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GENETIC VARIABILITY AND CHARACTER ASSOCIATION OF 

SOYBEAN (Glycine max L. Merr.) 

 

ABSTRACT 

The present research work was conducted to study the genetic diversity analysis 

of soybean during the period from December 2017 to May 2018 in rabi season 

in the experimental field of Sher-e-Bangla Agricultural University, Sher-e-

Bangla Nagar, Dhaka. In this experiment, 22 soybean genotypes were used as 

experimental materials. Mean performance, variability, correlation, path analysis 

and genetic diversity analysis on different yield attributes and yield of soybean 

genotypes was estimated. Analysis of variance for each trait showed significant 

differences among the genotypes except pod wide, seed per pod, seed yield per 

plot and seed yield per hectare. In correlation study, highly significant positive 

association was recorded for seed yield of soybean genotypes with first 

flowering, days to 50% flowering, days to physiological, days to harvest 

maturity, plant height, number of branch per plant, number of pod per plant, seed 

yield per plant and yield per plot. Path coefficient analysis evidenced that 50% 

flowering, day to physiological maturity, plant height, number of branch per 

plant, pod per plant, 100 seed weight and yield per plot had the positive direct 

effect on yield per plant. Therefore, importance has to be given for these 

characters in the further breeding program to improve soybean yield. 

Multivariate analysis based on fifteen characters of twenty-two soybean 

genotypes   was divided into three distant clusters. The maximum contribution 

of traits towards diversity was observed by first flowering, days to 50% 

flowering, days to physical maturity, days to harvest maturity, plant height, 

number of main branches per plant and pod length. As a result, these traits could 

be emphasized during the selection of parents for hybridization. The highest 

inter-cluster distance was observed between cluster I and II and the maximum 

intra cluster distance was found in cluster I. Considering group distance and other 

agro-morphogenic performance, genotypes G2 (GM0009) and G13 (GM0014) 

found the potential for future hybridization program in the response of increase 

soybean yield.
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CHAPTER I 

INTRODUCTION 

Among the all oilseeds soybean is an important oilseed and first ranks in the 

world. The cultivated soybean belongs to the family Leguminosae under sub-

family papilionaceae and genus Glycine comprises 1200 species. It is a self-

pollinated crop and selfing >99% (Juan et al., 2010). The cultivated species of 

soybean is Glycine max L. Merr. and the total number of chromosome 2n=2x=40 

(Kawakami, 1930; Karpechenko, 1925). The form and structure of a soybean 

plant vastly vary (Sing, 2010) and height varying from one to six feet (Cooper, 

1975). The plants are erect, bushy, herbaceous and annual growth habit.  

Soybean contains 40-42% protein and 20-22% of edible oil (Gopalan et al., 

1994). The edible oil in soybean is approximately 85 percent unsaturated and 

contains the essential fatty acids. The balanced combination of protein, oil and 

carbohydrate of soybean products serve as a valuable food, feed and bio-

feedstocks besides nutritional quality. Regularly eating soy-based foods lowers 

cholesterol, calms hot flashes, prevents breast and prostate cancer, aids weight 

loss, and wards off osteoporosis. Therefore the quality of soy protein is now 

recognized as being similar to that of meat protein. It is also a good source of 

minerals like Ca & P and vitamins namely A, B, C & D (Antalina, 1999). When 

Soybean is grown solely and/or in combination with other crops, it has great 

importance to improve the soil nutrient status and farming system (Agdew and 

Getnet, 2006). 

 

This crop is called as “Golden Bean” or “Miracle Crop” of the 20th century, 

because of its versatile uses like; soya-dhal, soya-chatni, soya-curd, soya 

khichuri, soya-milk, soya-meat, soya flour, tofu, roasted soybean snack and 

multiple nutritional qualities. Due to its both qualities viz. high protein and oil 

content, soybean is considered as a wonder crop. Soybean is also recognized for 

its benefits to human health such as the cholesterol-lowering effect of protein. 
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Soybean (Glycine max L. Merr.) is reported to have originated in China (Nagata, 

1960; Vavilov, 1951). The first half of the 20th century, China was the largest 

soybean producer and exporter country. Soybean cultivation developed rapidly 

in the USA after the 1950s and now the USA is the largest soybean producing 

country in the world followed by Brazil & Argentina. According to the World 

Agricultural Supply and Demand Estimates (WASDE) report 2017-2018, the 

global production of soybeans is forecast to be 337 million metric tons among 

them the United States is projected to produce 124.8 million metric tons of 

soybeans. 

The cultivation of soybean in Bangladesh doesn’t expand satisfactorily. 

According to the Bangladesh Bureau of Statistics (BBS) report, 2016-2017 areas 

being utilized under soybean cultivation was 155351 acres and total production 

was 96921 metric tons. The major soybean producing districts in Bangladesh is 

Noakhali. Laksmipur, Chittagong, Chandpur, Barisal and Bhola.  

The soybean is a day length sensitive crop. Their yield is good enough where the 

length of the day is less than 14 hours. The temperature ranging from 25 to 30°C 

is considered favorable for most of the soybean varieties. It requires a minimum 

15°C soil temperature for rapid germination and growth.  The minimum 

temperature for effective growth of the soybean crop is 10°C. The crop is well 

adapted to areas with the altitude ranging from 1200 to 1800 above sea level and 

an annual average rainfall ranging from 450 to 1500 mm. Broad range of well-

drained soil types is considered for soybean cultivation and loamy soil is ideal 

for soybean production. It can be grown between the pH of 5.5 to 6.5.  

Analysis of genetic diversity is the first and foremost step for any crop 

improvement programmed. Information on genetic diversity among genotypes 

has several important applications for crop improvement. Genetic diversity is 

important for the improvement of the crop has been stressed on both self and 

cross-pollinated crop (Gaur et al., 1978; Murty and Anand, 1966; Griffing and 

Lindstrom, 1954). Genetic diversity as a main component that ascertains yield 

security in future (Batugal, 1999). Evaluation of genetic diversity is important to 
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know the sources of genes for a particular trait within the available germplasm 

(Tomooka, 1991). Moreover, the quantification of genetic diversity through 

biometrical procedures has made it possible to choose genetically diverse parents 

for a successful hybridization program (Anderson, 1957; Rao, 1952). 

Nogueira et al., (2012) analyzing the correlations and path analysis over two 

sowing seasons  in 90 soybean genotypes and concluded that the total number of 

pods per plant and number of nodes of the main stem could be used as an indirect 

selection basis for soybean grain yield. Scientists used path analysis in soybean, 

which partitions the genotypic correlations into direct and indirect effects of the 

traits (Iqbal et al., 2003; Board et al., 1999; Shukla et al., 1998; Taware et al., 

1997; Board et al., 1997; Akhter and Sneller, 1996; Shivashankar and 

Viswanatha, 1989) whereas, Ghafoor et al., (2003); Yadev et al., (2001) and 

Gafoor et al., (1990) have mentioned the worth of this technique in other legumes 

also. Path coefficients have been used in soybean for diverse type of studies, 

among them, yield components on different sowing types in soybean (Pandey 

and Torrie, 1973), identify indirect selection criteria in late sowings (Board et 

al., 1997), weed interference with plant growth (Jordan, 1992), relationship 

between pod dehiscence with other agronomical characters (Tiwari and 

Bhatnagar, 1991), effect of the environment over yield (Board et al., 1999), the 

effect of population density on yield (Ball et al., 2001), yield components on 

soybean hybrids (Taware et al., 1997), yield component between genotypes 

(Shukla et al., 1998), varietal differences, yield components, oil and protein 

(Malik et al., 2006a), genetic diversity to improve grain yield (Malik et al., 

2006b). 

Yield is a complex entity and high yield is the major objectives in all breeding 

programs. It is a polygenic trait and influenced by many genetic factors as well 

as abiotic and biotic factors. Hence, direct and indirect selections are important 

to get a better yield. Therefore the direct selection for yield could be very 

difficult. A study of the correlation between different quantitative characters 

provides an idea of association that could be effectively exploited to formulate 
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selection strategies for improving yield components. However, when more 

characters are involved in correlation study it becomes difficult to ascertain the 

traits which really contribute towards the yield. The path analysis under such a 

situation helps to determine the direct and indirect contribution of these traits 

towards the yield.  

Keeping in view of the above facts the present investigations is being directed to 

screen out high seed yielding genotypes from the advance generation of soybean 

with the following objectives: 

1) To assess the amount of genetic variability present among advance 

genotypes of soybean, 

2) To estimate the genetic diversity among soybean genotypes and  

3) To study the correlation and path coefficient analysis for seed yield and 

different yield contributing characters. 
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CHAPTER II 

REVIEW OF LITERATURE 

Soybean is one of the major important protein and oil crops of the world. 

Extensive research works have been conducted on soybean in different parts of 

the world. Some such works relevant to the present investigation have been 

reviewed in this chapter. The present research work has aimed to study the 

genetic variability, divergence analysis using agro-morphogenic characters 

among different soybean genotypes. In this chapter, an attempt has been made 

to briefly review the work related to the present study.  

2.1 Nomenclature of soybean  

In 1914 the American Piper argued at length that, under American botanical 

rules, the soybean should be called Soja max (L.) Piper. (The L. stands for 

Linnaeus, who first identified the species). This name was used in the US until 

1948. In 1917 the American Elmer Drew Merrill (1876-1956), later Dean of the 

University of California College of Agriculture, Berkeley campus, argued 

convincingly that according to International botanical rules, the correct botanical 

name of the soybean should be Glycine max (L.) Merrill. (Annonymous, 2015). 

2.2 Variability, heritability and genetic advance 

The success of crop breeding programs largely depends on the presence of the 

genetic variation and the inheritance of traits of interest. The importance of 

genetic variation assists the breeder to decide the proper strategy and selection 

criteria to be followed for improvement of the target traits. In addition, the 

correlation between seed yield and quality characters as well as oil content is of 

major interest. A critical review of genetic variability is, therefore, a prerequisite 

for planning and evaluation of a breeding program. 

Barros et al. (2015) conducted a research on 11 progenies of soybean in an F3 

generation in a randomized block design with six replications to estimate the 

expected gain from selection. It was concluded that there is genetic variability 
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for the productivity among evaluated progenies and also to issuing capability of 

lateral branches in soybean, however, the selection seeking to intensify or reduce 

this characteristic does not imply achievement of productivity gains.  

Nooghab et al. (2014) planted a local check and 14 soybean genotypes variety 

in a randomized complete block design with three replications to study of genetic 

diversity for yield and its components with three replications in 2013. Different 

traits such as plant height (cm), number of secondary stems, number of pods in 

secondary stems, number of pods in main stem, number of grain per plant, 100-

grain weight (g), pod length (cm), yield per plant (g) and yield (kg/ha) were 

investigated. Results of analysis of variance showed a significant difference for 

the traits except for number of secondary stems. The highest CV was for yield 

per plant, number of the pod in secondary stems, the height of the first secondary 

stem and 100-grain weight which are respectively 29.64, 28.99, 27.45 and 26.79. 

The lowest CV was for a number of secondary stems and plant height that are 

respectively 14.37, 14.78 and 15.46. Kao-Hsiung-10 and Emperor genotypes had 

the lowest (2060 kg/ha) and highest (5113 kg/ha) yield respectively. 

Kumar et al. (2014) forty soybean genotypes were evaluated for agro-

morphological traits and genetic parameters. Mean performance and analysis of 

variance for yield and its components revealed significant differences among all 

the genotypes for all the characters. The correlation was also found significant 

with yield and its component traits. 

Swapnil et al. (2014) conducted an experiment during Kharif 2011 in 12 soybean 

genotypes. The data were recorded for 13 yield component traits to heritability, 

study genetic variability and genetic advance analysis. Analysis of variance 

among 12 genotypes showed highly significant differences for all the characters 

except the number of grain per plant indicated the presence of a substantial 

amount of genetic variability. High genetic advance percent of mean in 13 yield 

component traits was observed for number of pod per plant, seed yield per plant 

and seed yield per hectare. 
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Ghodrati (2013) evaluated 12 soybean genotypes for phenotypic correlations, 

genotypic variation and broad sense heritability for seed yield and some quality 

properties during three growing seasons. Results showed significant differences 

for quality characters and seed yield which suggest sufficient genetic variation 

for efficient selection. High broad sense heritability (81%, 76%, 74%) and 

genetic advance (0.35, 0.20, 0.40) were obtained for the number of nodes plant-

1, days to flowering and plant height respectively. 

Chandel et al. (2013) conducted an experiment to estimate the genetic variability 

in 70 diverse soybean genotypes. The variability parameters like mean, range of 

variation, the phenotypic and genotypic coefficient of variation, heritability in a 

broad sense and genetic advance were estimated for 15 different characters. 

Analysis of variance revealed that mean squares due to genotype were found 

significant for all the traits under study except oil content, indicated that 

enormous phenotypic variability was present among the genetic materials 

studied. The highest genotypic coefficient of variation was observed for a 

number of pods per plant followed by the number of primary branches per plant 

and the number of clusters per plant. The magnitude of heritability was observed 

to be high for plant height, number of primary branches per plant, number of 

pods per plant, number of clusters per plant, seed yield per plant, number of seeds 

per pod, biological yield per plant and harvest index. A number of primary 

branches per plant and number of pods per plant noted high genetic advance.  

Hossain et al. (2013) investigated 56 genotypes of yard long bean through 20 

agro-morphogenic characters. Analysis of variance revealed that significant 

differences present for each character among all 56 genotypes. A quantitative 

study was done by Patil et al. (2011) by Mahalanobis D2 statistics to assess 

genetic diversity for 11 characters of soybean. The studies included 36 genotypes 

of soybean obtained from different eco-geographical regions of India, which 

showed that there was a substantial genetic diversity between the genotypes with 

D2 values ranging from 33.64 to 379.08. Another study was carried out by Iqbal 

et al. (2010) in the National Agriculture Research Centre, Islamabad during 
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autumn 2004 and 2005 to determine the variability and association among 9 traits 

in 139 soybean genotypes. The traits viz. plant height at maturity, days to 

maturity, number of branches per plant, oil content, number of pods per plant, 

100-seed weight (g), grain yield per plant (g), biological yield per plant (g) and 

harvest index were studied. Results of analysis of variance showed significant 

differences among genotypes in terms of traits under study, which indicate the 

existence of genetic variation. 

Arshad et al. (2006) evaluated 30 genotypes of soybean for days to flowering, 

days to maturity, number of branches,  pod length, number of filled, unfilled pods 

and total pods, 100 seed weight and seed yield. Analysis of variance and mean 

performance for yield and its components revealed significant differences among 

all the genotypes for all the characters. Another experiment was carried out by 

Bangar et al. (2003) and revealed that phenotypic coefficient of variation (PCV) 

was higher than the genotypic coefficient of variation (GCV). The GCV and 

PCV estimates were highest for plant height and branch number per plant among 

the characters. The GCV and PCV were of moderate magnitude for the pod 

number per plant 100-seed weight (g) and seed yield per plant (g). Days to 50% 

flowering and days to maturity had very low GCV and PCV estimates. The 

differences between PCV and GCV magnitudes were very high for a number of 

pod per plant and 1000-seed weight.  

Chamundeswari and Aher (2003) conducted an experiment with 90 genotypes of 

soybean and they observed days to maturity, plant height at maturity, number of 

clusters per plant, number of seeds per pod, 100-seed weight and grain yield per 

plant showed significant genetic variation. Genotypic coefficient of variation 

was highest for biological yield per plant. Broad-sense heritability was highest 

for a number of pods per plant and plant height and biological yield per plant. 

Similarly, Agarwal et al. (2001) studied genetic variability using 196 soybean 

germplasm. They found that GCV were moderate for days to flower initiation, 

days to flower termination, whereas low for days to maturity. Heritability and 
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genetic advance as a percentage of the mean was high for all the plant growth 

characters (except moderate GAM for days to maturity). 

Jain and Ramgiry (2000) showed significant variation for yield per plant. High 

heritability values accompanied by genetic advance as a percentage of the mean 

were noticed for plant height, pods per plant and seed yield. In parallel Mehetre 

et al. (2000) studied variability for 11 characters with 60 diverse genotypes of 

soybean. They reported that pods per plant and seed yield per plant had high 

phenotypic and genotypic coefficient of variation. They also reported that pods 

per plant and plant height had high genotypic and phenotypic coefficient of 

variation and high heritability associated with high genetic advance as a 

percentage of the mean.  

Sing et al. (2000) reported that the genotypic coefficient of variation and 

phenotypic coefficient of variation was comparatively high for pods per plant, 

plant height and seed yield per plant. Pods per plant, plant height and seed yield 

per plant showed high heritability with high genetic advance as a percentage of 

the mean. Similarly, Bandarkar (1999) observed high co-efficient of variation 

and moderate heritability for pods per plant and seed yield per plant in soybean. 

He also observed high heritability and genetic advance as percent of the mean 

for plant height and days to maturity.  

Archana et al. (1999) reported that plant height and 100-seed weight had a high 

genotypic coefficient of variation and high heritability accompanied with the 

high genetic advance percent of mean soybean. Another experiment conducted 

by Nehru et al. (1999) to estimate genetic advance and heritability for 16 yield 

and quality components in 49 genotypes of soybean and found days to maturity 

and 100 seed weight had high heritability but low genetic advance. Mehetre et 

al. (1998) reported that the genotypic coefficient of variation was high for plant 

height, 100-seed weight and yield per plant in soybean. High heritability 

accompanied with high genetic advance were also observed for plant height, 100 

seed weight and yield per plant. In a different experiment, Shrivastava and 

Shukla (1998) revealed a significant amount of variability for plant height, pods 
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per plant and seed yield per plant in soybean. These characters had high 

heritability coupled with high expected genetic advance. In a different study, 

Mehetre et al. (1997) estimated high heritability accompanied by the high 

genotypic coefficient of variation for pod pods per plant, 100-seed weight and 

yield per plant in soybean. 

Praneetha and Thamuraj (1997) observed that pods per plant and yield per plant 

had a high genotypic coefficient of variation and heritability in vegetable 

soybean. Similarly, Major et al. (1996) observed high phenotypic and genotypic 

coefficient of variation for 100-seed weight and grin yield in soybean. They also 

observed plant height and grain yield per plant showed high genetic advance. In 

a different experiment, Rajarthinam et al. (1996) estimated genetic variability, 

heritability and genetic advance. They reported that high heritability and genetic 

advance were for plant height, 100 seed weight, pod per plant and seed yield per 

plant.  

Dobhal and Gautam (1995) observed a wide range of variability for plant height, 

days to maturity, pod per plant, yield per plant in soybean germplasm and high 

broad sense heritability coupled with high genetic advance were observed for 

plant height, pods per plant and yield per plant. Similarly, Sing et al. (1995) 

observed pods per plant and yield per plant showed the maximum genotypic 

coefficient of variation in soybean. Pods per plant also showed the highest 

heritability. 

Jagatap and Mehetre (1994) revealed that plant height and number of pods per 

plant showed the highest genotypic coefficient of variation in soybean. In 

another experiment conducted by Jangale et al. (1994) observed high heritability 

for 50% flowering, days to maturity, pods per plant and seeds per pod. On the 

other hand, Mahajan et al. (1994) reported that pods per plant and yield per plant 

showed the high genotypic coefficient of variation in soybean. High heritability 

was recorded for pods per plant. Similarly, Malhotra (1973) observed that seed 

yield had the highest coefficient of genetic variation and predicted genetic 

advance as a percentage of mean in soybean. 
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2.3 Correlation co-efficient 

The interrelationship of different characters with yield determines the efficiency 

of selection in breeding programs. It merely indicates the intensity of association. 

Phenotypic correlation reflects the observed relationship, while genotypic 

correlation underlines the true relationship among characters. Selection 

procedures could be varied depending on the relative contribution of each. The 

following paragraphs give a review of the literature on the correlation between 

different characters in soybean. 

Kumar et al. (2014) conducted a research with 40 genotypes of soybean and 

reported that correlation was found significant with yield and its component 

traits. An analysis indicated that hundred seed weight had the highest effect on 

yield. In a different experiment, conducted by Ghodrati (2013) with 12 soybean 

genotypes and observed that there is a strong positive correlation (r = 0.61*) 

between seed yield and plant height. An increase in plant height leads to an 

increase in the number of nodes per plant, number of seeds per pod, number of 

pods per plant, number of seeds per plant and protein yield. It is, therefore, 

concluded that simultaneous selection for improving seed yield through 

increasing the number of pods per plant, number of nodes per plant and plant 

height would be an effective approach to increase seed yield as well as protein 

yield.   

Iqbal et al. (2010) studied 139 genotypes of soybean and concluded that grain 

yield was positively and significantly correlated with all studied traits except 

plant height, which showed non-significant association during both years. Oil 

content showed significant and positive correlation with grain yield, 100-seed 

weight, and harvest index while significantly negative correlation was observed 

with days to maturity, plant height and number of branches per plant. 

Significantly positive correlations were observed for days to maturity and 

number of branches per plant; the number of pods per plant and biological yield 

per plant and harvest index; the number of branches per plant and number of 

pods per plant; 100-seed weight and oil content; harvest index and 100-seed 
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weight and biological yield per plant. Results obtained from this study can make 

a better choice for soybean breeders for selecting genotypes among a large 

number of accessions. 

Inderjit et al. (2007) conducted an association study which indicated that days to 

50% flowering, pods per plant, cluster per plant and seeds per pod were 

significantly correlated with grain yield. In another research, Arshad et al. (2006) 

estimated that seed weight had a positive correlation with filled, unfilled and 

total pods. Grain yield had a positive and significant correlation with all the 

characters except days to flowering and seed yield per 5 plants. Moreover, it had 

a significant but negative correlation with days to maturity and also negatively 

correlated with un-filled pods. Days to maturity, number of branches, pod length, 

number of pods and 100 seed weight had positive direct effects on grain yield. 

High indirect effect was also exhibited via pod length by most of the traits hence 

these characters may be given more emphasis while selecting high yield soybean 

lines. 

Avc and Ceyhan (2006) showed in a correlation study that the pod yield was 

significantly and positively correlated with pods per plant and 100 seed weight. 

In another study, Singh and Singh (2006) revealed that seed yield per plant had 

a significant and positive association with a number of pods per plant, plant 

height, harvest index and a number of grains per pod. 

Chamundeswari and Aher (2003) studied with 90 genotypes of soybean and 

concluded that seed yield is positively correlated with the number of pods per 

cluster, number of pods per plant and biological yield per plant. A character 

association study was done by Sharma et al. (2003) in soybean and indicated that 

positive and significant association of seed yield per plant with biological yield 

per plant, pods per plant and pod length. The significant negative correlation of 

harvest index was observed with plant height. It can be predicted that selection 

for pods per plant, pod length and biological yield per plant would improve seed 

yield per plant. Recombination breeding may be suggested for the simultaneous 

improvement of biological yield per plant and harvest index. 
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Chettri et al. (2003) reported that grain yield was significantly correlated with 

days to maturity and number of grain per pod in soybean at the phenotypic level. 

The number of days to 50% flowering was positively and significantly correlated 

with days to maturity but negatively with a number of seeds per pod and 100-

grain weight at the genotypic level. Days to maturity were significantly 

correlated with plant height and days to 50% flowering at the phenotypic levels.  

Onemli (2003) reported that the number of pods positively correlated with plant 

height, number of branches, pod length, number of pods per plant and 1000-seed 

weight, but was negatively correlated and significant correlations with the 

number of seeds per pod, seed length and pod length in soybean. A number of 

pods and 1000-seed had a negative effect on soybean yield via the number of 

pods. The genotypic correlation coefficients were higher than the phenotypic 

correlation coefficients. Pod yield per plant showed positive phenotypic 

correlation with pod length, number grains per pod, number of pods per plant 

and shelling percentage described by Chaudhury and Sharma (2003). In another 

experiment, Tiwari et al. (2001) revealed that seed yield exhibited a significant 

and positive correlation with plant height, number of pods per plant, 1000 seed 

weight, and number of grains per pod and harvest index.  

Sing et al. (2000) reported that leaf area had positive direct effect on biological 

yield but it showed negative effect on seed yield in soybean. In another study, 

Rajanna et al. (2000) estimated a significant and positive correlation of number 

pods per plant, number of clusters per plant and 100-seed weight with seed yield 

in soybean. Days to maturity, plant height and number of branches per plant 

exhibited significant and positive correlation with number of clusters per plant 

and number of pods per plant. Path analysis indicated an effect on seed yield per 

plant. 

Chand (1999) reported that the genotypic correlation coefficients higher than the 

phenotypic and environmental correlation coefficients in soybean. Seed yield 

was positively correlated with days to flowering and maturity plant height, 

number of branches and pods per plant in terms of genotypic and phenotypic 
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correlation coefficients. No correlation between 100-seed weight. The characters 

which showed significant positive correlation with yield were also positively 

associated among themselves, except days to maturity with seeds per plant. 

Dogney et al. (1998) investigated that number of seeds per pod and 100 seed 

weight had a high positive direct effect on yield in soybean. Number of seeds per 

pod, days to maturity had medium to the low direct effect on seed yield. In a 

different study, Saurabh et al. (1998) estimated significant and positive 

correlations between plant height and pods per plant in soybean. Another 

experiment was conducted by Sridhara et al. (1998) and they reported that 

number of pods per plant and number of seeds per plant directly contributed the 

most to yield in soybean. Plant height, pod length, seed number and number of 

branches through number of pods per plant seemed to be significant contributors 

to seed yield. Significant positive correlations of seed yield with plant height, 

pod length, number of pods per plant and straw yield per plant were reported by 

Devendra et al. (1998). In a different study, Peluzio et al. (1998) revealed that 

the negative correlation between days to maturity and pods per plant in soybean. 

In a different study, Ramgiry and Raha (1997) observed that genotypic 

correlation coefficients were higher than phenotypic correlation coefficients in 

soybean. Seed yield per plant showed positive correlations with seeds per plant 

and nods per plant. 

Praneetha and Thamuraj (1997) revealed that pods per plant and single pod 

weight in soybean were the most important yield determinants because of their 

high direct and indirect effects. Another study was conducted by Mehetre et al. 

(1997) with 4 soybean genotypes. Yield per plant was highly significant and 

positively correlated with 100 seed weight but non-significant and positively 

correlated with leaf area.  

Major et al. (1996) reported that the grain yield showed significant and positive 

correlation with branches per plant, pods per plant and 100 seed weight in 

soybean. Path analysis revealed that 100 seed weight had high direct and positive 

effects on grain yield. In a different study, Rahman et al. (1996) revealed a 
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significant and positive correlation between pods per plant and 100 seed weight 

with seed yield in soybean. Plant height and days to maturity sowed the 

significant and positive correlation with pods per plant. The number of pods per 

plant and seeds per pod had higher direct effect on yield. 

Rajarthinam et al. (1996) found that seed yield was significantly correlated with 

plant height, pod number and number of primary branches per plant in soybean. 

In another study, Shinde et al. (1996) reported that the genotypic correlations 

were higher than the phenotypic ones in soybean. Seed yield per plant showed 

highly significant and positive correlations with plant height, pods per plant and 

seeds per pod. Seeds per pod was significantly correlated with yield and its direct 

effect was very strong.   

Dobhal and gautam (1995) showed that yield per plant was significantly and 

positively associated with pods per plant and days to maturity both at genotypic 

and phenotypic levels in soybean. Path analysis revealed that pod per plant was 

the strongest forces influencing yield. Another study was conducted by Saad 

(1995) and he observed that the path analysis showed direct contribution of yield 

components to seed yield for cultivars was in the descending order of pods per 

plant, number of seeds per pod, 100 seed weight and plant height, while highest 

indirect effects were exerted by number of seeds per pod via number of pods per 

plant in soybean. 

Wu et al. (1995) revealed that seed yield was positively correlated with pods per 

plant, plant height in summer soybean. Seed yield was influenced by 100 seed 

weight, pods per plant and nodes per the main stem among these high yielding 

genotypes. In a different study, Jadhav et al. (1995) observed that number of 

branches per plant, pods per plant, seeds per plant, pod length and pod weight 

per plant were positively and highly significantly correlated with seed yield in 

soybean. Yield is highly correlated with yield and yield contributing characters. 

Mishra et al. (1994) reported that the number of seeds and pods per plant had a 

substantial contribution towards the seed yield in soybean. Path coefficient 

analysis showed the positive direct effect of 100 seed weight, number of seeds 
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per plant and number of pods per plant on seed yield. Another experiment was 

carried out by Singh et al. (1994) and they revealed that grain yield per plant 

showed high positive association with number of pods per plant and days to 

maturity in soybean. Plant height showed high positive correlation with days to 

maturity.  

Mahajan et al. (1994) informed that grain yield per plant was positively 

correlated with eight characters in 51 soybean genotypes grown in India during 

the Kharif of 1990. Seed yield was correlated with (r=o.75) with branches per 

plant (0.52), days to 50% flowering (0.48), maturity (0.47) and plant height. In a 

different study, Das et al. (1984) reported that highly significant positive 

correlation between seed yield and pods per plant and a significant positive 

correlation between seed yield and seeds per pod in soybean. Pods per plant and 

100 seed weight showed very high direct effects on seed yield. 

Juneje and Sharma (1971) observed that seed yield was positively correlated with 

number of branches and pods per plant, days to flowering and days to pod 

formation. 

2.4 Path coefficient  

Presuming yield is a contribution of several characters which are correlated 

among themselves and to the yield, path coefficient analysis was developed 

(Dewey and Lu, 1959; Wright, 1921). Unlike the correlation coefficient which 

measures the extent of the relationship, path coefficient measures the magnitude 

of the direct and indirect contribution of component characters to a complex 

character and it has been defined as a standardized regression coefficient which 

splits the correlation coefficient into direct and indirect effects. 

Inderjit et al. (2007) reported that pods per plant, seeds per pod, 100 seed weight 

and days to maturity had direct positive effect on grain yield, while plant height, 

pods per cluster and pod length had negative direct effect on grain yield. In 

another experiment, the results of path analysis revealed that direct effects were 

highest for number of pods per plant, node at which first fertile pod develops, 
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number of seeds per pod and pod length which can serve as reliable for selection 

(Harpreet et al., 2007).  

Avc and Ceyhan (2006) found the highest direct effect was exhibited by pods 

per plant, indirect effects, especially through the seeds per pod in pea. A different 

study was conducted by Arshad et al. (2006) and they reported that days to 

maturity, branches, pod length and 100 seed weight had positive direct effects 

on grain yield. High indirect effect was also exhibited via pod length by most of 

the traits hence these characters may be given more emphasis while selecting 

high yield soybean lines. In a different study, Singh and Singh (2006) showed 

that pods per plant, 100 seed weight, seeds per pod and days to maturity had 

positive direct effect on grain yield. 

Shrivastava et al. (2001) observed highest positive direct effects on seed yield 

for the number of branches per plant, followed by days to 50% flowering and 

days to maturity, plant height, 100 seed weight, biological yield and harvest 

index. On the other hand, plant height had a negative effect on yield. In a 

different study, Khan et al. (2000) observed correlation among yield components 

in 86 diverse maturity genotypes of soybean. Path coefficient analysis revealed 

that pods per plant had the direct effect on seed yield followed by 100 seed 

weight. Pods per plant affected seed yield negatively via indirect effects of pod 

height, plant height and seed per pod. 

Path coefficient analysis done by Mohan et al. (2005) revealed that number of 

pods per plant and shelling percentage had the maximum direct effect on green 

pod yield. Thus, due importance should be given to these characters for the 

improvement of yield. In an experiment in India, Chettri et al. (2003) reported 

that grain yield was significantly correlated with days to maturity and number of 

grain per pod in soybean at the genotypic level. Days to maturity and number of 

grains per pod were also correlated. Days to maturity were significantly 

correlated with plant height and days to 50% flowering at phenotypic levels. The 

number of days to 50% flowering was positively and significantly correlated 

with days to maturity but negative with number of seeds per pod and 100-grain 
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weight at the genotypic level. Path coefficient estimates showed that the number 

of grin per pod, days to maturity, number of pods per plant and plant height 

positively affected grain yield. 

Rajanna et al. (2000) estimated significant and positive correlation of number of 

pods per plant, number of cluster per plant and 100 seed weight with seed yield 

in soybean. Days to maturity, plant height and number of branches per plant 

exhibited correlation with number pods per plant and number of cluster per plant. 

Path analysis indicated an effect on seed yield per plant and number of pods per 

plant. Another experiment was conducted by Mehetre et al. (1997) with 4 

soybean genotypes and they observed yield per plants was highly significant and 

positively correlated with 100 seed weight but non-significant and positively 

correlated with leaf area. Path coefficient analysis indicated that the number of 

branches per plant exerted highest positive direct effect followed by a 

contribution of 100 seed weight, number of pods per plant. The highest indirect 

positive effect was found for number of pods per plant. 

Pranneetha and Thamuraj (1997) revealed that pods per plant and single pod 

weight in soybean were the most important yield determinants because of their 

high direct and indirect effects. In a different study, Major et al. (1996) reported 

that grain yield showed significantly and reported that the grain yield showed 

significant and positive correlation with branches per plant, pods per plant and 

100 seed weight in soybean. Path analysis revealed that pods per plant and 100 

seed weight had high direct and positive effects on grain yield. 

Dobhal and Gautam (1995) showed that yield per plant was positively and 

significantly associated with pods per plant and days to maturity at both 

genotypic and phenotypic levels in soybean. Path analysis revealed that pod per 

plant was the strongest forces influencing yield. Another experiment was 

conducted by Saad (1995) and he observed that path analysis showed direct 

contribution of yield components to seed yield for cultivars was in the 

descending order number of pods per plant, 100 seed weight, number of seeds 
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per pod and plant height, while highest indirect effects were exerted by number 

of seeds per pod via number of pods per plant in soybean. 

Mishra et al. (1994) reported that the number of seeds per plant and pods per 

plant had a substantial contribution towards the seed yield in soybean. Path 

coefficient analysis showed the positive direct effect of 100 seed weight, number 

of seeds per plant and number of pods per plant on seed yield. In a different 

study, Singh et al. (1994) revealed that grain yield per plant showed high positive 

association with number of pods per plant and days to maturity in soybean. Plant 

height showed high positive correlation with days to maturity. Plant height, days 

to maturity, number of pods per plant had a low positive direct effect on grain 

yield. 

2.5 Genetic divergence using agro-morphogenic traits among soybean 

germplasm 

Genetic diversity analysis is used to identify specific parents for realizing 

heterosis and recombination in breeding program. Several workers have 

followed the technique of Mhalanobis’s D2- statistics on a wide range of crop 

species to measure the genetic distance among the breeding materials and to 

identify the characters responsible for such type of divergence. 

Several statistical methods are usually used for discriminating among the 

genotypes viz. Mahalanobis generalized distance (Mahalanobis, 1936), the 

algorithm methods of Williams and Lambert (1966). Of them, Mahalanobis D2 

statistics was extensively used by the researchers. The Mahalanobis technique 

has been followed by several workers on a wide range of crop species. 

Kumar et al. (2014) conducted a research with 40 genotypes of soybean to 

understand the extent of genetic diversity. A Cluster diagram based on agro-

morphological traits proposed two major clusters A and B. The data revealed 

that four principal components having greater than one eigenvalue contributed 

76.2 % of the total variation among forty genotypes of soybean. The traits, which 

contributed more positively to PC1 were total pods per plant (0.430), days to 

maturity (0.418) and filled pod per plant (0.411). Fertility percentage (0.577), 
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hundred seed weight (0.361) and yield per ha (0.350) contributed more positively 

to PC2. Number of branches per plant (0.635) and five pod length (0.644) 

contributed more to PC3 and PC4 respectively. 

Nooghab et al. (2014) studied with 14 genotypes of soybean genotypes. The 

genotypes have been divided into five groups based on morphologic traits 

including seeds weight per plant (g), pods length (cm), the weight of 100 seeds 

(g) and yield (kg/ha). In another study, Hossain et al. (2013) investigated 56 

genotypes of yard long bean through 20 agro-morphogenic characters. 

Mahalanobis D2 analysis established the presence of wide genetic diversity 

among the genotypes through the formation of nine clusters. Genotypes of 

different sources fell into the same cluster, indicating that genetic diversity was 

not concurrent with geographical diversity. They suggested genotypes of cluster 

I and IX would produce progeny which may show homeostasis over changing 

environments and hybridization between the genotypes of cluster V could be 

used to increase the number of pods per plant. The character, 100 seed weight, 

contributed least (0.19%) and the contribution offered by yield per plant was also 

minimum (0.51%) to total divergence. 

Patil et al. (2011) worked out by Mahalanobis D2 with 36 genotypes for 11 

characters to assess genetic diversity. Thirty-six genotypes were grouped into six 

clusters. The clustering pattern revealed that genetic diversity was not 

necessarily associated with geographical diversity in this crop. The hybridization 

program has been suggested on the basis of inter-cluster divergence and cluster 

means for the character study. To study genetic diversity and association 

between yield and its components 120 genotypes were evaluated for 10 

characters. The study indicated the presence of considerable genetic divergence 

among the genotypes. The genotypes were grouped into six clusters. To get the 

desirable segregants the hybridization among the genotypes of cluster III and IV, 

cluster V and VI and cluster I and VI as the inter-cluster distance was greater 

between these clusters (Inderjit et al., 2007). 
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Singh et al. (2010) evaluated 120 genotypes for 10 characters to study genetic 

diversity and association between yield and its components. The study indicated 

presence of considerable genetic divergence among the genotypes. The 

genotypes were grouped into six clusters. To get the desirable segregants the 

hybridization among the genotypes of cluster III and VI, cluster V and VI and 

cluster I and VI as the inter-cluster distance was greater between these clusters. 

Another study was conducted by Arshad et al. (2006) and they evaluated genetic 

diversity in 33 soybean genotypes. Cluster diagram based on Euclidean 

dissimilarity revealed three clusters at 50% linkage distance, cluster I consisted 

14 genotypes, cluster II 8 and cluster III 11 genotypes. The accessions in the 

cluster III were of short duration and high yielding having high seed weight.    

Sihag et al. (2004) studied genetic diversity among 160 soybean genotypes using 

Mahalanobis D2 statistic and grouped the genotype into 8 clusters. The clustering 

pattern revealed that no definite relationship existed between genetic diversity 

and geographic diversity. The genotypes from the same eco-geographic region 

were classified in different clusters and genotypes from different eco-geographic 

regions were classified into one cluster. In another experiment, Vart et al. (2002) 

estimated genetic diversity in 56 genotypes of soybean by using D2 statistic and 

grouped them into 11 clusters. The clustering pattern was not significantly 

influenced by the eco-geographical distribution of genotypes. In a different 

study, Das et al. (2000) stated that, genetic divergence of 65 genotypes using 

Mahalanobis D2 statistic and grouped the genotypes into 13 clusters. Grouping 

pattern of the genotypes suggested no parallelism between genetic divergence 

and geographical distribution of the genotypes. The variance of cluster means 

revealed that pods per plant and plant height had the maximum contribution 

towards divergence. 

Shrivastava et al. (2001) studied the divergence among 50 soybean genotypes 

for nine yield component characters and the genotypes were grouped into five 

clusters, based on D2 values. In another study, Chowdhury et al. (1998) assessed 

genetic diversity among 55 soybeans using Mahalanobis D2 technique. The 
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genotypes fell in 7 clusters of different sizes. Genetic divergence and geographic 

distribution were not necessarily related of the ten different characters, pods per 

plant, yield per plant and effective nodes per plant contributed maximum on the 

total divergence. The highest inter-cluster distance observed between the clusters 

indicates highly divergent types existed in these clusters. 

Praneetha and Thamuraj (1997) observed that 15 and 22 genotypes of soybean 

were grouped into 6 and 3 clusters respectively on the basis of D2 analysis of 14 

clusters. In another study, Dobhal (1995) observed significant variability among 

65 genotypes for 12 yield components, allowing genotypes to be grouped into 

17 clusters. D2 analysis revealed that number of pods per plant, pod length, yield 

per plant and seed per pod made a high contribution towards the total genetic 

distance. 

Rahman (1996) estimated genetic divergence among 16 genotypes of soybean 

using Mahalanobis D2 statistics. The genotypes were grouped into 7 clusters. The 

inter-cluster average D2 values showed the maximum distance between cluster I 

and III. The genetically diverse genotypes from these groups could be used as a 

parent in the hybridization programme for getting desirable segregants. 

Germplasm much in use of these characters of the respective cluster would offer 

a good scope of improvement of the crop through rational selection. A different 

experiment was conducted by Sanjay et al. (1998) and they reported a genetic 

divergence of 30 advanced breeding lines of soybean and were grouped into 7 

clusters. Of which two clusters contained the most important genotypes. One 

cluster characterized by high yield per plant, pods per plant, a reproductive phase 

high harvesting index and high seed weight, another cluster contained genotypes 

almost similar to those in the previous cluster. 

Chowdhury et al. (1996) observed 30 genotypes of soybean for genetic 

divergence using Mahalanobis D2 statistics and reported that genotypes were 

clustered in 6 diverse groups. They demonstrated that geographical isolation may 

not be the only factor causing genetic diversity but also 100 seed weight and 

yield per plant were the main contributors of total divergence. In another 
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experiment, Mehetre et al. (1997) observed 41 genotypes of soybean were 

grouped into 12 different clusters. Genetic diversity was independent of 

geographic region. From the cluster mean values donor for different characters 

is suggested. 

Kumar and Nadarajan (1994) studied 11 yield components in 64 genotypes of 

soybean for genetic divergence and reported that genotypes were clustered in 11 

diverse groups. A different experiment was carried out by Mehetre et al. (1994) 

and they estimated genetic divergence among 51 genotypes of soybean and 

genotypes were grouped into 10 clusters. The clustering pattern showed that 

diversity and geographic distribution were independent of each other. Using the 

Mahalanobis D2, Ghatge and Kadu (1993) estimated genetic diversity statistics 

in soybean. The genotypes were grouped into 7 clusters. The clustering pattern 

revealed that genetic diversity did not have a strong association with 

geographical origin. 
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CHAPTER III 

MATERIALS AND METHODS 

This chapter interprets information concerning the methodology that was used 

in the execution of the experiment. It comprises a brief description of locations 

of  experimental site, planting materials, climate and soil, layout and design of the 

experiment, plot preparation, fertilizing, intercultural operations, harvesting, data 

recording procedure, statistical analysis  etc. which are presented as follows: 

3.1 Experimental site 

The experiment was conducted in the experimental area of Sher-e-Bangla 

Agricultural University, Dhaka-1207, Bangladesh during the period from 

December 2017 to May 2018. Location of the site is 23°74' N latitude and 

90°35' E longitude with an elevation of 8 meters from sea level in Agro-

ecological zone of "Madhupur Tract" (AEZ-28) (Anonymous, 1988). The 

experimental site is shown on the map of AEZ of Bangladesh in (Appendix I). 

3.2 Climate and soil 

The experimental site was situated in the subtropical climatic zone and 

moderately low temperature prevails from December to May (Rabi season) 

which is suitable for soybean growing in Bangladesh. Weather information and 

physicochemical properties of the soil are presented in (Appendix II and 

Appendix III respectively). The soil of the experimental site belongs to the 

Agroecological region of “Madhupur Tract” (AEZ No. 28). The soil was clay 

loam in texture and olive gray with common fine to medium distinct dark 

yellowish brown mottles. The pH value ranging from 5.47 to 5.63 and organic 

carbon content is 0.82% (Appendix III). The records of air temperature, humidity 

and rainfall during the period of the experiment were noted from the Bangladesh 

Meteorological Department, Agargaon, Dhaka (Appendix II). 
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Plate 1. Different steps of experimental method. A. Plots preparation for 

seed sowing B. Plants in the main pots. C. Several plots in the main field, 

D. Supervisor visited. E. Banner with tagging, F. Experimental plots cover 
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3.3 Experimental materials  

The experimental material consisted of 22 genotypes of advance generation of 

soybean collected from Sher-e-Bangla Agricultural University, Dhaka-1207, 

Bangladesh for the  research work. List of the genotypes is given in Table 1. 

3.4 Design and layout of the experiment  

The experiment was laid out and evaluated during Rabi season 2017-2018 in 

Randomize Complete Block Design (RCBD) that included 22 genotypes. The 

experiment was conducted in 3 replications. The twenty-two genotype were 

planted each on a 3 m X 1.5 m plot size having 4 rows including 2 borders. The 

spacing between rows, plants, plots and replication was 60 cm, 10 cm, 50 cm 

and 50 cm respectively. 

3.5 Manure and fertilizers application 

The soil was well pulverized and dried in the sun and only well-decomposed cow 

dung was mixed with the soil according to the recommendation guide Handbook 

of Agricultural Technology, BARI, 2011. According to the fertilizer 

recommendation guide of BADC, 2012 Fertilizer dose 20:20:40:10 NPKS Kg/ha 

was applied uniformly over the soil. Well decomposed cow dung was calculated 

for each plot considering the dose of 1-hectare soil at the depth of 20 cm.  

3.6 Intercultural operations 

Necessary watering and intercultural operations were given as and when 

required. Weeding was performed in all plots as and when required to keep plants 

free from weeds. Diseases and pest is a limiting factor to soybean production. 

Experimental soybean plants were treated with Bavistin DF and Cupravit 50 WP 

to prevent unwanted diseases problem @1g/l and 2g/l respectively. Aphid and 

leaf miner is an important pest of soybean during the growing stage. They were 

controlled by Malathion 250 EC @ 0.5ml/l. Those 

Table 1. Name and origin of 22 soybean genotypes used in the study 
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Sl. No. Genotypes No. Name/Acc No. (BD) Source 

1 G1 GM0011 Supervisor 

2 G2 GM0009 Supervisor 

3 G3 GM0001 SAU 

4 G4 GM0015 Co-supervisor 

5 G5 GM0020 Co-supervisor 

6 G6 GM0016 Co-supervisor 

7 G7 GM0019 Co-supervisor 

8 G8 GM0017 Co-supervisor 

9 G9 GM0018 SAU 

10 G10 GM0022 Co-supervisor 

11 G11 GM0012 Co-supervisor 

12 G12 GM0013 SAU 

13 G13 GM0014 Co-supervisor 

14 G14 GM0003 Supervisor 

15 G15 GM0008 Co-supervisor 

16 G16 GM0010 Co-supervisor 

17 G17 GM0021 Co-supervisor 

18 G18 GM0007 Co-supervisor 

19 G19 GM0006 Co-supervisor 

20 G20 GM0005 Co-supervisor 

21 G21 GM0004 Supervisor 

22 G22 GM0002 Supervisor 

SAU=Sher-e-Bangla Agricultural University 
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fungicide and pesticide were sprayed two times, first at vegetative growth stage 

and next to the early flowering stage to manage pest and diseases.  

3.7 Harvesting  

Harvesting of fruits was done after the maturity stage. Mature pods were 

harvested when the pods turned golden yellow to dark brown in color. Different 

varieties were harvested at different dates as they reach maturity in variable 

periods of time. 

3.8 Data recording 

Different biometric traits related to yield and its contributing characters were 

recorded viz. Days to first flowering, days to 50% flowering, days to 

physiological maturity, days to harvest maturity, plant height (cm), number of 

branch per plant, pod length, pod wide, pod height, number of pod per plant, 

number of seed per pod, seed yield per plant, weight of 100 seeds (g), seed yield 

per plot (kg), seed yield per hectare (ton). Data were recorded in respect of the 

following parameters: 

3.8.1 Days to first flowering 

Days to first flowering was recorded from the date of sowing to date of first 

flowering in each plot.  

3.8.2 Days to 50% flowering 

The number of days was counted from the date of sowing to the date of 50% 

flowering of the plants. 

3.8.3 Days to physiological maturity 

Number of days taken from the date of sowing till physiological maturity of the 

pods. 
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3.8.4 Days to harvest maturity 

The number of days to maturity was counted from the date of sowing to date of 

first harvesting. 

3.8.5 Plant height (cm) 

The height of the plant at a mature stage measured in centimeters from the ground 

level to the tip of the main stem.  

3.8.6 Number of branch per plant 

The number of branches per plant from the main stem above ground was 

recorded and the mean was calculated. 

3.8.7 Pod length  

The length of the pod at the mature stage measured in millimeters. 

3.8.8 Pod wide 

The wide of the pod at the mature stage measured in millimeters. 

3.8.9 Pod height 

The height of the pod at the mature stage measured in millimeters 

3.8.10 Number of pods per plant  

The total number of pods per plant was counted and recorded. The average 

number of pods per plant for each of the genotype was calculated. 

3.8.11 Number of seeds per pod 

Number of seeds present per pod was counted from each plant and the average 

was calculated for each of the genotypes. 
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3.8.12 Seed yield per plant (g) 

The weight of the total seeds of an individual plant in grams was taken after 

harvest. 

3.8.13 Weight of 100 seeds (g) 

The weight of a hundred seeds from each of the genotype which is randomly was 

recorded and expressed in grams. 

3.8.14 Seed yield per plot (kg) 

Weighing the seeds produced in a plot.  

3.8.15 Seed yield per hectare  

Weighing the seeds produced in a plot and then converted into kg per hectare. 

3.9 Statistical analysis 

For each character the data were recorded and averaged to obtain mean data. 

Mean data of characters were subjected to multivariate analysis. Univariate 

analysis of the individual character was done for all characters under study using 

mean values (Singh et al. 1985) and was estimated using MSTAT-C computer 

program. Duncan’s Multiple Range Test (DMRT) was performed for all the 

characters to test the differences between the means of the genotypes. Mean, 

range and co-efficient of variation (CV%) were also estimated using MSTAT-C, 

the multivariate analysis was done by computer using the GENESTAT and 

Microsoft  Excel 2016 software through four techniques viz. Principal 

Component Analysis (PCA), Principle Co-ordinate Analysis (PCO), Cluster 

Analysis and Canonical Vector Analysis (CVA). 

3.9.1 Estimation of genotypic and phenotypic variances 

Genotypic and phenotypic variances were calculated by the following formulae 

given by Johnson et al. (1955). 
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a. Genotypic variance, 𝛿2𝑔 = 
𝑀𝑆𝐺−𝑀𝑆𝐸

𝑟
 

           Where, MSG= Mean sum of square for genotype 

             MSE= Mean sum of square for error, and 

              r = Number of replication 

 

b. Phenotypic variance,  𝛿2𝑝 =  𝛿2𝑔 +  𝛿2𝑒 

    Where,   𝛿2𝑔 =  Genotypic variance,  

                𝛿2𝑒 = Environmental variance=Mean square of error 

 

3.9.2 Estimation of genotypic and phenotypic co-efficient of variation 

The genotypic and phenotypic co-efficient of variation in percent were computed 

by the following formula (Burton, 1952). 

Genotypic co-efficient of variation (GCV%) =  
𝛿𝑔×100

𝑋̅
 

Phenotypic co-efficient of variation (PCV%) =  
𝛿𝑝×100

𝑋̅
 

Where,    𝛿𝑔   = Genotypic standard deviation 

               𝛿𝑝   = Phenotypic standard deviation 

               𝑋̅    =  Population mean. 

The PCV and GCV values are ranked as low, medium and high 

(Shivasubramanian and Menon, 1973) and are mentioned below: 

0-10%      - Low 

10-20%       - Moderate 

>20%       - High 

3.9.3 Estimation of heritability  
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Broad sense heritability was estimated by the following formula, suggested by 

Johnson et al. (1955) 

h2
b (%) =  

 𝛿2𝑔

 𝛿2𝑝
× 100                          

Where,   

h2
b= Heritability in broad sense 

 𝛿2𝑔 = Genotypic variance 

 𝛿2𝑝 =Phenotypic variance  

Heritability values are catagorised as low, moderate and high (Robinson et al., 

1949) and are given below, 

0-30% - Low 

30-60% - Moderate 

60% and above - High 

3.9.4 Estimation of genetic advance 

The genetic advance was estimated for different characters under selection by 

using the formula suggested by Johnson et al. (1955) 

                          GA = 
 𝛿2𝑔

 𝛿2𝑝
𝐾. 𝛿𝑝 

Where, GA= Genetic advance 

             𝛿 𝑔
2  = Genotypic variance  

             𝛿 𝑝
2  = Phenotypic variance 

             𝛿𝑝 = Phenotypic standard deviation  

       K   = Selection differential which is equal to 2.06 at 5% selection intensity  
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3.9.5 Estimation of genetic advance in the percentage of mean 

Genetic advance in the percentage of the mean was calculated by the following 

formula given by Johnson et al. (1955). 

Genetic Advance in the percentage of mean  = 𝐺𝑒𝑛𝑒𝑡𝑖𝑐 𝐴𝑑𝑣𝑎𝑛𝑐𝑒

𝐺𝑟𝑎𝑛𝑑 𝑚𝑒𝑎𝑛
×100 

Genetic advance as percent of the mean was classified as low, moderate and high 

(Johnson et al., 1955) and values are given below: 

0-10% - Low 

10-20% - Moderate 

20% and above - High 

3.9.6 Estimation of simple correlation co-efficient 

Simple correlation co-efficient was estimated by the following formula (Clarke, 

1980; Singh and Chaudhary, 1985). 

r = 
∑ 𝑥𝑦− 

∑ 𝑥.∑ 𝑦

𝑁

√[{∑ 𝑥2−
(∑ 𝑥)2

𝑁
}{ ∑ 𝑦2−

(∑ 𝑦)2

𝑁
}]

   

Where,     

∑ = Summation 

 x and y are two variable correlated 

N = Number of observations 

3.9.7 Estimation of genotypic and phenotypic correlation co-efficient 

The genotypic and phenotypic correlation co-efficient was estimated by the 

formula (Johnson et al.1955; Hanson et al. 1956). 
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Genotypic correlation (𝑟𝑔𝑥𝑦) = 
𝐺𝐶𝑂𝑉𝑥𝑦

√𝐺𝑉𝑥.𝐺𝑉𝑦
 = 

σgxy

√(σ2
gx.σ

2
gy)

 

Where,   𝜎𝑔𝑥𝑦 = Genotypic co-variance between the traits x and y 

               𝜎2
𝑔𝑥 = Genotypic variance of the trait x 

              𝜎2
𝑔𝑦 = Genotypic variance of the trait y 

Phenotypic correlation (𝑟𝑥𝑦) = 
𝑃𝐶𝑂𝑉𝑥𝑦

√𝑃𝑉𝑥.𝑃𝑉𝑦
 = 

σpxy

√(σ2
px.σ

2
py)

 

Where,    𝜎𝑝𝑥𝑦  = Phenotypic co-variance between the traits x and y 

               𝜎2
𝑝𝑥 = Phenotypic variance of the trait x 

              𝜎2
𝑝𝑦 = Phenotypic variance of the trait y 

3.9.8 Estimation of path co-efficient analysis 

Path co-efficient analysis was carried out according to the procedure employed 

by Dewey and Lu (1959) also quoted in Singh and Chaudhary (1985) using 

simple correlation values. In path analysis, correlation coefficient is partitioned 

into direct and indirect independent variables on the dependent variable. 

In order to estimate direct and indirect effect of the correlated characters, say, xl, 

x2 and x3 yield y, a set of simultaneous equations (three equations in this 

example) are required to be formulated as shown below:  

ryx1= Pyxl+Pyx2rxlx2+Pyx3 rx1x3 

ryx2= Pyxlrx1x2+Pyx2 +PYX3 rx2x3 

ryx3=Pyxlrx1x3+Pyx2rx2x3+Pyx3 

Where, r´s denotes simple correlation co-efficient and P´s denote path co-

efficient (Unknown). P´s in the above equation may be conveniently solved by 

arranging them in matrix from.  
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Total correlation, say between x1 and y is thus partitioned follows: 

Pyx1= The direct effect of x1 via x2 on y. 

Pyx2rx1x2= The indirect effect of x1 via x2 on y. 

Pyx3rx1x3= The indirect effect of x1 via x3 on y. 

3.10.   Multivariate analysis 

Genetic diversity was estimated following Mahalanobis’s (1936) generalized 

distance (D2). Selection of parents in hybridization programme based on 

Mahalanobis D2 statistic is more reliable as requisite knowledge of parents in 

respect of a mass of characteristics is available prior to crossing. Rao (1952) 

reported that the quantification of genetic diversity through biometrical 

procedures had made it possible to choose genetically diverse parents for a 

successful hybridization program. Statistical analysis such as Mahalanobis D2 

and Canonical Variate Analysis (CVA), which quantify the differences among 

several quantitative traits are an efficient method of evaluating genetic diversity. 

Mean data of each quantitative character were subjected to both univariate and 

multivariate analysis. Mean, range, co-efficient of variation (CV) and the 

correlation was estimated using MSTAT computer program. Multivariate 

analysis viz. Principal Component Analysis (PCA), Principal Coordinate 

Analysis (PCO), Cluster Analysis (CLU) and Canonical Variate Analysis (CVA) 

were done by using GENSTAT program. 

3.10.1 Principle component analysis 

Principle component analysis (PCA), one of the multivariate techniques, is used 

to examine the inter-relationship among several characters and can be done from 

sum of squares and product matrix for the characters. Therefore, principle 

component was computed from the correlation matrix and genotypes scores 

obtained from the first components (which has the property of accounting for the 

maximum variance) and succeeding components with latent roots greater than 
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unity. The contribution of the different morphological characters towards 

divergence is discussed from the latent vectors of the first two principal 

components. 

3.10.2 Principle co-ordinate analysis 

The principal coordinate analysis is equivalent to PCA but it is used to calculate 

inter-unit distances. Through the use of all dimensions of P it gives the minimum 

distance between each pair of the N points using similarity matrix (Digby et al. 

1989). 

3.10.3 Cluster analysis (CA) 

To divide the genotypes of a data set into some number of mutually exclusive 

groups clustering was done using non-hierarchical classification. In GENSTAT, 

the algorithm was used to search for optimal values of chosen criteria. Starting 

from some initial classification of the genotypes into the required number of 

groups, the algorithm repeatedly transferred genotypes from one group to 

another so long as such transfer improved the value of the criterion. When no 

further transfer can be found to improve the criterion, the algorithm switches to 

a second stage which examine the effect of swooping two genotypes of different 

classes and so on. 

3.10.4 Canonical variate analysis (CVA) 

Canonical Variate Analysis, complementary to D2 statistic, is a sort of 

multivariate analysis where canonical vectors and roots representing different 

axes of differentiation and the amount of variation accounted for by each of such 

axes respectively and derived. Canonical Variate Analysis computed linear 

combination of original variability that maximized the ratio between ground and 

within group variations, thereby giving functions of the original variables that 

could be used to discriminate between the groups. Thus in this analysis, a series 

of orthogonal transformation was done sequentially for maximizing the ratio of 

the groups to within-group variations. 
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3.10.5 Calculation of 𝑫𝟐 values 

The Mahalanobis distance (𝐷2) values are calculated from transformed 

uncorrelated means of characters according to Rao (1952) and Singh and 

Chaudhury (1985). The 𝐷2 values were estimated for all possible combinations 

between genotypes. In simpler form 𝐷2 statastic is defined by the formula 

D2 = ∑ 𝒅𝒊
𝟐𝒙

𝒊 =  ∑ (𝒀𝒊
𝒋

− 𝒀𝒋
𝒌)      𝒙

𝒊             (j≠k) 

Where,  Y= Uncorrelated variable (character) which varies from i=1 to x 

              X= Number of characters 

Superscript j and k to Y = A pair of any two genotypes. 

3.10.6 Computation of average intra-cluster distances 

Average intra-cluster distances were calculated by the following formula as 

suggested by Singh and Chaudhury (1985), 

Average intra-cluster distance =   
∑ 𝐷𝑖

2

𝑛
  

Where, 

 𝐷𝑖
2 = the sum of distances between all possible combinations (n) genotypes 

included in a cluster. 

n= number of all possible combinations between the populations in the cluster. 

3.10.7 Computation of average inter-cluster distances 

Average inter-cluster distances were calculated by the following formula as 

suggested by Singh and Chaudhury (1985) , 

Average inter-cluster distance =  
∑ 𝐷𝑖𝑗

2

𝑛𝑖×𝑛𝑗
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∑ 𝑫𝒊𝒋 
𝟐 = The sum of distances between all possible combinations of the 

populations in cluster i and j. 

ni =  Number of populations in cluster i. 

𝑛𝑗= Number of populations in cluster j. 

3.10.8 Cluster diagram  

Using the values of intra and inter-cluster distances (D= √𝐷2 ), a cluster diagram, 

was drawn as suggested  by Singh and Chaudhury (1985). It gives a brief idea of 

the pattern of diversity among the genotypes included in a cluster. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

The major function of parent selection is diversity. The degree of diversity of the 

parents is the pre-requisite of an effective breeding programme. The experiment 

was conducted to determine the variability among 22 genotypes of soybean as 

well as to study the genetic diversity, correlation and path co-efficient for seed 

yield and different yield contributing characters. The data were recorded on 

different parameters such as days to 50% flowering, days to physiological 

maturity, days to harvest maturity, plant height (cm), number of branch per plant, 

pod length (mm), pod wide (mm), pod height (mm), number of pod per plant, 

number of seed per pod, seed yield per plant, weight of 100 seeds (g), seed yield 

per plot (kg), seed yield per hectare (ton). The data were statistically analyzed 

and results obtained from statistical analysis have been presented under the 

following headings. 

4.1 Genetic parameters 

The analysis of variance indicated a significantly higher amount of variability 

present among the genotypes for all the characters studied except pod wide, seed 

per pod, seed yield per plot and seed yield per hectare. (Appendix V). The results 

clearly indicated that there exists high variability for yield and yield components 

among the genotypes studied. Therefore there is a lot of scope for selection for 

the majority of the traits in the genotypes. The mean sum of squares of all the 15 

characters is presented in Appendix V. 

4.2 Genetic variability, heritability and genetic advance 

The mean performance of soybean genotypes for various yield components is 

presented in Appendix IV. The success of a crop improvement program depends 

on the extent of genetic variability existing in the germplasm or population. 

Genetic variability is prerequisite for any crop improvement programme as it 

provides wider scope for selection. The heritability is one of the genetic 

parameters, which most contribute to the breeder work. It provides the proportion 
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of total phenotypic variance that is attributed to genetic causes. High heritability 

joined with high genetic advance can be used as a guide in soybean breeding. 

The narrow gap between PCV and GCV for all the characters presence under 

these study, suggested that these traits studied has low environmental influence. 

Heritability estimates were considered in conjunction with genetic advance. 

Otherwise, the estimates of heritability alone fail to indicate the response to 

selection (Johnson et al., 1955). Therefore, the heritability estimates appears to 

be more meaningful when accompanied by estimates of genetic advance. The 

genetic advance as percent of the mean (GAM) was also estimated. The extent 

of variation among the genotypes in respect of fifteen characters was studied and 

estimates of mean, range, genotypic and phenotypic coefficients of variation, 

heritability, genetic advance and genetic advance as percent mean for all the 

characters were studied and the results are interpreted in Table 2 and illustrated 

in Figure 1 and 2.  

4.2.1   Days to first flowering 

The variance due to days to first flowering showed that the genotypes differed 

significantly and ranged from 46.33 days after sowing (DAS) in (G2) to 74.33 

DAS in (G13) with mean value 65.32 days after sowing (DAS) (Appendix IV). 

The phenotypic variance (59.03) appeared to be higher than the genotypic 

variance (58.29) suggested there is an influence of environment on the 

expression of the genes controlling this trait. The difference between the 

phenotypic coefficient of variation (11.76) and genotypic coefficient of variation 

(11.69) was low, which indicated the presence of low variability among the 

genotypes. The heritability (98.74) estimates for this trait was high, genetic 

advance (15.63) was moderate on the other hand, genetic advance in percent of 

the mean (23.29) were found high,    
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Table 2. Estimation of genetic parameters in fifteen characters of twenty two genotypes in soybean 

Traits GenMS Min Max Mean CV(%) ơ2
g ơ2

e ơ2
P GCV ECV PCV h2

b GA  GA (% 

mean) 

FF 175.60** 46.33 74.33 65.32 1.32 58.29 0.75 59.03 11.69 1.32 11.76 98.74 15.63 23.92 

D50%F 196.31** 56.33 86.00 75.15 0.93 65.27 0.49 65.76 10.75 0.93 10.79 99.25 16.58 22.06 

DPM 480.04** 82.00 135.33 117.11 0.90 159.64 1.11 160.76 10.79 0.90 10.83 99.31 25.94 22.15 

DHM 465.91** 91.33 144.67 129.05 0.99 154.76 1.62 156.38 9.64 0.99 9.69 98.96 25.49 19.76 

PH 1525.96** 29.55 105.22 76.21 6.80 499.70 26.88 526.57 29.33 6.80 30.11 94.90 44.86 58.86 

BPP 3.59** 2.55 6.22 4.51 14.87 1.05 0.45 1.50 22.68 14.87 27.12 69.93 1.76 39.06 

PoL 18.45** 33.01 42.58 36.48 6.39 4.34 5.43 9.77 5.71 6.39 8.57 44.43 2.86 7.84 

PoW 1.48 6.02 9.88 7.83 3.61 0.47 0.08 0.55 8.72 3.61 9.44 85.40 1.30 16.61 

PoH 2.28* 4.48 8.77 5.27 4.78 0.74 0.06 0.80 16.30 4.79 16.99 92.07 1.70 32.22 

PPP 4566.60** 27.00 138.89 76.61 19.64 1446.71 226.45 1673.17 49.65 19.64 53.39 86.47 72.86 95.10 

SPP 0.11 2.33 3.11 2.75 10.19 0.01 0.08 0.09 3.92 10.19 10.92 12.87 0.08 2.89 

SYPP 106.32** 11.27 32.88 20.63 16.15 31.74 11.10 42.84 27.31 16.15 31.73 74.09 9.99 48.42 

100SW 44.02** 6.63 20.00 12.08 6.31 14.48 0.58 15.06 31.50 6.32 32.13 96.14 7.69 63.63 

YPP 0.24 0.58 1.58 1.02 15.29 0.07 0.02 0.09 26.01 15.31 30.19 74.26 0.47 46.18 

YPH 0.93 1.17 3.13 2.03 14.92 0.28 0.09 0.37 26.09 14.95 30.07 75.29 0.95 46.64 

 ** Significant at 1%       * Significant at 5% 

 

Legend: 

FF= First flowering, D50F = Days to 50% flowering, DPM= Days of physiological maturity, DHM= Days of harvest maturity, PH = Plant height (cm), BPP= 

Branches per plant, PoL= Pod length, PoW= Pod wide, PoH= Pod height, PPP= Pod per plant, SPP= Seed per pod, SYPP= Seed yield per plant, 100SW= 100 

Seed weight, YPP= Yield per plot, YPH= Yield per hectare,  MS = mean sum of square, 2 p = Phenotypic variance, 2g = Genotypic variance, 2e = Environmental 

variance, PCV = Phenotypic Coefficient of variation, GCV= Genotypic coefficient of variation and ECV= Environmental coefficient of variation, h2
b   = Heritability 

in broad sense,  GA= Genetic advance.
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Figure 1. Genotypic and phenotypic variability in soybean 

 

FF= First flowering, D50F = Days to 50% flowering, DPM= Days of physiological 

maturity, DHM= Days of harvest maturity, PH = Plant height (cm), BPP= Branches per 

plant, PoL= Pod length, PoW= Pod wide, PoH= Pod height, PPP= Pod per plant, SPP= 

Seed per pod, SYPP= Seed yield per plant, 100SW= 100 Seed weight, YPP= Yield per 

plot, YPH= Yield per hectare 
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Figure 2. Heritability and genetic advance over mean in soybean. 

FF= First flowering, D50F = Days to 50% flowering, DPM= Days of physiological 

maturity, DHM= Days of harvest maturity, PH = Plant height (cm), BPP= Branches per 

plant, PoL= Pod length, PoW= Pod wide, PoH= Pod height, PPP= Pod per plant, SPP= 

Seed per pod, SYPP= Seed yield per plant, 100SW= 100 Seed weight, YPP= Yield per 

plot, YPH= Yield per hectare 
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revealed that this character was governed by additive gene and selection for this 

character would be effective. 

4.2.2 Days to 50% flowering 

The variance due to days to 50% flowering showed that the genotypes differed 

significantly and ranged from 56.33 days after sowing (DAS) in G3 to 86 DAS in 

G12 with mean value 75.15 days after sowing (DAS) (Appendix IV). The 

Genotypic, phenotypic and environmental variances observed were 65.27, 65.76 

and 0.49, respectively (Table 2). The phenotypic variance appeared to be closed to 

the genotypic variance suggested no influence of environment on the expression of 

the genes controlling this trait. 

The difference between the genotypic co-efficient of variation (10.75) and 

phenotypic coefficient of variation (10.79) was close to each other (Table 2 and 

Figure 1) indicating a minor environmental influence on this character. The 

heritability (99.25) estimates for this trait was high, genetic advance (16.58) was at 

moderate level and genetic advance over a percentage of the mean (22.06) was 

found  high, revealed the possibility of the predominance of additive gene effect and 

selection might be effective for producing varieties. Bangar et al. (2003) reported 

that phenotypic coefficient of variation (PCV) was higher than the genotypic 

coefficient of variation (GCV). 

4.2.3 Days to physiological maturity 

With respect to days to physiological maturity, mean values ranged from 82 days 

after sowing in G2 to 135.33 days after sowing in G16. The overall mean for days 

to physiological maturity was 117.11 days (Appendix IV). The genotypic co-

efficient of variation and phenotypic co-efficient of variation were 10.79 and 10.83, 

respectively which were close to each other (Table 2). There was a very little 

difference between phenotypic and genotypic co-efficient of variation, indicating a 

minimal environmental influence on this character. The heritability (99.31%) 

estimates for this trait was high, genetic advance (25.94) high and genetic advance 
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in percent of the mean (22.15) was found high, revealed that this trait was governed 

by additive gene and selection might be effective for producing varieties. 

4.2.4 Days to harvest maturity 

The value ranged from 91.33 to 144.67 with a mean of 129.05. The genotype G2 

had the lowest and G16 was the highest in the genotype (Appendix IV). The 

phenotypic variance (156.38) appeared to be higher than the genotypic variance 

(154.76) suggested there is an influence of environment on the expression of the 

genes controlling this trait. The genotypic co-efficient of variation and phenotypic 

co-efficient of variation were 9.64 and 9.69, respectively which were close to each 

other (Table 2). There was a very little difference between phenotypic and genotypic 

co-efficient of variation, indicating a minimal environmental influence on this 

character. The heritability (98.96%) estimates for this trait was high, genetic 

advance (25.49) high and genetic advance in percent of the mean (19.76) was found 

moderate, revealed that this trait was governed by the additive gene. So selection 

for this trait may be rewarding. Jangale et al. (1994) observed that high heritability 

was observed for days to maturity. Bhandarkar (1999) reported that high heritability 

and genetic advance for days to maturity in soybean. 

 

4.2.5 Plant height (cm) 

The mean for plant height was recorded 76.21 cm. It ranged from 29.55 cm to 

105.22 cm (Table 2). The maximum plant height (105.22 cm) was recorded by the 

genotype ‘G13’ and the lowest plant height (29.55 cm) was recorded by ‘G2’ 

(Appendix IV). The analysis of variance revealed highly significant differences 

among the genotypes with respect to plant height.  The genotypic and phenotypic 

variance was observed 499.70 and 527.57, respectively for plant height with high 

environmental influence. The phenotypic co-efficient of variation (30.11) was 

higher than the genotypic co-efficient of variation (29.33), which indicated the 

presence of considerable variability among the genotypes for this trait. The 
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heritability (94.90%) estimates for this trait was high, genetic advance (44.86) was 

a high and genetic advance in percent of the mean (58.86) was found  high, revealed 

that this trait was governed by the additive gene. Therefore, selection for this trait 

will be effective. Plant height exhibited high heritability and high genetic advance 

as percent mean in soybean which is similar to the earlier findings by Kumar et al. 

(2014) and Ghodrati (2013).  

4.2.6 Branches per Plant 

Branches per plant were ranged from 2.55 in G20 and 6.22 in G13 with mean value 

of 4.51 (Table 2).  The genotypic variance and phenotypic variance for this trait 

were 1.05 and 1.50 respectively (Table 2). The phenotypic variance appeared to be 

closed to the genotypic variance suggested no influence of environment on the 

expression of the genes controlling this trait. The phenotypic co-efficient of 

variation (27.12) was higher than the genotypic co-efficient of variation (22.68), 

indicates that the apparent variation is not only due to genotypes but also due to the 

influence of the environment. The heritability estimates for this trait was high 

(69.93) with low genetic advance (1.76) and high genetic advance in percent of the 

mean (39.06) indicated that this trait was controlled by additive gene and selection 

for this character would be effective.  

4.2.7 Pod length 

The mean for pod length was recorded 36.48 mm. It ranged from 33.01 mm to 

42.58mm cm (Table 2). The maximum pod length (42.58 mm) was recorded by the 

genotype ‘G1’ and the lowest pod length (33.01 mm) was recorded by ‘G12’ 

(Appendix IV). The genotypic and phenotypic variance was observed 4.34 and 9.77 

respectively for pod length with high environmental influence. The phenotypic co-

efficient of variation (8.57) was higher than the genotypic co-efficient of variation 

(5.71), which indicated the presence of considerable variability among the 

genotypes for this trait. The heritability (44.43%) estimates for this trait was 
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moderate, genetic advance (2.86) was a low and genetic advance in percent of the 

mean (7.84) was found  low, revealed that this trait was governed by additive or 

non-additive gene. Therefore, selection for this trait will not be effective.  

4.2.8   Pod wide 

The value ranged of pod wide from 6.02 mm to 9.88 mm with a mean of 7.83 mm. 

The genotype G2 had the lowest and G1 was the highest in the genotype (Appendix 

IV). The genotypic and phenotypic variance was observed 0.47 and 0.55 

respectively (Table 2) for pod length suggested no influence of environment on the 

expression of the genes controlling this trait. The genotypic co-efficient and 

phenotypic co-efficient of variation were 8.72 and 9.44, respectively indicating the 

minimal influence of environment on the expression of the of variation genes 

controlling this trait. The heritability (85.40) estimates for this trait was high, genetic 

advance (1.30) was a low and genetic advance in percent of the mean (16.61) were 

found moderate, revealed that this character was governed by additive or non-

additive gene and selection for this character would not be effective. 

4.2.9 Pod height 

The mean for pod height was recorded 5.27 mm. It ranged from 4.48 mm to 8.77 

mm (Appendix IV). The maximum pod length (8.77 mm) was recorded by the 

genotype ‘G2’ and the lowest pod length (4.48 mm) was recorded by ‘G5’ 

(Appendix IV).  The phenotypic variance, genotypic variance observed were 0.80 

and 0.74 respectively (Table-2). The phenotypic variance appeared to be closed to 

the genotypic variance suggested no influence of environment on the expression of 

the genes controlling this trait. The genotypic co-efficient and phenotypic co-

efficient of variation were 16.30 and 16.99, respectively indicating the minimal 

influence of environment on the expression of the of variation genes controlling this 

trait. The heritability (92.07) estimates for this trait was high, genetic advance (1.70) 

was low on the other hand, genetic advance in percent of the mean (32.22) was 
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found  high, revealed that this character was governed by additive gene and selection 

for this character would be effective. 

4.2.10 Pod per plant 

The number of pods per plant was ranged from 27 to 138.89 with a mean of 76.61. 

The minimum number of pods per plant was observed in G1 while a maximum 

number of pods per plant was found in the genotype G13 (Appendix IV). The 

phenotypic variance (1673.17) appeared to be higher than the genotypic variance 

(1446.71) suggested a high influence of environment on the expression of the genes 

controlling this trait. The phenotypic co-efficient of variation (53.39) was higher 

than the genotypic co-efficient of variation (49.65), indicates that the apparent 

variation is not only due to genotypes but also due to the influence of the 

environment. The heritability (86.47) estimates for this trait was high, genetic 

advance (72.86) was a high and genetic advance in percent of the mean (95.10) were 

found very high, revealed that this character was governed by additive gene and 

selection for this character would be effective. 

4.2.11 Seed per pod 

The mean for seed per pod was recorded 2.75 and ranged from 2.33 to 3.11 

(Appendix IV). The maximum seed per pod (3.11) was recorded by the genotype 

‘G6’ and the lowest pod length (2.33) was recorded by ‘G22’ (Appendix IV). The 

phenotypic variance (0.09) appeared to be higher than the genotypic variance (0.01) 

suggested the considerable influence of environment on the expression of the genes 

controlling this trait. The genotypic co-efficient and phenotypic co-efficient of 

variation were 3.92 and 10.92, respectively indicating the presence of considerable 

variability among the genotypes. The heritability (12.87%) estimates for this trait is 

low, genetic advance (0.08) was very low and genetic advance in percent of the 

mean (2.89) was found low (Table 2), revealed that this trait was governed by the 

non-additive gene. Selection on the basis of this traits would not be effective. 
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4.2.12 Seed yield per plant 

Seed yield per plant was ranged from 11.27 in G11 and 32.88 in G13 with mean 

value of 20.63 (Appendix IV). The phenotypic variance was 42.88 which is higher 

than the genotypic variance 31.74 and slightly high difference between the GCV 

(27.31) and PCV (31.73) indicates that the apparent variation is not only due to 

genotypes but also due to the influence of the environment. Heritability was found 

74.09 where genetic advance and genetic advance in the percentage of the mean was 

recorded as 9.99 and 48.42 respectively. High heritability accompanied by low 

genetic advance along with high genetic advance in percentage of mean revealed 

that the expression of this trait is controlled by additive gene and thus selection for 

this trait might be rewarding. 

4.2.13 Weight of hundred seeds (g) 

The mean for Weight of hundred seeds was recorded 12.08 g and ranged from 6.63 

g to 20 g. The maximum Weight of hundred seeds (20 g) was recorded by the 

genotype ‘G1’ and the lowest Weight of hundred seeds (6.63 g) was recorded by 

‘G17’ (Appendix IV). The phenotypic variance (15.06) appeared to be higher than 

the genotypic variance (14.48) suggested considerable influence of environment on 

the expression of the genes controlling this trait. The genotypic co-efficient of 

variation and phenotypic co-efficient of variation were 26.01 and 30.19, 

respectively indicating considerable environmental influence on this character. The 

heritability (96.14%) estimates for this trait was high, genetic advance (7.69) was 

low but genetic advance in percent of mean (63.63) were found high, revealed that 

this character was governed by additive gene and selection for this character would 

be effective. 
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4.2.14 Yield per plot (kg) 

Seed yield per plot was ranged from 0.58 kg in G11 and 1.58 kg in G13 with mean 

value of 1.02 kg (Appendix IV). The Phenotypic variance was 0.09 which is closed 

to the genotypic variance 0.07 and slightly high difference between the GCV (26.01) 

and PCV (30.19) indicates that the apparent variation is not only due to genotypes 

but also due to the influence of the environment. Heritability was found 74.26 where 

genetic advance and genetic advance in the percentage of mean was recorded as 

0.47 and 46.18 respectively. High heritability accompanied by low genetic advance 

along with high genetic advance in percentage of mean revealed that the expression 

of this trait is controlled by additive gene and thus selection for this trait might be 

rewarding. 

4.2.15 Yield per hectare 

The mean for yield per hectare was recorded 2.03 ton and ranged from 1.17 ton to 

3.13 ton. The maximum Yield per hectare (3.13 ton) was recorded by the genotype 

‘G13’ and the lowest Yield per hectare (1.17 ton) was recorded by ‘G11’ (Appendix 

IV). The phenotypic variance (0.37) appeared to be higher than the genotypic 

variance (0.28) suggested considerable influence of environment on the expression 

of the genes controlling this trait. The genotypic co-efficient and phenotypic co-

efficient of variation were 26.09 and 30.07, respectively indicating presence of 

considerable variability among the genotypes. The heritability (75.29%) estimates 

for this trait is high, genetic advance (0.95) was very low but genetic advance in 

percent of mean (46.64) was found high (Table 2), revealed that this trait was 

governed by additive gene. Selection on the basis of this traits would be effective. 
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4.3 Correlation co-efficient 

Yield is the resultant of combined effect of several quantitative characters and 

environment. Hence Knowledge about the interaction of characters among 

themselves and environment has been of great use in the plant breeding. Correlation 

studies along with path analysis provide a better understanding of the association of 

different characters with fruit yield. So selection may not be effective unless the 

other contributing components influence the yield directly or indirectly.   

A positive correlation between desirable characters is favorable to the plant breeder 

because it helps in simultaneous improvement of both the characters. From this it 

would be possible to bring about genetic up-gradation in one character by selection 

of the other of a pair. On the other hand, a negative correlation will hinder the 

simultaneous expression of both the characters with high values. In such situations 

some economic compromise has to be made. Hence, an attempt has been made to 

study the character association in the soybean at both levels. 

Pearson correlation analysis among yield and its contributing characters are shown 

in Table 3. For clear understanding correlation coefficients are separated into 

genotypic and phenotypic level in Table 4. When phenotypic correlation coefficient 

were higher than genotypic correlation coefficient indicating suppressing effect of 

the environment which modified the expression of the characters at phenotypic 

level. Where the genotypic correlation coefficients were higher than their 

phenotypic correlation coefficients, it indicates that the genetic reason of 

association. The depicted of genotypic and phenotypic correlation coefficient 

among yield and yield contributing characters of soybean are shown in Figure 3. 

4.3.1 Days to first flowering 

Days to first flowering showed significant positive association with days to 50% 

flowering (G=0.979, P=0.977), day to physiological maturity (G=0.731, P=0.729), 
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Table 3. Pearson correlation coefficients among different pairs of yield and yield contributing characters in 22 genotypes of 

soybean.  

 

FF= Days to first flowering, D50F = Days to 50% flowering, DPM= Days of physiological maturity, DHM= Days of harvest maturity, PH = 

Plant height (cm), BPP= Branches per plant, PoL= Pod length, PoW= Pod wide, PoH= Pod height, PPP= Pod per plant, SPP= Seed per pod, 

SYPP= Seed yield per plant, 100SW= 100 Seed weight, YPP= Yield per plot, YPH= Yield per hectare

 
FF D50F DPM DHM PH BPP PoL PoW PoH PPP SPP SYPP 100SW YPP YPH 

FF 
 

0.977** 0.729** 0.721** 0.744** 0.581** -0.395 -0.120 -0.690** 0.635** -0.291 0.492* -0.641** 0.504* 0.497* 

D50%F   0.712** 0.701** 0.729** 0.565** -0.402 -0.175 -0.645** 0.658** -0.225 0.520* -0.654** 0.537** 0.532* 

DPM    0.984** 0.766** 0.650** -0.367 0.157 -0.596* 0.688** -0.356 0.601** -0.681** 0.607** 0.600** 

DHM     0.725** 0.626** -0.300 0.203 -0.644** 0.678** -0.357 0.598** -0.634** 0.602** 0.596** 

PH      0.613** -0.473* -0.218 -0.561** 0.822** -0.146 0.729** -0.769** 0.736** 0.730** 

BPP       -0.417 -0.183 -0.232 0.810** -0.206 0.611** -0.762** 0.610** 0.610** 

PoL        0.599** 0.011 -0.609** 0.302 -0.524* 0.553** -0.515* -0.510** 

PoW         -0.253 -0.349 -0.146 -0.245 0.365 -0.238 -0.246 

PoH          -0.315 0.248 -0.222 0.437* -0.236 -0.237 

PPP           -0.198 0.908** -0.753** 0.907** 0.905** 

SPP            -0.169 0.096 -0.163 -0.160 

SYPP             -0.481* 0.998** 0.998** 

100SW              -0.487* -0.485* 

YPP               0.999** 
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Table 4. Genotypic and phenotypic correlation coefficients among different pairs of yield and yield contributing characters 

for different genotype of soybean 
Traits   D50F DPM DHM PH BPP PoL PoW PoH PPP SPP SYPP 100SW YPP YPH 

DFF G 0.979** 0.731** 0.725** 0.752** 0.615** -0.475* -0.123 -0.702** 0.651** -0.510* 0.524* -0.648** 0.538** 0.529* 

  P 0.977** 0.729** 0.721** 0.744** 0.581** -0.395 -0.12 -0.690** 0.635** -0.291 0.492* -0.641** 0.504* 0.497* 

D50%F G   0.714** 0.702** 0.737** 0.606** -0.487* -0.183 -0.654** 0.677** -0.395 0.551** -0.661** 0.568** 0.562** 

  P   0.712** 0.701** 0.729** 0.565** -0.402 -0.175 -0.645** 0.658** -0.225 0.520* -0.654** 0.537** 0.532* 

DPM G     0.987** 0.772** 0.690** -0.434* 0.158 -0.607** 0.708** -0.641** 0.636** -0.687** 0.642** 0.633** 

  P     0.984** 0.766** 0.650** -0.367 0.157 -0.596* 0.688** -0.356 0.601** -0.681** 0.607** 0.600** 

DHM G       0.733** 0.670** -0.356 0.206 -0.653** 0.699** -0.653** 0.632** -0.638** 0.636** 0.628** 

  P       0.725** 0.626** -0.3 0.203 -0.644** 0.678** -0.357 0.598** -0.634** 0.602** 0.596** 

PH G         0.645** -0.563** -0.22 -0.579** 0.842** -0.303 0.766** -0.787** 0.774** 0.764** 

  P         0.613** -0.473* -0.218 -0.561** 0.822** -0.146 0.729** -0.769** 0.736** 0.730** 

BPP G           -0.538** -0.193 -0.241 0.860** -0.435* 0.646** -0.836** 0.638** 0.641** 

  P           -0.417 -0.183 -0.232 0.810** -0.206 0.611** -0.762** 0.610** 0.610** 

PoL G             0.687** 0.009 -0.716** 0.708** -0.653** 0.659** -0.642** -0.628** 

  P             0.599** 0.011 -0.609** 0.302 -0.524* 0.553** -0.515* -0.510** 

PoW G               -0.27 -0.362 -0.337 -0.263 0.378 -0.26 -0.264 

  P               -0.253 -0.349 -0.146 -0.245 0.365 -0.238 -0.246 

PoH G                 -0.323 0.454* -0.239 0.447* -0.251 -0.252 

  P                 -0.315 0.248 -0.222 0.437* -0.236 -0.237 

PPP G                   -0.351 0.929** -0.783** 0.925** 0.921** 

  P                   -0.198 0.908** -0.753** 0.907** 0.905** 

SPP G                     -0.416 0.165 -0.408 -0.385 

  P                     -0.169 0.096 -0.163 -0.16 

SYPP G                       -0.521* 1.000** 1.000** 

  P                       -0.481* 0.998** 0.998** 

100SW G                         -0.528* -0.523* 

  P                         -0.487* -0.485* 

YPP G                           1.000** 

  P                           0.999** 

FF= Days to first flowering, D50F = Days to 50% flowering, DPM= Days of physiological maturity, DHM= Days of harvest maturity, PH = Plant height (cm), BPP= Branches per plant, PoL= 

Pod length, PoW= Pod wide, PoH= Pod height, PPP= Pod per plant, SPP= Seed per pod, SYPP= Seed yield per plant, 100SW= 100 Seed weight, YPP= Yield per plot, YPH= Yield per hectare
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Figure 3. Genotypic and phenotypic correlation of different characters with 

yield 

 

 

FF= First flowering, D50F = Days to 50% flowering, DPM= Days of physiological 

maturity, DHM= Days of harvest maturity, PH = Plant height (cm), BPP= Branches per 

plant, PoL= Pod length, PoW= Pod wide, PoH= Pod height, PPP= Pod per plant, SPP= 

Seed per pod, SYPP= Seed yield per plant, 100SW= 100 Seed weight, YPP= Yield per 

plot, YPH= Yield per hectare. 
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days to harvest maturity (G=0.725, P=0.721), number of branches per plant 

(G=0.615, P=0.581), pod per plant (G=0.651, P=0.635), seed yield per plant 

(G=0.524, P=0.492), yield per plot (G=0.538, P=0.504) and yield per hectare 

(G=0.529, P=0.497) at both the genotypic and phenotypic levels.  Significant 

negative association was found in case of pod height (G=-0.702, P=-0.690), weight 

of hundred seeds (G=-0.648, P=-0.641) at both the genotypic and phenotypic levels. 

4.3.2 Days to 50% flowering 

Days to 50% flowering showed highly positive significant interaction with days to 

physiological maturity (G=0.714, P=0.712), days to harvest maturity (G=0.702, 

P=0.701), plant height (G=0.737, P=0.723), number of branches per plant 

(G=0.606, P=0.565), number of pod per plant (G=0.677, P=0.658), seed yield per 

plant (G=0.551, P=0.520), yield per plot (G=0.568, P=0.537) and yield per hectare 

(G=0.562, P=0.532) at both the genotypic and phenotypic levels. Other characters 

such as, pod height (G=-0.654, P=-0.645) and weight of hundred seeds (G=-0.661, 

P=-0.654) showed significant negative correlation with days to 50% flowering at 

both the genotypic and phenotypic level. Inderjit et al. (2007) reported that days to 

50% flowering were significantly correlated with grain yield which was 

contradictory to present findings.  

4.3.3. Days to physiological maturity 

Days to physiological maturity had significant positive association with day to 

harvest maturity (G=0.987, P=0.984),  plant height (G=0.772, P=0.766),  number of 

branches per plant (G=0.690, P=0.650), number of pod per plant (G=0.708, 

P=0.688), seed yield per plant (G=0.636, P=0.601), yield per plot (G=0.642, 

P=0.607) and yield per hectare (G=0.633, P=0.600) at both the genotypic and 

phenotypic levels (Table 4). Significant negative association was found in case of 

pod height (G=-0.607, P=-0.596) and weight of hundred seeds (G=-0.687, P=-

0.681) at both the genotypic and phenotypic levels. 
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4.3.4. Days to harvest maturity 

Days to harvest maturity had significant positive association with plant height 

(G=0.733, P=0.7625), number of branches per plant (G=0.670, P=0.626), number 

of pod per plant (G=0.699, P=0.678), seed yield per plant (G=0.632, P=0.598), yield  

per plot (G=0.636, P=0.602) and yield per hectare (G=0.628, P=0.596) at both the 

genotypic and phenotypic levels (Table 4). Significant negative association was 

found in case of pod height (G=-0.653, P=-0.644) and weight of hundred seeds (G=-

0.638, P=-0.634) at both the genotypic and phenotypic levels. Chand (1999) 

observed that maturity of soybean was positively correlated with seed yield. 

4.3.5 Plant height 

A highly significant and positive association of plant height at both the genotypic 

and phenotypic levels was observed with number of branches per plant (G=0.670, 

P=0.626), number of pod per plant (G=0.699, P=0.678), seed yield per plant 

(G=0.632, P=0.598), yield per plot (G=0.636, P=0.602) and yield per hectare 

(G=0.628, P=0.596). Pod length (G=-0.563, P=-0.473), pod height (G=-0.579, P=-

0.561), weight of hundred seeds (G=-0.787, P=-0.769) showed significant negative 

correlation with plant height at both the genotypic and phenotypic level. 

4.3.6 Branches per plot 

Number of branches per plot had significant positive association with number of 

pod per plant (G=0.860, P=0.810), seed yield per plant (G=0.646, P=0.611), yield 

per plot (G=0.638, P=0.610) and yield per hectare (G=0.641, P=0.610) at both the 

genotypic and phenotypic levels (Table 4). Significant negative association was 

found in case of the weight of hundred seeds (G=-0.836, P=-0.762) at both the 

genotypic and phenotypic levels. 
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4.3.7 Pod length 

Pod length had significantly positive association with pod wide (G=0.687, P=0.599) 

and weight of hundred seeds (G=0.659, P=0.553) at both genotypic and phenotypic 

levels (Table 4). Significant negative association was found in case of number of 

pod per plant (G=-0.716, P=-0.609) and seed yield per plant (G=-0.653, P=-0.524) 

at both the genotypic and phenotypic levels. 

4.3.8 Pod wide 

Pod wide had non-significantly negative association with pod height, number of pod 

per plants, seed per pod, seed yield per plant, the weight of hundred seeds, yield per 

plot and yield per hectare at both genotypic and phenotypic levels (Table 4).  

4.3.9 Pod height 

Pod height had significantly positive association with the weight of hundred seed 

(G=0.447, P=0.437) at both genotypic and phenotypic levels (Table 4). 

4.3.10 Number of pod per plant 

Number of pod per plant had significantly positive correlation with seed yield per 

plant (G=0.929, P=0.908), yield per plot (G=0.925, P=0.907) and yield per hectare 

(G=0.921, P=0.905) at both genotypic and phenotypic levels (Table 4).  Significant 

negative association was found in case of seed yield per plant (G=-0.783, P=-0.753) 

at both the genotypic and phenotypic levels. 

4.3.11 Number of seed per pod 

A non-significant and negative association of number of seed per plant at both the 

genotypic and phenotypic levels was observed with seed yield per plant, yield per 

plot and yield per hectare. 
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4.3.12 Seed yield per plant 

A highly significant and positive association of seed yield per plant at both the 

genotypic and phenotypic levels was observed with yield per plot (G=0.1.000, 

P=0.998) and yield per hectare (G=1.000, P=0.998). Significant negative 

association was found in case of weight of hundred seeds (G=-0.521, P=-0.481) at 

both the genotypic and phenotypic levels. 

4.3.13 Weight of hundred seeds 

Significant negative association was found in case of yield per plot (G=-0.528, P=-

0.487) and yield per hectare (G=-0.523, P=-0.485) at both the genotypic and 

phenotypic levels. 

4.3.14 Yield per plot 

Yield per plot had significant positive association with yield per hectare (G=1.000, 

P=0.999) at both the genotypic and phenotypic levels. 

4.4 Path coefficient analysis 

Path coefficient analysis is a means of measuring the direct and indirect effects of 

one variable through the other variables on the end product. In order to find out a 

clear picture of the inter-relationship between seed yield per plant and other yield 

attributes, direct and indirect effects were worked out using path analysis at 

phenotypic level which also measured the relative importance of each component. 

Seed yield per plant was considered as a resultant (dependent) variable and days to 

first flowering, days to 50% flowering, days to physiological maturity, days to 

harvest maturity, plant height, branches per plant, pod length, pod wide, pod height, 

pod per plant, seeds per pod, weight of seed yield per plant, hundred seeds weight, 

weight of yield per plot, weight of yield per hectare were causal (independent) 

variables. 
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Wright (1921) developed the path coefficient analysis technique and later 

demonstrated by Deway and Lu (1959) facilitates the portioning of correlation 

coefficients into direct and indirect contribution of various characters on yield. It is 

standardized partial regression coefficient analysis. As such, it measures the direct 

influence of one variable upon other. Estimation of direct and indirect effect of path 

co-efficient analysis is presented in Table 5. 

4.4.1 Days to first flowering 

The path analysis showed that days to first flowering had negative direct effect (-

0.236) on yield per plant (Table 5). Where it showed positive indirect effect with 

day to 50% flowering (0.181), days to physiological maturity (0.070), plant height 

(0.010), branches per plant (0.020), pod length (0.004), pod wide (0.014), pod height 

(0.050), pod per plant (0.009), seeds per pod (0.010), weight of yield per plot 

(0.466). It had a negative indirect effect on day to harvest maturity (-0.025), weight 

of seed yield per plot (-0.020). 

4.4.2 Days to 50% flowering 

Days to 50% flowering had positive direct effect (0.186) on yield per plant (Table 

5). It showed positive indirect effect with days to physiological maturity (0.068), 

plant height (0.009), branches per plant (0.019), pod length (0.004), pod wide 

(0.016), pod height (0.047), pod per plant (0.009), seeds per pod (0.009), weight of 

yield per plot (0.497) and negative indirect effect on days to first flowering (-0.229), 

day to harvest maturity (-0.025), weight of seed yield per plot (-0.023), hundred 

seeds weight (-0.025).  

4.4.3 Days to physiological maturity 

Day to physiological maturity had positive direct effect (0.093) on yield.  This 

character influenced the yield per plant indirectly through days to 50% flowering 

(0.134), plant height (0.009), branches per plant (0.021), pod length (0.004), pod 
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Table 5. Path coefficient analysis showing direct and indirect effects of different characters on yield of soybean. 

Characte

rs 

Direc

t 

effect 

     Indirect effect Genotypic 

correlatio

n with 

yield FF 

D50

F DPM DHM PH BPP PoL PoW PoH PPP SPP SYPP 

100S

W YPP 

FF -0.236  0.181 0.070 -0.025 0.010 0.020 0.004 0.014 0.050 0.009 0.010 -0.020 -0.024 0.466* 0.529* 

D50%F 0.186 -0.229  0.068 -0.025 0.009 0.019 0.004 0.016 0.047 0.009 0.009 -0.023 -0.025 0.497* 0.562** 

DPM 0.093 -0.168 0.134  -0.037 0.009 0.021 0.004 -0.002 0.044 0.009 0.010 -0.027 -0.027 

0.570*

* 0.633** 

DHM -0.038 -0.166 0.132 0.091  0.009 0.020 0.004 -0.006 0.047 0.008 0.009 -0.027 -0.024 

0.570*

* 0.628** 

PH 0.009 -0.169 0.133 0.071 -0.026  0.019 0.003 0.019 0.039 0.009 0.007 -0.036 -0.030 

0.716*

* 0.764** 

BPP 0.032 -0.119 0.097 0.057 -0.017 0.009  0.005 0.017 0.022 0.009 0.009 -0.026 -0.025 

0.571*

* 0.641** 

PoL -0.009 0.054 -0.072 -0.044 -0.008 -0.020 -0.025  -0.048 -0.019 -0.020 -0.020 0.004 0.003 -0.405 -0.628** 

PoW -0.063 0.025 -0.033 0.009 -0.013 -0.005 -0.008 0.001  0.010 -0.005 -0.003 0.009 0.013 -0.202 -0.264 

PoH -0.068 0.159 -0.117 -0.054 0.024 -0.005 -0.009 -0.004 0.009  -0.005 -0.006 0.008 0.017 -0.202 -0.252 

PPP 0.006 -0.143 0.114 0.059 -0.026 0.006 0.020 -0.002 0.022 0.022  0.005 -0.053 -0.031 

0.922*

* 0.921** 

SPP -0.038 0.021 -0.052 -0.045 -0.015 -0.025 -0.027 -0.024 -0.022 -0.034 -0.025  -0.023 -0.021 -0.056 -0.385 

SYPP -0.063 -0.104 0.083 0.047 -0.023 0.003 0.014 -0.003 0.013 0.012 0.004 0.001  -0.019 1.034 1.000** 

100SW 0.041 0.145 -0.123 -0.066 0.020 -0.011 -0.024 -0.004 -0.028 -0.035 -0.010 -0.009 0.017  -0.436* -0.523* 

YPP 1.044 -0.107 0.084 0.047 -0.024 0.002 0.013 -0.003 0.011 0.012 0.003 0.000 -0.063 -0.020  1.000** 

Residual Effect=0.4392225 

** Significant at 1% 

  * Significant at 5% 

FF= First flowering, D50F = Days to 50% flowering, DPM= Days of Physiological Maturity, DHM= Days of Harvest Maturity, PH = 

Plant height (cm), BPP= Branches per Plant, PoL= Pod length, PoW= Pod wide, PoH= Pod Height, PPP= Pod per Plant, SPP= Seed per 

pod, SYPP= Seed Yield per Plant, 100SW=100 Seed Weight, YPP= Yield per plot, YPH= Yield per Hectare
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height (0.044), pod per plant (0.009), seeds per pod (0.010), weight of yield per 

plot (0.570).  It had a negative indirect effect through days to first flowering (-

0.168), days to harvest maturity (-0.037), pod wide (-0.002), weight of seed yield 

per plant (-0.027), hundred seeds weight (-0.027).    

4.4.4 Days to harvest maturity 

Day to harvest maturity had negative direct effect (-0.038) on yield. Day to 

harvest maturity showed indirectly positive influence for days to 50% flowering 

(0.132), days to physiological maturity (0.091), plant height (0.009), branches 

per plant (0.020), pod length (0.004), pod height (0.047), pod per plant (0.008), 

seeds per pod (0.009), and weight of yield per plot (0.570). It had a negative 

indirect effect through day to first flowering (-0.166), pod wide (-0.006), weight 

of seed yield per plant (-0.027), hundred seeds weight (-0.024). 

4.4.5 Plant height 

Plant height had positive direct effect (0.009) on yield. Days to 50% flowering 

(0.133), days to physiological maturity (0.071), branches per plant (0.019), pod 

length (0.003), pod wide (0.019), pod height (0.039) pod per plant (0.009), seeds 

per pod (0.007), weight of yield per plot (0.716) positively influenced the yield 

per plant indirectly (Table 5). It had a negative indirect effect through day to first 

flowering (-0.169), day to harvest maturity (-0.026), weight of seed yield per 

plant (-0.036), hundred seeds weight (-0.030). 

4.4.6 Branches per plant 

Number of branches per plant had positive direct effect (0.032) on yield. This 

character influenced the yield per plant indirectly through days to 50% flowering 

(0.097), days to physiological maturity (0.057), plant height (0.009), pod length 

(0.005), pod wide (0.017), pod height (0.022), pod per plant (0.009), seeds per 

pod (0.009), weight of yield per plot (0.571). It had a negative indirect effect 

through day to first flowering (-0.119), day to harvest maturity (-0.017), weight 

of seed yield per plant (-0.026), hundred seeds weight (-0.025). 
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4.4.7 Pod length 

Pod length had negative direct effect (-0.009) on yield. Day to first flowering 

(0.054), weight of seed yield per plant (0.004), hundred seeds weight (0.003) 

positively influenced the yield per plant indirectly (Table 5). It had a negative 

indirect effect through days to 50% flowering (-0.072), days to physiological 

maturity (-0.044), days to harvest maturity (-0.008), plant height (-0.020), 

branches per plant (-0.025), pod wide (-0.048), pod height (-0.019), pod per plant 

(-0.020), seeds per pod (-0.020), weight of yield per plot (-0.405). 

4.4.8 Pod wide 

Pod wide had negative direct effect (-0.063) on yield. Day to first flowering 

(0.025), day to physiological maturity (0.009), pod length (0.001), pod height 

(0.010), weight of seed yield per plant (0.009), hundred seeds weight (0.013) 

positively influenced the yield per plant indirectly (Table 5). It had a negative 

indirect effect through days to 50% flowering (-0.033), days to harvest maturity 

(-0.013), plant height (-0.005), branches per plant (-0.008), pod per plant (-

0.005), seeds per pod (-0.003), weight of yield per plot (-0.202). 

4.4.9 Pod height  

Path analysis revealed that pod length had negative direct effect (-0.068) on 

yield, whereas it had positive indirect effect through day to first flowering 

(0.159), day to harvest maturity (0.024), pod wide (0.009), weight of seed yield 

per plant (0.008), hundred seeds weight (0.017). However, it had indirect 

negative effects through days to 50% flowering (-0.117), days to physiological 

maturity (-0.054), plant height (-0.005), branches per plant (-0.009), pod length 

(-0.004), pod per plant (-0.005), seeds per pod (-0.006), weight of yield per plot 

(-0.202). 

4.4.10 Pod per plant 

Number of pod per plant had the direct positive (0.006) effect on yield. This 

character influenced the yield per plant indirectly through days to 50% flowering 
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(0.114), days to physiological maturity (0.059), plant height (0.006), branches 

per plant (0.020), pod wide (0.022), pod height (0.022), seeds per pod (0.005), 

weight of yield per plot (0.922). It had a negative indirect effect through day to 

first flowering (-0.143), day to harvest maturity (-0.026), pod length (-0.002), 

weight of seed yield per plant (-0.053), hundred seeds weight (-0.031). 

4.4.11 Seed per pod 

Path analysis evidenced that seed per pod had negative direct effect (-0.038) on 

yield whereas, it showed indirect positive effects on seed yield by day to first 

flowering (0.021). It showed indirect negative effect on seed yield through days 

to 50% flowering (-0.052), days to physiological maturity (-0.045), days to 

harvest maturity (-0.015), plant height (-0.025), branches per plant (-0.027), pod 

length (-0.024), pod wide (-0.022), pod height (-0.034), pod per plant (-0.025), 

weight of seed yield per plant (-0.023), hundred seeds weight (-0.021), weight of 

yield per plot (-0.056). 

4.4.12 Seed yield per plot 

Seed yield per plot had negative direct effect (-0.063) on yield and it had 

positive and indirect influence on seed yield through days to 50% flowering 

(0.083), days to physiological maturity (0.047), plant height (0.003), branches 

per plant (0.014), pod wide (0.013), pod height (0.012), pod per plant (0.004), 

seeds per pod (0.001), weight of yield per plot (1.034). However it showed 

negative indirect effect with yield through day to first flowering (-0.104), day to 

harvest maturity (-0.023), pod length (-0.003), weight of hundred seed (-0.019). 

4.4.13 Weight of 100 seed (g) 

Weight of 100 seed had positive direct effect (0.041) on yield. Day to first 

flowering (0.145), day to harvest maturity (0.020), weight of seed yield per plant 

(0.017) positively influenced the yield per plant indirectly (Table 5). However, 

it had indirect negative effects through days to 50% flowering (-0.123), days to 

physiological maturity (-0.066), plant height (-0.011), branches per plant (-
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0.024), pod length (-0.004), pod wide (-0.028), pod height (-0.035), pod per plant 

(-0.010), seeds per pod (-0.009), weight of yield per plot (-0.436).  

4.4.14 Yield per plot (kg) 

Yield per plot had positive direct effect (1.044) on yield. It had positive indirect 

effect through days to 50% flowering (0.084), days to physiological maturity 

(0.047), plant height (0.002), branches per plant (0.013), pod wide (0.011), pod 

height (0.012), pod per plant (0.003), seeds per pod (0.000). However, it had 

indirect negative effects through day to first flowering (-0.107), day to harvest 

maturity (-0.024), pod length (-0.003), weight of seed yield per plant (-0.063), 

hundred seeds weight (-0.020). 

4.5 Multivariate analysis 

4.5.1 Principal component analysis (PCA) 

Principal component analysis was calculated with twenty two genotypes of 

soybean which gives Eigen values of principal component axes of coordination 

of genotypes with the first axes 57.52% of the total variation among the 

genotypes. First seven Eigen values for seven principal coordination axes of 

genotypes accounted for 97.12% variation showed in Table 6. Based on principal 

component scores I and II obtained from the Principal component analysis 

(Appendix VI), a two-dimensional scatter diagram (Z1-Z2) using component 

score I as X axis and component score II as Y axis was Constructed, which has 

been presented in Figure 4. The scatter diagram revealed that there were three 

apparent clusters and the genotypes were distantly located from each other, 

which indicated that considerable diversity existed among the genotypes. 

4.5.2 Canonical variate analysis 

Inter-cluster distances was compute by Canonical Variate Analysis (CVA). The 

intra and inter-cluster distance (D2) values were shown in Table 7. When inter- 
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Table 6. Eigen values and yield percent contribution of 15 characters in 22 

genotypes of soybean 

Component Eigen values Percent variation 
Cumulative % of 

Percent variation 

I 8.63 57.52 57.52 

II 2.21 14.70 72.22 

III 1.27 8.49 80.71 

IV 1.02 6.81 87.52 

V 0.71 4.70 92.22 

VI 0.42 2.77 94.99 

VII 0.32 2.13 97.12 

VIII 0.18 1.17 98.29 

IX 0.15 0.97 99.26 

X 0.07 0.46 99.72 

XI 0.03 0.19 99.91 

XII 0.01 0.07 99.98 

XIII 0.00 0.01 99.99 

XIV 0.00 0.01 100.00 

XV 0.00 0.00 100.00 

 

 

 

 

 

Table 7. Intra (Bold) and inter cluster distances (D2) for 22 genotypes of 

soybean 

Cluster III   II I 

I 19.764 26.478 0.755 

II 10.45 0.385  

III 0.615     
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Figure 4. Scatter diagram of 22 soybean genotypes based on their principle   

component scores superimposed with clustering 
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cluster distances were higher than the intra- cluster distances, it’s indicating 

broader genetic diversity among the genotypes of different groups. The highest 

inter-cluster distance was observed between lusters I and II (26.478), followed 

by between clusters I and III (19.764). In contrast, the lowest inter-cluster 

distance was observed between cluster II and III (10.45). However, the 

maximum inter-cluster distance was observed between the clusters I and II 

(26.478) indicating genotypes from these two clusters if involved in 

hybridization may produce a wide spectrum of segregating population. On the 

other hand, the maximum intra-cluster distance was found in cluster I (0.755), 

which contained of 9 genotypes, while the minimum distance was found in 

cluster II (0.385) that comprises 6 genotypes. Inter and intra cluster distances 

were showed in Table 7. Cluster I consists of nearest cluster with D2 values 

cluster III (19.764) and farthest cluster with D2 values II (26.478) (Table 8). 

Cluster II consists of nearest cluster with D2 values cluster III (10.45) and farthest 

cluster with D2 values I (26.478). Cluster III consists of nearest cluster with D2 

values cluster II (10.45) and farthest cluster with D2 values I (19.764). According 

to scatter diagram all the genotypes were apparently distributed into three 

clusters (Figure 5). It is occupied that higher amount of heterosis will be 

manifested in cross combination involving the genotypes belonging to most 

divergent clusters.  In the present study the maximum distance existence both 

cluster II and I at the same level. So the crosses between the genotypes belonging 

cluster II with cluster I might produce high heterosis. Also the crosses between 

genotypes from cluster II with I might produce high level of segregating 

population. So the genotypes belonging to cluster II and cluster I might be 

selected for future hybridization program. 

4.5.3 Principal coordinate analysis (PCO) 

Inter genotypic distances as (D2) as attained by principal coordinate analysis 

(PCO) for all possible combinations between the couple of genotypes. Inter 

genotypic distances, as obtained from principal coordinate analysis showed that 

the highest distance was observed between the G13 and G2 (Table 9).The lowest  
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Table 8. The nearest and farthest clusters from each cluster between D2 

values in soybean 

Sl. No. Cluster 
Nearest Cluster with 

D2 values 

Farthest Cluster with D2 

values 

1 I III (19.764) II (26.478) 

2 II  III (10.45) I (26.478) 

3 III II (10.45) I (19.764) 

 

 

 

Table 9. Ten highest and ten lowest inter genotypic distance among 22 

genotypes of soybean 

10 highest inter genotypic distances 10 lowest inter genotypic distances 

Sl Genotypes Genotypes Values Sl Genotypes Genotypes Values 

1 G13 G2 2.480 1 G8 G7 0.139 

2 G12 G2 2.411 2 G9 G7 0.160 

3 G9 G2 2.264 3 G9 G8 0.201 

4 G13 G1 2.244 4 G10 G4 0.206 

5 G12 G1 2.217 5 G21 G19 0.227 

6 G8 G2 2.199 6 G20 G18 0.241 

7 G7 G2 2.195 7 G21 G18 0.265 

8 G17 G2 2.187 8 G17 G6 0.296 

9 G13 G11 2.143 9 G14 G4 0.312 

10 G16 G2 2.122 10 G15 G7 0.333 
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Figure 5. Intra and inter cluster distances (D2) of 22 genotypes of   soybean. 
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distance was observed between the G8 and G7. The difference between the 

highest and the lowest inter genotypic distance indicated the prevalence of 

variability among the 22 genotypes of soybean studied. 

4.5.4 Non-hierarchical clustering 

From covariance matrix the computations gave non-hierarchical clustering 

among 22 genotypes of Glycine and grouped them into three clusters. The 

clustering pattern obtained coincided with the apparent grouping patterns 

performed by principal component analysis (PCA). So, the results obtained 

through PCA were confirmed by non-hierarchical clustering. 

Composition of different clusters with their corresponding genotypes in each 

cluster is presented in Table 10. Cluster I had the maximum number of nine 

genotype comprising G1 (GM0011), G2 (GM0009), G3 (GM0001) , G5 

(GM0020), G11 (GM0012), G18 (GM0007), G19 (GM0006), G20 (GM0005) 

and G21 (GM0004) where cluster II had the minimum six genotype G7 

(GM0019), G8 (GM0017), G9 (GM0018), G12 (GM0013), G13 (GM001114) 

and G17 (GM0021). 

4.5.5 Cluster mean analysis 

The cluster means of 15 different characters (Table 11) were compared and 

indicated considerable differences between clusters for all the characters studied. 

The maximum days to first flower were noticed in cluster II (71.78), whereas the 

minimum days to first flower were noticed in cluster I (60.26). The maximum 

days to 50% flowering were observed in cluster II (82.33), whereas the minimum 

days to 50% flowering in cluster I (69.67). The maximum days to physiological 

maturity were noticed in cluster II (126.61), whereas the minimum days to 

physiological maturity were noticed in cluster I (106.15). The maximum days to 

harvest maturity were noticed in cluster II (138.94), whereas the minimum days 

to harvest maturity were noticed in cluster I (119.04). The maximum plant 

heights were noticed in cluster II (95.51), whereas the minimum plant height 

were noticed in cluster I (53.07). The maximum number of branches per plant  
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Table 10. Distribution of genotypes in different clusters 

Cluster Number of population Genotypes 

I 9 G1, G2, G3, G5, G11, G18, G19, G20 and 

G21 

II 6 G7, G8, G9, G12, G13 and G17 

III 7 G4,G6, G10, G14, G15, G16  and G22 

 

 

 

 

Table 11. Cluster mean values of 15 different characters of 22 genotypes of 

soybean 

Parameters I II III 

FF 60.26 71.78 66.29 

D50%F 69.67 82.33 76.05 

DPM 106.15 126.61 123.05 

DHM 119.04 138.94 133.43 

PH 53.07 95.51 89.44 

BPP 3.57 5.57 4.80 

PoL 38.16 34.21 36.27 

PoW 8.06 7.38 7.90 

PoH 5.56 4.93 5.20 

PPP 36.55 125.83 85.93 

SPP 2.82 2.72 2.68 

SYPP 15.54 27.22 21.52 

100SW 15.82 9.16 9.78 

YPP 0.78 1.32 1.07 

YPH 1.56 2.64 2.13 

FF= First flowering, D50F = Days to 50% flowering, DPM= Days of physiological 

maturity, DHM= Days of harvest maturity, PH = Plant height (cm), BPP= Branches per 

plant, PoL= Pod length, PoW= Pod wide, PoH= Pod height, PPP= Pod per plant, SPP= 

Seed per pod, SYPP= Seed yield per plant, 100SW= 100 Seed weight, YPP= Yield per 

plot, YPH= Yield per hectare 

 



72 
 

was noticed in cluster II (5.57) and the minimum (3.57) in cluster II. Cluster I 

showed the highest pod length (38.16) and cluster II showed the lowest (34.21). 

The highest pod wide were noticed in cluster I (8.06), whereas the minimum pod 

wide noticed in cluster II (7.38). The maximum pod height were noticed in 

cluster I (5.56), whereas the minimum pod height were noticed in cluster II 

(4.93).  The maximum (125.83) and the minimum (36.55) number of pod per 

plant were observed in cluster II and I, respectively. The maximum number of 

seed per plant was observed in cluster I (2.82), whereas the minimum number of 

seed per plant was observed in cluster III (2.68). The maximum (27.22) and the 

minimum (15.54) seed yield per plot were noticed in cluster II and I, respectively.  

Weight of 100 seed was the highest in cluster I (15.82) and the minimum in 

cluster II (9.16). The maximum yield per plot were observed in cluster II (1.32) 

and the minimum in cluster I (0.78). The maximum yield per hectare was 

observed in cluster II (2.64), whereas the minimum yield was observed in cluster 

I (1.56). 

4.5.6 Contribution of characters towards divergence of the genotypes 

The characters contribution towards the divergence obtained from principle 

component analysis is presented in Table 12. The character, which gave highest 

absolute magnitude for vector 1, was considered to be responsible for primary 

differentiation. Same as, the characters, which gave highest absolute magnitude 

for vector 2 was considered to be responsible for secondary differentiation. If 

same character given equal magnitude for both the vectors than the characters 

considered responsible for primary as well as secondary differentiation. In vector 

1 (Z1), the important characters responsible for genetic divergence in the axis of 

differentiation were pod length (0.2018), pod wide (0.0752), pod height 

(0.1821), number of seed per pod (0.1014), weight of 100 seed (0.2707). In 

vector 2 (Z2), the second axis of differentiation days to first flowering (0.2176), 

days to 50% flowering (0.1730), day to physiological maturity (0.2511), day to 

harvest maturity (0.2825), plant height (0.0202), pod length (0.3195), pod wide 

(0.5069) and weight of 100 seeds (0.0212) were important because all these  
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Table 12. Relative contributions of the 15 characters of 22 genotypes of 

soybean to the total divergence 

Parameters Vector-1 Vector-2 

FF -0.2784 0.2176 

D50%F -0.2795 0.1730 

DPM -0.2912 0.2511 

DHM -0.2852 0.2825 

PH -0.3061 0.0202 

BPP -0.2660 -0.0577 

PoL 0.2018 0.3195 

PoW 0.0752 0.5069 

PoH 0.1821 -0.4526 

PPP -0.3193 -0.1802 

SPP 0.1014 -0.1881 

SYPP -0.2873 -0.2239 

100SW 0.2707 0.0212 

YPP -0.2886 -0.2142 

YPH -0.2879 -0.2190 

FF= First flowering, D50F = Days to 50% flowering, DPM= Days of physiological 

maturity, DHM= Days of harvest maturity, PH = Plant height (cm), BPP= Branches per 

plant, PoL= Pod length, PoW= Pod wide, PoH= Pod height, PPP= Pod per plant, SPP= 

Seed per pod, SYPP= Seed yield per plant, 100SW= 100 Seed weight, YPP= Yield per 

plot, YPH= Yield per hectare 
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characters had positive signs. On the other hand, days to first flowering (-

0.2784), days to 50% flowering (-0.2795), days to physiological maturity (-

0.2912), days to harvest maturity (-0.2852), plant height (-0.3061), number of 

branches per plant (-0.2660), number of pod per plant (-0.3193), seed yield per 

plant (-0.2873), yield per plot (-0.2886) and yield per hectare (-0.2879) possessed 

the negative sign in the first axis of differentiation and number of branches per 

plant (-0.0577), pod height (-0.4526), number of pod per plant (-0.1802), number 

of seed per pod (-0.1881), seed yield per plant (-0.2239), yield per plot (-0.2142) 

and yield per hectare (-0.2190) possessed negative signs in the second axis of 

differentiation that means these had minor role in the genetic divergence. 

4.5.7 Selection of genotypes as parent for hybridization program 

Identification and selection of genetically diverse parents is an urgent step for 

hybridization program. Three factors (selection of specific variety from a cluster, 

choice of particular cluster and relative contribution of the character to the total 

divergence) should be considered for selecting parents for a breeding program 

(Chaudhary et al., 1977). Thorough knowledge of genetic diversity of the crop 

is necessary for parental selection that maximizes genetic improvement (Rahman 

et al., 2011).  So, in the present study genotypes were to be selected on the basis 

of specific objectives. From the crosses between genetically distance parents a 

high heterosis could be produced. Considering the magnitude of cluster mean 

and agronomic performance the genotype G2 (GM0009) for the minimum days 

to 50% flowering and day to harvest maturity from cluster I, G13 (GM0014) for 

the maximum plant height, branches per plant, pod per plant and yield from 

cluster II, G1 for maximum weight of 100 seed and pod length from cluster I. 

Therefore considering group distance and other agronomic performance G2 and 

G13 soybean genotypes may be suggested for future hybridization program.



75 
 

 

 

 

SUMMARY AND CONCLUSION 

 

The experiment was conducted during the period from December 2017 to May 

2018 in rabi season in the experimental field of Sher-e-Bangla Agricultural 

University, Sher-e-Bangla Nagar, Dhaka. The aim of the study was to identify 

the characters contributing to genetic diversity,  identify divergent parent for 

hybridization program, asses the magnitude of genetic divergence in genotypes, 

determine the variability in respect of yield, identify  yield contributing 

characters, the degrees of association among the characters and their direct and 

indirect effects of 22 genotypes of soybean [Glycine max (L). Merr.]. The 

experiment was laid out in Randomized Complete Block Design (RCBD) with 

three replications. Data on various yield attributing characters such as, day to 

first flowering, days to 50% flowering, day to physiological maturity, day to 

harvest maturity, plant height (cm), number of branches per plant, pod length 

(mm), pod wide (mm), pod height (mm), number of pod per plant, number of 

seeds per plant, 100 seed weight (g), seed yield per plot and yield ton/ha were 

recorded. The salient findings of the present study have been summarized on the 

basis of the characters studied. 

The analysis of variance showed significant differences among the genotypes for 

all the characters except pod wide, seed per pod, seed yield per plot and seed 

yield per hectare. The genotype G2 was the lowest days to first flowering (46.33 

DAS) while G13 was the highest days to first flowering (74.33 DAS). The 

genotype G3 was the earliest to 50% days flowering (56.33 DAS) while G12 was 

late to days of 50% flowering (86). The genotype G2 was the lowest days to 

physiological maturity (82 DAS) while G16 was height days to physiological 

maturity (135.33 DAS). The genotype G2 was the lowest days to physiological 

maturity (91.33 DAS) while G16 was height days to physiological maturity 
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(144.67 DAS). The maximum plant height (105.22 cm) was recorded by the 

genotype G13 and the lowest plant height (29.55 cm) was recorded by G2. The 

maximum number of branches recorded in G13 (6.22) and G20 (2.55) genotype 

showed the minimum number of branches. The minimum pod length was 

recorded by the genotype G12 (33.01 mm) and G1 (42.58 mm) showed the 

maximum pod length. The maximum pod wide was recorded by the genotype 

G1 (9.88 mm) and G2 (6.02 mm) showed the minimum pod wide. The minimum 

pod height was recorded by the genotype G5 (4.48 mm) and G2 (8.77 mm) 

showed the maximum pod height. The genotype G1 was the minimum number 

of pod per plant (27) while genotype G13 was the maximum number of pod per 

plant (138.89). The minimum number of seed per pod was recorded by the 

genotype G22 (2.33) and G6 (3.11) showed the maximum number of seed per 

pod. The genotype G11 (11.27 g) showed the minimum seed yield per plant and 

the maximum seed yield per plant was recorded in the G13 (32.88 g). The 

genotype G17 (6.63 g) showed the minimum hundred seed weight and the 

maximum hundred seed weight was recorded in the G1 (20 g). In case of yield, 

genotype G11 (1.17 ton) produced the minimum and G13 (3.13 ton) produced 

highest yield ton per hectare. 

Genetic diversity of twenty-two soybean genotypes based on fifteen characters 

was measured through multivariate analysis. The 22 genotypes fell into three 

distant clusters. The cluster I comprised the maximum number of genotypes (9). 

The cluster II and III comprised 6 and 7 genotypes, respectively. The highest 

inter-cluster distance (26.478) was observed between the cluster I and II and the 

highest distant genotypes were G2 and G13. The lowest inter-cluster distance 

(10.45) was observed between the cluster II and III. The inter-cluster distances 

were larger than the intra-cluster distances. The intra-cluster distance in the 

entire three clusters was more or less low indicating that the genotypes within 

the same cluster were closely related. Day to first flowering, days to 50% 

flowering, day to physiological maturity, day to harvest maturity, plant height 

and number of branches per plant were the important component characters 

having higher contribution to the genetic divergence. Number of pod per plant, 
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pod length, number of seed per pod, seed yield per plant, the weight of hundred 

seeds, seed yield per plot and seed yield per hectare was the yield contributing 

character. The result of the present study revealed that a wide variability exists 

among the collected soybean genotypes. 

Furthermore, from the findings of the present study, the following conclusions 

could be drawn: 

 

 Wide range of genetic diversity existed among 22 soybean genotypes 

which were grouped into three clusters and most diverse genotypes 

were G2 (GM0009) and G13 (GM0014). That variability could be used 

for future breeding program of soybean in Bangladesh. 

 

 High heritability coupled with high genetic advance in percent of mean 

was observed in plant height, number of branches per plant, Pod per 

plant, seed yield per plant, weight of 100 seed, yield per plot and yield 

per hectare. Hence, yield improvement in soybean would be achieved 

through selection of these characters. 

 

 Highly significant positive association of seed yield per plant was 

observed with days to first flowering, days to 50% flowering, days to 

physiological, days to harvest maturity, plant height, number of 

branches per plant, number of pod per plant, seed yield per plant and 

yield per plot. This results suggested that seed yield per plant can be 

increased by improving these characters. 

 

  Days to 50% flowering, days of physiological maturity, plant height, 

number of branches per plant, pod per plant, weight of 100 seed and 

yield per plot showed positive direct effect on yield. So yield 

improvement was associated with these characters. So yield 

improvement was associated with these characters. 
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 The genotypes of clusters I was more diverse from the genotypes of 

cluster II. 

 Further collection of soybean germplasm would be continued for 

getting more variability and desired traits in soybean. 

 

Based on the results of the study, the following recommendations may be drawn: 

 

 Genotypes G2 (GM0009) and G13 (GM0014) could be included in future 

hybridization program in the response of increase soybean yield. 

 

 The maximum variability was found for days to first flowering, days to 

50% flowering, days of physiological maturity, days of harvest maturity, 

plant height and number of branches per plant. So selection based on these 

characters could be effective for the improvement of soybean yield. 

 

 The genotypes of cluster I and II could be used as parents for the further 

breeding program to develop soybean variety.  
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APPENDICES 

Appendix 1. Map showing the experimental site under study 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Experimental area under study 
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Appendix II.  Monthly average temperature, relative humidity and total 

rainfall of the experimental site during the period from 

December, 2017 to May 2018. 

 

 

 

Source: Bangladesh Metrological Department (Climate and Weather division), 

Agargaon, Dhaka-1207. 

 

 

 

 

 

 

 

 

Month Air temperature  (°C )  

 

Relative 

Humidity 

(%) 

Rainfall 

(mm) 

(total) Maximum Minimu

m 

Average 

December, 2017 31 23 27 55 63.9 

January, 2018 28 

 

20 24 43 0 

February, 2018 32 22 27 40 3.2 

March, 2018 37 25 31 44 34.1 

April, 2018 36 28 32 54 327.1 

May, 2018 35 28 31.5 65 689.8 
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Appendix III. Morphological, physical and chemical characteristics of 

initial soil (0-12cm depth) of the experimental pot 

A. Physical composition of the soil 

Soil separates % Composition 

Sand 

Silt 

Clay 

Texture class 

36.90 

26.40 

36.66 

Clay loam 

 

B. Chemical composition of the soil 

SL 

No. 

Soil characteristics 

 
Analytical 

Data 

01. Organic carbon(%) 0.82 

02 Total N(kg/ha) 1790.00 

03 Total S(ppm) 225.00 

04 Total P(ppm) 840.00 

05 Available N (kg/ha) 54.00 

06 Available P(kg/ha) 69.00 

07 Exchangeable K (kg/ha) 89.00 

08 Available S(ppm) 16.00 

09 PH(1:2.5 soil to water) 5.55 

10 CEC 11.23 
 

Source: Central library, Sher-e-Bangla Agricultural University, Dhaka-1207 
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Appendix IV. Mean performance of various growth parameter and yield components of 15 characters of 22 genotypes of soybean. 
 

Treatment FF D50F DPM DHM PH BPP PoL PoW PoH PPP SPP SYPP 100SW YPP YPH 

G1 52.67 61.67 114.67 128.00 47.33 3.66 42.58 9.88 6.02 27.00 2.89 15.60 20.00 0.78 1.53 

G2 46.33 57.33 82.00 91.33 29.55 3.33 35.08 6.02 8.77 31.11 3.00 15.67 17.82 0.77 1.56 

G3 48.67 56.33 101.33 118.33 46.00 2.94 38.19 8.04 5.43 39.55 2.89 15.73 14.20 0.76 1.53 

G4 64.33 73.00 120.67 129.33 90.11 4.50 34.72 7.68 5.10 66.33 2.56 16.80 9.76 0.82 1.67 

G5 69.67 76.67 115.67 125.33 75.43 3.66 38.72 7.84 4.48 27.44 2.78 12.85 13.33 0.65 1.30 

G6 70.67 81.00 116.00 129.33 98.50 5.77 40.49 7.49 4.96 96.11 3.11 19.80 6.90 1.00 2.01 

G7 71.33 79.67 129.33 143.00 87.89 5.66 33.65 7.26 4.84 121.33 2.44 26.53 10.19 1.30 2.57 

G8 71.67 83.67 130.67 144.33 92.55 5.22 34.51 7.59 4.57 114.11 2.56 26.41 10.07 1.28 2.60 

G9 71.00 79.67 130.00 143.67 96.50 5.89 35.14 7.34 5.10 127.67 2.78 26.25 10.04 1.27 2.53 

G10 72.33 80.67 126.67 136.33 92.22 4.11 33.55 7.86 5.21 67.55 2.56 16.01 9.27 0.81 1.55 

G11 68.33 79.67 121.33 134.33 34.00 5.11 37.45 8.43 5.44 38.44 2.67 11.27 11.24 0.58 1.17 

G12 74.00 86.00 121.67 134.33 98.66 5.00 33.01 7.04 4.54 137.33 2.78 29.32 8.03 1.42 2.83 

G13 74.33 84.33 131.00 142.67 105.22 6.22 34.74 7.84 5.38 138.89 2.78 32.88 10.02 1.58 3.13 

G14 61.67 73.33 124.67 135.67 87.22 4.66 37.30 7.80 4.79 77.11 2.78 19.77 8.52 0.98 1.97 

G15 62.00 70.67 124.33 133.00 83.11 6.11 34.82 8.22 5.43 103.67 2.56 24.97 9.05 1.25 2.50 

G16 68.33 80.33 135.33 144.67 99.22 3.78 35.71 7.95 5.10 97.55 2.89 29.41 11.27 1.46 2.90 

G17 68.33 80.67 117.00 125.67 92.22 5.44 34.22 7.24 5.14 115.67 3.00 21.96 6.63 1.10 2.17 

G18 61.33 70.67 105.33 118.33 65.39 3.00 36.93 8.17 5.27 36.22 2.89 16.62 16.55 0.84 1.63 

G19 65.33 74.00 104.33 117.67 61.05 4.11 38.70 7.93 4.68 49.11 2.67 18.64 16.00 0.93 1.87 

G20 64.67 77.33 104.33 118.67 57.99 2.55 39.56 7.95 4.89 38.11 2.67 16.22 17.57 0.84 1.70 

G21 65.33 73.33 106.33 119.33 60.88 3.78 36.21 8.28 5.10 42.00 2.89 17.24 15.66 0.87 1.74 

G22 64.67 73.33 113.67 125.67 75.67 4.67 37.31 8.33 5.78 93.21 2.33 23.91 13.70 1.17 2.30 

Min 46.33 56.33 82.00 91.33 29.55 2.55 33.01 6.02 4.48 27.00 2.33 11.27 6.63 0.58 1.17 

Max 74.33 86.00 135.33 144.67 105.22 6.22 42.58 9.88 8.77 138.89 3.11 32.88 20.00 1.58 3.13 

Mean 65.32 75.15 117.11 129.05 76.21 4.51 36.48 7.83 5.27 76.61 2.75 20.63 12.08 1.02 2.03 
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Appendix V.  Analysis of variance and LSD of 15 yield and yield contributing characters of soybean 

Sources of 
variation 

df FF D50%F DPM DHM PH BPL PoL PoW PoH PPP SPP SYPP 100SW YPP YPH 

Genotypes 21 175.603** 196.309** 480.044** 465.914** 1525.963** 3.587** 18.449** 1.48 2.278* 4566.598** 0.113 106.320** 44.023** 0.236 0.934 

Replication 2 1.682 2.652 4.288 0.318 79.976 1.418 1.999 0.037 0.164 723.818 0.053 43.926 0.512 0.091 0.335 

Error 42 0.745 0.493 1.113 1.62 26.878 0.45 5.428 0.08 0.064 226.455 0.079 11.098 0.582 0.024 0.092 

 

FF= Days to first flowering, D50F = Days to 50% flowering, DPM= Days of Physiological Maturity, DHM= Days of Harvest Maturity, PH = Plant 

height (cm), BPP= Branches per Plant, PoL= Pod length, PoW= Pod wide, PoH= Pod Height, ,PPP= Pod per Plant, SPP= Seed per pod, SYPP= Seed 

Yield per Plant, 100SW=100 Seed Weight, YPP= Yield per plot, YPH= Yield per Hectare 

 

* Significant at 5% level of probability 

** Significant at 1% level of probability 
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        Appendix VI. Z1-Z2 score of 22 genotypes of soybean 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genotype number PC1 PC2 

G1 58.57 6.03 

G2 78.44 -37.96 

G3 54.33 -13.54 

G4 2.16 13.28 

G5 42.06 25.49 

G6 -27.07 2.44 

G7 -49.45 -4.85 

G8 -46.64 3.28 

G9 -58.58 -3.65 

G10 -4.39 22.93 

G11 47.85 7.66 

G12 -65.44 -13.88 

G13 -73.36 -4.46 

G14 -7.65 10.16 

G15 -27.35 -8.19 

G16 -36.41 15.57 

G17 -39.95 -12.94 

G18 44.41 4.7 

G19 34.94 -3.31 

G20 45.18 2.29 

G21 40.24 1.91 

G22 -11.87 -12.94 


