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ABSTRACT 

Three sets of thirty genotypes were grown in randomized bloc dest 
with three replications in root structure and protected structures fil ..,d \\ tl 
uniform soil. All the three sets were raised under normal irrigated ct dttion 
till flower initiation, after which, the roots were excavated in the set rown m 
root structure by gently washing the soil with the pressure of \\ ter an 
observations on root length, fresh root weight, dry root weight , root volume, 
root density and root : shoot ratio were recorded. One of the t\ 1 set 1 

protected structure was exposed to water stress after flower initiation. he ot 1er 
set was maintained as normal and irrigation was npplled whenever equir l 

These two sets were used to study the biological yield. harvest index nd grJ• 
yield under post flowering stress and normal conditiOns, respect \ ..,1} 
analysis of variability revealed significant genotypic differences fi r all th 
characters. Further. there was little difference in the magnitude \Jf enot) p 
and phenotypic correlatiOn coefficients. 

Grain yield per plant evinced highly significant and positive correl tion \.t 
biological yield and harvest index under both normal and post flowe ng w t 
stress condition. However, it exhibited positive though non-flgntfi 'ill t 
correlation with root: shoot ratio indicating the importance of root: hoot rah J 



•6str t 

along with biological yield and harvest index in realizing higher ytcld mder 
normal growing condition. On the other hand. yield per plant under post 
flowering water stress condition showed positive though non-f,ign· icant 
correlation with fresh root weight, dry root weight and root volume mdi ~ting 
importance of biological yield and harvest index in realizing higher } ield Jnder 
post flowering water stress condition too, though significance of fre;:, root 
weight. dry root weight and root volume can not be overlooked. Furth r. the 
percent injury in yield due to post flowering water stress showed ncgati e and 
non-significant correlation with root length, fresh root weight, dry root ' eight. 
root volume and root density that further substantiated that the plant~ wit 1 lon 
roots. more root volume. root density. fresh weight and dry weig 1t ar 
desirable for yield enhancement under post flowering water stress condit" m. 

Fresh root weight and harvest index evinced high postti\e direct 
effect on grain yield under normal growing condition. Harvest md' also 
exhibited high positive direct effects and indirect effects via root 'olur .e. dn 
root weight, root density. root length and root: shoot ratio on ~ra1 ) 1dd 
evincing importance of fresh root weight and harvest index for aiming night: 
yield under normal growing conditions. Contrarily, the importance >f root 
attributes like root volume, root density. dry root weight, root length nr d root 
shoot ratio besides harvest index and biological yield was palpable as ir iicatcd 
by high positive and direct effect of on grain yield under post tlo\\erin., water 
stress condition. Harvest index and biological yield also exhibited bight~ 
significant and positive correlation with grain yield due to its pO\tti\> d1re ·t 
effect and positive indirect effect via other characters. Thus, harvest in lex ru d 
biological yield seem to be the most important traits for yield enha: cement 
under post flowering water stress condition. 

Only two characters viz. fresh root weight and root: shoot rauo c ·hihih ... d 
the negative direct effect on the percent injury in yield due to post f. 1weri 1 

water stress condition. This was attributed to positive indirect eftect ia ea ... l 
other except, via fresh root weight and root: shoot ratio that co. tribut d 
negatively to percent injury to yield via other characters. This indic ted that 
increase in fresh root weight and root: shoot ratio 1...: desired for bree<! ng lea t 
percent injul) due to post flowering water stress. 

Thus, biological yield and harvest index, that are indic tors "ll 
photosynthesis and effective carriage of carbohydrates synthe ized tl 
developed sink, respectively, appeared most important attributed ur Jer bot 
normal and post flowering water stress condition. However, tl ese t\\ < 

characters need.:. complementation with root: shoot ratio unde norma 
condition and larger, heavier and more voluminous roots under post }O\\enn 
\Vater stress condition. 
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Jntrod~rtwn 1 

I. INTRODUCTION 

Pulses are economically cheaper and vital source of protein in Indian 

diet. India has a distinction of growing over a dozen of pulses and ranks first in 

acreage. production and consumption. Despite per capita availabilit\ of pulse 

is dismally as low as 28g /capital day as against the optimum and mi imum 

stipulations of 104 g and 60 g I capital day, respectively, as per World ,Iealth 

Organization standards. The situation is dicey and often leads to maim.~. riuon 

The predicament still assumes volume as the predominant India 1s arc 

vegetarian. Therefore, pulses may simply be termed as heal th line of the 

country and needs all out concerted efforts for enhancing their producti01 

Among all the pulses, cowpea [Vigna ungwculata (L.) Walp] ocall} 

known as lobiya, chowla, southern pea, black eye pea belongs to famil)' 

Fabaceae . Vigna is pan-tropical genus comprising of 170 species (Faris. 1965). 

It is an important crop that can further play a significant role in enhancer tent of 

production of pulses as the crop is short duration that can be gro\\ 1 over 

different seasons. The crop can be raised as major crop during main se. son or 

can also be squeezed in between two major crops. Cowpea is also suit ble a 

good intercrop under both intensive and limited resources growing cor: iition~ 

inclusive drought or rainfed conditions. The crop can yield as high ru: 20-2" 

quintals in about two months under favourable growing condition~. Tl e cro > 

has still more potential for yield enhancement through innovath e b ... edin 

interventions. 



Ir lit Jlllt 

Cowpea is a multi-purpose crop and may be grown both for tts 1ods ... ~ 

well as for using the leaves (fodder and salad). The traditional vanette~ re 10np 

and creeping types that produce abundant leaves and set a moderate nu 1bt:r 0f 

pods late in the sc.!ason. Newly introduced varieties are prcdomindntl~ hush\ 

and determinate type producing very little leaves but more number of po is with 

more seeds per pod. 

Cowpea includes four culti-groups (Baudin and Mtrechal, 1985) r unel) 

(l) Unguiculata - major group: (2) Biflora or Catjang - differentiated nainl 

by its small erect pods and grown in Southeast Asia; (3) Sesquipedalls - \ard 

long bean differentiated mainly by very long pods and climbing growtt habit 

It is grown for its fresh pod in Asia and ( 4) Textilis - grown in Wesr Afr ca fo 

the textile fibers obtained from its long peduncles. Unguiculata i th mo~l 

diverse of the culti-groups and exhibits substantial diversity in We~t At ica I 

is diploid with 2n 22 chromosomes. It is strictly an autogamous annm 1 her~ 

in which out crossing is negligible. Cowpea originated in Central frica 

However. it is regarded as indigenous to North-West in Central A-;ia fan~ 

1965). 

The major production region for cowpea in the world is West Atl ca II 

ts also grown in Asia, North and South America, Australia. C..:ntr~ and 

Southern part of Europe. Gujarat, West Bengal. Tamil Nadu, Kerala. t )ri~sa 

and Andhra Pradesh are the major cowpea cultivating states in India. 

The yield is a complex character and is dependent on yield compc :~ent" 

that have been adequate!) exploited in breeding programmes. Almo ,t all 



breeding strategies for restructuring plant type in cowpea have hoven; 1 aroun 

above ground parts encompassing growth habit, branching habit , pod md seed 

characters. The under ground parts in general and root in particular ta\e r o 

been considered attributable to complexities in its measurement. Const o~uent \ 

it has been virtually ignored in planning breeding strategies for )' -..ld a 1d 

quality enhancement in cowpea. This is despite all growth and de\ t opme!lt 

activities or the plant are largely dependent upon root and its a tribut ~ 

(A chary a eta/., 2007). The significance of roots assumes still mor~ tmJ .Jrtance 

as the crop is specially adapted to less endowed arid and semi arid cofi lition 

where water is the limiting factor. Consequent upon rainfed growinr. cor ditton" 

and restricted least growth period, the crop often experiences wak stre s 

dunng the post flowering phase. This defines a situation where the cro~ gro\\ 

normal up to flower initiation stage producing good vegetative gro\\th mt th ... 

same is restncted thereafter due to water stress putting a limit on bt o~ncal 

yield. The root growth too is normal till flower initiation and pi ys an 

important role in extracting moisture from soil that is so important to al evwtt.: 

the impact of water stress. The nagging global warming and cons quent 

capricious fluctuations in weather conditions in general and rainfall pat! m m 

particular make it pertinent to give due Importance to till day neglecte ! root 

and its attributes in yield enhancement This is important as the root fur. ·tions 

as suction for the moisture and nutrients from the soil. Further, the bioi ~gtcal 

yield indicates the potential of photosynthetic activity, while the harvest ndex 

evinces the translocational efficiency of synthesized carbohydrates to the sink. 



lntrotfuction 4 

Thus, holistically and precisely appropriate situation specific collaboration of 

root attributes with biological yield and harvest index are desired for higher 

productivity. Considering the importance of this factual information, the 

present study entitled "Character Association of Root Attributes with Yield 

under Different Growing Condition in Cowpea [Vigna unguiculata (L.) 

Walp]" was undertaken to unravel the character association of root attributes at 

flower initiation stage with yield under intensive and post flower water stress 

conditions with following objectives: 

I. To ascertain the magnitude of phenotypic and genotypic correlation of yield 

under intensive and post flower water stress conditions in relation to root 

attributes. 

2. To unravel the direct and indirect effect of root attributes on yield under 

intensive and post flowering water stress conditions through path coefficient 

analysis. 
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II. REVIEW OF LITERATURE 

The available literature pertaming to present study is revicwec under 

following sub-heads: 

2. I Correlation Studies 

2.2 Path Analysis 

2.1 Correlation Studies 

Before attempting to 1m prove any character, it is ncces :.11) t' 

understand its association with other characters. Knowledge ot the.. inter­

relationship among \'arious characters helps in proper planning of b ecdm';J 

programme. so as not to jeopardize one character while trying to 1 npro\c 

another. With this view both genotypic as well as phenotypic assc ciation 

among various characters are important for penultimate improvement i 1 y1eld 

The concept of correlation was tirst set forth by Galton ( 1889) Jr d lat r 

elaborated by Fisher (19 18). It is an index of the proportion of cau esc nnmon 

in the genesis of two variables of the total and not to the causc5 the 1selvc 

(Bowley. 1920). The study of correlation is very useful to plant brel der for 

selecting suitable plant type. 

Sinha et a/. ( 1977) studied genotypic and phenot) pic correlation in yam 

bean (Pachyrhizus erosus) where genotypic correlation coeffi~ien -s wer 

greater than phenotypic correlation coefficients for most of the yield ch, racters. 

Yield was negatively correlated with number of day~ to first flo\\ ermg days to 

pod maturity. length of main stem, number of leaves per plant number of pod 



per plant, root length, root volume and root density and positively cor elated 

with l 00-seed weight and root diameter. 

Rangasamy and Shanmugam ( 1984) studied correlation amon • mnt 

characters in 1 0-day-old seedlings of 27 Vigna radiata cultivars. At ger Ot) pic 

level, 1 00-seed weight and the seedling characters viz., number of r )Otlcts. 

length of rooting zone, fresh root weight and dry root weight were ne~ .1ti\cl" 

correlated with seed yield and positively correlated with root: shoot rr io and 

root volume. 

Kolotilov and Kolotilova ( 1985) studied root system in Latl~vrus ~alivt 

and its etTect on yield by growing seven varieties. Root weight and roo length 

were greater in high-yielding varieties than low-yielding ones, but the former 

reacted more (in terms of yield) to insufficiency of moisture in the '>Oil n 

favourable years, yield was positiYely correlated with root weight m the 

ploughed soil horizon (r = 0.67). In drought years, the correlation\\~ egatJv~ 

(r = -0.23). 

Bertholdsson (1989) studied root development and crop retia >ility in 

pot trials with II normal and 30 leafless pea genot) pes The shoot dr: matt r 

root dry matter and shoot: root ratio (S: R) were measured at the beg1 ming of 

flowering and three weeks later. he reported a significant negath c C( ::Telatio 1 

between percentage yield decrease and total root length both before md aftl.r 

flowering under drought. In field trials, however. final yield 'A as J osili\ ... 1} 

correlated with total root length in 1 0-day-old seedlings. 



Brindza et a!. ( 1989) tested local and foreign pea collections t lr the 

formation of above-ground organs and the root system. A total of 20.f vn iet1e:, 

were studied in hydroponic culture usmg 46-day-old plants. Root lengt 1 was 

not correlated with the other parameters studied. The correlation coeff .;ients 

between root dry weight and I 000-seed weight, biological yield. stem I ngth. 

root volume and stem dry weight were 0.33. 0.59, 0.37. 0.41 and 0 ~6. 

respectively. 

Das and Chatterjee (1992) reported the effect of seed s1ze ( n the 

growth, yield and root attributes of kidney bean (Phaseolus vulgaris I . ) c". 

PDR 14. They observed that large (545 rng), bold (470 rng), medium (41l rng) 

and small (291 mg) seeds gave seed yields of 11.1. 12.0. 9.3 and 5.8 g plant. 

respectively. Root dry weight and volume were highest with the large ()ec Is 

In a study on drought tolerance complex in French bean to e\alu te 19 

traits in 12 trials, Velich (1993) found out a good correlation between yte d and 

the 18 other traits tested, with root weight in irrigation trials. Of the t( al 19 

traits, seven were closely correlated with actual drought tolerance. 

Rao and Nanda ( 1994) conducted an experiment on 18 genoty les of 

horsegram for seed yield. The traits viz., days to maturity, plant height, r illlber 

of pod bearing nodes per plant, number of pods per plant and honest mdex 

were positively con·elated with seed yield but only harvest index wa~ found 

significant. 

Singh et a/. ( l998b) evaluated a set of 45 exotic and •ndt enou~ 

collections of cowpea [Vigna unguiculata (L.) Walp.] for 10 morpho ogtcal 



traits. Correlation study revealed that, in general. genotypic 1..'0ITt !at ion 

coefficients were higher than their corresponding phenotypic ~.;OIT( lation 

coefficients. Grain yield per plant was positively and significantly assc ciated 

with biological yield. 

Oko and Amalu ( 1999) studied influence of root perim ter m tlll 

growth and yield characteristics of cowpea (Vigna zmguiculata (L) Wa ).) C\ 

Lemon 25 and IT -820-716. Root length, root dry weight, root volume a d root 

perimeter were generally positively correlated with total and effecti e pol 

numbers, pod weight and seed yield. 

Aleem el a/. (2000) studied the etl'ects of soil type on the ) iell , y1el 

components, root characteristics. plant height, harvest index and root shoot 

ratio of 27 wheat genotypes and the correlation between root charac ~ristic~ 

and grain yield were studied under greenhouse conditions. Result.~ of "Slmplt 

linear regression indicated that grain yield was positively correlated \\ th ro t 

characteristics and root: shoot ratio. The correlation coefficient wa high v 

significant between grain yield and dry root weight and root volume 

Singh et al. (2002) analyzed correlation in 21 genotypes of c rrots 

determine the effects of leaf length, leaf width, fresh root weight nd f<J( 

length and diameter. They revealed that the genotypic coiTelatim v.a high 

than phenotypic correlation and analysis of variance showed highly si nifican 

differences for all the characters examined. Highly positive and s1 ,nihcmt 

correlation coefficient was recorded between root length and fresh rm \\eight 

both at the genotypic and phenotypic level. 
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Tamboli and Daftardar (2002) studied the effect of different P lourcel) 

on the root characteristics and yield in 4 legumes, i.e. groundnut, pigt: Jnpea, 

chickpea and pea. Root weight and volume expressed significant r Jsitivc 

correlation with yield in all legumes, whereas root length and phc ·phate 

activity were negatively correlated with yield. 

Arora and Jatasara (2003) evaluated ten diverse genotypes of<. lWpea 

for eight morphological characters viz., hypocotyl length. epicotyl ~ngth 

seedling height, length and width of first pair of true leaves, petiole let ...,th of 

first trifoliate leaf and fresh and dry weight of seedlings at seedling stag.!. The 

magnitude of genotypic correlation, in general, was higher than the phen Jtypic 

correlation. Selection for high fresh seedling weight might be very bel ful in 

bringing genetic improvement for several component traits of seedlii g dl) 

weight in cowpea. 

Chakrabarty and Parimal (2003) assessed nine mungbean cultiva -s (A-

20. A-89, A-93, A-151 , A-119, A-130, Tgl, A-33 and A-160) to stu y the 

correlation among different traits. Results showed that pod length. micr )p) Jar 

length, seed coat thickness and root length and showed the desired corn lation 

and can be used to increase the yield per plant. 

Makhan et a!. (2003) studied genetic variability and selection re ponsc 

for root and other characters in groundnut (Arachis hypogaea L .). On the bases 

of correlation root length was positively correlated with number of nodu ~s per 

plant. 



Kanbar et a/. (2004) studied correlation analysis for root morphc og1cal 

traits on 127 doubled haploid lines of rice (Oryza sativa L.) to determne the 

effects of plant height, number of tiJlers per plant, maximum root lengt . total 

root number, root volume, shoot dry weight and dry root weight The~ 

observed the posit1ve and significant correlation bern een dry root wei!- lt and 

all the other traits measured. 

Nigude et a/. (2004) studied correlation in 45 ~ow pea genot) pes Gram 

yield per plant was significantly and positively associated with l 1 the 

characters except pod length and test weight at both levels. 

Patil et al. (2004) studied correlation of biomass partitioned for te y1cld 

contributing characters in 47 genotypes of cowpea. They obs ... ted tt at the 

seed yield per plant had highly positive and significant correlatior w1th 

biological yield at the phenotypic and genotypic levels 

Kumawat et al. (2005) studied association analysis in fifty genot)' 'les of 

cowpea [Vigna unguiculata (L.) Walp.]. Seed yield per plant had sign ficant 

positive correlations with branches per plant, clusters per plant, pods per plant 

biological yield per plant and harvest index. These characters also had pl sitive 

correlation among themselves, except correlation of harvest index ~ ith 

biological yield per plant. 

Dahiya et al. (2007) studied correlation analysis in cowpea < Vigna 

unguiculata (L.) Walp.). They revealed that the seed yield per plant slowed 

significant and positive association with No. of clusters per plant. No. o pods 

per plant, pod length, No. of seeds per pod, 1 00-seed weight and harvest i dex 



Eswaran et al. (2007) evaluated a set of thirty genotypes ot C( wpea 

[Vigna unguiculata (L.) Walp.l for association of component characters They 

reported that seed yield per plant had high significant positive correlatio wtth 

total dry matter production (biological yield) and harvest index b th at 

phenotypic and genotypic levels. 

2.2 Path Analysis 

The concept of path analysis was developed by Wright (1921 . I hi 

technique is capable of providing a measure of direct and indirect eflec~ of the 

traits influencing yield and permits the separation of the correlation coef cicnt 

into two components of direct and indirect effects towards the yicl . I he 

utilization of path coefficient analysis in plant selectiOn was demonstr ted b\ 

Deway and Lu ( 1959) in the crested wheat progenies. 

Sasmal (1987) studied relationship of root and shoot ct~arnc ers in 

parent. F 1 and F 2 populations of rice. Path analysis showed that fre h root 

weight had a positive direct effect on grain yield in all 3 generation . an in tl e 

F 2, roots/plant had a positive direct effect on grain ) ield. Root length !ltd dl) 

root weight had negative direct effects on grain yield m the F2. 

To pare (1994) studied path analysis in 3 2 strains of Ia blab bean an l four d 

that days to maturity, number of seeds per pod, number of pods p( plm t. 

number of branches per plant, days to first flowering, harvest index a !d 100-

seed weight have positi\'e direct effects on yield. while day~ to f rst pod 

maturity, pod length, plant height. number of inflorescence per plant h rl direct 
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negative effects on yield. Generally indirect effects involving pod lengt 1 and 

l 00-seed weight were negative. 

Mehetre et a/. ( 1997) studied path analysis in root growth and yield 

characters in 41 soybean [Glycine max (L.) Merri 11] genotypes. Path coef tctent 

analysis indicated that the number of branches I plant exerted the h gher,t 

positive direct effect followed by contribution of total dry matter plan root 

dry matter I plant, I 00-seed weight, number of pods I plant, root length plant 

and leaf area. The highest indirect positive effects were found from root 1 ngth, 

number of pods I plant and leaf area. 

Singh et a/. ( 1998a) studied path analysis in early generation of h Illes~ 

barley (Hordeum vulgare L.). Path analysis revealed that root \\eigl . and 

shoot: root ratio though had direct negative contributiOns towards grain yield. 

yet indirect contribution via main shoot weight was significantly positive 

While studying path analysis of seedling traits and yield componLnts in 

six access tons of Bras sica napus including a standard variety, Zia et a! 1998, 

reported that the grain yield per plant followed by total seedling length fresh 

root weight and plant height had the highest direct and positive effect m th( 

grain yield per plot. The shoot length followed by number of grains p r poe 

showed highest indirect effect. 

A lam et a/. ( 1999) analyzed path coefficient in sesame (Se :11nun 

indicum L. ). The highest direct and positive contribution at genotypic le\ wl was 

made by maturity followed by root length at 40 days after seeding, I anCSl 

index and root weight at 20 days after seeding. 
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Chakrabarty and Pari mal (2003) evaluated nme rnungbean cult1 ;ars {A 

20, A-89, A-93. A-151, A-119, A-130, Tgl, A,33 and A-160) to cstin ate path 

coefficient analysis. They reported that the number of seeds p ... r p td, seed 

weight, micropylar length, seed coat thickness, seedling root length t mbient 

seed). seedling shoot length (ambient seed), fresh weight of • ~edling 

(controlled and ambient seed) and dry weight of "eedlings ( controll d seed 

rna} be selected for better yield. 

Makhan et a!. (2003) studied Genetic variability and selectiOn ..;:spons 

for root and other characters in groundnut (Arachis hypogaea l . ). he r o 

length had high and positive direct effect on yield per plant ba ed on path 

analysis 

Tikka et a/. (2003) studied path coefficient analysis based on genetic 

correlation and reported that pods per plant, pod length, branches p r plant 

plant height and harvest index were the main yield contributing char cters u 

Indian bean. 

Nigude et al. (2004) analyzed path coefficients in 45 C0\\1leJ g totypes 

They obserYed that biomass (dry weight) at harvest and harvest index had th 

highest direct effect on grain yield. Association of biomass with gr£Jl yield 

was significantly positive 

Golparvar and Ghasemi (2006) studied indtrect selection for genetit 

improvement of seed yield and biological nitrogen fixation in Iraman tommon 

bean genot) pes (Phaseolus vulgans L.). Path anal\ sis indicated that harvest 

index and biological yield have considerable and positive direct effect on se'"'d 
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yield. Therefore, these traits are recommended as the best indirect selection 

criteria for improvement of seed yield especially in early generations. 
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III. MATERIALS AND METHODS 

The present investigation entitled "Character Association of Root 

Attributes with Yield under Different Growing Conditions in C v. pea 

[Vigna unguiculata (L.) Walp.)" was carried out during summer oo- -08 a 

the Main Pulses Research Station, Sardarkrushinagar Dantiwada Agrk lltura 

University, Sardarkrushinagar. 

3.1 Geographic and Edaphic Details 

Geographically, Sardarkrushinagar is situated at 24°-19' North atitude 

and 72°-19' East longitude with an attitude of 154.52 meters abO\ c m an sea 

level. The soil of the experimental field was sandy loam and poo in )rgamc 

matter content with pH of 7.5 to 8.0. The weather condition during the ! ro\\ mg 

season was favorable for the crop and are summarized in Appendix I. 

3.2 Experimental Material 

The experimental material for the present investigation comp sed O 

genotypes of cowpea obtained from the germplasu maintained at t e \1air 

Pulses Research Station, Sardarkrushinagar Dantiwada Agricultural Ur verstt} 

Sardarkrushinagar. The summary of the genotypes used in the ex pen 1ent are 

listed in Table 3.1 

3.3 Experimental Details 

The experiment comprised three sets of thirty genotypes. The tirst ~et v.L 

conducted in root structure filled with uniform soil. The other two cts w ... 

sown in protected structures filled with the same un,form soil as 111 roc 
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Table 3.1: Summary of 30 genotypes of cowpea (Vigna unguic111a a 
(L.) Walp.J used for cond ucting present study 

Sr. Genotypic Selection/ Pedigree 

No. 
Designation 

1 GC-3 Selection from GC-3 

2 GC-4 Selection from GC-4 

3 GC-5 Selection from GC-5 

4 GC-0502 Selection from GC-0502 

5 GC-0503 Selection from GC-0503 

6 GC-0504 Selection from GC-0504 

7 GC-0505 Selection from GC-0505 

8 GC-0405 Selection from GC-0405 

9 GC-0408 Selection from GC-0408 

10 GC-0410 Selection from GC-04 I 0 

II GC-0311 Selection from GC-0311 

12 CP-5 Selection from CP-5 

13 CP-6 Selection from CP-6 

14 CP-7 Selection from CP-7 

15 CP-8 Selection from CP-8 

16 CP-9 Selection from CP-9 

17 CP-12 Selection from CP-12 

18 CP-16 Selection from CP- 1 6 

19 CP-18 Selection from CP-18 

20 IC-402099 Selection from IC-402099 

21 IC-402101 Selection from I CA021 01 

22 IC-402159 Selection from IC-402159 

23 IC-402161 Selection from I C-402161 

24 IC-402174 Selection from IC-402174 

-

-

-
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. -r--·---
Selectton from IC-402182 ! "'\IBP IR& 

1\JBP iR& 

tl\JBP _iR~ 
i-"'BF jR& 

25 IC-402182 
I 

t 26 EC-17574-6 Selection from EC-17574-6 

f 27 EC-1758413-9 Selection from EC-17'i8413-9 

I 

I 

28 EC-394708 Selection from EC-394708 

29 EC-458402 Selection from EC-458402 
~- "F. 

1 
"ffif GR"' 

30 EC-472250 Selection from EC-472250 ~ 1':BI <JRt.: 
. -

u . s and & stands for Main Pulses Research Stat1on, Sardarkrushinagm Da tJ\\J.d« 
Agricultural Universit) , Sardarkrushinagar; Central Arid Zone Research Institute. Jdhpur 
(Rajasthan) and National Bureau of Plant Genetic Resources. New Delhi, respecu~el) 

structure. Each set was laid out in randomized block design witt tlu~( 

replications. Each plot comprised two rov.' plot of two meter length '"~~ 1 row 

to- row and plant-to-plant spacing of 45 em and I 0 em. respective!) Tit seed 

were sown on 30th March, 2007. The recommended packages of practic s \\er~. 

followed to raise the good crop. All the three sets were raised Uttder 1onnal 

irrigated conditions till flower initiation. After flower initiation, the set in root 

structure was used for root studies. The roots were excavated b) gently 

washing the soil with the pressure of water till the entire mas~ of root 1 

exhumed. One of the sets in protected structure was exposed to wah stre 

after flower initiation by discontinuing water application after flo"er u ttiation. 

The other set was maintained as normal and irrigation was applied ' rleOC\cl: 

required. These two sets were used to study the biological yield, han\ st mde 

and grain yield under post flowering stress and normal condition~. resp ctive } 

3.4 Characters Studied 

Five competitive plants were selected randomly in each 'lot an 

observations were recorded from those plants. Mean values wen: sut ccted t 
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statistical analysis. The root attributes were recorded in the first set of 

experiment, while the quantitative yield was recorded in second and third set. 

In all the observations were recorded on the following traits. 

3.4.1 Seed Yield per Plant (g) 

The average weight of grains harvested from the selected plants and was 

recorded in grams. 

3.4.2 Biological Yield (g) 

The average weight of the selected dry plant with pods and was recorded 

in grams. 

3.4.3 Harvest Index(%) 

Harvest index is measured as proportion of economic yield to the 

biological yield expressed in percentage. 

3.4.4 Root Length (em) 

Root length was measured in centimeters from ground level to the tip of 

the root. 

3.4.5 Fresh Root Weight (g) 

The average root weight of the selected plant recorded in grams. 

3.4.6 Dry Root Weight (g) 

The average weight of the roots after overnight drying in oven at 70° C 

and was recorded in grams. 

3.4.7 Root Volume (ml) 

Volume of root measured in milliliter after immersing the root in 

measuring cylinder filled with water. 
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3.4.8 Root Density (g/ml) 

Root density was measured as proportion of dry root weight to th root 

volume. 

3.4.9 Root: Shoot Ratio 

The proportion of dry root weight to shoot biomass weight was rel ord~d 

as root: shoot ratio. 

3.4.10 Percent Injury Due to Post Flowering Water Stress (0/o) 

3.4.10.1 Percent Injury in Yield 

The seed yield per plant was recorded in both nom1al and post flo vermg 

water stress conditions. Percent injury in yield was recorded as propOI 1on ( f 

difference between seed yield per plant under nom1al and post flO\"\>Crin water 

stress condition expressed as percentage to normal. 

3.4.10.2 Percent Injury in Biological Yield (0/o) 

The seed biological yield was recorded m both normal a1 d po ,t 

flowering water stress conditions. Percent injury in biological yidd ~a' 

recorded as proportion of difference bet\veen biological yield under nor nal anu 

post flowering water stress condition expressed as percentage to norma 

3.4.10.3 Percent Injury in Harvest Index (0/o) 

The harvest index was calculated in both normal and post flowe ing \\ate 

stress conditions. Percent injury in harvest index ~as recorded as pro 10rtio ( f 

difference between harvest index under normal and post flowering " tter str 

condition expressed as percentage to normaL 



3.5 Statistical Analysis 

3.5.1 Analysis of Variance 

The mean data obtained for each character were analyzed by the usual 

standard statistical procedure as suggested by Panse and Sukhatme ( 197 ). I h 

statistical model and ANOVA (Table 3.2) for the same is presented ere a 

under: 

Where. 

Yij = Mean performance of the ith genotype in the jth replication 

i = I, 2, 3. -----------, g 

j = I , 2. 3. -----------, r 

1-1 = General mean, 

gi = Effect of ith genotype. 

rj = Effect of fh replication, and 

eu =Uncontrolled error variation associated with i1h genotype in ' 

replication. 

3.2 Analysis of Variance 

Source of variation d.f. Mean square Expected mcar squan: 

Replications M1 
.,.. 

(r-1) cr e+g{l·r 

Genotypes (g-1) M2 2 ) 

(j etrcT 

' Error (r-1) (g-1) M-J 
~· 

Total (rg-1) TSS 
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Where. 

r = Number of replication, 

g = Number of genotypes, 

cr 2 
e = Variance due to error, 

' a - r =Variance due to replication, and 

a 2 
g = Variance due to genotype. 

M, M2, M3 = Mean squares for replication, genotype an( erro,., 

respectively. 

The standard error of differences between treatment meat s wa 

calculated by using the following formula: 

0.5 

S.Em.= 
r 

Where, 

M3 = Error mean square, and 

r = Number of replications 

The critical differences to compare the means of various genotype, \\en.: 

calculated by using the following formula: 

C. D. = S.Em. x (2)0
·
5 x t 

Where, 

S.Em. =Standard error of the difference of treatment means 

t = Table value of 't ' at 1 percent or 5 percent levels of significan e 
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The coefficient of variation (C.V. %) was calculated by using following 

formula: 

(MJ)o.s 

C.V.% = ------------ X 100 
X 

Where, 

M3 = Error mean square, and 

X = Population mean. 

3.5.2 Correlation Coefficient Analysis 

The phenotypic and genotypic correlation coefficients for all the 

characters were worked out with yield. The data were subjected to covariance 

analysis from which different components of mean sum of products were 

estimated (Table 3.3). 

Table 3.3: Analysis of Covariance 

Source of variation d.f. 

Replications (r-1) 

Genotypes 

Error 

Where, 

(g-1) 

(r-1) (g-1) 

M.S.P. Expected M.S.P. 

Mg 2 2 
Co cr e + rCo gt.2 

Me 2 
cr el.2 

Mg = Mean sum of products due to genotypes between character first 

and character second, 

Me = Mean sum of products due to error between character first and 

character second, and 
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r =Number of replications. 

The genotypic, phenotypic and error variances and covariances were 

used for calculating the genotypic and phenotypic correlation coefficient. 

(a) Genotypic correlation coefficient ( rgt.2) : 

Co cr 2 gt.2 
r gl.2 = -------------------V 0'2gl X 0'2g2 

(b) Phenotypic correlation coefficient ( rpt.2): 

rp1.2 = 

Where, 

Co cr 2 gl.2 = Genotypic covariance for a pair of trait first and 

2 Co cr pl.2 

2 2 ()' gl, ()' pl 

2 2 
()' g2· ()' p2 

second, 

= Phenotypic covariance for the pair of trait first and 

second, 

= Genotypic and phenotypic variance for trait first, 

respectively, and 

= Genotypic and phenotypic variance for trait second, 

respectively. 

The phenotypic correlation was tested by 't' for their significance which 

was suggested by Fisher and Yates (1963). 



r 
= x ~ n-2 

Where. 

-· Calculated value of ·r 

r - Correlation coeflicients. and 

n Total number of observations 

The genotypic correlatton was tested by tran. fanning. ·r' tl a "~ mntJ 

·z· according to the formula given below 

z = 

= 

1/2 loge (J+r)- loge (1-r) 

1 /2 I o g~: [ ( l + r) I ( I -r) J 

This sample value of z is distributed approximately normall) wtt rm:a 1 

zero and variance ( n - 3 ). It follows that z (n - 3) is a standard nom1al e\ ,at 

corresponding to u. degree of freedom. Therefore. if z (n 1) c cee " I 4t 

and 2.576. z is said to be significant at 5 and 1 per cent. respecth e \ other 

words correlation coefficient (r) is significant if z is significant. 

3.5.3 Path Coefficient Analysis: 

The genotypic correlation coefticient data were subjectl J t • rat .. 

coefficient analysis. The path analysis was carried out by the methol ~u~ ge tt? 1 

by Wright ( 1921) and elaborated by Dewey and Lu ( 1959). Tht get ot\pt 

correlations nmong nine characters \vcre partitioned into their dtrt. 1 mJ 

ind1rect effects on yield Causal variable and their direct and indirccr eft tl' nn 

yield were estimated as under: 





IV. EXPERIMENTAL RESULTS 

The results of the present investigation conducted on Chl racter 

Association of Root Attributes with Yield under Different Growing LOn( ition 

in Cowpea (Vigna unguiculata [L.] Walp.)" are presented under the fol l\\Jilg 

heads: 

4.1 Analysis of Variance 

4.2 Correlation Coefficient 

4.3 Path Coefficient 

4.1 Analysis of Variance 

Analysis of variance for different characters was done m<l c;, 

summarized in Table 4.1. It evinced significant differences am( tg the 

genotypes for all the characters studied. This indicated sufficient phc: 1otyp c 

variability among the experimental material. The mean values of genot pe::~ fot 

different characters under study are presented in Appendix II. 

4.2 Correlation Coefficient 

The seed yield is a complex polygenic character that depend" on numbt: 

of component characters. The relationship between the yield ru J "1clc 

components like pods plant, seeds I pod and seed weight has been ex .. m~tvd 

studied (Mittal et a/, 2005). The relationship among root attributes nd thtt 

association with seed yield is of enormous significance for excrcismg electwn 

pressure in relation to root attributes for genetic improvement ( t 5t;: d ~ 1 lt 

The correlation coefficient between grain yield under di fterent growm 



Table 4.1: Analysis of variance for different characters in cowpea [Vigna unguiculata (L.) Walp] 

Flower initiation stage Post Dowering water Normal growing condition Percent injury due to post 
stress condition flowering water stress as 

expressed through 

Source of Root Fresh root Dry root Root Root Root Yield Biological Harvest Yield per Biological Harves Yield per Biological Harvest 

variation d. length weight(g) weight volume density Shoot per plant yield (g) index plant (g) yield (g) t index plant(%) yield(%) index (%) 

f. (em) (g) (ml) (g/ml) ratio (g) (%) (%) 

Replication 2 22.411 0.886 0.801• 0.092 o.oos• 0.001 2.169• 21.797 7.242 26.163 .. 90.827 6.627 26.292 3.7t3• 115.408 

Treabnent 29 75.846•• 10.427 .. 5.256 .. 5.635•• 0.034 .. 0.03t•• 5.295 .. 62.927 .. 18.812• 15.702• 193.538 .. 7.612• 105.886•• 90.221• 294.358•• 

Error 58 21.334 0.502 0.378 0.228 0.003 0.003 0.817 22.284 3.676 9.037 57.896 3.676 22.459 37.525 119.939 

•and ••significant at 5 and 1 per cent level of significance, respectively. 



conditions and root component characters were estimated at phenot .. pK a 1 

genotypic levels. The phenotypic (rp) and genotypic (rg) correlation coc ftctent~o, 

between different characters are presented in Table 4.2. The carrel tion at 

genotypic and phenotypic levels exhibited the same trend. In ma]oril of tht 

cases, the value of genotypic correlation was greater than correspondin vatu 

of phenotypic correlation coefficient. 

4.2.1 Relationship of Grain Yield with Root Attributes under Norm 

Condition. (Table 4.2) 

Grain yield per plant under normal condition exhibited significan l; ht h 

and positive correlation with biological yield at both genotypic and phc totyp <. 

levels (rg = 0.748 and rp = 0.751) and with harvest index at genotypic le\el (rl.' 

0.619). It showed significant and negative correlations at genotypic le\ .;!! wtth 

root length (rg = -0.378), fresh root weight (rg = -0.496), dry root wdgh (rt 

0.51 0), root volume (rg = -0.522) and root density (rg = -0.370). 

Grain yield per plant under normal condition also manifeste! noli­

significant negative phenotypic correlation with root length (rp = -0 137 , fres 1 

root weight (rp = -0.265), dry root weight (rp - -0.260), root volume rr 

0.270) and root density (rp = -0.206). The correlations were non-sig1 ificant 

positive with root: shoot ratio at both the levels (rr = 0.047 and rg - 0.3 1) and 

with harvest index at phenotypic level (rr = 0.176). 

The values of genotypic correlation were higher than the corresp mdinr 

values of phenotypic correlation coefficient in all the cases. exec ,t for 

biological yield. 



Table 4.2: Phenotypic and genotypic correlation coefficients among different characters in cowpea 

[Vigna unguiculata (L.) Walp.] 

s Characters r Flower initiation stage Post flowering water stress 
t condition 
a Fresh Dry root Root Root density Root: shoot Biological Harvest Yield per 
g root weight volume (glml) ratio yield (g) index(%) plant (g) 
e' weight (g) (ml) 

(•l 
Root length Ill 0.728 .. 0.697** 0.727 .. 0.598 .. 0.238 0.171 -0.143 -0.028 

(em} 

"' 0.975 .. 0.950 .. 0.945 .. 0.884** 0.282 0.401' -0.375' -0.050 
Fresh root --{--- 0.925** 0.911** 0.902** 0.353 0.266 -0.135 0.045 
Weight (g) 0.988 ... 0.944** 0.922** 0.371* 0.376* -0.236 0.038 
Dry root -T.- 0.883 .. 0.799 .. 0.427* 0.196 -0.106 0.027 

F Weight(g) 0.917 .. 0.926** 0.395* 0.390' -0.278 0.019 
I Root volume + 0.650 .. 0.392• 0.293 -0.105 0.089 
s (ml) 0.746•• 0.402' 0.467•• -0.187 0.106 

Root density --{--- 0.242 0.167 -0.173 -0.050 
(glml) 0.266 0.185 -0.329 -0.107 

Root: shoot + 0.100 -0.084 -0.004 
ratio 0.197 -0.133 0.038 

Biological 7 -0.158 0.477 .. 
p yield (g) 0.547*• 0.863 .. 
F H"""~ I ~ 0.783** 
w index(%) 0.897•• 
s Yield per 

~ c plant (g) 

Biological 
1% yield (g) 

Harvest lfi N index(%) 
c 

Yield per 

~ plant (g) 

p Biological 
I~ I yield(%) 

p HMvcst 

~ F index(%) 

w 
s 

-*and *•stgnificant at:> and 1 per cent level of signtftcance, respectively. 

FIS 
PFWSC 
NC 

Flower inithuion sto:,;c 
Post ilO\\~r water !".t:rc::;::; cond.ticn 

Normal Growing Condition 

rIp r:ws Percent injury du-: (O post flowering wru.c.r slrcss 

Normal growing condition Percent injury due to post flowering 
water stress 

Biological Harvest Yield per Biological Harvest Yield per 
yield (g) index(%) plant (g) yield(%) index(%) plant(%) 

0.029 -0.240 -0.137 -0.108 0.029 -0.043 
0.043 -0.596 .. -0.378' -0.305 0.111 -0.095 
-0.075 -0.306 -0.265 -0.247 -0.004 -0.178 
-0.073 -0.545** -0.496 .. -0.367' 0.005 -0.214 
-0.059 -0.318 -0.260 -0.184 -0.033 -0.159 
-0.044 -0.604 .. -0.510 .. -0.365' -0.025 -0.198 
-0.003 -0.401• -0.270 -0.238 -0.068 -0.216 
0.025 -0.728 .. -0.522 .. -0.397' -0.104 -0.279 

-0.118 -0.166 -0.206 -0.184 0.090 -0.064 
-0.136 -0.284 -0.370' -0.228 0.193 -0.039 
0.305 -0.262 0.047 0.107 -0.022 0.003 
0.557 .. -0.377' 0.321 0.210 -0.046 0.011 

- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - -
- - - - - -

-0.047 0.751 .. - -
-0.520•• 0.74&•• - -

0.176 - - -
0.619** - - -

- - -
- - -

0.628** 0.579•• 
-0.061 0.892•• 

0.762•• 
0.903•* 
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4.2.2 Relationship of Grain Yield under Post Flowering Water St1 ess 

Condition with Root Attributes (Table 4.2) 

Grain yield per plant under post flowering water stress con Iition 

exhibited significantly high and positive correlation with biological yielc (rr 

0.477 and rg = 0.863) and harvest index (rp = 0.783 and r8 - 0.897) both 

genotypic and phenotypic levels. 

Grain yield per plant under post flowering water stress conditic 1 also 

showed non-significant negative correlation with root length (rp = -0.028 and r 

= -0.050) and root density (rp = -0.050 and rg = -0.1 07) at both the levels It aJs 

exhibited negative and non-significant correlation at phenotypic le\o' with 

root: shoot ratio (rp = -0.004). The correlation were non-significantly rosittv· 

with fresh root weight (rp = 0.045 and rg = 0.038). dry root weight (rp 0.02"" 

and rg = 0.0 19) and root volume (rp = 0.089 and rg = 0.1 06) at both til( level 

and with root: shoot ratio (rg = 0.038) at genotypic level. 

The value of genotypic correlation was higher than the corres ondin 

phenotypic correlation coefficient in all the cases, except fresh root we ght and 

dry root weight. 

4.2.3 Relationship of Percent Injury in Yield Due to Post Flowerino Watu 

Stress with Different Characters. (Table 4.2) 

It was observed that percent injury in yield per plant due to post 

flowering water stress exhibited non-significant and negative correla on v.tth 

root length (rp = -0.043 and rg = -0.095), fresh root weight (rp = -0 178 and r 

-0.214), dry root weight (rp = -0.159 and rg = -0.198), root volume (rr -0.: 



and rg = -0.279) and root density (rp = -0.064 and rg = -0.039) and non­

significant positive correlation with root: shoot ratio (r 11 - 0.003 and r < 0 II l 

at both the levels. Similarly the correlations of percent injui) due tl pof-11 

flowering water stress in yield per plant were significantly high and p< itt\ c 

with percent injury due to post flowering water stress as measured tl ough 

biological yield (rp = 0.579 and rg = 0.892) and harvest index (rp 0 762 .md r 

= 0.903) at both phenotypic and genotypic levels. 

The value of genotypic correlation was higher than the cor1"esp mdin! 

phenotypic correlation coefficient in all the cases except root densit) 

4.2.4 Root Length (em) (Table 4.2) 

This root length exhibited positive and highly significant corr .. lation 

with fresh root weight (rp = 0.728 and rg 0.975), dry root weight <rr 0 fl9' 

and rg = 0.950). root volume (rp = 0.727 and rg = 0.945) and root dens. ) (rr 

0.598 and rg = 0.884) at both phenotypic and genotypic levels It vinced 

significant and positive genotypic correlation with biological yield un er pc ~t 

flowering water stress condition (rg = 0.401 ). It also showed ntga· ve aud 

highly significant correlation with harvest index under normal conditl{ 1 {r1 

0.596) and negative significantly correlation with harvest index un lcr pl 

flowering water stress condition (r g = -0.3 75) at genotypic level. 

Root length exhibited positive and non-signiticant correlation ' ith ruot 

shoot ratio (rp - 0.238 and r8 = 0.282), biological yield (rp = 0.029 and r 

0.043) under normal condition and percent injury due to post flower 1g \H lt' 

stress as measured through harvest index (rp = 0.029 and rg = 0.111) a both th 

levels and with biological yield under post flowering water stres5 cor dtttor ( r 
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= 0.171) at phenotypic level. It had negative and non-significant cor elation 

with percent injury due to post flowering water stress as measured hrough 

biological yield (rp = -0.108 and rg = -0.305) at both the levels and \\'ith harve t 

index at post flowering water stress condition (rp = -0.143 ) and harn; t index 

under normal condition (rp = -0.240) at phenotypic level. 

4.2.5 Fresh Root Weight (g) (Table 4.2) 

Positive and highly significant association was exhibited by fr sh root 

weight with dry root weight (rp = 0.925 and rg = 0.988), root volume (rp - 0.9 I 

and rg = 0.944) and root density (rp = 0.902 and rg = 0.922) at both ph notypi<. 

and genotypic levels and at genotypic level with root: shoot ratio (rg 0.371 

and biological yield under post flowering water stress condition (r - Q 376). I 

showed negative and highly significant correlation with harvest indtl\ under 

normal condition (rg = -0.545) and negative and significant associat .>n w1tl 

percent injury in biological yield due to post flowering water stress ( r 

0.367) at genotypic level. 

The biological yield under normal condition (rp = -0.075 and rg -0 073l 

and harvest index under post flowering water stress condition (rp -0 135 and 

rg = -0.236) had negative and non-significant association with fresh roc weigh 

at both the levels. while at phenotypic level with harvest index unde norn a • 

condition (rp = -0.306), percent injury due to post tlowering water tree,~ m 

biological yield (rp = -0.247) and harvest index (rp = -0.004). It had pos tivc a 1d 

non-significant association with root: shoot ratio (rp = 0.353) and b ological 

yield under post flowering water stress condition (rp = 0.266) at ph not} pH.: 



'Expmrnentaf~ 1lfts 2 

level and percent injury due to post flowering water stress as measured th ough 

harvest index at genotypic level (r8 = 0.005). 

4.2.6 Dry Root Weigbt (g) (Table 4.2) 

Dry root weight exhibited positive and significant association wit root 

volume (rp = 0.883 and rg= 0.917), root density (rp = 0.799 and rg ::_ 0 92<) and 

root: shoot ratio (rp = 0.427 and rg = 0.395) at both phenotypic and gen 'typic 

levels, while at genotypic level with biological yield under po~t flm ermg 

water stress condition (rg = 0.390). It showed negative and highl) ~ign ficant 

association with harvest index under normal condition (rg = -0.6041 and 

significant with percent injury due to post flowering water stress tt5 me surcd 

through biological yield (rg = -0.365) at genotypic level. 

Biological yield under normal condition (rp = -0.059 and rei -( .044 ), 

harvest index at post flowering water stress condition (rp = -0. 106 and rr: 

0.278) and percent injury due to post flowering \.Vater stress as me ~ured 

through harvest index (rp = -0.033 and rg = -0.025) exhibited negat i\ e ani non 

significant association with dry root weight at both the levels. At pher otypil 

level, biological yield under post flowering water stress condition (rp ::::... .196), 

harvest index under normal condition (rp = -0.318) and percent inJury iuc to 

post flowering water stress as measured through biological yield (r - 0 184) 

had non-significant association with dry root weight. 

4.2.7 Root Volume (ml) (Table 4.2) 

Root volume evinced positive and significant correlation \\ ith be ~.h root 

density (rp = 0.650 and rg = 0.746) and root: shoot ratio (rp -= 0.392 a d r 

0.402) at both phenotypic and genotypic levels. It also sh.)wed pos1t ..re and 



highly signiticant correlation with biological yield under post flo"' ering .\ ater 

stress condition (r g = 0.467) at genotypic level. It showed high!) ~tgn icant 

negative association with harvest index under normal condition (rg · -0.-18) at 

genotypic level and negatively significant correlation at. phenotypic level rp -

0.401 ). It also showed negatively significant association with percent llJUl') 

due to post tlowering water stress as measured through biological } teld rr, 

0.397) at genotypic level. 

Biological } ield under normal condition ( rp =- -0.003 and r,, 1.02~). 

han est index under post flowering \Vater stress condition (rp - -0.105 ru d r 

-0.187) and percent injury in harvest index due to post flowering wate strcs 

(rp = -0.068 and rg = -0.104) showed non significant association at b 1th the 

levels, while biological yield under post flowering water stress conditJ( n (r 

0.293) and percent injury in biological yield due to post flowering watt. stre_ 

(rp = -0.238) exhibited non-significant phenotypic association WI h root 

volume. 

4.2.8 Root Density (glml) (Table 4.2) 

Root density exhibited positive and non-significant assmaattt n witt 

root: shoot ratio (rp = 0.242 and rg = 0.266). biological yield um er P'­

Oowering water stress condition (rp = 0.167 and rg = 0.185) and percc t injun 

due to post flowering water stress as measured through harvest ind x 1 rP 

0.090 and rs = 0.1 93 ). It exhibited negative and non-significant associal on w th 

harvest index (rp = -0.173 and rg = -0.329) under post flowering wa .:r ::.tn. 

condition; biological yield (rp = -0.118 and rg =-= -0.136] and han est in ex (r 

-0.166 and rl!. = -0.284) under normal condition and percent injun dli.: to p) t 



flowering water stress as measured through biological yield (rp = -0.184 IJld r 

= -0.228) at both phenotypiL and genotypic levels. 

4.2.9 Root: Shoot Ratio (Table 4.2) 

Root: shoot ratio had highly significant and positive associat Jn at 

genotypic level with biological yield (rg = 0.557) and significant nt clati'Vc 

association with harvest index under normal condition (rg = -0.377) 

The biological yield (rp = 0.100 and rg= 0.197) and harvest index rp 

0.084 and r8 = -0.133) under post flowering water stress condition; r ercen 

injury due to post t1owering water stress as measured through biologici.. yield 

(rp = 0.107 and rg = 0.210) and harvest index (rp = -0.022 and r - 0.046) 

evinced non-significant association with root: shoot ratio at both the le\ .Jls. At 

phenotypic level it did so with biological yield ( rp =- 0.305) and harve~ inde 

(rp = -0.262) under nonnal condition. 

4.2.10 Biological Yield under Normal Condition (g) (Table 4.2) 

Biological yield under normal condition exhibited highly sig j:ficaut 

negative association (rg = -0.520) with harvest index under normal cone 1tion at 

genotypic level. It showed non-significant negativt. correlation \Vith harve t 

index (rp = -0.047) at phenotypic level under normal~. ondition. 

4.2.11 Biological Yield under Post Flowering Water Stress Conditio 1 (g) 

(Table 4.2) 

Biological yield under post flowering water stress condition ~.;vcakd 

highly significant positive genotypic correlation with harvest inde ur Jer pos 

flowering water stress condition (rg = 0.547), while the associat on \\aJ 

negative and non-significant (rp = -0.158) at phenotypic level. 



4.2.12 Percent Injury Due to Post Flowering Water Stress in Biolo 1cal 

Yield (0/o) (Table 4.2) 

Percent injury due to post flowering water stress as measured through 

biological yield had positive and highly significant association with perccn• 

injury due to post flowering water stress as measured through harvest i 1dex <rr. 

= 0.628) at phenotypic level and negative non-significant association (r1 

0.061) at genotypic level. 

4.3 Path Coefficient 

Grain yield is a complex character that is dependent upor man~ 

component characters. The above ground yield components have been 

extensively studied. However, the underground parts like roots that rIa} an 

important role in ascertaining yield limit under different growing cor jitions 

have not been studied in consonance to their importance. The curnb rsome 

exhuming process of roots deters the breeders to undertake the root ~ :udte(. 

However, roots are very important particularly under water stress conditt m and 

can not be ignored in any crop improvement programme for long. fh' efore. 

association of root attributes as also their direct and indirect effect or v1eld 

under different growing conditions viz., normal and post flowering water -,tres'i 

was studied The estimates of direct and indirect effects of di ferent 

independent traits on grain yield under normal and post flowering ~ ater stress 

condition is presented as under: 



4.3.1 Grain Yield under Normal Condition as Dependent Trait (Tab(( 

4.3.1) 

4.3.1.1 Root Length (em) 

Negative and significant association (-0.378) was depicted by thts trait 

on grain yield per plant under normal condition. Its direct effect on grain ield 

was negative (-0.638). It exhibited negative association due to its nc 1ti\c 

indirect effect via root volume ( -1.614) followed by root density (-I ., 19 , dry 

root weight ( -0.740). harvest index ( -0.447) and root: shoot ratio ( -0.092) and 

positive indirect effect via fresh root weight ( 4.308) and biologtcal yield 

(0.064). 

4.3.1.2 Fresh Root Weight (g) 

Fresh root weight exhibited negative and highly significant corrc latton 

with grain yield (-0.496). It manifested the highest positive direct effect< .4 i 7) 

among all the traits on grain yield under normal condition. It showe{ higl 

negative indirect effect via root volume ( -1.612), root density ( -1.271 ), d y root 

weight (-0.770), root length (-0.622) and harvest index (-0.408) ar i lo\\ 

negative indirect effect via root: shoot ratio ( -0.121 ) and biological } eld l 

0.1 09). 

4.3.1.3 Dry Root Weight (g) 

A highly significant negative correlation was observed forth s tr !1 v•it~ 

grain yield ( -0.51 0). lt showed high negative direct effect ( -0.779) wit 1 grain 

yield under normal condition. Only fresh root weight (4.364) showed J ostllH; 

indirect effect via this trait. Dry root weight evinced negative indired ct ect \ 



Table 4.3.1: Path coefficient analysis showing direct and indirect effect of different root attributes 

on yield under normal condition in cowpea [Vigna unguiculata (L.) Walp.) 

Characters Flower initiation sta!!e Normal growing condition 
Root Fresh Dry root Root Root Root: Biological Harvest Genotypic 

length root weight (g) volume density shoot yield (g) index(%) correlation with 
(em) weight (g) (ml) (g/ml) ratio grain yield 

Root length (em) -0.638 4.308 -0.740 -1.614 -1.219 -0.092 0.064 -0.447 -0.378* 

Fresh root weight (g) -0.622 4.417 -0.770 -1.612 -1.271 -0.121 -0.109 -0.408 -0.496** 

Dry root weight (g) -0.606 4.364 -0.779 -1.566 -1.276 -0.129 -0.065 -0.453 -0.510** 

Root volume (ml) 0.603 4.170 -0.714 -1.708 -1.028 -0.131 O.o38 -0.545 -0.522** 

Root density (glml) -0.564 4.072 -0.722 -1.274 -1.378 -0.087 -0.203 -0.213 -0.370* 

Root : shoot ratio -0.180 1.640 0.308 -0.686 -0.367 -0.327 0.831 -0.282 0.321 

Biological yield (g) -0.027 -0.323 0.304 -0.043 0.188 -0.182 -1.491 -0.390 0.748** 

Harvest index (%) 0.380 -2.407 0.471 1.243 0.392 0.123 -0.776 0.749 0.619** 

Res1dual effect - 0.0067 

*and **significant at 5 and I per cent level of significance, respectively. 
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Fig. 1: Genotypic path diagram for association study of cowpea under normal condition 

-0.596 

RESIDUAL EFFECT= 0.0067 
2-Root length, 3-Fresh root weight, 4-Dry root weight, 5- Root volum,e, 6- Root density, 7-Root: shoot ratio, 8-Biological yield, 
9-Harvest index. 

~ Correlation coefficient, -- Direct effect 
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· 10t volume ( -1.566 ). root densitv ( -1.276 ), root length ( -0.606 ). harvest u dex 

( -0.453 ), root: shoot ratio ( -0.129) and biological yield ( -0.065). 

4.3.1.4 Root Volume (ml) 

Root volume exhibited highly significant negative correlation with gram 

yield under normal conditton ( -0.522). The direct effect on grain yiel \\J~ 

negative and highest (-1.708). Indirect effect via root density (-1.028). dr~ root 

weight ( -0.714 ). harvest index ( -0.545) and root: shoot ratio ( -( .131) war;; 

negative. The positive indirect effects were recorded via fresh root ve1ght 

( 4.170). root length (0.603) and biological yield (0.038). 

4.3.1.5 Root Density (glml) 

Root density exhibited the high negative direct effect ( -1.3 78) o gram 

yield under normal condition. Its negative significant association wtt grab 

yield ( -0.370) was attributable to the negative indirect effect via root vo urne t-

1.274), dry root weight (-0.722). root length (-0.564), harvest index t· ).213) 

biological yield ( -0.203) and root: shoot ratio ( -0.087). It evinced osttl\ e 

indirect effect via fresh root weight (4.072). 

4.3.1.6 Root: Shoot Ratio 

Root: shoot ratio showed negative direct effect on grain yiell und 1 

normal condition ( -0.327). It revealed positive association with gra n ';tclu 

(0.321) that was attributed to its positive indirect effect via fresh roo weigh 

(1 .640), biological yield (0.831) and dry root weight (0.308) Hm e'er, 1 

showed negative indirect effect via root volume ( -0 ~86 ), root den~ it) -0 ~6 7 , 

harvest index ( -0.282) and root length ( -0.180). 



4.3.1.7 Biological Yield (g) 

Biological yield exhibited highly significant positive correlation \\tth 

grain yield under normal condition (0.748), though its direct effect on sram 

vield was high and negative ( -1.491 ). It exerted negatiYe indirect cffi t )J1 

grain yield via harvest index ( -0.390), fresh root weight ( -0.323), root heot 

ratio ( -0.182). root \'Olume ( -0.043) and root length ( -0.027), whi e u Jtrcct 

effect were positive via dry root weight (0.304) and root density (0.188). 

4.3.1.8 Harvest Index (0/o) 

This trait exhibited positive and highly significant association Wtti grair 

yield under normal condition (0.619). It evinced a positive direct eft ct 1 ).749 

on grain yield. Similarly, the indirect effects were also positive via root olum 

(1.243). dry root weight (0.471). root density (0.392). root length 0 ~ 0) an I 

root: shoot ratio (0.123 ). However, it exhibited negative indirect effect c 1 grat 

yield via fresh root weight ( -2.407) and biological yield (-0.776). 

4.3.2 Grain Yield under Post Flowering Water Stress Condition s 

Dependent Trait (Table 4.3.2) 

4.3.2.1 Root Length (em) 

Negative and non-significant association (-0.050) was depleted by ro 

length on grain yield under post flowering water stress conditton. I ., d1rc~..: 

effect on grain yield was low and positive (0.093). However. tt a ..lCJati r 

with grain yield under post flowering water stress condition wa~ neg 1vc du 

to its negative indirect effect via fresh root weight (-I .900) followt:d b han 

index (-0.277). It revealed positive indirect effect via root volume W ~ }4), r 



Table 4.3.2: Path coefficient analysis showing direct and indirect effect of different root attributes 

on yield under post flowering water stress condition in cowpea (Vigna unguiculata (L.) 

Walp.] 

Characters Flower initiation stage Post flowerin2 water stress condition 
Root Fresh Dry root Root Root Root: Biological Harvest Genotypic 

length root weight (g) volume density shoot yield (g) index(%) correlation with 
(em) weight (g) (ml) (g/mJ) ratio grain yield 

Root length (em) 0.093 -1.900 0.303 0.804 0.723 0.016 0.188 -0.277 -0.050 

Fresh root weight (g) 0.091 -1.948 0.315 0.803 0.753 0.021 0.177 -0.174 0.038 

Dry root weight (g) 0.089 -1.924 0.319 0.780 0.757 0.022 0.183 -0.206 0.019 

Root volume (ml) 0.088 -1.839 0.292 0.851 0.610 0.022 0.220 -0.138 0.106 

Root density (glml) 0.083 -1.796 0.295 0.635 0.817 0.015 0.087 -0.243 -0.107 

Root : shoot ratio 0.026 -0.723 0.126 0.342 0.217 0.056 0.093 -0.098 0.038 

Biological yield (g) 0.037 -0.733 0.124 0.398 0.151 0.011 0.470 0.404 0.863** 

Harvest index (%) -0.035 0.459 -O.OR9 -0.159 -0.268 -0.007 
I 

0 257 0.739 I 0 897** 

l I I I I 

... ... 

*und ••~tgnif•cant t., and I per cent le\'el of signtf1can~e. re'>pecu"el"~y 



Fig. 2: Genotypic path diagram for association study of cowpea under post flowering water stress 
condition 

-0.375 

RESIDUAL EFFECT = -0.0011 
2-Root length, 3-Freo;h root '"''eight. 4-Dry root weight, 5- Root volum.e. 6- Root densit), 7-Root. shoot ratio. 8-Biological yield, 
9-Hane~L mdex 

<(-? Lorrelatton coett•c•ent, 
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density (0.723), dry root weight (0.303), biological yield (0.188) and root: 

shoot ratio (0.0 16). 

4.3.2.2 Fresh Root Weight (g) 

Fresh root weight exhibited the highest negative direct effect ( -1.948) 

amongst all traits on grain yield under post flowering water stress condition. Its 

positive non-significant association with grain yield (0.038) may be attributed 

to the positive indirect effect via root volume (0.803), root density (0.753), dry 

root weight (0.315), biological yield (0.177), root length (0.091) and root: shoot 

ratio (0.021). It showed negative indirect effect only via harvest index (-0.174). 

4.3.2.3 Dry Root Weight (g) 

Dry root weight exhibited very low positive and non-significant 

correlation with grain yield under post flowering water stress condition (0.019). 

Its direct effect was positive (0.319) and so were the indirect effect on grain 

yield via root volume (0.780), root density (0.757), biological yield (0.183), 

root length (0.089) and root: shoot ratio (0.022). It exhibited negative indirect 

effect via fresh root weight (-1.924) followed by harvest index (-0.206). 

4.2.3.4 Root Volume (ml) 

Root volume exhibited positive and non-significant association with 

grain yield under post flowering water stress condition (0.1 06). It depicted 

positive direct effect (0.851) on grain yield and positive indirect effect via root 

density (0.610), dry root weight (0.292), biological yield (0.220), root length 

(0.088) and root: shoot ratio (0.022). It showed negative indirect effect via 

fresh root weight (-1.839) and harvest index (-0.138). 



4.3.2.5 Root Density (g/ml) 

A negative and non-significant correlation was revealed for root densin 

with grain yield under post flowering water stress condition ( -0. I 07 ), th mgh 1t 

direct effect on grain yield was high and positive (0.817). It exhibited 1 egatJ\C 

indirect effects on grain yield via fresh root weight (-1.796) ami h u-ve t index 

( -0.243 ). It evinced positive indirect effect on grain yield v1a root -·olumc 

(0.635), dry root weight (0.295), biological yield (0.087), root length 0.08 1 

and root: shoot ratio (0.0 15). 

4.3.2.6 Root: Shoot Ratio 

Root: shoot ratio had non-significant and very low positive cor; .!latto'l 

with grain yield under post flowering water stress condition (0.038 1. It direct 

effect on grain yield was also positive (0.056) and so were the indtre<.. dh.'lt 

via root volume (0.342). root density (0.217), dry root weight f 1.1 ,6 

biological yield (0.093) and root length (0.026). It showed negative tdirect 

effect via fresh root weight (-0.723) and harvest index (-0.098). 

4.3.2. 7 Biological Yield (g) 

A highly significant positive correlation was observed for hw ogtcal 

yield with grain yield under post flowering water stress condition (O.b l3 1 I 

also showed positive direct effect on grain yield (0.470). lt also re eaJeC' 

positive indirect effect on grain yield via harvest index (0.404), rout \ )lum~ 

(0.398), root density (0.151 ), dry root weight (0.124 ), root length (O.OJ ) anu 

root. shoot ratio (0.0 11 ). The mdirect effect on grain yield was negati\ onl)' 

via fresh root weight ( -0.733). 
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4.3.2.8 Harvest Index (%) 

Harvest index exhibited the highest and highly significant positive 

correlation with grain yield under post flowering water stress condition (0.897). 

The direct effect of this trait on grain yield was positive (0.739). Indirect 

effects of this trait on grain yield were also positive via fresh root weight 

(0.459) and biological yield (0.257). However, it revealed negative indirect 

effect via root density (-0.268), root volume (-0.159), dry root weight (-0.089), 

root length (-0.035) and root: shoot ratio (-0.007). 

4.3.3 Percent Injury Due to Post Flowering Water Stress in Yield as 

Dependent Trait (Table 4.3.3) 

4.3.3.1 Root Length (em) 

The root length exhibited the highest positive and direct effect ( 1.148) on 

percent injury due to post flowering water stress in yield. Its negative and non­

significant association with percent injury to yield ( -0.095) may be attributed to 

the negative indirect effect via fresh root weight ( -3 .000), root: shoot ratio (-

0.002) and percent injury to biological yield due to post flowering water stress 

(-0.178). The indirect effects on percent injury due to post flowering water 

stress in yield were positive via dry root weight (0.867), root density (0.563), 

root volume (0.470) and percent injury to harvest index due to post flowering 

water stress (0.037). 

4.3.3.2 Fresh Root Weight (g) 

Fresh root weight had negative and non-significant correlation on 

percent injury due to post flowering water stress in yield (-0.214). Jt exhibited 



Table 4.3.3: Path coefficient analysis showing direct and indirect effect of different root attributes 

on percent injury in yield due to post flowering water stress in cowpea I Vigna unguiculata (L.) 

Walp.) 

Characters Initiation of flowering Percent injury due to post flowering water stress 
as expressed through 

Root Fresh Dry root Root Root Root: Biological Harvest Genotyptc 
length root weight (g) volume density shoot yield(%) index(%) correlation with 
(em) weight (g) (ml) (g/ml) ratio grain yield 

Root length (em) 1.148 -3.000 0.867 0.470 0.563 -0 002 -0 178 0.037 -0.095 

Fresh root weight (g) 1.120 -3.076 0.902 0.469 0.587 -0.002 -0.214 0.002 -0.214 

Dry root weight (g) 1.090 -3.039 0.913 0.456 0.590 -0.003 -0.213 0.008 -0.198 

Root volume (ml) 1.085 -2.904 0.837 0.497 0.475 -0.003 -0.232 -0.034 -0.279 

-I- - --

I Root density (glml) 1.015 -2.836 0.845 0.371 0.637 -0.002 -0. I 33 0.064 -0.039 
' ' 

Root : shoot ratio 0.323 -1.142 0.360 0.200 0.169 -0.007 0.122 -0.015 0011 

~ -- --- - 1-- - ·-
Biological yield -0.351 1.129 -0.333 -0.198 -0.145 -0.001 0.583 0.208 0.892U 

~ t t L 
(I .,j! () (I ,.., 11 .,, 

S" I) .,'l 0 ~ OQ1U 0 00 000 0 16fi 0 

1 ! 1 1 l 

-

-
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Fig. 3: Genotypic path diagram for association of yield per plant of cowpea with percent 
injury due to post flowering water stress condition 

0 Ill 

-----
---+ RESIDUAL EFFECT = -0.0231 

2-Root length, 3-Fre5h root weight, 4-Dry root weight. 5- Root volum.e. 6 Root dcn5it), 7-Root !>hoot rdtro. 8-Hiolo~rcal viel<i 
9-Harvest index. 
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the highest negative direct effect ( -3 .076) amongst all the traits un p rccnt 

injury to yield due to post flowering water stress. Percent injul") to bioi lgical 

yield due to post flowering water stress ( -0.214) and root: shoot rat1o (- .002) 

showed negative indirect effect with it. A positive indirect ctTec wa 

manifested on percent injury due to post flowering water stress in ) icld v a root 

length ( 1.120). dry root weight (0.902), root density (0.587). n t 1lumt 

(0.469) and percent injury due to post flowering water stress in ha;vc~ mde\. 

(0.002). 

4.3.3.3 Dry Root Weight (g) 

Dry root weight had negative and non-significant correlatio 1 wtth 

percent injury due to post flowering water stress in yield f-0.1 98) It drrect 

effect on percent injury to yield was positive (0.913). it shO\\ed IOSttl\c.. 

indirect effect via root length ( 1.090). root density (0.590). root volume 0 4'6~ 

and percent injury due to post flowering water stress in harvest rudex l 0 00~ 

and negative indirect effects via fresh root weight (-3.039). root: 5hoo ratio 1 

0.003) and percent injury due to post flowering water stress in biologu al ~teld 

(-0.213). 

4.3.3.4 Root Volume (ml) 

A negative and non-significant correlation was observed tor hi'- trait 

with percent injury due to post flowering water stress in ) ielc ( ( 279 J t 

showed positive direct effect (0.497) on percent injury to yield \ posit " 

indirect effect \·Vas observed by this trait on percent injUI")' to : teld \1 roo 

length (1.085), dry root weight (0.837) and root density (0.475). It hac negatiH 



mdirect effect on percent injury to yield via fresh root weight ( -2.904 and 

root: shoot ratio ( -0.003 ). percent injury due to post tlowering water str ss m 

biological yield ( -0.232) and harvest index ( -0.034 ). 

4.3.3.5 Root Density (g/ml) 

Root densit) showed positive direct effect (0.637) and 'el) weak 

negative and non-significant correlation ( -0 .039) with percent injul) c ue to 

post flowering water stress in yield. It had negative indirect effect on r ~rcent 

injury to yield via fresh root weight ( -2.836), root: shoot ratio ( -0.00 ) and 

percent injury due to post flowering water stress in biological yield (- .I 3) 

Positive indirect effects were observed via root length ( 1.0 15), dry oot ve1ght 

(0.845), root volume (0.371) and percent injul) to harvest index due o post 

t1owering water stress (0.064). 

4.3.3.6 Root: Shoot Ratio 

Root: shoot ratio exhibited the lowest positive and not -sig 1ificant 

correlation with percent injury due to post flowering water stress 1 ) ield 

(0.011). Its direct effect was low and negative (-0.007). It sho\\ed regathe 

indirect effect on percent injury to yield via fresh root '<veight 1 -I I 2) and 

percent injury due to post flowering water stress in hanrest mdex t -0.0 I::-) 

Positive indirect effect on percent injury to yield were observed via try r< ot 

weight (0.360). root length (0.323), root volume (0.200), root densit) (0 1691 

and percent injury due to post flowering water stress in biological ) reid (0.12 l ). 
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4.3.3. 7 Biological Yield (0/o) 

This trait exhibited positive and highly significant correlatim with 

percent injury due to post flowering water stress in yield (0.892) and its direct 

effect was also positive (0.583). It exhibited positive indirect effect vir fresh 

root weight ( 1.129) and harvest index (0.208) and negative indirect effl ct via 

root length (-0.351), dry root weight (-0.333), root volume (-0.198 root 

density (-0.145) and root: shoot ratio (-0.001). 

4.3.3.8 Harvest Index (o/o) 

Percent injury due to post flowering water stress in harvest index 

exhibited the highest positive and highly significant correlation with r .!rcent 

injury to yield due to post flowering water stress (0.903). It depicted p sitJve 

direct effect (0.331 ) on percent injury to yield. It did not show any ( 1.000) 

indirect effect via Root: shoot ratio. It had negative indirect effect vi 1 root 

volume ( -0.052) and fresh root weight ( -0.0 16) and positive indirect eff, ct via 

root length (0.128), root density (0.123) and dry root wetght (0.02.) and 

percent injury due to post flowering water stress in biological yield (0.36 J). 
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V. DISCUSSION 

The present investigation was aimed to evaluate a se• of thtrt. 

genotypes of cowpea for character association of root attributes witl yteld 

under normal growing condition as well as post flowering "'ater strcc;~ 

condition. Success of any crop improvement programme is largely dep nden 

on the extent of genetic variability present in the population and effcctt\ ly the 

superior types arc selected among them. 

Global warming has led to many transitional changes in em·irc 1men 

that harbinger changes in growing condition in the years to come f JSC tr 

temperature. low difference between diurnal and nocturnal temperature . ht t 

intensity rains with lesser number of rainy days followed by long dr:- spc Is arc 

some of the salient features of change in environment during the last fe year 

(Keeling et a/., 1996 and Karl. 1997). 

Evolution is a continuous but slow process in which the cror no 

indi' idual genotypes adapt to the changed environmental condttJO 1~ b) 

producing narrow and diverse new gene constellations (Allard, l Q6U It i'­

therefore, expected that with global warming the crops too art ac .ptm~ 

themselves to changes in environmental conditions. Cowpea is known or ttL 

versatility and adaptability to warm and dry conditions. The trac! twna 

populations of cowpea got adapted as long duration genotypes wnh r ofu c 

vegetative growth but poor producti\ ity. The natural seledior \\-8 

consummately assisted b) the breeders' interventions that catapultld the 
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cowpea to a compact. short duration having lesser vegetative growth b t more 

productivit) . The latest endeavors to develop 60-days cowpea could nake it 

possible to grow 4 to 5 crops in a year during different seasons 1 ending 

negotiating changes in environmental conditions. Cowpea is the best ca 1didate 

to adapt to warm and dry conditions though some genotypes are requ red for 

intensive fanmng too. However. as in other pulses cowpea is not r spo1 sive to 

irrigation and fertilizers and often lead to uncontrolled excessive ve etathe 

growth with least conversion of dry matter produced in to economic pro luction 

i.e. grains. Contrarily, the vegetative growth restricted under coru trained 

moisture condition. Therefore, biological yield and harvest index are he t\\O 

most important components for realizing high yield in cowpea under d fferent 

growing conditions. 

The nature has selected the subjective and fittest combination c under 

ground and above ground parts under a given growing situation. How( ver. all 

crop improvement work inclusive selection and hybridization has mam ) been 

dependent upon onl) upper visible parts. The yield components ha\ e been 

extensively tailored to aim yield enhancement. Various crop impro ement 

technologies inclusive modern technologies like; biotechnology, marker 

assisted selection have been employed to increase absolute yteld fhet;c 

component characters have negative association (Hall , 2003: Iqbal eta/. 2003: 

Kelly et al , 2003. Rubiales et al., 2006 and Samizadeh et al. , 2007). I tcrea c 

in the number of grains per pod usually associate with reduced grain weight 

and vice versa. Similarly, other characters also have negative assoc at ions. 



The appropriate constitution as per growing conditions as also breai. ng the 

undesirable linkages have been targeted through specialized progrru nne ot 

crop improvement like bi-parental mating, diallel selective mating de ' •ns ar d 

such other designs involving high volume crossing. These all indicr es that 

while aiming yield enhancements only upper parts have been cm sidL ed and 

tailored to breed plants of appropriate height, duration, growth and <iprl ld. r he 

underground parts have all together been negleoed while tareetit 2 vield 

enhancement. In fact it is the underground part (root) that supports. n )urishe 

and even contributes its accumulated dry matter magnanimous!) to he limk 

under trying conditions. 

Cowpea is known to have special adaptation for stress condition , whi....t 

is predominantly attributed to versatile root system and their ability t abst t 

water and nutrients where other crops failed even to establish S ·condl} 

cowpea has immense plasticity to growing conditions. Thul-i. par of the.. 

versatility of the plants resides in versatility and efficiency of i~ roo system 

(Nobrega er al., 2005). Roots provide anchorage to plant and 1elps iil 

absorbing nutrients and water from the soil. Roots are import! nt trom 

qualitative production point of view. ShaJlow and loosely anchor~d r ants b t 

uprooted during harvesting and there by add lot of trash to the produce there b\­

deteriorating grain quality. The deterrent to conduct the detailed roc studk 

have been intensive labour, resources crunch and specialized facilities requi e 

for root studies (Acharya et al .. 2007). 



It is not wrong to simulate roots to the producer of a film \\ her ... on y the 

actors are given the credit without realizing the hard labour and r~( urcc) 

invested by the producer in producing the film. ·Jnerefore, knowledge lf the 

interrelationship of quantitative traits of economic importance with ro and 

among themselves is imperative in an economic but complex charact, like 

yield. The correlation studies give the vague idea of the association lf thl 

characters as they do not take cause and effect relationship into cm s1d<. ation 

thereby, restricting their utility to the breeders for practical purpo c r h 

technique of path-coefficient analysis devised by Wright ( 1921) and ubh ed for 

the first time in plants by Dewey and Lu (1959) in crested wheat f 11s i 

efficient in disintegrating the correlation between two variables int(l dir ct an 

indirect effects. ·Ihese techniques could be used to understand the b SIS fl 

selection of superior genotypes among the diverse breeding populatton:1 

The analysis of variance revealed that the variances due to gc totvpl 

were significant for all the characters indicating considerable am unt l f 

variability present in the material (Table 4.1 ). This indicated tha th e ' rt 

ample scope to employ root attributes for isolating I developing lugh ieldim:: 

desirable genotypes with simultaneous improvement of othe d radc 

provided the material is subjected to judicious selection pressure. fhc same 1 

discussed here as under: 



5.1 Correlation Coefficient 

5.2 Path Coefficient Analysis 

5.1 Correlation Coefficient 

Crop improvement is a continuous process in which the breeder~ im at 

improving characters of economic importance. Roots being underg,rou d are 

not visible as such. This deters the breeders to undertake extensive select m for 

yield on the basis of root attributes. Though sophisticated methods f£ r roo 

studies are available (Sarkar et a/., 2002 and Kashiwagi et a/., 2006) } t the~ 

are of limited utility in crop improvement programmes on account o lare~;. 

space required for screening large population. The root stmctures arc chnp and 

simple and have been adequately utilized for screening for root at ibutc 

(Acharya et al., 2007). However, for selection to be precise and effech e. at 

imperative that the consummate information regarding associatior of iartOUt. 

root attributes with grain yield as also among themselves is ge crated. 

Therefore, the genotypic and phenotypic correlation coefficients \\ere worked 

out between grain yield and root attributes. 

The results showed that in majority of the cases, the value~ of g notypac 

correlation were higher than their phenotypic counter parts (Table 4 1 ) I h 

indicated that there was a high degree of association between two var ables at 

genotypic level As such the phenotypic expression represented the !:_ znotyp1c 

expression and the influence of environment did not blur the { ~not)Tl\. 

expression to the extent that the selection becomes ineffective on the: basis o_ 



phenotypic expression. As such the results have been discussed on tl e b. •~ of 

genotypic correlations. 

Under nonnal growing condition, grain yield per plant evm~..ed 1ghl" 

significant and positive correlation with biological yie1dat both the lc\ s and 

with harvest index (Table 4.2). These results were in conformlt \\ h h 

results of Kumawat eta/. (2005) and Eswaran eta/. (2007) for biologic VI I 

and harvest index. rhe positive and significant correlation of gram ) i ld p 

plant with biological yield under normal condition was in agreement ' th ili 

findings of Singh et a/. (I 998b ), Nigude et a/. (2004) and Patil t1 a/ 10 4 

These results were also in consonance with the findings of Rao and and 

(1994), Alam eta/. (1999 1. N1gude eta/. (2004) and Dahiya et al. l 20( ~) -..ht 

also reported positive and significant correlation of grain yield pe · pi, 1t \\itl 

harvest index. 

The grain yield per plant under normal condition exhibited 105111 

and non-significant correlation with root: shoot ratio at both the le el Simil 

results were obtained by Rangasamy and Shanmugam (1984} and 1\le n t ll' 

(2000) for root: shoot ratio. However, it evinced negative and ~i nificant 

correlation with root length, fresh root weight, dry root weight. roo1 \IOIUint. 

and root density. These results were in conformity with the result ot "imha 

a!. ( 1977), Bertholdsson ( 1989). Tamboli and Daftardar (2002) to ro( len tl: 

Sinha et a/. (1977) for root volume and root density and Ranga5~ In\ 

Shanmugam (I 984) for fresh root weight and dry root \Veight I hi :1d1c 



that root: shoot ratio along with biological yield and harvest index we e the 

most important traits in realizing higher yield under normal growing cond tion 

Grain yield per plant under post flowering water stress cor htion 

showed highly significant and positive correlation with biological yie J and 

harvest index. The positive and significant correlation of grain yield pe plant 

under post flowering water stress condition was in consonance \.\ h th(; 

findings of Singh et al. (1998b), Nigude et al. (2004) and Patil eta/ (20 14) tor 

biological yield and Rao and Nanda (l994 ), Alam et al. (1999) ancl Ni udc u 

a!. (2004) for harvest index. 

Grain yield per plant under post flowering water stres~ C( 1dition 

showed positive but non-significant correlation with fresh root weight. try root 

weight and root volume. Contrarily, it evinced negatively non-si tificant 

correlation with root length and root density. These results were in cor fonmt~ 

with the results of Sinha et al. (1977), Tamboli and Daftardar (2002) or ro 11 

length; and Sinha et al. (1977) for root density. It shm.ved that biologital 'tield 

and harvest index are most important characters in realizing higher yie d und r 

post flowering water stress condition, though significance of fresh roo wdght. 

dry root weight and root volume can not be overlooked. 

Percent injury in yield due to post flowering water stress sho ·ed Jugh 

significant and positive correlation with percent injury in both biolog ;al yi...ld 

and harvest index. The negative and non-significant co1Telation o pcrcen 

injury in yield with root length, fresh root weight. dry root weight. rm t volun1l 

and root density at both the levels were observed. This indicated that he plant 

l 



with long roots, more root volume, root density, fresh weight and dry ' -eight 

are desirable for aiming selection for lower injury to yield under post flo :ermg 

water stress condition This should not be difficult to accomplish 1s tl e root 

length had positive and highly significant correlation with fresh root ' eight 

dry root weight, root volume and root density at both the levels. Sunilar esulh 

were observed by Velich ( 1993) for root weight. 

All the root attributes except root: shoot ratio exhibited ncgati e and 

non-significant correlation with water stress injury as exhibited throu h ~ced 

yield. This indicated that larger, heavier and more voluminous ar~ th root~ 

lesser is the water stress injury to the grain yield and thereby ar~ irr portant 

attributes in assigning post flowering water stress attribute in cowpea. flUS the 

breeder should aim at selecting plants with larger, heavier an more 

voluminous roots under post flowering water stress conditio11. 1 his s quite 

expected as the roots that act as suction for water and nutrien~ \\ mld he 

helpful to maintain water balance of the plant. 

Biological yield is an indicator of the photosynthesis. 1\.11 he root 

attributes studied evinced positive correlation with the biological yie d unde 

post flowering water stress condition. However, Wlder normal condit on onl}' 

root length and root volume exhibited positive correlation with biologi al ) ieJ . 

Contrarily, all the root attributes revealed negative correlation with njury tl 

biological yield attributable to post flowering water stress. This suggt.,ted thaL 

where as greater root length, fresh root weight, dry root weight. roo volumt 

and root density are important for realizing higher biological yield u 1der ros 
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flowering water stress condition as also for lower injury to biological yiel1 due 

to post flowering water stress condition, only root length and root volum' were 

important under normal growing condition. Root: shoot ratio was pos1 IVel} 

correlated with biological yteld irrespective of growing conditions. 

Harvest index is an indicator of efficiency of diversion of assirr lated 

total dry matter to the economical product i.e. grains. All the root attr butts 

were negatively correlated with harvest index irrespective of gr wmg 

conditions. This suggested that though the longer and voluminou!) roe-s nrc 

desirable for realizing higher biological yield under both normal anc post 

flowering water stress condition, yet it was not reflected in higher han est index 

under both the situations. The dry root weight, root volume and root: shoot 

ratio exhibited negative correlation with injury to harvest index due t) post 

flowering water stress, indicating that higher values of these traits wo Jd be 

helpful in reducing the injury to harvest index due to post flowering water 

stress. As the han est index is the most yield limiting factor in ct wpca 

significance of these characters can not be overempha- tzed. 

The root length evinced positive and highly significant correlatkn v~ith 

fresh root weight. dry root weight, root volume and root density. These esult, 

were in conformity with the results of Singh et al. (2002) for fresh root Neight 

and Kanbar et al. (2004) for dry root weight. Similarly, fresh root welf'll al5( 

exhibited positive and highly significant correlation with dry root weig t, rm t 

volume and root density. Positive and highly significant correlations W( re also 

exhibited by dry root weight with root volume and root densitv: a d root 



volume with root density. Similar results were obtained by Kanbar et al. '2004) 

for root volume. 

Genetic correlations are of great significance in aJ1) cron 

improvement programme as the efficiency of breeding programme argeh 

hinges on effictency of selection. If the two characters are positive!) cor elated, 

the selection of one character is expected to improve the other charac er too. 

Empirically, efficiency of photosynthesis comprises the foundation of Jsolute 

productivity and is reflected in biological yield; more the dry matter 

accumulated due to efficient photosynthesis more is the biological yield Salam 

et al., 1990). It was found that all the root attributes studied, exhibited osith c 

correlation with biological yield under post flowering water stress Cl ndition 

and negative correlation with injury to biological yield due to watei stres~. 

However, w1der normal growing condition, only root length and root volume 

was positively correlated to biological yield. Further, the biological yic ld is of 

little importance if it is not reflected in economtcal yield. llarve index 

indicates the efficiency of the translocation of assimilated dry matte to the 

grains. All the root attributes were negatively correlated with harve t index 

irrespective of growing conditions. Harvest index is low in CO\\ ea and 

emphasis on root attributes are not expected to improve harvest inG .!X The 

grain yield too reflects the efficiency of the translocation of dl) matter 

accumulated in different parts of the plant and is the final product in \\ 1ich the 

breeder is most interested (San Jose et al., 2004). It was importan to ote that 

the root attributes like fresh root weight, dry root weight and root volu ne wen; 



of least importance under normal growing condition but were vel') im ortan• 

under post flowering water stress conditiOn due to their positive and n gative 

correlations with grain yield and injuty to grain yield due to post flo N"erin) 

water stress. respectively. As such these root attributes may be heir rul for 

selection for higher grain yield under water stress condition as also fo lowrr 

injury to grain yield due to post flowering water stress. Further t~ll t te root 

attributes showed positive correlations among themselves indicating tl Jt the} 

can be improved simultaneously. Therefore. these situation pedf l 

interrelationships may be exploited for improving yield in cowpe und_r 

different growing conditions. 

5.2 Path Coefficient Analysis 

The inclusion of large number of independent variables for tudying 

inter-relationship with the dependent variable makes the situation too ompl 

to be effective for any selection programme. The situation can be bailc 1 out ) 

calculating path coefficient along with correlation coefficient that 1elps m 

identification of suitable characters for assigning appropriate weighta ~ during 

selection. Path analysis (Wright, 1921 ~ Dewey and Lu, 1959) can be t rmcd a 

weighted correlations through which it becomes possible to tsce tain h .. 

relative contribution of different component characters to seed yield m tenm. o 

direct and indirect effects (Table 4.3 l. 4 3.2 and 4.3 .3 ). 

5.2.1 Grain YieJd under Norma) Condition (Table 4.3.1) 

The highest posittve direct effect on grain yield \Vas recorded tor frc l 

root weight followed by harvest index. However, it had significant nega 1\ 

correlation with yield that may be attributed to its negative indirect t. 'fe"'ts 1 



other root attributes. Similar results were obtained by Topare ( 1994 ). Ahm et 

a/. ( 1 999) for harvest index; and Singh et a/. ( 1998a) and Zia et a/. t 199 ~) for 

fresh root weight. The negative direct effects on grain yield were record d for 

root volume, biological yield, root density, dry root weight, root leng! 1 and 

root: shoot ratio. Such negative direct effect was also reported by Smgt ct a/. 

( 1998a) for root: shoot ratio. Harvest index exhibited positive and igW)' 

significant correlation with grain yield that could be attributed to 1ts p sitt' e 

direct effect as also to its positive indirect effect via root volume. dr root 

weight. root density, root length and root: shoot ratio. Similar results \\C c aJsc 

reported by Mehetrc eta/. ( 1997) for root length. It was important to nc c tha. 

fresh root weight though evinced highly significant and negative con latim 

with grain yield, yet it had the highest positive direct effect too. I low \cr. 1t 

exhibited high to low negative indirect effect via root volume, root dens 1, dr) 

root weight, root length, harvest index, root: shoot ratio and biologica yteJd 

Further, there was a negative correlation of fresh root weight with grail yiel 

that was due to its insignificant indirect effects via other root attribute lhi 

indicated that fresh root weight and harvest index are the two ilr 1ortaut 

characters worth consideration for aiming higher yield in cowpea under ,ormal 

growing conditions. 

Root length had significant negative correlation with grain yield p T plant 

that was precisely due to its negative direct effect and negative indirec effects 

via root volume, root density, dry root weight. harvest index and ro : sho 

ratio. This consummately indicated that root length did not contribute o gram 



yield in cowpea under normal growing condition. Similar resulb h ve aho 

been reported by Sasmal ( 1987). These results were not confomtit) \lith the 

results of A lam et al. ( 1999), Chakraborty and Borah, (200 I), Pol et a. (200~ 1 

and Henshaw et al (2007). 

Dry root weight exhibited the highly significant and 1egativc 

correlation with grain yield. In addition, it had negative direct and mdirc~.; 

effect via root volume, root density, root length, harvest index, root: sh >ot ratto 

and biological yield. 

Root volume bad negative and significant correlation with gr in yield 

due to its highest negative direct and indirect effect via root density, dry root 

weight, harvest index and root: shoot ratio. The negative and si ';nificam 

correlation of root density with grain yield was due to its high negati c dir~ct 

effect and negative indirect effect via root volume, dry root weight. ro< t length. 

harvest index, biological yield and root: shoot ratio. Root: shoot rattc evmc.ed 

negative direct effect on grain yield. It had positive association with gr un ytdd 

due to its positive indirect effect via fresh root weight, dry root \\ l ght and 

biological yield and negative indirect effect via root volume. root denstt} 

harvest index and root length. 

Biological yield exhibited highly significant and posittve c<. rrelat.on 

with grain yield. However, it evinced negative but insignificant dir ct eftc t 

and indirect effect via harvest index, fresh root weight, root: shoot r tio. r o 

volume and root density. These findings are in parity with result ob~ 'rvcd h) 

Singh et al. ( l998a) for harvest index. 
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Path diagram depicts the consummate causal factors atfectir ~ the 

grain yield. Grain yield is a complex character and is dependent OJ' dif en~nt 

component characters. Practically, it might not be feasible to include '- 1 the 

component characters. Under these circumstances~ the path diagram h, '> the 

provision for residual effect. which takes care of all such factors that a e not 

included in path diagram. In the present study, the residual effect at gen typtc 

level was 0.0067, which is negligible and suggested that predon inant 

component traits responsible to influence the grain yield per plant hav{ been 

covered in the study. The path diagram suggested that fresh root weight b sides 

harvest index had positive direct effect on grain yielc suggesting that f )f the 

improvement of grain yield under normal growing condition emphasis ~ 10uld 

be laid on these traits. Indirect effect of root length, dry root weight root 

volume, root density and root: shoot ratio via fresh root weight, r )Ot: shoot 

ratio, biological yield and harvest index with dry root weight; and root v 1lume 

and root: shoot ratio with biological yield were substantial on grain )'leld under 

normal condition. These characters having positive direct and indirect or grain 

yield may be exploited for yield enhancement of cowpea under r Jmtal 

condition. 

5.2.2 Grain Yield under Post Flowering Water Stress Condition (Tab e 

4.3.2) 

All the root attributes, except fresh root weight, evinced p sttivc.; 

direct effect on grain yield under post flowering water stress conditio The 

highest positive direct effect on grain yield was recorded for root \ ,lumc 

followed by root dens1 ty, harvest index, biological yield, dry root \\ eigl , root 



length and root: shoot ratio. Similar results were obtained by Mehetrc et al. 

( 1997) for dry root weight. Topare ( 1994 >~ Tikka et a/. (2003) for l 1rv'" t 

index, Singh eta/. ( 1 998a) for biological yield, Nigude eta/. (2004) tort Uvt'it 

index and biological yield and Alam et a/. ( 1999) for harvest index and d v roo 

weight. In consonance to the present tindings, Singh et a/. ( 1 Q98c nl L 

reported negative direct effect of fresh root weight on grain yield unde watc 

stress condition. 

Harvest index exhibited highly significant and positive corrclatu :1 \'vitl1 

grain yield due to its positive direct effect and positive indirect e1fect -v fres 1 

root weight and biological yield. l11e biological yield too re\ ealed highlv 

significant and positive correlation with grain yield that was attributab to it 

positive direct effect and positive indirect effect via harvest index. r lOt olume 

root density. dry root weight, root length and root: shoot ratio. Simila re ul 

have been reported by Singh et a/. ( 1998a) for harvest index. fhu5. han\,; 

index and biological yield seem to be the most important traits r. r VIC 

enhancement under post flowering water stress condition. 

Root volume, dry root weight and root: shoot ratio exlJbtt d no 

significant and very weak positive correlation with grain yield desp te then 

conspicuous positive direct effects mainly because of their high ir dirt: t eftt: ... 

via fresh root weight. Similarly root density and root length too hm ed vcn 

weak and non-significant negative correlation with yield despite p )Siti e dir 

effect. 



I .._ 6ll 

Fresh root weight exhibited positive cc,rTelation with grr_ n yield 

despite negative direct effect mainly attributable to positive indm.;ct e feet \I 

root volume. root density. dry root weight, biological yield, root lcr gth a d 

root: shoot ratio. Contrarily. root length showed negative correlation v. th grau 

yield despite positive direct effect and positive indirect effect via root olun t:. 

root density, dry root weight. biological yield and root : shoot ratt< mamh 

because of conspicuous indirect effect via fresh root weight. Root det sit) t lt 

evinced negative correlation with grain yield despite its conspicuous 'lOSlti~e 

direct effect that was mainly due to negative indirect effect via fr <ill root 

weight and harvest index. The residual effect of genotypic level was 0 00 I I 

which is negligible and suggested that predominant comp mer tralt 

responsible to influence the grain yield per plant under post flm: eri~ 1 wat r 

stress condition have been covered in the stud). 

5.2.3 Percent Injury in Yield Due to Post Flowering Water Str·e s (1 blc 

4.3.3) 

It \\'as important to note that despite the different root rribut 

evinced negative though non-significant correlation with grain yield. (J 1Iy t\ o 

characters viz. fresh root weight and root: shoot ratio exhibited the egatJh 

direct effect on the percent injury in yield due to post flowenng watt r stre s 

condition. This was attributed to positive indirect effect via each othe except 

via fresh root weight and root: shoot ratio that contributed negati\ ely tu percent 

injury to yield via other characters. Such negative direct effect was rep rted b} 

Singh et a/. ( 1998a) for root: shoot ratio. Positive direct effect on i jUly tl 

grain yield was recorded for root length followed by dry root \\et lt. ro )t 



density, biological yield. root volume and harvest index. This indtct: ed tra 

increase in fresh root weight and root: shoot ratio is desired tor t recdin 

tolerance to post flowering water stress. This is expected as the root m· c;s ts an 

important component to extract water from soil and root: shoot rt tio h 

significance in judicious utility of the moisture by maintaining proper Jalanre 

between the moisture extracted by and appropriate transpiration b)' tl shoot 

(Clemente eta/.. 2005; Grossnickle and Folk, 2007 and Ouma. 2007) 

Injury to biological yield and harvest index were positively corre Jted to 

injury in yield with positive direct effect on percent injury in yield due o po • 

flowering \Vater stress condition. This indicated that lower the m]UI) to th 

biological yield and harvest index due to post flowering water stres mor 

tolerance can be expected to post flowering water stress. The percent n Ul) tc 

biological yield exhibited negative indirect effect via all the root attt bute~ 

except fresh root weight indicating that the tolerance to water stn.:ss an b 

expected by lowering injury to biological yield via root length, dry root\ eight 

root volume, root density and root: shoot ratio. Similarly, percent in II) tc 

harvest index also exhibited negative indirect effects via root volun ., and 

fresh root weight suggesting that the improvement in tolerance can b~ acr IC\ ed 

by selecting more fresh root weight and root volume. 

Quantitative injury in yield due to post flowering water trc i& a 

very complex character; it might not he feasible to include all the char lCtf · 

impacting injury to yield. The residual effect takes care of all such facto ) and 

the residual effect at genotypic level was -0.0231, which is neghgibl a:1d 
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suggested that predominant component traits responsible to intlue 1ce the 

percent injury in yield due to post flowering stress have been CO\• ere in tl ~ 

study. 

Imperially. the yield depends upon the source to sink relation a d ho\\ 

much of the accumulated source is effectively diverted to the sink m t rms ot 

economic product. Root attributes are very important component." m tru 

scenario and helps in absorption of moisture and nutnents trom thl' so1 I otal 

biomass is the product of photosynthesis and precisely represents t 1e dn 

matter accumulated (Sepaskhah et a/ .. 2006). The shoot attributes corr ·sponu 

to the photosynthesis besides water losses due to transpiration and vap 1ration 

and thereby root: shoot ratio is an indicator of JUdicious and effective usc of 

water by the plant. Harvest index and finally yield hinges primarily m the 

development of appropriate sink and how precisely the accumulated dry :natter 

is converted to the economic product. Thus, ideally plants with mo .: roo• 

weight. more biomass and total shoot weight are expected to give htgher yteld 

Economic and effective utilization of water is of great significance undet water 

stress conditions. On the other hand plant with better photosynthesis anc lesser 

transpiration is expected to do better under normal conditions (Sepask mh et 

al., 2006). 

Thus, it seemed that biological yield and harvest index an.: th two 

important traits for realizing higher yield under both normal and post flo cnng 

water stress conditiOns. Root: shoot ratio assumes significance under r Jnnal 

condition while root attributes like fresh root weight, dry root wcigl t an i root 
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volume are important traits under post flowering water stress. ~one Ition. 

Importance of root length, root volume. root density. fresh root we1ght at d dty 

root weight was also palpable in lowering injury to the grain yield due t , pt)St 

flowering water stress. Thus, the larger. heavier and more volumino~ roots 

seemed preferable under post flowering water stress condition. Th1s i~ quite 

expected as the roots act as suction for water and nutrients and thereby :vou1d 

be helpful to maintain water balance of the plant under water stress con Jition 

Root: shoot ratio on the other hand, indicates effecLive comparative 1 rca of 

plant for transpiration in relation to moisture suction of roots (V1swan thn ct 

a/., 2002; Anyia and Herzog, 2004; Sepaskhah et al., 7006; Mendes cl 01. 200" 

and Kamoi et al., 2008). More shoot mass would represent more leaf a ~a unJ 

hence increase the transpiration and thereby expected to reduce the eff cienc'\ 

of the plant under normal condition. Thus, biological yield and harvest index 

that are indicators of photosynthesis and effective carriage of carbot dt dte~ 

synthesized to developed sink. respectively, appeared most important at .,butt.d 

under both normal and post flowering water stress condition (Khann1 et a • 

1974; Salam et al., 1990 and BinduRoy and Vivekanandan, 1998 ). II Wt~tr. 

these two characters needs complementation with root: shoot rntu undu 

normal condition and larger, heavier and more voluminous root& un er post 

flowering water stress condition. This was evident in analyzing the highest 

yielding genotype under normal condition (GC-0405) and post flow en g water 

stress condition (GC-4 ). The best genotype under nonnal condit Jn ab 1 

evinced higher biological yield and higher harvest index along With h gh rout 
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shoot ratio. Contrarily, GC-4 exhibited the highest biological yield with high 

harvest index and good root attributes. 



SUMMARY AND CONCLUS 0 
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VI. SUMMARY AND CONCLUSION 

Investigation entitled "Character Assoct,ttion of Root Attnbut '"' th 

Yield under Diftercnt Growing Condition m Cowpea [Vigna ungui ul r ( . 

Walp. ]" was conducted during summer 2007 with thirty genotyp cc 

randomly from the germplasm maintained at the Main Pulses Re ear\,;h at1 n 

Sardarkrushinagar Dantiwada Agricultural University. Sardarkrushma h 

experiment comprised three sets of thirty genotypes. The fir t t \\a 

conducted in root structure filled with unifomt soiL The other tw , s ' r 

sown in protected structures filled with the same unifbnn ~011 us n o t 

structure. Each set was laid out in randomized block design w1 thr 

replications. All the three sets were raised under nonnal irrigated ~ nd t n ti 

flower initiation. After flower initiation. the set in root structure as t ed fi 

root studies. The roots were excavated by gently washing the s iJ ith tJ 

pressure of water till the entire mass of root is exhumed and ob n on 

root length, fresh root weight, dry root weight, root volume, root de tt) 

root : shoot ratio were recorded. One of the sets in protected struc trt:: \~ 

exposed to water stress after flower initiation by discontinui \\ 

application afler flower initiation. The other set was maintained a no 1a a 

irrigation was applied whenever required. These two sets were u ed to tu 

the biological yield. harvest index and grain yield under post flo er 1g tr 

and normal conditions, respectively. 
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The salient fmdings are summarized below: 

l. The genotypic differences were significant for all the characters indi ating 

enormous variability present in the material studied 

2. There was little difference in the magnitude of genotypic and phen >typic 

correlation coefficients. Numerically, the genotypic correlations \Vcn. 

slightly higher than their corresponding phenotypic correlation. 

3. Under normal growing condition, grain yield per plant evinced tighl)' 

significant and positive correlation with biological yield and harvest index. 

It also exhibited positive but non-significant correlation with root shoot 

ratio. Thus, root: shoot ratio along with biological yield and harve~ mde 

appeared to be the most important traits in realizing higher y1eld under 

normal growing condition. 

4. Yield per plant under post flowering water stress condition too C'- ub•tcd 

highly significant and positive correlation with both biological y1 ld and 

harvest index. However, it also showed positive though non-sig tificant 

correlation with fresh root weight, dry root weight and root vol une. It 

indicated the importance of biological yield and harvest index in r •ahzing 

higher yield under post flowering water stress condition, though sigr: ficancc 

of fresh root weight, dry root weight and root volume can not be ove looked 

5. Percent injury in yield due to post flowering water stress ~howe lughl) 

significant and positive correlation with percent injury in both b ologica 

yield and harvest index. The negative and non-significant corre ltion of 

percent injury in yield with root length, fresh root weight, dry roo weight, 
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root volume and root density indicated that the plants with long roo "· mo 

root volume. root density. fresh weight and dry weight are <tesir bk fnr 

aiming selection for lower injury to yield under post flO\vering wat r stre 

condition. 

6. Path coefficient analysis of grain yield under normal growing C( 1dit1 r 

revealed high positive direct effect of fresh root weight, follow ed b\ 1anc t 

index. Harvest index also evinced high positive direct effects , nd tdirett 

effects via root volume, dry root \\'eight, root density, root length ar J r ot 

shoot ratio on grain yield. Thus, fresh root weight and harvest mde · 

appeared as the two important traits for aiming higher yield in cmvpc. unde 

normal growing conditions. 

7. Under post flowering water stress condition, root volume ev nee high 

positive and direct effect of on grain yield, followed by root denstt~. t an e t 

index. biological ) tel d. dry root weight, root length and root: ~hoo ratao 

Harvest index exhibited highly significant and positive correhtiOI Vvitl 

grain yield due to its positive direct effect and positive indirect eff\ ..:t \ ia 

fresh root weight and biological yield. The biological yield too re ealed 

highly significant and positive correlation with grain yield tha \\as 

attributable to its positive direct effect and positive indirect effect \ 1a h ~rvest 

index, root volume, root density. dry root weight, root length and toot: shoot 

ratio. Thus, harvest index and biological yield seem to be the most 1mp ntant 

traits for yield enhancement under post flowering water stress cond1tior 



Summary amf Crmclumns t < 

8. Only two characters viz. fresh root weight and root: shoot ratio exhibitt d the 

negative direct effect on the percent injury in yield due to post flO\i •ring 

water stress condition. This was attributed to positive indirect effect vi ... each 

other except, via fresh root weight and root: shoot ratio that contn mted 

negatively to percent injury to yield via other characters. This indicate that 

increase in fresh root weight and root: shoot ratio is desired for brc ding 

least percent injury due to post flowering water stress. 

9. Thus, it seemed that biological yield and harvest index are the t"\\ o 1mp n1ant 

traits for realizing higher yield under both normal and post flowering .vater 

stress conditions. Root: shoot ratio assumes significance under n >rmal 

condition while root attributes like fresh root weight, dry root \\'eigt t and 

root volume are important traits under post flowering water stress cone ttion. 

Importance of root length, root volume, root density, fresh root weig t and 

dry root weight was also palpable in lowering injury to the grain yteld ue to 

post flowering water stress. Thus, biological yield and harvest index, tl at are 

indicators of photosynthesis and effective carriage of carboh) !rates 

synthesized to developed sink, respectively, appeared most imi 0rtant 

attributed under both normal and post flowering water stress con ition 

However. these two characters needs complementation with root: sho( ratic 

under normal condition and larger, heavier and more voluminous roob 

under post flowering water stress condition. 
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Appendix 1: Mean weekly meteorological data recorded at Sardarkrushinag lr 

during the experiment tenure in 2007 

I 

Month Std. Temperature Relat ive Rainfall Rai ny T I cmark 
yc; ! Week c oc) Humidity Da 

(%) 

Max. Min. Max. Min. 

10 32.4 14.8 73.0 22.1 - -
I 1 33.1 17.7 68.6 19.9 - -

March 12 34.4 17.3 67.6 22.4 - -
~ 

13 38.6 18.7 62.7 10.3 - - 5o win 

14 39.1 19.5 53.3 10.1 - -

Apri l 15 39.0 22.0 64.0 17.3 - -
16 41.0 23.8 68.0 20.3 -

oftri· l 

t 
17 39.1 22.4 69.6 28.3 - -

I -I 18 40.5 13.7 63.7 26.9 - -
19 40.7 25.1 75.6 30.4 -

May 20 38.9 25.5 78.0 34.4 -

21 38.9 25.6 80.4 31.7 - -
22 40.4 26.9 58.1 29.3 - -

Source: Meteorological Observatory, Dry Fanning Research Station, S.D. Agriculturalllni" rslty 
Sardarkrushinagar 



Appendix-II: Mean values of different characters of 30 genotypes of cowpea [Vigna unguiculata (L.) Walp] 

Flower initiation stage Normal growing condition Post hanrest water stress Percent injury due to post 

condition flowering water stress as 

measured through 

Root Fresh root Dry root Root Root Root: Yield Biological Han:est Yield per Biological Harvest Yield Biological Harvest 

Sr. length weight (g) weight volume density Shoot per plant yield (g) index plant (g) yield (g) index per plant yield (%) index(%) 

No. Genotypes (em) (g) (ml) (glml) ratio (g) ( %) (%) (%) 

I GC-3 103.80 10.79 6.36 12.80 0.84 0.54 20.97 96.28 21.81 7.23 47.72 15.17 65.49 50.62 30.67 

2 GC-4 93.46 9.64 5.54 10.77 0.89 0.39 23.25 97.45 23.75 9.18 53.71 17.16 59.49 44.77 26.67 

3 GC-5 91.06 9.48 5.98 ll.43 0.87 0.47 23.88 96.25 24.82 7.83 49.61 15.18 67.16 48.32 36.67 

4 GC-0502 90.50 6.82 4.12 9.37 0.72 0.51 23.73 103.48 22.89 6.30 41.73 15.19 72.94 59.83 33.00 

5 GC-0503 81.97 5.54 2.65 8.13 0.67 0.54 24.21 92.58 26.16 5.63 40.93 13.78 76.47 56.00 46.67 

6 GC-0504 91.33 8.58 4.93 ll.37 0.75 0.58 25.10 113.70 22.07 4.69 40.15 11.75 8127 64.67 47.00 

7 GC-0505 93.07 9.52 5.25 ll.47 0.83 0.30 21.64 82.03 26.37 6.00 38.26 16.05 72.14 53.67 39.33 

8 GC-0405 89.57 5.15 2.45 8.47 0.60 0.43 29.42 107.79 27.23 8.43 42.17 20.12 71.10 61.00 26.33 

9 GC-0408 84.30 4.49 1.86 7.80 0.57 0.25 24.94 89.65 27.78 6.78 35.10 19.62 72.96 60.67 29.67 

10 GC-0410 90.90 5.90 3.18 8.87 0.67 0.37 24.73 99.75 24.80 5.51 38.65 14.67 77.73 61.00 41.00 

ll GC-0311 96.87 9.71 5.10 10.27 0.95 0.44 28.42 100.09 28.37 5.16 42.12 12.33 81.82 58.67 56.67 

12 CP-5 8720 5.25 2.78 820 0.64 0.38 26.84 105.73 25.41 6.07 39.90 15.47 76.98 62.00 38.67 

13 CP-6 85.77 4.54 1.86 8.53 0.53 0.40 28.84 104.93 27.43 7.01 46.27 15.11 75.27 55.67 44.67 

14 CP-7 87.90 4.95 2.76 8.03 0.62 0.24 23.47 90.79 25.82 5.16 41.77 12.38 77.79 53.67 52.33 
I 

15 CP-8 90.27 6.95 4.32 8.77 079 0.33 26.53 101.14 26.14 4.58 39.07 11.79 82.65 61.00 54.67 

16 CP-9 85.83 5.64 2.67 8.57 0.65 0.48 27.34 108.01 25.48 4 57 36.03 12.38 81 76 66.33 51 JJ 
I 

17 CP-12 83 50 4 45 169 8 13 054 0.25 22 37 87.46 25 48 7 93 51.57 15 39 65 98 41.00 39.67 

18 CP-16 81.60 5.01 2.32 8.37 0.60 0.25 25.29 101 69 2461 8.30 43.93 19.02 66.9 56.67 23 33 

19 CP-18 85.90 507 2 52 8 57 0.59 0.26 25.54 101.04 25 17 5.28 38.11 14.ll 79.08 62.00 43 00 

20 IC-40c099 79.43 4 41 190 7.27 060 0 33 2::!..47 88.67 25 43 6 76 35.59 18.77 70 24 59 67 2667 ! 

~ IC-402101 1 91.73 
-- ' 

7 89 1 •. 35 10 IU 1 o.73 0 3~ 21.13 I YO 6/ 23.:3 •US 3:'1 81 I II :>o sn 12 56 67 52 33 I 



Contd ...... .. .. . ... ................ ..... . . 

22 TC-402159 82 40 4 96 244 8 47 068 0.38 24 42 118 43 27 59 4 70 35 57 IJ 32 8057 59 )J 54 67 

23 IC-402161 83 60 5 61 2 51 7 87 0 .71 0 .38 26.87 103 .84 25 89 6 .10 43 .43 14 .09 81 29 57()() 5667 

24 IC-402174 91 50 7 23 265 9.63 075 023 24 16 96.48 25.05 5.55 4260 12 99 7717 6067 42 33 

25 IC-402182 8620 4 77 242 8 .47 0 .56 0 .39 ::!6.87 103 03 26.24 5.02 44 33 II 4:! 7921 57 33 5067 

26 EC-17574 -6 89 37 662 3 59 890 0 74 025 2717 106 71 25 32 617 41 93 14 66 7804 5400 52 67 

27 EC-1758413 -9 92 90 6 .77 3 47 8 77 077 0 27 23 37 94 34 24.61 4 81 40 57 II 98 72.24 5300 39 33 

2!1 EC-394708 91.73 7.73 4.62 973 079 0.31 21 72 8332 26.17 4 74 38.25 1242 78 58 5904 4685 

29 EC-458402 8927 6.97 3 71 8 93 078 0.31 23 57 8649 27 16 645 4003 1668 77 13 57 81 45 64 

30 EC-47::?2.50 87 87 5 77 277 8.33 069 029 23 07 94 14 24.73 4 89 38 63 1292 7709 5586 48.08 

Mean 88 69 6 54 3 42 913 071 0.36 24 71 97 19 2543 604 4155 14:59 75 16 5688 42 58 

S. Em* 2 67 041 0.35 0 .28 003 003 I 74 4 39 I. II 0 52 2 73 I :56 1.58 204 3 65 

CD atS% 7 50 I 15 100 078 009 009 4 88 12 36 3 12 I 47 767 4 39 ~ 47 5 78 10 33 
I 

CV% 511 10.83 17 93 5 24 8 10 15 26 12 17 783 7 54 14 97 II 36 18 5:.! 631 1076 25 72 
I 
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