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ABSTRACT 
An experiment on Indian mustard (BrassicajunceaL. Czern&Coss) was conducted in Randomized Complete Block Design 
(RCBD) in three replications,randomly accommodating 50 genotypes, from various Rapeseed & Mustard centres located 
across countryfor association, regression and cause-effect studies,during  Rabi 2015-16 at the research farm of Tirhut 
College of Agriculture, Dholi, Muzaffarpur under rainfed(residual moisture) condition. GYP-1 showed significant positive 
inter-relationship with root, siliqua, branching traits and other attributes like SG, IL, HP, TSW, BY, HI and DME  whereas, 
negative significant association with flowering- maturity, HFPB, HFS, AB & AS and also showed uncorrelated response 
with OC. The path analysis revealed importance of traits like earliness in DFF, DFFO & DPM (negative high direct effect) 
and RV, SS-1, IL (positive high direct effect) which can influence yield of the plant under studied moisture stress rainfed 
environment. Thus based on correlation, path and regression analyses, early fifty percent flowering with early 
physiological maturity genotypes possessing high RV, more RG, less IL bearing more number of seeds per siliqua inside 
longer siliqua were favourable for developing high yielding Brassica genotypes under residual moisture rainfed stressed 
environment. This can also be suggested that selections based on early stage scanning by using non-destructive 
methodologies, including magnetic resonance imaging, and X-rays for root characteristics like RV along with various 
morpho-physiological characters which are phenotypically identified at different  phenological growth stages may be 
utilized for mustard genetic enhancement under rainfed moisture stressed environment. 
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INTRODUCTION 
Indian mustard [Brassica juncea(L.)Czern&Coss.] is amphidiploid (AABB; 2n=36) predominantly 
cultivated Brassica species  occupying an important position along with Toria (diploid AA;2n=20)  in the 
rainfed agriculture of our country. Rapeseed-mustard group of crops require less water (80-240 mm) and 
thus fits well in the rainfed cropping system, which accounts for 30% of the total cropped area in the 
country under these crops. 
Generally, Brassica species has been developed in the areas with high rainfall and performs poorly in the 
areas with low rainfall [18, 20]. Growth and seed yield production of Brassica species have greatly 
decreased owing to drought conditions. Also, plant responses to water deficit stress are confounded by 
several factors such as time, intensity, duration and frequency of stress as well as by plant, soil and 
climate interactions [9,19]. In addition, the difficulty to establish well-defined and repeatable water stress 
conditions makes screening of drought tolerant genotypes more complex [17]. However plants respond 
and adapt to drought stress by the induction of various morphological and physiological responses [32]. 
Many physiological factors could be involved in the drought stress injury [10,11] which may promise for 
characterizing drought resistance in screening studies. 
Yield is a complex, dependent character as it is associated with other morphological/agronomical traits 
that are transmitted quantitatively and more prone to environmental fluctuations than ancillary, 
independent morpho-physiological qualitatively inherited traits which cumulatively affect the yield 
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expression. Any change in component traits likely to affect the whole network of cause and effect. The 
intern might affect the true association of traits, both in magnitude and direction and tend to vitiate 
association of yield and yield components [4]. To improve yield, it is necessary to evaluate the 
involvement of each character that contributes to it [30]. Understanding the association between yield 
and its components is of paramount importance for making the best use of these relationships in selection 
[22, 14].  Correlation coefficient measures only the degree and direction of relationship among the 
variables, while regression analysis quantifies the rate of change in dependent variable for unit change in 
independent variables. The degree and direction of relationship among attributes on the genetic linkage 
or pleiotropic effect of gene. The path coefficient analysis helps breeders to explain direct and indirect 
effects, in identifying component traits directly contributing towards yield in positive (eg. branching, root 
& siliqua traits or negative (DFFO, DFF, DPM, HFPB, HFS etc) direction and hence been extensively used in 
breeding experiments in different crop species [1, 2]. The present investigation was undertaken to assess 
the trait association, path coefficient and regression analyses in Indian mustard. 
 
MATERIAL AND METHODS 
The experiment consisting of 50 Indian  mustard genotypes was planted on 10th October 2015 under 
rainfed condition, laid out in Randomized Complete Block Design (RCBD) with three replications during 
Rabi season (2015-16) , including four checks namely, Pusa Mahak (Zonal Check),Varuna (National 
Check), Pusa Bold (National Check) and Rajendra Suphlam (Local Check) for association, regression and 
cause-effect study, received from different All India Co-ordinated Research Project- Rapeseed & Mustard 
centres: DRMR, Bharatpur, Rajasthan, CCSHAU, Hisar, Haryana ,BARC, Trombay, Maharastra, GBPUAT, 
Pantnagar, Uttarkhand, CSAUAT, Kanpur, U.P, IARI, NewDelhi, ARS, RAU, Sriganganagar, Rajasthan, 
DR.RPCAU, Dholi, Bihar, NDUAT,  Faizabad, U.P and BAU, Kanke, Ranchi, Jharkhand, providing only basal 
dose of fertilizers i.e. N:P2O5:K2O:S:: 40:40:40:40 kg/ha under residual moisture conditions after the 
harvest of preceeding medium - early (110-115 days) paddy variety, Rajendra Bhagwati at the research 
farm in Loam soil (8.4 pH) of Tirhut College of Agriculture, Dholi, Muzaffarpur (25.50 N, 85.40E and 52.12 
m MSL) (Dr. Rajendra Prasad Central Agricultural University, Pusa),Bihar. Each plot was consisted four 
rows of 5.0 m length keeping row to row and plant to plant distance 30cm and 10cm, respectively. The 
spacing between plants was maintained at 10 cm by thinning at 14 DAS.  
Meteorological data ( Kharif & Rabi2015-16) reflected that the experiment was sown, under residual 
moisture condition, as the preceeding Kharif crop rice has received 697.20 mm rainfall distributed in 25 
rainy days between June to September (23rd to 38th meteorological weeks 2015). After that experiment 
faced climatic uncertainty by not receiving any rainfall at all its phenological stages. 
The observations were recorded for days to first flower open (DFFO), days to 50%flowering (DFF), days 
to physiological maturity (DPM), primary branches  plant-1(PBP-1), secondary branches  plant-1(SBP-1), 
number of siliqua plant-1(NS), length of siliqua (LS), stem girth (SG), internode length (IL), height of the 
plant (HP), number of siliqua on primary mother axis (SPMA), height of first primary branch (HFPB), 
height of first siliqua (HFS), angle of branch (AB), angle of siliqua (AS), number of seeds siliqua-1(SS-1), 
root volume (RV), root length (RL), root girth (RG), 1000 seed weight (TSW), biological yield (BY), harvest 
index (HI), oil content (OC), dry matter efficiency (DME)  and grain yield plant-1 (GYP-1). The data were 
recorded on five randomly selected plants from each genotype in each replication leaving the border 
rows to avoid the sampling error. The observations were recorded using standard methodology. Readings 
from five plants were averaged replication-wise and the mean data subjected for analysis by using 
statistical package WINDOSTAT version 9.2 (INDOSTAT Service, Hyderabad)for yield and its morpho-
physio-quality traits. The Correlation, Regression and Path analysis were calculated following standard 
statistical methods [34, 35]. 
 
RESULTS AND DISCUSSION 
From the study of 50 Indian mustard genotypes for association, it was clear that genotypic correlation for 
all the 25 characters were more than that of phenotypic correlation in different proportions between 
character to character which indicated that the traits are more or less influenced by environmental 
effects.  
On perusal of Table 1 and 2 & Fig 1, DFFO, DFF, DPM exhibited positive significant association between 
them and also with HFPB, HFS, AB and AS; whereas reflected negative significant association with GYP-1, 
DME, HI and root, siliqua, shoot related attributes except oil content for which uncorrelated response was 
noticed, indicating adverse effect of lateness in DFFO, DFF and DPM  on yield and its attributes under 
rainfed- residual moisture stressed condition whereas with oil content was not affected by traits under 
rainfed residual moisture condition. 
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Root parameters, namely RL, RV and RG were positively significantly associated with yield revealing their 
importance for rainfed Brassica genotypes development and also positively associated between 
themselves. These characters showed negative significant association with HFPB, HFS, AB and AS.Except 
for oil content, root parameters reflected positive significant association with other morpho physiological 
traits. 
Siliqua parameters, namely NS, LS, AS, SS-1 and SPMA reflected positive significant association between 
NS and LS; NS and SS-1; NS and SPMA; LS and SPMA; LS and SS-1, HFS and AS, whereas negative significant 
with NS and AS; LS and AS; SPMA and AS; HFS and SS-1 under rainfed - residual moisture condition. 
Similarly NS, LS and SS-1 exhibited positive whereas AS reflected negative significant association with 
GYP-1.These results were in accordance with Ejaz-Ul-Hasan et al. [8] for association of NS and LS with SS-1. 
 

Table 1: Genotypic Correlation coefficient for characters in Indian mustard genotypes under 
rainfed (residual moisture) condition 
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Branching traits PBP-1 and SBP-1 were negatively significantly associated and showed positive significant 
association with GYP-1 , DME, HI ; negative with HFS, HFPB, AB & AS whereas positive with most of other 
morpho- physiological traits except OC. 
Oil content under rainfed (residual moisture) condition, reflected uncorrelated response with all the 
studied characters, including GYP-1. 
 

Table 2: Phenotypic Correlation coefficient for characters in Indian mustard genotypes under 
rainfed(residual moisture) condition 
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GYP-1, uncorrelated with oil content in rainfed – residual moisture condition, expressed positive, 
significant inter-relationship with root (RL, RV, RG), siliqua (NS, LS, SPMA and SS-1) , branching traits 
(PBP-1 and SBP-1) and other attributes like SG, IL, HP, TSW, BY, HI and DME. While negative significant 
association observed with flowering- maturity (DFFO, DFF, DPM), HFPB, HFS, AB & AS.  HFPB & HFS were 
positively associated traits and were also positive with DFFO, DFF and DPM; AB & AS. These characters 
showed negative association with yield and other attributes except oil content. Similar results were found 
by Ramanjaneyulu and Giri [16], Verma et al. [31], Singh and Singh [25] for SBP-1; Zhau and Liu [33] for 
HFPB; Malik et al. [14] for siliqua length; Thurling and Das [27] for DFF; Singh et al. [24] for TSW; 
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Thurling [28, 29], Campbell and Kondra [5] and Kumar et al. [12] for HI; Kardam & Singh [11] for HP, PBP-

1, NS, SS-1and TSW; Gangapur et al. [9] for BY; Singh et al. [24] for RL ; Bind et al. [3] for DFF and DPM 
.Selection would be helpful in simultaneous improvement in some of these traits for yield improvement of 
Indian mustard genotypes under residual moisture condition depending upon their direct effect towards 
GYP-1.Oil content can be improved independently without affecting others in this particular 
environmental condition. It is clear from the association that decrease in maturity durationwas correlated 
with lower placement of branch and siliqua; least branch and siliqua angle.  
Perusal of genotypic and phenotypic path coefficient analyses (Table 3, 4 &Fig 3) RV & SS-1 showed high 
positive whereas, IL, RG, PBP-1 and LS exhibited moderate positive direct effects; Contrastingly, DFF, 
DFFO & DPM showed high negative direct effect on GYP-1. Thus, reflecting role of more root volume and 
seeds per siliqua towards GYP -1 and moderate role of more SL, RG, PBP-1 & IL along with importance of 
early, medium – early DFFO, DFF & DPM. This may be due to the fact that as early genotypes enter into 
reproductive phase and reach physiological maturity will be less affected by moisture stress in rainfed 
residual moisture crop conditions. These results were in accordance with Verma et al. [31] for PBP-1. 
Singh and Sharma [23] observed flowering period is considerably reduced which increases synchrony 
both within and between racemes of a plant. It is known that earliness is associated with increased 
photoperiod insensitivity. Chatterjee and Sengupta [6] reported that allowing more vegetative growth 
only reduced the harvest index without any significant increase in yield. Sadaqat et al. [21]) and Naeemi 
et al. [15] observed condition of reduced number of branches during the shortage of soil moisture. 
Chauhan et al. [7] found that primary branches per plant and secondary branches per plants greatly 
reduced under drought conditions.  
Flowering – maturity traits had high negative direct effect and established negative correlation with GYP-1 

via indirect contribution of other traits like IL, RG, PBP-1. Even though RV showed high positive indirect 
effect but it was nullified by the positive cumulative direct and indirect effects towards GYP-1.  
The root parameter RV showed high positive direct effect on GYP-1, also contributed via PBP-1, IL and RG 
and constituted positive phenotypic association with GYP-1. Whereas, RG reflected moderate positive 
direct effect towards GYP-1 and with the help of positive indirect effects PBP-1& IL established positive 
significant association. RL had low positive direct effect on GYP-1 but due to cumulative high (AS) and 
moderate (IL and PBP-1) along with other traits contributed positive significant association with GYP-

1.Conclusively, exhibited maximum role of RV followed by RG as yield determinants. 
The siliqua characteristics like SS-1 showed high positive direct effect on GYP-1 also contributed via IL, RG 
for establishing positive correlation with GYP-1. LS showed moderate positive direct effect on GYP-1 also 
contributed via RL, RG, AS, PBP-1; Whereas SPMA had low positive direct effect on GYP-1 and established 
positive association with GYP-1 utilizing indirect contributed via IL, AS & RG. AS reflected low negative 
direct effect on GYP-1also contributed via PBP-1, IL and RG.These results were in accordance with Lodhi et 
al. [13] for SS-1 indicated that under water stress condition total number of siliqua decreases. 
Character like NS, HP, TSW and DME exhibited positive significant phenotypic correlation with yield but 
reflected negative low direct effect whereas AB expressed negative significant phenotypic correlation but 
its direct effect was low positive. Such characters, reflecting contracting direct effect and remaining those 
characters which have either expressed positive (PBP-1, SBP-1, SG, SPMA, RL, BY, HI) or negative (HFPB, 
HFS, AS) phenotypic association along with low direct effect in the same direction could not be utilized for 
improvement under rainfed residual moisture stress environment. 
On the basis of the  results of path analysis, it can be inferred traits like RV, SS-1, IL(high); RG and LS 
(moderate) positive  direct effect on yield of the plant whereas DFF, DFFO, DPM (high) negative direct 
effect reflected importance of early Brassica genotypes in rainfed residual moisture stress environment. 
The multiple regression of GYP-1 on various agro-morphological traits studied to confirm the result of 
correlation analysis is presented in Table 5and 6. The adjusted coefficient of determination (R2) for 
variance of grain yield per plant was recorded as 81.33 percent of variation explained by only 
the independent variables that actually affect the dependent variable i.e. GYP-1 RV and AS 
recorded maximum value of R2. Among the agro-morphological traits studied, four traits viz., DFF, PH, SS-1 
and RL showed significant values, DFF, PH and SS-1 showed negative while RL reflected positive 
correlation with GYP-1. The stepwise regression coefficient of GYP-1 showed 82.18% adjusted R2. It was 
also observed the maximum contribution was made by RV, RG, DFFO, AS, PBP-1, DPM, IL and LS.These 
traits can be considered as selection criteria for yield improvement as early-flowering - maturing 
genotypes with more root volume and root girth , which is established before start of reproductive phase 
and early phonological growth stages ; less IL & less AS which minimize the transpiration loss by creating 
shadow effect over the green pod wall withhigh voluminous and maximum girth of root for establishment 
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of plant during early phonological growth stages in Indian mustard genotypes under rainfed condition 
will improvised the yield. 
Conclusively, the characters like DFF, DPM, RV, RG, SS-1, LS and IL based on correlation, path and 
regression analysis exhibited their importance towards grain yield and could be utilized for moisture 
stress-tolerant Indian mustard genotype development. 
 

Table 3: Genotypic Path coefficient analysis of characters on grain yield in Indian mustard 
genotypes under rainfed (residual moisture) condition 
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Table 4: Phenotypic Path coefficient analysis of characters on grain in Indian mustard genotypes 
under rainfed(residual moisture) condition 
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Residual effect=0.396 
 
 

Table 5: Multiple regression analysis for independent association of twenty-five agro-
morphological traits under rainfed(residual moisture) condition 

Traits a b  ± SE % contribution of the 
parameters to R² values 

Days to First Flower Open 0.164 0.194±0.074 0.052 

Days to 50%flowering -0.095 -0.109*±0.103 0.009 
Days to Physiological Maturity -0.114 -0.104±0.092 0.010 

Primary Branches/ Plant 0.150 0.243±0.234 0.009 

Secondary Branches/ Plant 0.043 0.023±0.098 0.000 

Total No. of Siliqua -0.026 0.000±0.002 0.000 
Siliqua Length 0.111 0.645±0.453 0.016 

Stem Girth 0.109 0.199±0.256 0.005 

Internode Length 0.246 0.341±0.144 0.043 

Plant Height -0.111 -0.012*±0.010 0.012 

Siliqua In Primary Mother Axis 0.079 0.034±0.054 0.003 

First Primary Branch Height -0.032 -0.005±0.007 0.004 

Height of First Siliqua -0.055 -0.007±0.013 0.002 
Angle of Branch 0.070 0.029±0.047 0.003 

Angle of Siliqua -0.427 -0.195±0.053 0.096 

Seeds/ Siliqua -0.003 -0.009**±0.155 0.000 

Root Volume -0.526 -0.238±0.059 0.114 
Root Length 0.096 0.075**±0.144 0.002 

Root Girth 0.179 0.529±0.426 0.012 

1000 Seed Weight -0.013 -0.028±0.119 0.000 

Biological Yield 0.061 0.001±0.000 0.011 

Harvest Index -0.010 -0.008±0.553 0.000 

Oil Content 0.037 0.256±0.267 0.007 
Dry Matter Efficiency 0.075 0.077±0.708 0.000 
Intercept constant 25.398 
R² value 0.8434 
Adjusted R² value 0.8133 

*= P<0.05, **= P<0.01 level of significance, a= slop of regression, b= regression coefficient, SE= standard error 
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Table 6: Multiple regression analysis for independent association of twenty-five agro-
morphological traits using step down method under rainfed(residual moisture) condition 

Regression 
coefficients 

Traits b  ± SE % contribution of the 
parameters to R² values 

b1 Days to First Flower Open 0.147**±0.067 0.095 
b2 Days to Physiological Maturity -0.130*±0.047 0.033 
b3 Primary Branches/ Plant 0.302**±0.152 0.051 
b4 Siliqua Length 0.813*±0.399 0.027 
b5 Internode Length 0.413*±0.131 0.029 
b6 Angle of Siliqua -0.230**±0.042 0.066 
b7 Root Volume -0.226**±0.042 0.176 
b8 Root Girth 0.815**±0.303 0.169 

Intercept constant 30.571 
R² value 0.8313 

Adjusted R² value 0.8218 

*= P<0.05, **= P<0.01 level of significance, a= slop of regression, b= regression coefficient, SE= standard 
error 

 

 
Fig1.Phenotypic correlation coefficient for various agro-morphological traits 

 
Fig2.Shaded correlation matrix of correlation coefficient for various agro-morphological traits 

 

Chandra  et al 



 

ABR Vol 9 [4] July 2018 126 | P a g e       ©2018 Society of Education, India 

 
Fig 3. Phenotypic path diagram for various agro-morphological traits 
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