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1. Obis 

0 Abstract 
Thirty two varieties of cowpea were evaluated for variitioin in seedlng, phenologi 

and grain yield characters over two seasons. Seedling traits dontrbuted only to crop 
establishment and affected phenological traits but had no effect on yield. Phemkq~cal 
traits affected yield either positively or negatively as prokmged days-bseed-fill favoured 
increased grain yield while protracted growth duration favours biomass accumulation but 
decreases yield. 

Twelve varieties had significant high grain yields (above 1000 kgha) while six had 
stable,yield in both seasons but five varieties exhibited significant genotype X environment 
interactions (G x E) for grain yield. Days-to-physiological maturii (DPM) and days-to- 
harvest maturity (DHM) showed positive significant correlation with grain yield among the 
high grain yielding varieties while all the phenological traits showed negative effect on the 
low yielding varieties. All the growth rates measurements contributd significantly to grain 
yield as they showed positive significarit correlation to grain yield on all the 32 varieties of 
ampea. Yield growth rate (YGR) had the highest significant assodata& with grain y i i  
both among the high yielding varieties (0.965) and low yielding varietiec (0.707). 

Path analysis showed that YGR was the most important determinant of grain yieldof all 
the traits investigated. 

INTRODUCTION 
One Of the primary concerns of tht: ut+ Clmmn 13 IU increase grain yidG p I J I I I I ~ ~ Q  

Q of land. Yield varies depending on pltivars adaptability to the environment in whi& it is 
subjected. Obisesan, (1 985) observed that a yield is a representative of the final character 
which resulted from many developmental processes which must have oewred between 
germination and maturity. Yield in cowpea has been reported to consist of three primary 
mmponents viz: number of podsjplant, number of seeddpod and 100 seed weightXMalik 
and Singh, 1983; Udosen et a/., 1984). Apart from these three pr'mary amponents, Lambs 
et a/., (1990) and Wallace eta/, (1991) have separately identified three majw phyWlcal 
components of yield. From these studies, it was conduded that cowpea v a k h s  can a h  
attain high yield by having s~perior rate of yield accumulation, stlperior rate d biomass 
accumulation and significant time-bhatveatmatdty. 



.- In N i i  considerable attention has been devoted to breeding of improved varieties. 
Scully et. a/., (1991) reported that yield improvement is affected by direct selection due to 
genetic variance and indirect selection for plant ideotype traits because the two selection 
strategies enhance the capability of the plant breeder to identify top yielding varieties. 
Wallace and Masaya (1988) suggested that the ideotype traits which are also referred to as 
'yield syste'm traits" collectively provide an integrated measure of crop yield. The ideotype 
traits which have been found to affect yield as basis of indirect selection must have high 
genetic correlation with final yield (Scully and Wallace, 1990). In order to actclalise increased 
yield, there is need to consider those physiological traits that may enhance efficiency of 
yidd accumulation and to identify likely alternative pathways to yidd. A relationship between 
these traits (primary and physiological components) and grain yield has to be established 
in order to evaluate them in terms of thier influence on grain yield. Those with sign~ficant 
desirable relationship with yield constitute the alternative pathways. 

Phenotype (rp) and genotype (rg) correlations have been used to quantify the ? 

relationship between pairs of traits. Multiple regression has also been used to deterzine 
the association between some yield components and grain yield (Obisesan, 1985). It has 
been further observed that simple correlation coefficient which quantitatively measures the 
bilateral relationship between two variables did not fully account for further complex cause1 
effect situations which exist among a set of variables (Chuahan and Joshi, 1980; Malik and 
Singh, 1983). Wright (1921) had suggested among others the technique of path coefficient 
analysis which is useful in partitioning the correlation coefficient into direct effec! through a 
given causal variable and indirect effects through alternative pathways (other causal 

..  - 
variables). The path coefficient analysis has been 1 Lu (1959), Chauhan 
and Joshi (1980) and Obisesan (1985) to examin .ibution of some yield 
components to yield and the interaction among th 

The first objective of this investigatioin was to quantify the alternative pathways through 
which tested cultivars achieved yield. The second obje~tive was to identify among the 
several traits the trait(s) with superior direct effect on yield. 
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ND METHODS 

The genorype used in this study m p r ~ s e d  of foundation lines, improved cowpea varieties 
undergoing pre-release field eva!uatiin under the Nationality Coordinated Cowpea Research a 

Project (NCRP), one variety introduced from Maiduguri, as well as currently bred varieties. 
obtained from the Department of Plant Science, Obafemi Awolowo University (O.A.U.) Ile- 
Ik, Nigeria. Field evaluation was conducted at the Teaching and Research farm of the > 
Faculty of Agriiutture, of the O.A.U., Ile-lfe. Thirty two lines of different growth habits were 
evaluated during the early and late seasons of 1991. The experiment was laid out each 
season using randomized complete block design with three replicates. A plot consisted of 
5 rows. Each row was 4m long; inter-and-intra-row spacings were 0.6m and 0.25m, 
respectively. 

Data collection were in two categories: one based on traits measured on a whole-plot 
basis. These 'bdude the seedling traints: (1) emergence (E) determined as total emergence 
count at 5,7 and 9 &ys after planting (DAP); (2).emergence percentage (Eoh), defined as 
Wal mergenw 9 DAP expressed as a percentage of total number of seeds planted; (3) 



emergence index (El) expressed as the rate of emergence at 9 DAP; (4) emergenge iate 
index (ERI), determined by EVE% and phenologil traits which indude: (5) day of fiower 
node formation (DNF), determined as the. day to 50% fl,wer node formation; (6) days to 
flower formation (DDF), determined as the days from 50% seedling emergence to 50% 
anthesis (when 50% of plants'in the plot h a  at least one open Rower; (7) days to pod 
maturity (DPM), measured from 50% emergence to the time when 80% of pods had lost 
their green colour and turned yellow; (8) days to harvest maturity (DHM), measured from 
50% emergence to the time 95% of the pods matured and ready for harvest; (9) days to pod 
fill (DSF), determined from 50% anthesis to 95% pod maturity. The phenological data were 
taken at each plot every third day. 

9 
The other set of data were based on the three middle row per plot: (1) seedling vigour 

index (VGX) estimated at 21DAP as '1, (PHT + CD) where PHT is the plant height from 
ground level to tip of uppermost leaf and CD is the horizontal measurement at its widest 

P, plain; (2) number of pod per plant (NPP), obtained as average number of pdds in randomly 
selected plants; (3) biomass (BM), measure in kgha as the aerial portion of the plant; (4) 
seed yield in kglha. Traits calculated from these data include: (1) harvest index (HI) 
determined as (seed yieldhiomass) x 100; (3) seed growth rate (SGR), seed yieldlDSF; 
(4) yield growth rate (economic growth) (YGR), seed yieldlDHM; (5) biomas growth rate 
(BGR) biomasdDHM; (6) hundred seed weight (100SDW). Genotype means averaget across 
replication and seasons were used in all statistical analysis. 

Data were subjected to analysis of variance (ANOVA), and simple phenotypic linear 
correlations were calculated between paired variables as outlined by Steel and Torrie (1980); 
path coefficient analysis was done following the procedure outlined by Wright (1921), 
Dewey and Lu (1959) and Singh and Chaudhary (1977). 

RESULTS AND DISCUSSIONS 

Table 1 shows the ANOVA for all the traits I . Season (S), variety (V) and SXV 
interation had high significant effect on all the tr, ~t grain yield, NPP and YGR where 
season had no significant effect. The significant SXV interaction observed on all the riaits 
except NPP confirmed genotype X environment (GXE) interaction and its occurrence has 
accounted for the non-uniformitv of the varieties in their performance over the two seasons 

4 on the affected traits. 

Table 2 shows the mean biomass accumuli the grain yield performance of the 
evaluated varieties. The biomass performance range uetween 1443.2641 11.18kgtha in 

B early season while in late season, it ranged between 119.1 0-4188.72kgha with average 
range of 1604.54 - 3521.14kgha and overall mean of 2851.98,2375.58 and 261 3.78kgIha 
for early, late and across seasons respectively. Also, grain yield ranged between 
4.20 - 1855.33 kgha for early season, 302.21- 2479.06kglha for late season, with across 
season range of 343.52 - 1559.91 kgha and seasonal mean of 935.37,949.51 and 942.44kgi 
ha per season respectively. the following varieties exhibited significant GXE interaction for 
yield: K - 59; 0B89(5); H - 113 -14; OB89(1) and Maid - L. Consequently, their performance 
differed during the growing seasons. Six varieties; IAR48W; ITMD-1010; K-39; IAR-48; 
IT86D-880 and IT85F-958 recorded stable grain yield in both season. This is a desirable 
characteristic. - 
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Table 2:'Mean Biomass accumulation and grain yield (kglha)of 31 varletl6s of cwpoa 
evaluated In Ilelfe, Nlgerla. 
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Fig. 1: Seasonal variation In 32 varieties of cowpea evaluated in Ilelfe, in 1991. 

Phenological traits, except DNF and DFF were observed to show prolonged period of 
expression during the early season than the late season (Fig. :). This may t *ue to high 
moisture and relatively I w  temperature which seems to promote vegetative grw. .,I rather 
than attainment of anthesis. Similar results have been observed by Rachie et, a/, (1 9753 
and Udosen et. a/. (1984), and they suggested that better environment results in better 
grcxnrth. This has accounted largely for the BM accumulation recorded for the varieties 
investigated in this study. Prolonged phenology influenced the pod fill period, seec! y i ~ l c  
and biomass accumulation rate. 
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Fig. 2: variation in the performance of high and low yielding varieties of cawpea for the 
different characters measured. 

Varieties with grain yield above 1000kgha were classified as high yielding while those 
b e l w  were grouped as Iw yielding. Figure 2 s h w s  the graphical representation of ,I1 the 
traits among those varieities classified as high and I w  yielding varieties. The varieties 
demonstrated significant diversity for yield components and grCANth rates measurement 
(SGR, YGR and BGR). The values for these traits were higher among the high yielding 



varieties but some JCM y i i  exhibited high BGR (Table 3) 1 (Fg. 2). It can be tug@Wod 
that the high y i i  was influenced by the growth rate traits. W a l k  1 a/. (1993), had mak, 
a similar observation. Even though yiiM components &ch as NPP, HI% and 1OOSDW 
have been identified to influe& grain yiekl,-these trae xe subsequently influenced by 
growth rate measurements. 

Table 3: Mean values of some yield system output traits and some ]I 

OB89(2) 

LSD 0 

varieties of cowpea across seasons. 
Number at TIM Yeld per Biissper H a m t  
pods per per DSF growih dur. growth dur. Index (HI 
plant (NPP) (SGR) (YGR) (BGR) i (lhr 



The h p l e  linear correlation between grain yield and agronomic traits among the 
high and low yielding varieties are shown in Tables 4 and 5, respectively. While the 
phenological traits showed positive significant correlation with each other except DSF 
among the two yielding groups, only DHM showed positivesignificant correlation with 
yield, indicating that the period to maturity highly influenced the final yield in high 
yielders.PhenologicaI traits were negatively correlated with yield among the low yielders 
indicating a negative effed on yield.All the growth rate traits were found to show high 
positive significant correlation with grain yield in both cowpea groups; however values for 
the high yielders were higher for YGR and BGR with 0.859 and 0.966, as compared to low 
yielders with 0.679 and 0.707 respectively.This result suggests that growth rate was the 
most implant  parameter showing high direct effect on yield.These desirable traits could C 

be considered in addition to already identified yield components when selection for effective 
breeding is to take place.lt has been established by Wallace eta1.(1993) that superior rates 
of accumulation enable plants to acquire high harvest index %*I - 







Path obe~ci6nt aWlyag were carried out behreen grain yield and each of seedling, 
phenological and gtnrvth rates. The traits with superior direct effect on yield from each of 
the seedling, pbenolqical and growth rate viz: E, DSF, 100SDW and YGR were pooled 
and subseqarently m-assessed to show their relationship with yieM (Table 6 and Fig.3). 
The alternate pathways towards attaining high yield i.e. through optimum emergence index, 
DSF and 1WSDW were not as efficient in enhancing high yield as YGR. Out of the four 
M, only' YGR showed the highest direct effect of 0.900 on yield. Howevcer, the indirect 
gffect of 100SDW (0.027) was higher than that of YGR (0.084). While yield components 
and growth rates of cowpea are jointly important for yield improvement, this study showed 

5 
than one of the physiological components (YGR) was the most important in seed 
determination. Cowpea genotypes with long days to harvest maturity were generally low 
yielding and were characterised by high vegetative growth. The activities of photoperiodic 
genes which appear to control the partitioning of assimialtes to both vegetative and 

d- reproductive organs (Wallace and Masya, 1988) are observed to be biased toward'more 
vegetative development in those low yielding varieties. Consequently, much of the assimilate 
were utilized for vegetative growth with less utilized for reproductive growth. Summerfield 
et. a/., (1974) had earlier observed similar results on cowpea, and they emphasized the 
negative effect of a protracted growing period on yield. 

Table 6 
Unear correlation and path coefficients between grain yleld and some traits that s h o w  

superlor direct effects on yields. 

Figures in parenthesis are linear correlation coefficient values between traits measured 
" Signfficantly different from zero at Px0.05 and 0.01 levels of probability respectively. 

3 

5 

* Figures underlined are direct effects of respective traits. 

E 

MF 

1 OOfDW 

YGR 

bnrlPI#l 
wilhyidd 

-0.1 55 

0.139 

0.537** 

0.984** 

0.067 

0.01 2 

4.021 

-0.007 

lndrea 
effgl 

-0.1 82 

0.053 

0.207 

0.084 

MF 

0.01 5 
(0.175) 
0.086 

-0.005 

0.006 

1 O W  

-0.1 04 
(-0.315) 
-0.01 8 
(0.054) 
0.329 

0.085 

rr;R 

-0.093 
(-0.103) 
0.059 
(0.066) 
0.233 
(0.259) 

0.900 



Flg. 3: Path dlagram showlng the dlrect effects of tMs on graln'yldd. 

References 
Adam, M. W. (1982). 'Plant Architecture and Yield Breedingw. Iowa State Journal Research 

56: 225-254. 
Apel, P. (1984). "Photosynthesis and Assimilate Partitioning in Relation to Plant Breeding'. 

In: P. B. Vose and S. G. Blixt (eds). Crop Breeding - A contemporary basis. Pergamon 
Press, Oxford, New York '1 9: 163- 185. 

Chauhan, S. G. and Joshi. R. K. (1980). "Path Analysis in Cowpea, (Vigna unguiculata (L.) 
Walp)". Tropical Grain Legume Bulletin. IITA, Ibadan, Nigeria. 20: 5-7. 

Dewey, D. R. and Lu, K. H. (1985). 'A Ccrrelation and Path Coefficient Analysis of Crested 
Wheat Grain Seed Productionw. Agronomyjournal, Madison, WI. 51:515-518. 

Evans, L. T. (1984). The Natural History of Crop Yieldw. America Scientists; U.S.A. 68: 388- 
397. 

Malik, B.P.S. and Singh, V. P. (1983). Wultiple Correlation and Regression Analflls In 
Green Grainw. Indian Journal of Agriculture Science. New Delhi. India 53(6): 400-403. 

Obisesan, I. 0. (1985). 'Association Among Grain Yield Components in Cowpea pigna 
unguiculata (L) Walp): Genetica agradia. 39: 377 - 386. I: 

Rachie, L. 0.; Rawal, K.; Williams. R. J.; Singh, S. R.; Nagju, D.; Wein, H. C. and Luse, R. A. 
(1 975). Vital-l Cowpea (GP- 1 )". Tropical'Grain legume Bulletin. IITA, Ibadan, Nigeria 
l(1): 16 - 17. fi 

Rasmusson, D. C. (1 987). '"An Evaluation of ldeotype Breedingw. Crop Science, U.S.A. 27: 
1140 - 1146. 

Scully, B. T. And Wallace, D.H. (1990). Variation in and Relationship of Bbmass Growth, 
Harvest lndex and Phenology to Yield of Common Beans". Journalof America Socletyof 
Horticultural Science, Alexandria 115(2): 2318 - 255. 

Scully, B.T. Wallace, D.H. and Viands;D.R. (1991). 'Heritabiliiand Corelathof Bbmoas, 
Growth Rates, Harvest Index and Phenotype to-the yield of Common Beans'. Journalof 
America Society of Horticultural Sciences. Alexandria 1 16(1) 127-1 30. 



Singh, H. K. and Ghaudhalry, 0. D. (1 977). Blometrical Methods in Quantitative Genetic 
Analysis, Kalyani Publishers, New Delhi, India. Pp. 70 - 79. 

Steel. R. G. D. and Tonie, J. H. (1 980). Principles and Procedures of Statistics McGraw-hill 
Book Co., New York, pp: 132 - 193. 

Summerfield, R. J.; Huxiey, P. A. and Steel, W. (1974). 'Cowpea (Vigna unguiculata (L) 
(Walpj". Research Programme Overseas, Dev. Admin., U:K. 27(7): 303. 

Udosen. C.V.; Adesiyan, S. 0. and Singh, S. R. (1984). 'Performance and Yield ~otentlals 
of Six Varieties of Cowpea (Vigna unguiculata (L) Walp) in Mono-and-Mixed-Cropping 
within two Cropping Seasonsn.Nigeria Journal of Science. 18 (1 and 2). : 25 - 28. 

e Wallace, D. H. and Masaya, P: N. (1988). "Using Yield Trial Data Analysis to Analyze the 
Physiological Genetics of Yield Accumulation and the Genotype X Environment 
Interaction Effect on Yieldn. Annual Rep. Bean Improvement Coop. U.S.A. 30: vii - xxiv. 

c Wallace, D. H.; Zobel, R. W.; Yourstone, K. S. and Masaya. P. N. (1983). 'A'\Whole System 
Reconsideration of Paradigms about Photoperiod and Temperature Control of Crop 
Yield". Theoretical Applied Genetics. U.S.A. 86: 17 = 26. 

Wright, S. (1 821). "Correlation and Causationn. Journalof Agricultural Researh Cambridge 
20: 557 - 587. 




