00) 18 (20.00) 

*Data are based on multiple responses        F=Frequency  %=Percentage 

 

CONCLUSION 

 

From the above findings it can be concluded that the 

majority of the beneficiaries farmers had found 

information from ATIC and As regards to contact 

with extension agencies, the majority of the 

beneficiaries farmers had always contacted with 

Govt. Agricultural Department and had medium level 

of contact with extension agencies. 
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Abstract: Present investigation was undertaken to study the effect of INM on yield and quality of broccoli cv. KTS-1. For 

this, a field experiment was carried out in Randomized Block Design with three replications. The experiment was conducted 

at the Horticulture Research Farm of university, during Rabi season of 2014-15. For the experiment, thirteen treatment 

combinations viz. T0 (Control), T1 (NPK:150 :100 :100 Kg/ha ), T2 [(Neem cake (2.5 t/ha) + Vermicompost (5 t/ha) + 

Azotobacter (2 kg/ha)], T3 [Neem cake (1.5 t/ ha) + 75% recommended dose of NPK ], T4 [Neem cake (2.5 t/ha) + 50% 

recommended dose of NPK],  T5 [Vermicompost (2.5 t/ha) + 75% recommended dose of NPK], T6 [Vermicompost (5 t/ha) + 

50% recommended dose of NPK],  T7 [Azotobacter (2 kg/ha) + 75% recommended dose of N + full dose of P and K through 

inorganic fertilizer],  T8 [Azotobacter (2kg/ha) + 50% recommended dose of N + full dose of P and K through inorganic 

fertilizer], T9 [Neem cake (1.5 t/ha) + Vermicompost (2.5 t/ha) + 75% recommended dose of NPK through inorganic 

fertilizer], T10 [Neem cake (2.5 t/ha) +Vermicompost (5 t/ha) + 50% recommended dose of NPK through inorganic 

fertilizer], T11 [Neem cake (1.5 t/ha) + Vermicompost (2.5 t/ha) + Azotobacter (2 kg/ha) + 75% recommended dose of NPK 

through inorganic fertilizer] and T12 [Neem cake (2.5 t/ha) + Vermicompost (5 t/ha) + Azotobacter (2 kg/ha) + 50% 

recommended dose of NPK through inorganic fertilizer] were used. Treatment T11 (Neem cake 1.5 t/ha + Vermicompost 2.5 

t/ha + Azotobacter 2 kg/ha + 75% recommended dose of NPK through inorganic fertilizer) was found best in terms of 

maximum curd weight/plant (438 g), curd weight/plot (3.94 kg), curd yield (219.06 q/ha), T.S.S. (10.15 0B), vitamin C 

content (82.91 (mg/100g), acidity (0.49), total sugar content (3.16 g), reducing sugar content (2.75g), non reducing sugar 

(0.43). 

 

Keywords:  Broccoli; Inorganic fertilizer; Vermicompost; Neem cake; Azotobacter; Yield; Quality 

 

INTRODUCTION 

 

roccoli (Brassica oleracea L. var. italica Plenck 

2n=x=18), which is originated from the 

Mediterranean region commonly known as Hari 

gobhi in Hindi and a member of Cole group, belongs 

to the family Brassicaceae or Cruciferae (mustard 

family). Broccoli is an Italian vegetable which is 

cultivated in Italy in ancient roman times. 

Commercial cultivation of broccoli was started 

around 1923 (Decoteau, 2000). Watt (1983) reported 

that broccoli is more nutritious than any other Cole 

crops such as cabbage, cauliflower and kohlrabi. On 

the other hand, broccoli is environmentally better 

adapted than cauliflower, and reported to with stand 

comparatively at higher temperature than cauliflower 

(Rashid, 1976). Brassica vegetables possess both 

antioxidant and anticarcinogenic properties (Cartea et 

al., 2008) and it is well known that dietary intake of 

food containing antioxidants provides effective 

support for the body’s defensive systems and may 

prevent some diseases (Mc Carty, 2008) Broccoli  is 

one of the most nutritious Cole crops and contains 

vitamin A (130 times and 22 times higher than 

cauliflower and cabbage, respectively), thiamin, 

riboflavin, niacin, vitamin C and minerals like Ca, P, 

K and Fe ( Kumar et al., 2011). Broccoli contains 

indole-3-carbinol which helps to fight breast and 

lung cancer (Anon. 2006). It is used as curries, soups 

and pickles and also eaten as a salad and cooked as a 

single or mixed vegetable with potato (Thamburaj 

and Singh, 2001). Broccoli is a cool-loving crop and 

very sensitive to high temperature which cause the 

heads to be distorted, making it a high-risk crop. 

Integrated nutrient management is a practical 

alternative, which holds great promise not only for 

securing high productivity but also against 

deterioration of soil environment. Many countries 

have already introduced the organic production 

system with specific logo to provide individuality to 

the organic products in commercial trade (Sharma, 

2011). Organic manures not only balance the nutrient 

supply but also improve the physical and chemical 

properties of soil (Nair and Peter 1990). Chemical 

fertilizer nitrogen, phosphorus and potassium are 

essential macronutrients, which have great 

significance in plant growth and development and in 

the formation of starch thus require in large quantity 

(Choudhary et al., 2012; katyayan, 2001). Taking 

into consideration the above facts, an experiment 

entitled “Impact of integrated nutrient management 

on yield and quality of broccoli (Brassica oleracea 

L. var. italic Plenck) cv. KTS-1” was planned with 

B 

RESEARCH ARTICLE 

mailto:jalsinghchf@gmail.com


372 JAL SINGH MEENA, M.L. MEENA, NIRMAL KUMAR MEENA AND RAKESH KUMAR MEENA 

the objective to study the effect of INM on yield and 

quality of broccoli. 

 

MATERIAL AND METHOD 

 

The present study was conducted at research farm of 

Department of Applied Plant Science (Horticulture), 

Babasaheb Bhimrao Ambedkar University, Lucknow 

during 2014-2015. The experiment was conducted 

during Rabi season under Randomized Block Design 

with three replications. Geographically Lucknow is 

situated at 26
0
50’ N latitude, 80

0
52’ E longitude and 

altitude of 111 meter above mean sea level (MSL). 

 

Planting materials and treatment combinations  

The seeds of broccoli were collected from IARI, 

Regional Research Station Kattrain Kullu Valley 

(H.P). Broccoli seeds KTS-1 were sown on nursery 

beds of Horticultural Research Farm, Babasaheb 

Bhimrao Ambedkar University, Lucknow, by 

broadcasting method on Oct. 1, 2014. 35 Days after 

sowing, seedling were ready for transplanting. These 

healthy seedling uniform shape and size were 

selected and transplanted in well prepared field. All 

the agronomic package of practices was taken to 

grow a healthy crop in each replication. In each 

replication, randomly fine plants were selected for 

taking observation. The experimental materials 

included thirteen treatment combinations viz. T0 

(Control), T1 (NPK:150 :100 :100 Kg/ha ), T2 

[(Neem cake (2.5 t/ha) + Vermicompost (5 t/ha) + 

Azotobacter (2 kg/ha)], T3 [Neem cake (1.5 t/ ha) + 

75% recommended dose of NPK ],  T4 [Neem cake 

(2.5 t/ha) + 50% recommended dose of NPK],  T5 

[Vermicompost (2.5 t/ha) + 75% recommended dose 

of NPK], T6 [Vermicompost (5 t/ha) + 50% 

recommended dose of NPK],  T7 [Azotobacter (2 

kg/ha) + 75% recommended dose of N + full dose of 

P and K through inorganic fertilizer],  T8 

[Azotobacter (2kg/ha) + 50% recommended dose of 

N + full dose of P and K through inorganic fertilizer], 

T9 [Neem cake (1.5 t/ha) + Vermicompost (2.5 t/ha) 

+ 75% recommended dose of NPK through inorganic 

fertilizer],   T10 [Neem cake (2.5 t/ha) + 

Vermicompost (5 t/ha) + 50% recommended dose of 

NPK through inorganic fertilizer], T11 [Neem cake 

(1.5 t/ha) + Vermicompost (2.5 t/ha) + Azotobacter 

(2 kg/ha) + 75% recommended dose of NPK through 

inorganic fertilizer] and T12 [Neem cake (2.5 t/ha) + 

Vermicompost (5 t/ha) + Azotobacter (2 kg/ha) + 

50% recommended dose of NPK through inorganic 

fertilizer]. 

 

Study parameters 

Different 9 parameters of yield and quality were 

observed. Physical parameters like curd weight (g), 

yield of curd per plot (kg), and yield (q/ha) were 

measured. Biochemical parameters viz. T.S.S.
 

(
0
 

Brix), titratable acidity (%), ascorbic acid (mg/100g), 

total sugar (%), reducing sugar (%) and non reducing 

sugar (%) were estimated by method of Ranganna 

(1999).  

 

Statistical analysis 

All the observed parameters were laid down for 

analysis of variance by using RBD design. Three 

replications were taken to observations of 

parameters. Statistical analysis was carried out in 

OPSTAT software version 1.0 for windows.  

 

RESULT AND DISCUSSION 

 

Yield parameters 

Data from Table-1 revealed that the differences with 

respect to the yield and quality were significant 

among different treatment combinations.   Treatment 

T11   (Neem cake (1.5 t/ha) + Vermicompost (2.5 

t/ha) + Azotobacter (2 kg/ha) + 75% recommended 

dose of NPK through inorganic fertilizer) observed 

best in terms of the maximum curd weight/plant (438 

g). Curd of treatment T11 had highest weight/plot 

(3.94 kg) and maximum curd yield (219.06 q/ha) 

among all treatments. These results are similar to the 

work of Sharma et al. (2012) reported that the 

application of recommended dose of nitrogen, 

phosphorous and potassium in combination with 

azotobacter and phosphorous solubilizing bacteria in 

cauliflower registered higher marketable curd yield 

(9%) over the recommended dose of nitrogen, 

phosphorous and potassium. Singh and Pandey 

(2010) studied the effect of integrated nutrient 

management was study on yield and nutrients uptake 

of cabbage crop on sandy loam soil. The head yield 

of cabbage crop has increased significantly with 

application of recommended doses of inorganic 

fertilizer (NPK) in combination of organic fertilizer 

along with bio-fertilizer over the control 

 

Quality parameters 

Maximum T.S.S. (10.15
0
B), titratable acidity 

(0.49%) and vitamin C (82.11mg/100g) were 

recorded in treatment T11 (Neem cake (1.5 t/ha) + 

Vermicompost (2.5 t/ha) + Azotobacter (2 kg/ha) + 

75% recommended dose of NPK through inorganic 

fertilizer).  

Similarly, highest total sugar (3.16%) reducing sugar 

(2.75%) and minimum non reducing sugar (0.43%) 

were found in treatment T11 whereas minimum 

concentration of sugars was recorded in T0 (control). 

These result corroborated with the findings of 

Bambal et al., (1998) in cauliflower, Upadhyay et al. 

(2012) in cabbage, Qureshi et al. (2014) in kale.
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Table 1. Impact of integrated nutrient management on yield and quality of broccoli (Brassica oleracea L. var. 

italic Plenck) cv. KTS-1 
  Characters 

S. 

No. 

Treatme

nts 

Curd 

Weight 

(g) 

Yield of 

curd per 

plot (kg) 

Yield 

(q/ha) 

Acidity 

(%) 

T.S.S.  

0brix 

Vitamin C 

(mg/100g) 

Total 

sugar 

(%) 

Reducing 

sugar 

(%) 

Non 

reducing 

sugar 

(%) 

1. T0 163.16  1.46  81.473  0.28  7.13  68.45  1.92 1.71 0.21 

2. T1 423.81  3.81  211.65  0.43  9.00  76.38  2.75 2.50 0.35 

3. T2 230.13  2.06  114.80  0.30  7.15  71.66  2.36 1.83 0.23 

4. T3 260.16  2.35  129.99  0.34  7.45  70.99  2.48 2.00 0.25 

5. T4 240.32  2.16  119.99  0.32  7.33  72.17  2.10 1.87 0.23 

6. T5 283.47  2.54  141.47  0.39  7.42  73.53  2.67 2.37 0.30 

7. T6 294.46  2.64  147.03  0.37  7.53  74.51  2.47 2.20 0.27 

8. T7 342.06  3.07  170.91  0.42  8.63  76.22  2.77 2.44 0.33 

9. T8 304.32  2.73  151.84  0.39  8.40  76.61  2.72 2.41 0.31 

10. T9 411.97  3.73  207.58  0.45  9.58  81.40  3.06 2.67 0.38 

11. T10 389.97  3.50  194.80  0.44  9.26  78.07  2.98 2.62 0.36 

12 T11 438.71  3.94  219.06  0.49  10.15  82.91  3.16 2.75 0.43 

13 T12 373.47  3.36  186.65  0.47  9.82  82.11  3.12 2.72 0.39 

CD at 5% 22.20  0.20  11.22  0.03  0.73  1.82  0.16 0.04 0.02 

 

CONCLUSION 

 

On the basis of present investigation it can be 

concluded that the application of T11 (Neem cake 1.5 

t/ha + Vermicompost 2.5 t/ha + Azotobacter 2 kg/ha 

+ 75% recommended dose of NPK through inorganic 

fertilizer) followed by T1 in (NPK: 150:100:100 

kg/ha recommended dose nutrients through inorganic 

fertilizers) proved best for higher curd yield and 

maximum retention of quality attributes. It can be 

recommended for higher production of broccoli 

under Lucknow (Uttar Pradesh) conditions.               
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Abstract: An experiment was carried out to analyze genetic diversity for yield and its contributing traits in 60 ash gourd 

genotypes at Research cum Instructional Farm, Indira Gandhi Krishi Vishwavidyalaya, Raipur (C.G.), India, during Kharif 

2015-16. The cluster analysis grouped all 60 ash gourd genotypes into 5 major clusters based on D2 value. Extreme genetic 

divergence was estimated among clusters. Maximum number of genotypes were grouped into cluster I included nineteen 

genotypes, whereas, cluster IV included seventeen genotypes. The cluster V had seventeen genotypes, cluster II included 

five genotypes and which is followed by cluster III had only two genotypes in each cluster. Average inter cluster distance 

was found maximum (10.742) between cluster III and cluster II which would be fruitful for developing heterotic cross 

combination. Cluster III showed highest mean value for number of branches per plant, fruit length, fruit girth, average fruit 

weight, number of seeds per fruit, number of fruits per plant, total soluble solid, 100 seed weight and fruit yield per plot (kg). 

The characters like number of seeds per fruit, duration of crop, 100 seed weight contributed maximum to divergence. Hence, 

ash gourd crop improvement could be tried with the genotypes of divergent clusters for better heterotic effects. 

 

Keywords: Ash gourd, Cluster, divergence, Genotypes, Yield 

 

INTRODUCTION 
 

he Cucurbitaceae is one of the most genetically 

diverse groups of plants in the plant kingdom. It 

consists of about 118 genera and 825 species. 

(Robinson and Decker- walters, 1996). 

Ash gourd [Benincasa hispida (Thunb.) Cogn.] 

popularly known as Wax gourd, or White pumpkin is 

important cucurbitaceous vegetable grown thought 

India in rainy season. It belongs to the family 

cucurbitaceae having chromosome number 2n=24. It 

is indigenous to Asian subtropics, De Candolle 

(1982) found its wild species in the sea shore of Java 

and it has been spreaded northwards to Japan and 

also to Central America and West Indies (Seshadri, 

1986). 

Among the cucurbits, ash gourd is considered a 

prized vegetable because of its high nutritional value, 

long storage life and good transport qualities, besides 

its medicinal properties. The mature fleshy fruit is 

either eaten raw or cooked as vegetable marrow or 

‘candied’ as sweetmeat popularly known as ‘petha’. 

It is a good source of carbohydrate, vitamin A, 

vitamin C and minerals like iron and zinc (Randhawa 

et al., 1983 and Sureja et al., 2006). An enzyme 

extracted from ash gourd juice can be used in place 

of calf rennet for producing cheddar cheese (Gupta 

and Eskin, 1977). Ash gourd juice has potential to 

improve the weak nervous system (Arora, 2003). 

In India, widest genetic variability is present for its 

fruit shape, size, days to flowering, wax deposition 

and other vegetative characters. Chhattisgarh state 

has good genetic diversity for various characters, 

especially for fruit characters, days to flowering and 

days to maturity and no exploration has been taken to 

trap the diversity. It may be mentioned that until to-

date there is lack of released variety of ash gourd 

with high yield potential and better quality. Further, 

very limited attempt had been made for genetic 

improvement of this crop because of its high 

cross-pollination; hardly any genetically pure strain 

is available to the growers. Lacks of high yielding, 

disease and pest tolerant varieties are the main 

constraints towards its production.  

A wide range of genetic diversity among parents is 

essential feature for any hybridization programme. 

Hence, plant breeders are interested to estimate the 

extent of genetic diversity among different genotypes 

which will help them to achieve the set goal through 

appropriate breeding strategy. Mahalanobis D
2
 

analysis provides a means for assessment of genetic 

diversity among crop plants (Mahalanobis, 1936) and 

an attempt was made in the present investigation in 

ash gourd. 

 

MATERIAL AND METHOD 

 

The study was carried out during Kharif season 

(2015-16) at Research cum Instructional farm, 

IGKV, Raipur (C.G.), India. The experiment 

comprised of sixty genotypes of ash gourd collected 

from different region of southern Chhattisgarh. The 

experiment was laid out in a randomized block 

design with three replications at 3.0 × 0.75 m row to 

row and plant to plant spacing. All the recommended 

cultural practices were adopted to raise a healthy 

crop. Data were recorded on five randomly selected 

plants with respect to characters viz., days to 50% 

flowering, number of branches per plant, node 

number of first female flower appears, days to first 
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female flower appears, node number of first male 

flower appears, days to first male flower appears, 

days to fruit set, days to first fruit harvest, fruit 

length (cm), fruit girth (cm), average fruit weight (g), 

number of seeds per fruit, number of fruits per plant, 

total soluble solid (%), 100 seed weight (g), fruit 

yield per plot (kg), and duration of crop (sowing to 

last harvest). The data obtained on above 17 

characters was used for cluster analysis and 

investigated to select the parents for hybridization 

using Mahalanobis (1936) D
2
 statistics. The 

genotypes were grouped into different clusters by 

Tocher’s method (Rao, 1952). The population was 

arranged in order of their relative distances from 

each other. For including a particular population in 

the clusters, a level of D
2
 was fixed by taking the 

maximum D
2
 values between any two populations in 

the first row of the table where D
2 

values were 

arranged in increasing order of magnitude. 

 

RESULT AND DISCUSSION 

 

The analysis of variance revealed significant 

differences among ash gourd genotypes for all 

characters suggesting considerable genetic variability 

in the population. Using the estimated D
2
 values as 

squares of generalized distance, all genotypes were 

grouped into 5 clusters (table. 1). Maximum number 

of genotypes were grouped into cluster I (IAG-1, 

IAG-2, IAG-4, IAG-17, IAG-20, IAG-21, IAG-23, 

IAG-29, IAG-30, IAG-31, IAG-42, IAG-43, IAG-48, 

IAG-50, IAG-51, IAG-52, IAG-53, IAG-57, IAG-58) 

included nineteen genotypes, whereas, cluster IV 

(IAG-3, IAG-5, IAG-8, IAG-12, IAG-14, IAG-18, 

IAG-19, IAG-22, IAG-24, IAG-25, IAG-27, IAG-28, 

IAG-33, IAG-36, IAG-38, IAG-39, IAG-44) and 

cluster V (IAG-6, IAG-7, IAG-11, IAG-13, IAG-16, 

IAG-32, IAG-34, IAG-35, IAG-37, IAG-40, IAG-41, 

IAG-45, IAG-46, IAG-47, IAG-54, IAG-55, IAG-56) 

included seventeen genotypes and cluster II (IAG-9, 

IAG-15, IAG-26 IAG-49, IAG-59) has five 

genotypes and cluster III (IAG-10, IAG-60) had two 

genotypes. The pattern of clustering indicated that 

there was no association between geographic 

distribution of genotypes and genetic divergence as 

the same group consisted of genotypes from diverse 

locations and the genotypes of same source fell into 

different groups also.  

The average inter and intra cluster distances among 

the five clusters are presented in Table 2. that 

maximum inter cluster distance was observed 

between cluster III and cluster II (10.742) 

followed by cluster III and IV (10.153), cluster III 

and V (9.274), cluster III and I (8.690), cluster I I and 

V (6.415), cluster I and II (4.943), cluster IV and V 

(3.834), cluster II and IV (3.690). The minimum 

inter-cluster distance were recorded in case of 

cluster I to cluster IV (2.991) followed by cluster I  

and V (2.523). The higher inter-cluster distance 

indicated greater genetic divergence between the 

genotypes of those cluster, while lower inter-cluster 

values between the clusters suggested that the 

genotypes of the clusters were not much genetically 

diverse from each other. The maximum intra cluster 

distance was observed in cluster II cluster (3.236) 

followed by cluster V (3.189) indicating maximum 

diversity within these clusters. Genotypes from 

distant clusters could be exploited in hybrid 

development programmes due to their wide genetic 

distance. These results are in general agreement with 

the findings of Islam (2004), Singh et al. (2007) and 

Bhardwaj et al. (2013). 

  

Table 1. Composition of clusters in ash gourd genotypes. 

 

Cluster 

Number 

Number of 

genotypes 

included 

 

Name of genotypes 

I 19 IAG-1, IAG-2, IAG-4, IAG-17, IAG-20, IAG-21, IAG-23, IAG- 29, IAG-30, IAG-

31, IAG-42, IAG-43, IAG-48, IAG-50, IAG-51, IAG-52, IAG-53, IAG-57, IAG-58 

II 5 IAG-9, IAG-15, IAG-26 IAG-49, IAG-59 

III 2 IAG-10, IAG-60 

IV 17 IAG-3, IAG-5, IAG-8,IAG-12, IAG-14, IAG-18, IAG-19, IAG-22, IAG-24, IAG-

25, IAG-27, IAG-28, IAG-33, IAG-36, IAG-38, IAG-39, IAG-44 

V 17 IAG-6, IAG-7, IAG-11, IAG-13, IAG-16, IAG-32, IAG-34, IAG-35, IAG-37, IAG-

40, IAG-41, IAG-45, IAG-46, IAG-47, IAG-54, IAG-55, IAG-56 

 

Table 2. Intra (bold) and Inter cluster distance values in ash gourd genotypes. 

Cluster Number 
 

I 

 

II 

 

III 

 

IV 

 

V 

I 3.045     

II 4.943 3.236    

III 8.690 10.742 2.723   

IV 2.991 3.690 10.153 2.901  

V 2.523 6.415 9.274 3.834 3.189 
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Table 3. Contribution of each character to divergence in ash gourd genotypes. 
Characters Days      to 

50% 

Flowering 

No. of 

branches 

per plant 

Node 

number 

of first 

female 

flower 

Days to 

first 

female 

flower 

appear 

Node 

no. at 

which 

1
st

male 

flower 

Days to 

first 

male 

flower 

appears  

Days 

to 

fruit 

set 

Days     

to 

1
st       

fruit 

harvest 

Fruit 

length 

(cm) 

Fruit 

girth 

(cm) 

Average 

fruit 

weight 

(kg) 

No. of 

seeds 

per 

fruit 

 

No     

of 

fruits 

per 

plant 

T.S.S 

(%) 

100 

seed 

weight 

(g) 

Fruit 

yield  

/plot 

(kg) 

Duration  

of crop 

(sowing    

to 

last 

harvest) 

Total 

Number 
times 

appearing 

first time 

0 0 11 51 0 7  
10 

 

0 4 85 89 1005 76  
0 

112 9 311 1770 

Percent 

contribution 

0 0 0.62 2.88 0 0.39 0.56 0 0.22 4.80 5.02 56.77 4.29 0 6.32 0.50 17.57 100 

 

Table 4. Mean performance of genotypes in individual cluster for yield and its components in ash gourd genotypes. 
Character 

Cluster 

 

 

Days to 

50% 

Flowering 

No. of 

branches 

per plant 

Node 

number of 

first 

female 

flower 

Days to 

first 

female 

flower 

appears  

 

Node no. 

at which 

1
st

male 

flower 

Days to 

first male 

flower 

appears    

 

Days to 

fruit set 
Days to 1

st       

fruit 

harvest 

Fruit 

length 

(cm) 

Fruit girth 

(cm) 

Average 

fruit 

weight 

(kg) 

No.of 

seeds per 

fruit 

 

No of 

fruits per 

plant 

T.S.S (%) 100 seed 

weight (g) 

Fruit yield  

/plot (kg) 

Duration  of 

crop(sowing 

to last 

harvest) 

I 19 91.72 10.54 39.11 75.32 32.10 66.67 80.86 130.01 21.77 52.56 2.92 368.05 8.94 2.31 4.41 23.24 136.25 

II 5 106.60 10.00 35.95 77.20 32.84 71.40 94.26 134.69 21.18 52.97 2.72 343.00 8.04 2.24 3.80 18.33 142.97 

III 2 87.00 12.27 35.13 70.17 30.34 68.17 77.64 129.98 24.49 59.48 3.29 658.85 13.18 2.53 6.50 41.67 144.23 

IV 17 99.22 10.82 38.98 79.82 33.44 65.08 88.28 132.45 21.18 51.60 2.41 330.65 8.37 2.40 4.01 20.81 138.04 

V 17 87.12 10.82 40.80 70.00 33.92 64.12 76.37 128.22 22.29 52.08 2.57 419.52 8.74 2.39 4.05 21.84 135.59 

 

Table 5. Desirable genotypes based on cluster mean performance. 
No. S. Cluster Characters I II III IV V 

1 Days  to 50% Flowering IAG-30 IAG-59 IAG-60 IAG-25 IAG-7 

2 No. of branches per plant IAG-2 IAG-26 IAG-10 IAG-14 IAG-54 

3 Node number of first female flower appears IAG-17 IAG-9 IAG-60 IAG-44 IAG-40 

4  Days to first female flower appears  IAG-17 IAG-26 IAG-60 IAG-8 IAG-16 

5 Node number of first male flower appears IAG-17 IAG-49 IAG-60 IAG-27 IAG-16 

6 Days to first male flower appears IAG-21 IAG-15 IAG-60 IAG-12 IAG-13 

7 Days to fruit set IAG-30 IAG-59 IAG-60 IAG-12 IAG-32 

8 Days  to first
 
fruit harvest IAG-21&30 IAG-49 IAG-60 IAG-12 IAG-32 

9 Fruit length (cm) IAG-1 IAG-15 IAG-60 IAG-12&38 IAG-11 

10 Fruit girth (cm) IAG-51 IAG-59 IAG-60 IAG-14 IAG-55 

11 Average fruit weight (kg) IAG-50 IAG-9 IAG-10 IAG-36 IAG-34 

12 No.of seeds per fruit IAG-48 IAG-15 IAG-10 IAG-5 IAG-32 

13 No. of fruits per plant IAG-1 IAG-59 IAG-10 IAG-5 IAG-11 

14 T.S.S (%) IAG-52 IAG-26 IAG-10 IAG-39 IAG-7 

15  100 seed weight(g) IAG-48 IAG-59 IAG-10 IAG-36 IAG-46 

16  Fruit yield / plot (kg) IAG-1 IAG-59 IAG-10 IAG-38 IAG-41 

17 Duration  of crop (sowing to last harvest) IAG-30 IAG-15 IAG-10 IAG-25 IAG-55 
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The contribution of each character to divergence is 

presented in table 3. The result showed that number 

of seeds per fruit contributes highest (56.77%) to 

divergence followed by duration of crop (17.57%), 

100 seed weight (6.32%), average fruit weight 

(5.02), fruit girth (4.80), number of fruits per plant 

(4.29%), days to first female flower appears 

(2.88%) Whereas, node number of first female 

flower  (0.62%), day to fruit set (0.56%), fruit 

yield/plot (0.50%), days to first male flower appears 

date (0.39%), and fruit length (0.22) contribute 

lowest to divergence. This contribution is an 

important consideration for the purpose of further 

selection and choice of parents for hybridization. The 

results of the present study was close agreement with 

findings of Islam (2004) who reported that primary 

branches per plant, fruit length and weight, number 

of fruits and yield per plant contributed the most of 

the total genetic divergence and Mladenovic et al. 

(2012). 

The mean performance for different clusters of 

genotypes for yield and its components are presented 

in Table 4. Cluster III showed highest mean value for 

number of branches per plant, fruit length, fruit girth, 

average fruit weight, number of seeds per fruit, 

number of fruits per plant total soluble solid, 100 

seed weight, and fruit yield per plot and it also 

showed lowest mean performance for days to 50% 

flowering, node number of first female flower 

appears and node number of first male flower 

appears. Cluster IV showed lowest mean 

performance for days to first male flower appears. 

Cluster V expressed lowest mean value for days to 

first female flower appears, days to fruit set, days to 

first fruit harvest and duration of crop. The better 

genotypes can be selected for most of characters on 

the basis of mean performance in the cluster.  

The best genotypes which had chosen for different 

characters are presented in Table-5. In this study, 

group constellation showed that cluster V (IAG-10, 

IAG-60) included genotypes with most of the 

superior traits hence these genotypes could be 

directly selected and utilized on the basis of the 

observations recorded on a diverse group of ash 

gourd genotypes, it may be concluded that 

hybridization between genotypes of diverse clusters 

may help in developing better genotype/varieties for 

fruit yield in ash gourd for Chhattisgarh plains. 

 

CONCLUSION 
 

The D
2 

values recorded for sixty genotypes 

indicated the presence of appreciable amount of 

genetic diversity among the genotypes. In this study, 

group constellation showed that genotype of cluster 

III i.e. (IAG-10, IAG- 60 were highly divergent from 

all other genotypes. This indicated that crossing 

programme with IAG-10, IAG-60, will be planned 

by using this desirable useful trangressive genotype 

for fruit yield in ash gourd for Chhattisgarh plains. 

ACKNOWLEDGEMENT  

 

The main author is highly grateful to Department of 

Vegetable science, Indira Gandhi Krishi 

Vishwavidyalaya, Raipur (C.G.), for providing the 

germplasm and technical support for research work. 

 

REFERENCES 
 

Arora, R. K. (2003). Genetic resources of 

underutilized vegetables and their regions of 

diversity, Vegetable Science., 30(1): 1-9. 

Bhardwaj, D. R., Singh, A. and Singh, U. (2013). 

Genetic variability of bottle gourd [Lagenaria 

siceraria (Mol.) Standl.] by multivariate analysis. 

Published in Proc. of National Symposium on 

Abiotic and Biotic Stress management in Vegetable 

Crops. Indian society of Vegetable Science pp. 370.  

De Candolle, A. (1982). Origin of Cultivated 

Plants, New York, diversity. Vegetable Science 

48(30):1-9. 

Gupta, G. B. and  Eskin, N. A. M. (1977). Potential 

use of vegetable rennet in the production of cheese. 

Food Technology 31: 62-64.  

 Islam, M. T. (2004). Genetic divergence in bottle 

gourd [Lagenaria siceraria (Mol.) Standl.]. Bulletin 

of the Institute of Tropical Agriculture, Kyushu 

University., 27: 19. 

Mahalanobis, P. C. (1936). On the generalized 

distance in statistics. Proceedings of the National 

Academy of Sciences India, 21: 49-55.  

Mladenovic, E., Berenji, J., Ognjanov, V., 

Ljubojevic, M. and Cukanovic, J. (2012). Genetic 

variability of bottle gourd Lagenaria siceraria (Mol.) 

Standley and its morphological characterization by 

multivariate analysis. Archives of Biological 

Sciences, 64, 573-583.  

Randhawa, K. S., Singh, M., Arora, S. K. and  

Singh, P. (1983). Varietal variation in physical 

characters and chemical constituents of ash gourd 

fruits (Benincasa hispida (Thunb.) Cogn.). Punjab 

Agricultural University of Journal of Research 20: 

251-254. 

 Rao, C. R. (1952). Advance Statistical Methods in 

Biometrics Research. Hofaer Publication 

Robinson, R. W. and  Decker-Walters, D. S. 
(1996). Cucurbits. CAB International, U.K. pp 226. 

Seshadri, V. S. (1986). Cucurbits. In: Bose, T.K., 

Som, M.G. (Eds.), Vegetables Crops in India.  1
st
 

Edition, Naya  Prokash,  Calcutta-6,  India, 91–164. 

Singh, K. P., Singh, V. K. and Saha, B. C. (2007). 

Genetic divergence in bottle gourd. Journal of 

Interacadeici 11(1): 28-33.  

Sureja, A. K., Sirohi, P. S., Behera, T. K. and 

Mohapatra, T. (2006).  Molecular diversity and its 

relationship with hybrid performance and heterosis in 

ash gourd [Benincasa hispida (Thunb.) Cogn.]. 

Journal of Horticultural Science and Biotechnology 

81(1): 33-38. 

 



*Corresponding Author 

________________________________________________  
  Journal of Plant Development Sciences Vol. 9 (4) : 379-382. 2017 

EFFECT OF VARIOUS OIL CAKES AQUEOUS EXTRACTS (EACH @ 5 % AND 

10% @ CONC.) ON GROWTH OF PLEROTUS SPP.  
 

Tarun Kumar Jatwa, K.T. Apet and Rudrappa K. Bannihatti*  

 

Department of Plant Pathology, V.N.M.K.V., Dist. Parbhani, India 

Email: tarunjatwa@gmail.com +919461553414 

 

Received-10.04.2017, Revised-27.04.2017 
 

Abstract: Effect of various oil cakes aqueous extracts each @ 5 % and 10% @ conc. (cotton seed cake, neem seed cake, 

soyabean seed cake, castor cake, karanj cake, safflower cake, sunflower cake and groundnut cake) on mycelial growth 

of Pleurotus spp. (P. florida, P. eous, P. sajor-caju) was studied in vitro. The culture media tested, maximum colony 

diameter of P. florida (90.00 mm) was recorded on Potato dextrose agar (control-without any aqueous extract of oil cakes), 

this was followed by Cotton cake extract @ 5 % (49.66 mm), Karanj cake extract @ 5 % (42.66 mm) minimum colony 

diameter was recorded on safflower cake extract @ 10 % (21.00 mm) and this was followed by sunflower cake extract @ 10 

% (23.00 mm). The average colony diameter of P. eous the maximum colony diameter (90.00 mm) was recorded on Potato 

dextrose agar (control-without any aqueous extract of oil cakes), this was followed by Cotton cake extract @ 5 % (59.66 

mm), Karanj cake extract @ 5 % (55.66 mm) and the minimum colony diameter was recorded on sunflower cake extract @ 

10 % (20.33 mm) and this was followed by groundnut cake extract @ 10 % (24.66 mm). Colony diameter of P. sajor-caju 

the maximum colony diameter (90.00 mm) was recorded on Potato dextrose agar ( control-without any aqueous extract of oil 

cakes), this was followed by Cotton cake extract @ 5 % (53.00 mm) and the minimum colony diameter was recorded on 

castor cake extract @ 10 % (20.33 mm) and this was followed by sunflower cake extract @ 10 % (22.00 mm). 

 

Keyword: In vitro, Plerotus  florida, Plerotus. eous, Plerotus sajor-caju, Culture media 

 

INTRODUCTION  

 

dible mushrooms are nutritionally endowed 

fungi (mostly Basidiomycetes) that grow 

naturally on the trunks, leaves and roots of trees as 

well as decaying woody materials (Chang and Miles, 

1992; Stamets, 2000; Lindequist et al., 2005). These 

edible mushrooms include Agaricus spp. (button 

mushrooms), Volvariella volvacea (oil palm 

mushrooms), Auricularia auricula (wood ear 

mushroom), as well as Pleurotus ostreatus (oyster 

mushrooms) (narh et. al.2011).This Mushroom is 

fleshy, spore-bearing reproductive structures of  

fungi grown on organic substrates and for a long 

time, have played an important role as a human food 

due to its nutritional and medicinal properties (Etich, 

O. K., et. al. 2013)). Mushrooms are a good source 

of protein, vitamins and minerals and are known to 

have a broad range of uses both as food and 

medicine. A high nutritional values of oyster 

mushrooms has been reported with protein (25-50%), 

fat (2-5%), sugars (17-47%), mycocellulose (7-38%) 

and minerals (potassium, phosphorus, calcium, 

sodium) of about 8-12% (Stanely et. al. 2011). 

Edible mushrooms are also rich in vitamins such as 

niacin, riboflavin, vitamin D, C, B1, B5 and B6 

(Syed, A. A. et. al. 2009). 

This mushroom is gaining popularity day by day 

considering the nutritional and medicinal importance 

of this mushroom, an attempt was made to evaluate 

different strains for their physiological requirements 

and the substrate suited for their production (Rakesh 

Kumar and kushwaha, 2014) 

 

MATERIAL AND METHOD 

 

Prepartion of pure culture of P. florida, P.  sajor-

caju and P. eous. 

Matured pileus/cap of P. florida, P. sajor-caju and P. 

eous was placed in the sterile glass petriplats (90 

mm) lined with dark black coloured drawing sheet 

paper, facing gills underside covered with lid and 

kept as such for a over night. Next day morning 

abundant  white coloured circular spore print on 

paper sheet was obtained. From this spore prints, 

spores were gently  lifted with the wire loop and 

transfered on autoclaved and cooled PDA medium in 

glass Petriplates under Laminar air flow cabinet. 

These plates were then incubated at 20
0
C in an 

incubator. After a week of incubation, profused 

whitish, cottony growth was developed. From these 

plates, pure culture of P. florida, P. sajor-caju and P. 

eous were preapred on PDA slants in glass test tubes 

and preserved in refrigrator for further studies. 

 

Prepartion of aqueous extracts of oilcakes.  

Aqueous extracts of eight oilcakes viz., cotton seed 

cake, neem seed cake, soyabean seed cake, castor 

cake, karanj cake, safflower cake, sunflower cake 

and groundnut cake were used to study the culture 

growth of P. florida, P.  sajor-caju, P.  eous. Oil 

cakes were ground to coarse powder using mixer 

cum grinder. The 100 g each oil cake powder was 

dispensed in 100  ml distelled water and heated to 

boiling. Cooled at room temperature and filtered 

through double layered muslim cloth. The extracts 

E 
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were obtained were further filtered through Whatman 

No.1 filter paper using funnel and volumatric flasks. 

The final clear extracts obtained from the standard 

oil cakes extracts of 100 percent concentration, 

which were evaluated (each @ 5 % and 10%) using 

PDA as a basal medium. 

An appropriate quantity of each oil cake extract 

(100%) was separately mixed throughly with PDA 

medium in conical flask (250 ml cap.) to obtain 

desired concentartion (5 and 10%) and autoclaved at 

15 lbs/cm² pressure for 15 to 20 minutes. Sterilized 

and cooled PDA amended with oil cakes extract was 

then poured (15 to 20 ml/plate ) into sterile glass 

petriplates (90 mm dia.) and allowed to solidify at 

room temperature. Each oil cake extrarct and its 

respective concentration were replicated thrice. The 

plates containing PDA without any extract were 

maitained as untreated control . Upon solidification 

of PDA , all the plates were aseptically inoculated by 

placing in the centre of a 5 mm mycelial disc 

obtained from a week old culture of P. florida, P. 

eous, and P. sajor- caju grown on agar plate. Plates 

containing plain PDA and with test fungus served as 

untreated control. All these plates were then incubate 

at 20 °C temperature for a week or till the untreated 

control plates were fully covered with mycelial 

growth of the test fungus. Observation on radial 

mycelia growth/colony diameters of the test fungal 

were recorded treatment wise as 24 hours intervals 

and continued till mycelial growth of the test fungus 

was fully covered in untreated control plates. 

 

RESULT AND DISCUSSION 

 

The average colony diameter of P. florida on various 

aqueous extracts of oil cakes in present investigation 

ranged between 21.00 – 90.00 mm. the maximum 

colony diameter (90.00 mm) was recorded on Potato 

dextrose agar ( control-without any aqueous extract 

of oil cakes), this was followed by Cotton cake 

extract @ 5 % (49.66 mm), Karanj cake extract @ 5 

% (42.66 mm), Cotton cake extract @ 10 % (41.00 

mm) and Castor cake extract @ 5 % (39.66 mm) and 

the minimum colony diameter was recorded on 

safflower cake extract @ 10 % (21.00 mm) and this 

was followed by sunflower cake extract @ 10 % 

(23.00 mm). 

The average colony diameter of P. eous  on various 

aqueous extracts of oil cakes in present investigation 

ranged between 20.33 – 90.00 mm. the maximum 

colony diameter (90.00 mm) was recorded on Potato 

dextrose agar ( control-without any aqueous extract 

of oil cakes), this was followed by Cotton cake 

extract @ 5 % (59.66 mm), Karanj cake extract @ 5 

% (55.66 mm),  Castor cake extract @ 5 % (52.00 

mm) and the minimum colony diameter was recorded 

on sunflower cake extract @ 10 % (20.33 mm) and 

this was followed by groundnut cake extract @ 10 % 

(24.66 mm). 

The average colony diameter of P. sajor-caju  on 

various aqueous extracts of oil cakes in present 

investigation ranged between 19.00 – 90.00 mm. the 

maximum colony diameter (90.00 mm) was recorded 

on Potato dextrose agar ( control-without any 

aqueous extract of oil cakes), this was followed by 

Cotton cake extract @ 5 % (53.00 mm), Karanj cake 

extract @ 5 % (50.33 mm), groundnut cake extract 

@ 5 % (50.00 mm) and Castor cake extract @ 5 % 

(48.00 mm) and the minimum colony diameter was 

recorded on castor cake extract @ 10 % (20.33 mm) 

and this was followed by sunflower cake extract @ 

10 % (22.00 mm). 

 

Table 1. Effect of various oil cakes aqueous extracts (each @ 5 % and 10 @ conc.) on growth of P. florida. 

Tr. 

No. 

 

Treatments 

Avarage colony Diameter (mm) 

5% conc. 10% conc. 

T1 Cotton seed cake 49.66 41.00 

T2 Castor cake 42.66 32.33 

T3 Ground nut cake 39.66 26.00 

T4 Karanj cake  30.00 23.00 

T5 Bajara 27.66 21.00 

T6 Sunflower cake 31.66 28.66 

T7 Neem seed cake 35.33 27.33 

T8 Soyabean cake 37.00 31.00 

T9 Control (untreated) 49.66 41.00 

 

Table 2. Effect of various oil cakes aqueous extracts (each @ 5 % and 10 @ conc.)  on growth of P. eous. 

Tr. 

No. 

 

Treatments 

Avarage colony Diameter (mm) 

5% conc. 10% conc. 

T1 Cotton seed cake 59.66 32.33 

T2 Castor cake 55.66 27.66 
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T3 Ground nut cake 52.00 34.33 

T4 Karanj cake  43.33 20.33 

T5 Bajara 41.33 25.00 

T6 Sunflower cake 48.33 24.66 

T7 Neem seed cake 35.33 33.33 

T8 Soyabean cake 38.66 35.33 

T9 Control (untreated) 90.00 90.00 

 

Table 3. Effect of various oil cakes aqueous extracts (each @ 5 % and 10 @ conc.)  On growth of P. sajor-caju. 

Tr. 

No. 

 

Treatments 

Avarage colony Diameter (mm) 

5% conc. 10% conc. 

T1 Cotton seed cake 53.00 27.33 

T2 Castor cake 50.33 23.33 

T3 Ground nut cake 48.00 20.00 

T4 Karanj cake  42.66 22.00 

T5 Bajara 47.33 24.33 

T6 Sunflower cake 50.00 17.66 

T7 Neem seed cake 39.00 18.00 

T8 Soyabean cake 33.33 19.00 

T9 Control (untreated) 90.00 90.00 

 

                                         
              (A)         5 %  conc.                              (P. eous)                  10%  conc. 

                                           
                (B)      5 %  conc.                              (P. florida)                     10%  conc. 
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                  (C)     5 % conc.                              (P. sajor-caju)           10% conc. 

Fig. 1. Effect of various deoiled cakes (DOC) aqueous extract on growth of  

P.eous (A),   P.florida (B),   P.sajor caju (C). 

  

T1 :  Cotton seed cake              T5  :  Sunflower cake 

T2  :  Castor cake                     T6  :  Neem seed cake 

T3  :  Ground nut cake             T7  :   Soyabean cake 

T4  :  Karanj cake                     T8  :  Safflower cake 

T9  :  Control (untreated) 

 

CONCLUSION 
 

The result of present investigation revealed that the 

maximum colony diameter was recorded on potato 

dextros agar media and followed by Czapek’s dox 

agar in P. florida and P. sajor-caju and in P. eous 

patato dextros agar followed by yeast maintop agar 

media. 
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Abstract: In present investigation the fungicides, phytoextracts, oil cakes and biocontrol agents found effective in vitro, 

were further evaluated in field for two consecutive seasons as seed treatment individually as well as in different 

combinations for suppression of root rot of pea. It was found that combined treatments were superior in terms of better 

germination, lower mortality and higher yield as compared to individual treatments. The most effective treatment with ST 

Bavistin + Neem oil + T. harzianum+ SA Neem cake followed by seed treatment with Bavistin + Neem oil + T. harzianum 

as compared to control as well as other treatments. T. harzianum applied as seed treatment effectively established in pea 

rhizosphere and reached high population densities, at 90 DAS while the population of the pathogen was low in the 

rhizosphere as significant disease suppression was recorded. 

 

Keywords: F. solanif.sp. pisi, Pea, Root root, Neem oil, Bavistin, T. harzianum 

 

INTRODUCTION 

 

mong the soil borne diseases root rot of pea is a 

major soil borne disease in pea growing areas 

worldwide and is often considered to be the limiting 

factor in pea production (Shehataet al., 1983). Root 

rot may start when the plant is in the pre or post 

emergence seedling stage. Death soon follows as 

early infections, resulting in a poor crop stand. Root 

decay generally begins on the finer feeder roots and 

progresses gradually to the main tap root of the plant. 

In some cases all roots are destroyed, leaving only 

remnants below the attachment of the seed. Root rot 

of pea is characterized by the cortical decay and a 

brilliant red discoloration of vascular tissues in the 

root (Lin et al., 1984). 

The underground part of pea plant is damaged by the 

fungus. On underground stem reddish brown sunken 

lesions are formed. The root system may be 

completely decayed and the plant has poor standing. 

Vascular reddish discoloration is commonly 

observed in diseased plants. Symptoms consist of 

poor growth, yellowing and finally wilting of leaves 

(Singh, 1999). 

Among the fungal diseases, the root rot caused by 

Fusariumsolanif.sp.pisiremains to be challenging 

task in terms of management. Therefore, integrated 

management strategy is the better solution to 

maintain plant health. These strategies include 

minimum use of chemical for checking the pathogen 

population, encouragement of beneficial biological 

agent to reduce pathogen inoculums, modification of 

cultural practices and use of resistant varieties 

(Bendre and Barhate, 1998).In sustainable 

agriculture, diseases of grain legume need to be 

managed by integrated disease management (IDM) 

strategies that involve the use of additive or 

synergistic combinations of biotic, cultural and 

chemical control measures (Conway, 1996; Jimenez-

Diaz et al., 1998). 

 

MATERIAL AND METHOD 

 

Field trials on integrated disease management of the 

disease were conducted during rabiseason 2010 and 

2011 at field, Department of Plant Pathology, 

Rajasthan college of Agriculture, Udaipur. Field 

experiments were laid down in Randomized block 

design. Plot size taking in 3x2 m plot with spacing of 

30x10 cm and replicated thrice. Following treatment 

were laid out in IDM trial. On the basis of in vitro 

studies, one promising fungicide, one oil extract, one 

organic amendment and one bio control agent viz., 

Bavistin 50 WP, Neem oil, Neem cake and T. 

harzianum respectively were evaluated alone or in 

combination with each other to observe their 

individual as well as combined effects on root rot of 

pea. Local Pea variety was used for the study under 

irrigated condition. 

T1-  Seed treatment with fungicide (Bavistin 50 

WP 0.1%) 

T2-  Seed treatment with botanical (Neem oil @ 

3%) 

T3-    Seed treatment with bio-agent (T. 

harzianum10 gm/ kg) 

T4-    Seed treatment with fungicide +botanical 

(Bavistin 50 WP 0.1% + Neem oil @ 3%) 

T5-    Seed treatment with fungicide + bio-agent 

(Bavistin 50 WP 0.1% + T.harzianum10 gm/ kg) 

T6-  Seed treatment with botanical + bio-agent 

(Neem oil @ 3% + T.harzianum10 gm/ kg) 

T7-  Seed treatment with fungicide + botanical + 

bio-agent (Bavistin 50 WP 0.1% + Neem oil @ 3% 

+T. harzianum10 gm/ kg) 

T8-    Soil application with organic amendment 

(Neem cake 100 gm/ sqm) 
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T9- Combined treatment with organic 

amendment + Seed treatment with fungicide, 

botanical and bio-agent respectively (Bavistin 50 WP 

0.1%+ Neem oil @ 3% + T. harzianum10 gm/ kg 

seed + Neem cake 100 gm/ sqm) 

T10 - Untreated control 

Required quantity of Bavistin (0.1%), Neem oil and 

T. harzianumalone or in combination of each were 

used as seed treatment at the time of sowing and 

Neem cake used as soil treatment.The organic soil 

amendments (cakes) were added in to the soil two 

weeks before seed sowing and then soil infested with 

addition of inoculums @ 25 gm/sqm at 5-8 cm depth 

in the soil for increase the disease pressure.For seed 

treatment, cultures of the bio-control agents were 

individually grown on PDA. The sporulating 

colonies so developed were harvested by suspending 

in 20 ml water in each petri plates and mixed with 

sterilized fine clay (talc powder) 10 gm to make a 

slurry. This formulation of T. harzianum was used 

for seed treatments at 10 gm/kg seed in plots 

inoculated in combination of F. solanif.sp. pisi@ 

25gm/ sqm. The coated seeds were kept overnight in 

moist chamber so as to enable the antagonists to 

establish on seeds.For chemical and oil extract seed 

treatment small quantity of each fungicide bavistin 

0.1 % seed treatment and oil extract Neem oil (3%) 

separately for 30 minutes, air dried in shade and then 

sown. 

Observations 

 Per cent germination of pea seeds in 

different treatment 

 Root rot incidence in different treatments 

 Population density of pathogen and 

biocontrol agents in different treatments 

 Green pod yield in different treatments 

The seed germination was recorded 15 days after 

sowing and plant mortality was recorded upto 90 

days after sowing. Green pod yield was recorded for 

each plot after harvesting of pods. To determine the 

population of biocontrol agent and their possible 

effect on F.solanif.sp.pisi, soil samples from pea 

rhizosphere and around from both diseased and 

healthy plants were collected from each plot 

carefully by uprooting the plants lightly shaking 

these to remove the extra soil. The rhizosphere soil 

was collected by lightly scrapping with a hard brush. 

Samples of all the three replications of each 

treatment were pooled and placed in polythene bags, 

labeled and brought to the laboratory. Sub-samples 

from these pooled samples were used for determining 

population densities of biocontrol agents and the 

pathogen. 

 

RESULT AND DISCUSSION 

 

The fungicides, phytoextracts , oil cakes and bio-

agents which were found most effective in single 

experiment, further tested in combinations in 

Random Block Designed in the field during 

rabiseason (2010-11) and (2011-12). The seed 

germination was recorded 15 days after sowing and 

plant mortality was recorded 90 days after sowing. 

The plot size was 3x2 meter, total 10 treatments were 

taken including control and each treatment with 3 

replications, following randomised block design 

(RBD). Culture of F. solanif.sp.pisiwas multiplied on 

corn meal sand (2:1) medium filled in flasks at 28 ± 

1
0
C for 15 days till good growth occurred. These 

cultures were then properly mixed together and 

applied in soil @ 25 g/ sqm. All the plots were 

lightly irrigated immediately after inoculation and to 

allow establishment of the pathogen before sowing. 

At the time of sowing, soil samples were taken from 

a depth of 15 cm to determine initial population of 

pathogens. Seeds of pea were treated with fungicide 

Bavistin @ 0.1%, Neem oil @ 3% and the most 

effective bioconrol agent T. harzianum talc based 

formulation as seed treatment and most effective oil 

cake Neem cake was used for soil treatment @ 100 

g/sqm two week before sowing. A light irrigation 

was given immediately after sowing. Observations 

on germination percentage, per cent plant mortality 

and Green pod yield in different treatments were 

recorded. The results thus obtained are presented in 

Table 1, Plate 1, Fig. 1. After 30, 60 and 90 days of 

sowing, soil samples were collected from rhizosphere 

of pea for determination of population density of the 

respective biocontrol agent and the pathogen.  

Pooled data of two seasons reveals that the 

inoculated untreated control plots (T10) had 80.27% 

germination. Among individual treatments, seed 

treated with Neem cake (T8) showed the highest 

(88.24%) germination, as compared to control as 

well as other treatments. Seed treated with Bavistin 

(T1) had 86.98% germination, 85.92 % germination 

was observed in seed treated with T. harzianum(T3) 

and the lowest germination (82.68%) was observed 

with Neem oil (T2). In plots with treatments in 

combination, higher germination (92.31%) was 

recorded in plots having treatment with Bavistin + 

Neem oil + T. harzianum + Neem cake (T9), those 

with Bavistin + Neem oil + T. harzianum(T7) showed 

91.02% germination. This was followed by treatment 

with Bavistin + T. harzianum(T5) showed 90.74% 

germination and treatment with Bavistin + Neem oil 

(T4) showed 89.44% germination. The lowest 

germination (89.04%) was recorded in plots with 

seed treatment of Neem oil + T. harzianum(T6). 

The pooled data of two season showed lowest 

mortality (23.42%) with individual treatment, Neem 

cake (T8), followed by treatment with Bavistin (T1) 

showed 25.53% mortality. Seed treatment with T. 

harzianum(T3) resulted in 27.37% mortality and the 

highest mortality (37.95%) among the individual 

treatments was recorded in seed treatment with Neem 

oil (T2). The inoculated untreated control (T10) 

showed 42.69% mortality. In plot with treatments in 

combination, the lowest mortality (13.75%) was 

recorded in treatment with Bavistin + Neem oil +T. 
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harzianum + Neem cake (T9) as compared to 42.69% 

mortality in inoculated untreated control plots. This 

was followed by 14.75% mortality in plots with 

Bavistin + Neem oil + T. harzianum(T7) treated 

seeds. Plots treated with Bavistin + T. harzianum(T5) 

showed 16.74% mortality while 19.55% mortality 

was observed with Bavistin + Neem oil (T4). The 

seed treatment with Neem oil + T. harzianum(T6) 

resulted the highest mortality 22.32% among the 

combined treatments. 

The inoculated untreated control (T10) plots gave 

3.15kg/plot green pod yield, while among the 

individual treatments highest green pod yield (4.51 

kg/plot) was recorded in plots treated with Neem 

cake (T8), followed by 4.11 kg/plot green pod yield 

with Bavistin (T1), 3.97 kg/plot green pod yield with 

T.harzianum(T3) and the lowest green pod yield 

(3.74 kg/plot) was recorded in treatment with Neem 

oil (T2).  In plots with the treatments in combination, 

the highest green pod yield (5.26 kg/plot) was 

recorded in treatment with Bavistin + Neem oil + T. 

harzianum + Neem cake (T9), followed by 5.08 

kg/plot green pod yield in treatment with Bavistin + 

Neem oil + T. harzianum(T7), 4.90 kg/plot green pod 

yield with Bavistin + T. harzianum(T5) and 4.70 

kg/plot green pod yield with Bavistin + Neem oil 

(T4). The lowest green pod yield (4.64 kg/plot) 

among the combined treatments was recorded with 

Neem oil + T. harzianum(T6).   

The present findings are supported by other workers 

that integration of biocontrol agent with fungicides 

gave significantly higher disease control in several 

crops than that obtained by either biocontrol agent or 

fungicide (Heniset al., 1978; Upadhyay and 

Mukhopadhyay, 1983; Mukhopadhyay and Kaur, 

1990; Sawant and Mukhopadhyay 1990; Vyas, 1994; 

Dubeyet al., 1996;Dubey, 1997). Neelamegam and 

Govindarajalu (2002) demonstrated better results of 

plant stand and other growth parameters with 

biocontrol agents and farm yard manure (FYM) 

integration.

 

Table 1. Effect of different Integrated management module on per cent seed germination, per cent plant 

mortality and green pod yield in inoculated field of root rot pathogen on pea local cultivar during rabi season 

2010-11 and 2011-12 
S. 

No. 

 

 

Treatments 

 

 

 

Seed Germination* 

(%) 

Plant mortality* 

(%) 

Green pod yield* 

Kg/ plot 

2010-11 2011-12 pooled 2010-11 2011-12 pooled 2010-11 2011-12 pooled 

1. Bavistin 50 WP @ 0.1% ST 

 

87.96 

(69.74 ) 

86.00 

(68.04 ) 

86.98 

(68.89 ) 

25.66 

(30.43 ) 

25.30 

(30.25 ) 

25.53 

(30.34 ) 

4.30 3.92 4.11 

2. Neem oil @ 3% ST 

 

83.14 

(65.79 ) 

82.21 

(65.08 ) 

82.68 

(65.44 ) 

38.18 

(38.15 ) 

37.71 

(37.88 ) 

37.95 

(38.02 ) 

3.87 3.60 3.74 

3. T. harzianum @ 10 gm/kg ST 

 

86.29 

(68.29 ) 

85.55 

(67.66 ) 

85.92 

(67.98 ) 

27.03 

(31.28 ) 

27.71 

(31.76 ) 

27.37 

(31.52 ) 

4.02 3.91 3.97 

4. Bavistin @ 0.1% ST + Neem oil @ 

3% ST 

89.62 

(71.25 ) 

89.25 

(70.88 ) 

89.44 

(71.07 ) 

19.39 

(26.11 ) 

19.69 

(26.33 ) 

19.55 

(26.22 ) 

4.81 4.58 4.70 

5. Bavistin @ 0.1% ST + T. harzianum 

@  

10 gm/kg ST 

91.11 

(72.67 ) 

90.36 

(71.94 ) 

90.74 

(72.31 ) 

16.47 

(23.90 ) 

17.00 

(24.34 ) 

16.74 

(24.12 ) 

5.11 4.69 4.90 

6. Neem oil @ 3% ST + T. harzianum @  

10 gm/kg ST 

89.07 

(70.74 ) 

89.00 

(70.65 ) 

89.04 

(70.70 ) 

22.20 

(28.09 ) 

22.43 

(28.26 ) 

22.32 

(28.17 ) 

4.75 4.52 4.64 

7. Bavistin @ 0.1% + Neem oil @  

3% ST + T. harzianum @ 10 gm/kg ST 

91.29 

(72.86 ) 

90.73 

(72.31 ) 

91.02 

(72.59 ) 

14.39 

(22.28 ) 

15.10 

(22.86 ) 

14.75 

(22.57 ) 

5.23 4.92 5.08 

8. Neem cake 100 gm/ sqm 

(soil application) 

88.33 

(70.05 ) 

88.14 

(69.87 ) 

88.24 

(69.96 ) 

23.29 

(28.84 ) 

23.54 

(29.01 ) 

23.42 

(28.92 ) 

4.59 4.42 4.51 

9. Bavistin @ 0.1% ST + Neem oil @ 

3% ST + T. harzianum @ 10 gm/kg ST 

+ Neem cake 100 gm/ sqm (soil appli.) 

92.58 

(74.24 ) 

92.03 

(73.63 ) 

92.31 

(73.94 ) 

13.40 

(21.45 ) 

14.09 

(22.03 ) 

13.75 

(21.74 ) 

5.40 5.10 5.26 

10. Untreated control 

 

79.99 

(63.44 ) 

80.55 

(64.23 ) 

80.27 

(63.84 ) 

43.00 

(40.98 ) 

42.37 

(40.61 ) 

42.69 

(40.79 ) 

3.27 3.02 3.15 

 SEm + 0.74 1.20 0.70 0.82 0.65 0.52 0.18 0.17 0.12 

 CD at 5% 2.20 3.55 0.02 2.42 1.92 1.49 0.54 0.50 0.35 

 CV% 2.12 3.44 2.86 5.60 4.42 5.04 8.05 7.80 7.94 

* Mean of three replications 

Figures in parenthese arearcsine   per cent angular transformed values 

c.f.u of inoculum prepared in lab is 3 x 10
6
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Fig 1. Effect of integrated management modules on per cent seed germination, per cent plant mortality and 

green pod yield in inoculated field against root rot of Pea 

 

T1 = Bavistin 50 WP @ 0.1% ST T6 = Neem oil @ 3% ST + T. harzianum @ 10 

gm/kg ST 

T2 = Neem oil @ 3% ST T7 = Bavistin @ 0.1% + Neem oil @ 3% ST + T. 

harzianum @ 10 gm/kg ST 

T3 = T. harzianum @ 10 gm/kg ST T8 = Neem cake 100 gm/ sqm (soil application) 

T4 = Bavistin @ 0.1% ST + Neem oil @ 3% ST T9 = Bavistin @ 0.1% ST + Neem oil @ 3% ST + 

T. harzianum @ 10 gm/kg ST + Neem cake 100 gm/ sqm S.A. 

T5 = Bavistin @ 0.1% ST + T. harzianum @ 10 gm/kg ST T10 = Untreated control 
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Abstract: Twenty five genotypes of Kheda Amaranthus dubius Mart. collected form different agroclimatic region of 

Chhattisgarh were evaluated to assess the genetic variability, heritability and genetic advance for thirteen different yield 

contributing characters and important quality characters for yield traits. Significant genetic variation was observed for all the 

characters. High magnitude of genotypic as well as phenotypic coefficient of variations were recorded for traits viz., test 

weight of seed (30.83 and 30.96),  plant height (29.22 and 29.57), leaf length (28.13 and 28.48) and yield kg per plot (28 and 

29.28. The highest heritability was recorded for the characters viz., test weight of seed (99.10 %), plant height (97.70 %), 

leaf length (97.6 %), dry matter % (96.7 %), leaf width (95.0 %), number of branches per plant (91.6 %), yield kg/plot (91. 

%), petiole length (91.2). Genetic advance as percentage of mean was observed high for test weight of seed (63.44%), plant 

height (59.48 %), leaf length (57.21 %), yield kg/plot (55.27 %), leaf width (52.34 %), number of branches per plant 

(51.14%), dry matter% (49.29%), number of leaf per plant (44.52 %), petiole length (43.83 %), fibre content % (30.81 %), 

showing the possibility of improvement of these traits through selection. 

 

Keywords:  Variability, GCV, PCV, Heritability, Genetic advance, Khedha (Amaranthus dubius Mart.) 
 

INTRODUCTION 

 

hedha (Amaranrhus dubius Mart.) is one of the 

unexploited and underutilized leafy vegetable 

also known as Khedha bhaji and jari bhaji in 

Chhattisgarh belongs to the family amranthaceae and 

one of the common leafy vegetable of the state. it is a 

rich and inexpensive source of carotenoid, protein, 

vitamins and dietary fibre (Prakash and Pal, 1991; 

Shukla et al., 2003). Amaranth uses the C4 cycle 

photosynthetic pathway. It has a high rate of 

photosynthesis and excellent water use efficiency at 

high temperatures and high radiation intensity. 

Chhattisgarh state has very rich in leafy vegetable 

like Chench (Corchorus acutangulus Lam.) and 

Amaranthus genotypes for various traits like plant 

habit, branching habit, stem pigmentation, leaf 

venation, seed colour, petiole colour, leaf characters, 

viz., shape, size, etc. ((Kurrey et al., 2015). 

Chhattisgarh region .Leafy vegetables play a major 

role in nutritional requirement of the tribal and local 

population in remote parts of the Chhattisgarh. Leafy 

vegetable not only provide food quantity but also 

make significant contribution to the population 

nutrition throughout the year (Chauhan et al., 2014). 

Traditionally, genetic diversity studies are based on 

differences in morphological characters and 

qualitative traits. It has been used as a powerful tool 

in the classification of cultivars and also to study 

taxonomic status. (Kurrey et al., 2015) Genetic 

variability is essentially the first step of plant 

breeding for crop improvement which is immediately 

available for germplasm which is considered as the 

reservoir of variability for different characters 

(Vavilov, 1951). Phenotypic and genotypic 

coefficients of variation are useful in detecting 

amounts of variability present in germplasm. 

Heritability and genetic advance help in determining 

the influence of environment in expression of 

characters and the extent to which improvement is 

possible after selection (Robinson et al., 1949). 

Heritable variation can be effectively studied in 

conjunction with genetic advance. High heritability 

alone is not enough to make efficient selection in 

segregating generation and needs to be accompanied 

by a substantial amount of genetic advance 

(Johanson et al., 1955). Therefore, selection for 

desirable types should not only be restricted to yield 

alone but other components related to yield should 

also be considered (Varalaksmi and Reddy, 1997). 

So there is an urgent need of information on the 

nature and magnitude of variation available in the 

material and part played by environment in 

expression of different characters. Keeping in view 

the above facts, the present investigation was 

undertaken to estimate the magnitude of heritable 

and non heritable component of variation and genetic 

parameters such as genotypic coefficient of variation, 

phenotypic coefficient of variation heritability and 

genetic advance in 25 diverse genotypes of Khedha 

(Amaranrhus dubius Mart.). 

 

MATERIAL AND METHOD 

 

The experimental material for the study comprised of 

25 genotypes collected from three agro climatic 

zones of Chhattisgarh and laid in randomized 

complete block design (RCBD) with three 

replications at the Horticultural Instructional and 

Research Farm, Department of Horticulture, Indira 

K 
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Gandhi Krishi Vishwavidyalaya, Raipur (C.G.) lies 

between 21º16’ N latitude and 81º36’ E longitude 

with an altitude of 289.56 meters above the mean sea 

level. The experiment was conducted during Rabi 

season 2014-15. The soil properties like organic 

carbon (%) 0.60, Available N (kg ha-1) 275.00, 

Available P (kg ha-1) 16.75 and Available K (kg ha-

1) 303.00 Soil Reaction pH 7.09 and Electrical 

conductivity (n mh cm-1) 0.19 was observed in the 

site of experiment. The seeds were sown in 20cm 

apart between rows and 15cm within the row. 

Standard agronomic practices and plant protection 

measures were taken as per schedule. Test weight 

was recorded before sowing of crop. Observations 

were recorded on five randomly selected plants per 

replication plant height (cm), number of leaf per 

plant, leaf length (cm), leaf width (cm), petiole 

length (cm), number of branches per plant, dry 

matter %, root length (cm), days of 50% flowering, 

fibre content %, test weight of seed (g), yield (q/ha). , 

were recorded at 60 days after sowing while days to 

50% flowering, duration of crop were recorded 

periodically. Data were analyzed as per Panse and 

Sukhatme (1984) for analysis of variance. 

Phenotypic and genotypic coefficients of variation 

(PCV and GCV), heritability in broad-sense and 

genetic advance as percent of mean were calculated 

as per procedures given by Burton and De Vane 

(1953) and Johnson et al. (1955). 

 

RESULT AND DISCUSSION 

 

The extent of variability present in the genotypes 

were measured in terms of ranges, phenotypic 

coefficient of variation (PCV), genotypic coefficient 

of variation(GCV), heritability in broad sense and 

Genetic advance as percentage of mean is presented 

in Table 1. The analysis of variance revealed highly 

significant differences for all the characters studied 

which indicates the genotypes differ significantly for 

all the characters. Wide range of variation was 

observed in all the characters. Genotypic coefficient 

of variation (GCV) and phenotypic coefficient of 

variation (PCV) are categorized as low (less than 

10%), Moderate (10-20%) and high (more than 20%) 

as suggested by Sivasubramanian and 

Madhavamenon (1973). 

High magnitude of genotypic as well as phenotypic 

coefficient of variations were recorded for traits viz., 

test weight of seed (30.83 and 30.96),  plant height 

(29.22 and 29.57), leaf length (28.13 and 28.48), 

yield kg per plot (28 and 29.28), number of branches 

per plant (25.93 and 27.10), leaf width (25.67 and 

26.33), dry matter% (24.35 and 35.77), number of 

leaf per plant (22.93 and  24.33), petiole length 

(22.24 and 23.29), suggested the substantial 

improvement on khedha through selection for these 

traits. Moderate GCV and PCV were recorded for 

Root length (16.78 and 20.32), Fibre content % 

(16.16 and 17.44), days of 50% flowering (13.57 and 

14.39). Character like duration (9.27 and 12.35) had 

low had low genotypic and phenotypic coefficient of 

variation.  

These results are in general agreement with the 

findings of Anuja and Mohideen (2007), who 

observed high GCV and PCV for  number of leaves, 

yield of green, root weight, leaf weight, stem weight, 

and leaf area. Similar results also  reported by  Pan et 

al. (2008) for leaf stem ratio followed by total yield 

of greens/plot, girth of stem and length of leaf. 

Ahammed et al. (2012) for primary branches per 

plant. Sarker et al. (2014) for foliage yield, 

leaves/plant, plant height.  

Phenotypic coefficient of variation (PCV) was higher 

than the genotypic coefficient of variation (GCV) for 

all the traits indicating that environmental factors 

were influencing their expression. Wide difference 

between phenotypic and genotypic coefficient of 

variations indicated their sensitiveness to 

environmental fluctuations whereas narrow 

difference showed less environmental interference on 

the expression of these traits. The traits which 

showed high phenotypic and genotypic coefficient of 

variations are of economic importance and there is 

scope for improvement of these traits through 

selection. 

Heritability estimate along genetic advance are 

normally more useful in predicting the gain under 

selection than that of heritability alone. However, it 

is not necessary that a character showing high 

heritability will also exhibit high genetic advance 

(Johnson et al. 1955). An attempt has been made in 

present investigation to estimate heritability in broad 

sense and categorized as low (<50%), moderate 

(50%-70%) and high (>70%) as suggested by 

Robinson (1966). 

In the present investigation high magnitude of 

heritability was recorded for most of characters. The 

highest heritability was recorded for the characters 

viz., test weight of seed (99.10 %), plant height 

(97.70 %), leaf length (97.6%), dry matter % (96.7 

%), leaf width (95.0%), number of branches per plant 

(91.6 %), yield kg/plot (91. %), petiole length (91.2), 

days of 50 % flowering (89.0 %), number of leaf per 

plant (88.8 %), fibre content % (85.9 %). Similar 

results reported by Revanappa and Madalgeri (1998) 

for green yield per plant, plant height, number of 

branches per plant, number of leaf per plant. Shukla 

et al. (2006) for plant height, number of branches per 

plant, number of leaf per plant, foliage yield per 

plant. Pan et al. (2008) for length of leaf, width of 

leaf. Sarker et al. (2014) for plant height, number of 

leaf per plant, fibre content %. Moderate heritability 

was observed for root length (68.1 %), and duration 

of crop (56.3 %). 

The magnitude of genetic advance as percentage of 

mean easy categorized as high (>20 %), moderate 

(20-10%) and low (<10 %) as suggested by Johnson 

et al. (1955). Genetic advance as percentage of mean 

was observed high for test weight of seed (63.44 %), 
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plant height (59.48 %), leaf length (57.21 %), yield 

kg/plot (55.27 %), leaf width (52.34 %), number of 

branches per plant (51.14 %), dry matter% (49.29 

%), number of leaf per plant (44.52 %), petiole 

length (43.83 %), fibre content % (30.81 %),  root 

length (28.56 %), days of 50 % flowering (26.37 %) 

and moderate for duration (14.31 %). 

Heritability estimates along with genetic advance are 

more useful than the heritability value alone for 

selecting the best individual. High heritability 

coupled with high genetic advance was observed for 

test weight of seed, plant height, leaf length, number 

of leaf per plant, leaf width, petiole length, number 

of branches per plant, dry matter percent, days of 

50% flowering, yield kg per plot, fiber content % 

Indicating that most likely the heritability is due to 

additive gene effects and selection may be effective. 

Therefore, selection based on phenotypic 

performance of these traits would be effective to 

select desirable plant type. Similar results were also 

reported by Rani et al. (2003) for green yield per 

plant, leaf weight, plant height, leaf length, leaf 

breadth. Anuja and Mohideen (2007) for number of 

leaves, root length, root weight, leaf weigth and stem 

weigth. Hasan et al. (2013) for number of leaf per 

plant, leaf weight and marketable yield. 

 

Table 1. Genetic parameter of variability for leaf yield and its component characters in Khedha (Amaranrhus 

dubius Mart.) 
S.No. Characters Mean Range Coefficient of 

Variation (%) 

Heritability 

(h2 %) 

GA as 

percent of 

 mean min max GCV PCV 

01. Plant height (cm) 30.83 

 

18.62 48.16 29.22 29.57 97.7 59.48 

02. Number of leaf per 

plant 

34.36 

 

22.20 56.67 22.93 24.33 88.8 44.52 

03. Leaf length (cm) 5.68 

 

2.19 7.61 28.13 28.48 97.6 57.21 

04. Leaf width (cm) 3.69 

 

1.50 5.20 25.67 26.33 95.0 52.34 

05. Petiole length (cm) 3.49 

 

1.63 5.02 22.24 23.29 91.2 43.83 

06. Number of branches 

per plant 

5.24 

 

3.03 10.82 25.93 27.10 91.6 52.34 

07. Root length (cm) 13.06 

 

8.34 16.35 16.78 20.32 68.1 28.56 

08. Test weight of seed 

(g) 

0.94 

 

0.61 1.43 30.83 30.96 99.1 63.44 

09. Dry matter % 19.92 

 

14.94 38.38 24.35 24.77 96.7 49.29 

10. Days of 50% 

flowering 

55.35 

 

34.00 65.33 13.57 14.39 89.0 26.37 

11. Yield (q/ha) 58.92 

 

11.68 119.4 28.00 29.28 91.4 55.27 

12. Fiber content % 10.45 

 

5.81 13.78 16.16 17.44 85.9 30.81 

13.  Duration 31.51 25.33 41.67 9.27 12.35 56.3 14.31 

 

Relationship of heritability and genetic advance also 

give an idea about the type of gene action. Both 

additive and non additive gene actions were found 

predominant for all the characters which suggest that 

the simple selection methods alone will not be 

effective hence hybridization followed by selection 

would be a better choice for amaranthus 

improvement (Rana et al. 2005). High heritability 

with high genetic advance could be considered 

reliable tools for selection. Rest of the traits showed 

moderate to low heritability estimates coupled with 

moderate to low genetic advance as percentage mean 

indicated the role of non additive genetic variance in 

their expression. 
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