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Abstract

Direct selection based on pod yield is often a problem in West
African okra (Abelmoschus caillei (A. Chev.) Stevels) breeding pro-
grams. Information on inter-relationships among traits to implement
indirect selection for pod yield is needed. Objectives of this study were
to evaluate the performance of West African okra varieties in two crop-
ping seasons prevailing in Nigeria, and to determine the associations
among main agronomic characters and their influence on pod yield.
Twenty-five genotypes were grown in two planting seasons at the
Research Farm of the Federal University of Agriculture, Abeokuta in
2008-2009 using a randomized complete-block design with three repli-
cations. Sixteen plant characters were measured. The data were sub-
jected to variance, correlation and path analyses. Four genotypes, viz.,
CEN 010, CEN 012, NGAE-96-04 and AGA 97/066-5780 demonstrated
potential for high pod yield. CEN 012 and AGA 97/066-5780 in addition,
demonstrated early flowering higher number of pods. Character asso-
ciations varied between planting seasons. The dependence of pod yield
on final plant height, number of branches per plant, number of pods
per branch, number of pods per plant, number of ridges per pod, weight
of 250 seeds, pod length and seed weight per plant was noted in both
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planting seasons. In both seasons, number of pods per plant exhibited
a high positive direct effect on pod yield. In conclusion, the trait of
most interest for improving pod yield under early and late-season con-
ditions was number of pods per plant.

Introduction

West African okra, Abelmoschus caillei (A. Chev.) Stevels is an
unconventional okra type. It is grown mainly for its edible immature
pods in the tropics, but in most African countries young leaves and
seeds are consumed and, where the young leaves are often picked as
vegetables, they are at least as important as the fruiting pods in
Nigeria (Olasantan and Salau, 2007). It is taller and has bigger pods
than the conventional type, Abelmoschus esculentus (L) Moench, and
is essentially photoperiod sensitive. It is annual but can grow vegeta-
tively under long-day conditions, and it is relatively tolerant to diseases
and insect pests. The production of West African okra is influenced by
the length of the daytime period. Regardless of the time of planting,
most West African okra varieties remain vegetative until the daylight
period falls below 12.5 hours. It is estimated that 500,000-600,000 tons
of okra are produced annually in West and Central Africa, with West
African okra making up half of this amount (Grubben and Denton,
2004). In Nigeria, about 455,100 hectares of land is under okra cultiva-
tion, with a mean yield of 2100 kg/hectare (FAOSTAT, 2010).

Maximizing crop yield for a particular region via agronomy and/or
plant breeding requires the agro-morphology of crop to be well adapt-
ed to the available resources and constraints in the production envi-
ronment (Shorter et al,, 1991). Loss and Siddique (1994) regarded
early flowering as an important characteristic for high yield in a short-
season, late cropping-type environment. Wide variation in the agro-
morphology of West African okra has been reported (Ariyo, 1993;
Adeniji and Aremu, 2007) and further improvement in West African
okra could be achieved by selecting for early flowering and early matur-
ing varieties. Such varieties must necessarily have a good combina-
tion of the required agro-morphological characters to cope with fluctu-
ating weather conditions experienced in this region; and their earli-
ness may enable farmers to grow a second crop within a stipulated
period. Wilson (1981) pointed out that selection for physiological and
morphological traits could lead to increased plant biomass needed to
convert assimilate to economical product within the plant and to alle-
viate or avoid environmental constraints. Although increased biomass
might be expected to result in increased economic yield; in practice,
this is not always the case (Goldsworthy, 1970).

In most species, yield is influenced by several characters that affect
plant growth throughout the planting season. Analysis of yield compo-
nents can help explain how yield losses occur (Gardner ef al., 1985).
On the other hand, attempts to increase pod yield in okra by increas-
ing pod number or pod mass have been somewhat unsuccessful
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because of compensation occurring between these components
(Adeniji and Aremu, 2007).

When establishing associations between pod yield and yield compo-
nents, correlation analysis is a useful tool, as it provides an indication
of the degree of association between two variables, which are consid-
ered to be interdependent (Gomez and Gomez, 1984; Sokal and Rohlf,
1995; Steel et al., 1997; Sood et al., 1993). However, associations detect-
ed from correlation coefficients may not necessarily be attributed to a
single variable but rather to a number of interdependent variables.
Therefore, decisions based solely on correlation coefficients may not
necessarily be reliable, as only limited information is revealed about
what may necessarily be a complex series of interrelationships among
variables (Kang, 1994). Information on correlation may be further par-
titioned into direct and indirect effects for a given set of relationships
(Gravois and Helms, 1992). Path analysis is an important analytical
tool, which has been, or can be, used to quantify a perceived biological
relationship through partitioning of correlation coefficients into direct
and indirect effects (Condon, 2004). If an indirect relationship exists
between two variables, path analysis can help elucidate to what extent
other variables are involved or affect the relationship (McGiffen et al.,
1994). Using path analysis, the variables contributing most to an
observed relationship can be identified and employed in formulating an
effective selection strategy.

In Nigeria, progress in okra breeding has been achieved by selecting
for varieties with high pod yield using character correlations. In a
study, Adeniji and Aremu (2007) showed that pod yield in a number of
West African okra varieties was influenced chiefly by plant height at
maturity, number of ridges per pod, number of pods per plant, mature
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pod length and number of seeds per ridge. Rashwan (2011) reported
that pod yield in okra had a positive and significant association with
number of fruits per plant, number of branches per plant and fruit
diameter. The previous investigations provided useful information for
exploring in depth varietal performance and character correlations in
A. caillei. However, challenges still exist because of a lack of informa-
tion to establish a general standard for the selection and improvement
of A. caillei. Therefore, this investigation sought:
i) to evaluate selected West African okra cultivars for their agronom-
ic performance and pod yield in two different planting seasons;
ii) to elucidate the association between pod yield and its components
in West African okra.

Materials and Methods

Germplasm collection

A total of 25 West African okra genotypes were used in this study.
These comprised 13 varieties from the gene bank of National Centre for
Genetic Resources and Biotechnology (NACGRAB), Ibadan, Nigeria;
eight varieties from Centre for Environment, Renewable Natural
Resources Management, and Development (CENRAD), Ibadan,
Nigeria; and four varieties from several locations in Ekiti and Ondo
states within the southern area of Nigeria, which fall within the
Tropical Rain Forest and Savannah Transition (Table 1).

Table 1. Code names, source and specific morphological characters of the accessions used.

=

1. CEN 010 CENRAD LP Glabrous DG Downy Erect

2. NGAE-96-012-2 NACGRAB Purple Conspicuous LG Pricky SH

3. NGAE-96-012-3 NACGRAB Green Glabrous GwR Downy SE

4. CEN 016 CENRAD Purple SP DG Prickly SH

5. CEN 012 CENRAD Purple Conspicuous Green Prickly Horizontal
6. CEN 007 CENRAD Green Glabrous YwG Downy SH

1. NGAE-96-04 NACGRAB Green Glabrous Green SP SE

8. CEN 015 CENRAD LP Glabrous DG Downy SH

9. 0AA96/175-5328 NACGRAB Green Sp DG Prickly Horizontal
10. AGA97/066-5780 NACGRAB Purple Glabrous DG Downy Horizontal
11. ADO-EKITI-1 Ekiti state Green Glabrous DG Prickly Horizontal
12. CEN 001 CENRAD Purple Glabrous GwY Prickly Horizontal
13. CEN 009 CENRAD LP Glabrous Green Downy Horizontal
14. NGAE-96-0062-2 NACGRAB Purple Glabrous Green Downy Horizontal
15. NGAE-96-0066 NACGRAB Purple Glabrous Green SP Horizontal
16. NGAE-96-0061 NACGRAB LP Glabrous GwR SP SE

17. NGAE-96-0060 NACGRAB Purple Glabrous Green Downy Horizontal
18. NGAE-96-0064 NACGRAB PwG SP GwR Prickly Horizontal
19. NGAE-96-0063 NACGRAB DR Sp Green Prickly Erect

20. CEN 005 CENRAD GwP Glabrous YG SP Horizontal
21. NGAE-96-0065 NACGRAB PwG Glabrous Green Downy Horizontal
22. OJA OBA-2 Ondo state Green Glabrous YG SP Horizontal
23. OJA OBA-3 Ondo state Green Glabrous Green SP Erect

24. ADO-EKITI-3 Ekiti state Purple Glabrous Green Downy SE

25. NGAE-96-0067 NACGRAB GwP Glabrous GwR SP Horizontal

LG, light green; GwP, green with purple; PwG, purple with green; DG, dark green; LP, light purple; GwR, green with red; YG, yellowish green; GwY, green with yellow; DGwR, dark green with red; SP, slightly prickly; SE, semi-erect.
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Experimental site

The field trials were conducted during early and late planting sea-
sons of the year 2008-09 at the Teaching and Research Farm of the
Federal University of Agriculture, Abeokuta (FUNAAB),
Nigeria.Geographically, FUNAAB is situated in the derived savanna
zone on latitude 7°9P’N and the longitude 3°21’E. Climatologically,
FUNAAB experiences approximately seven months (March-September)
of bimodal rainfall pattern that peaks in June and September with a
short dry spell in August and a long dry spell in November-March. The
early cropping season is from March toJuly with a long day length while
the late season is from September to November with a short day length
(Table 2). The soil of the experimental site is classified as an underlain
basement complex rock with quartz schist, coarse grained and fine
grained granite and gneiss as parent material (Aiboni, 2001), with a pH
ranging from 5.5-6.5.

Methodology

For early planting season, land preparation was done by tractor
ploughing and harrowing with pulverization and leveling done manual-
ly under upland environment, while manual land preparation was done
for the late planting season trial under hydromorphic environment. The
early season planting, was done in July, 2008 and late season planting
in December, 2008. The experiment was a randomized complete block
with three replications in each of the two seasons in a single row plot.
Thirty-six seeds were planted in 6 m-long plot on 15 July, 2008 (early
planting season) and on 6 December, 2008 (late planting season) with
plant spaced 1m and between-plant distance within a row was 0.6 m.
Plots were thinned to one plant per hill at the-first-true leaf stage giv-
ing 12 plants per row and data were taken on 10 competitive plants
within each row leaving the two border plants for border effects.
Weeding was carried out manually 3 weeks after planting and as nec-
essary to keep the plots weed-free. Following thinning, fertilizer appli-
cation of a compound fertilizer in the form of NPK 20:10:10 was applied
by drilling at the recommended rate of 60 kg/ha to support crop growth.

At each site, Cypermethrin (Cymbush at the rate of 50 mL/10L of
water) was applied 4 weeks after planting (WAP) and subsequently
fortnightly. Pyrethroid (karate EC) was applied twice during the repro-
ductive phase at 20 mL/15L to reduce the insect damage on the crop.
The fruits collected per experimental row had their seeds extracted and
air dried.

Data collection and analysis

During the course of the study, 16 agro-morphological traits were
measured. Traits studied usually considered important are yield and
yield components in addition to other agronomic traits in West African
okra. These included: number of days to flowering; plant height at flow-
ering; number of leaves per plant; number of branches per plant; num-
ber of pods on the branches; number of pods on the main stem; num-
ber of pods per plant; mature plant height; length of mature pod; width
of mature pod; number of ridges per pod; number of seeds per ridge;

number of seeds per pod; 250 seed weight; seed weight per plant; and
mature pod yield per plant.

Number of days to flowering trait was calculated by counting days
from the date of the planting beginning to the day of opening of the
50% of the flowers in a row. Plant height at flowering (cm) trait was
measured from the soil level base of the plant to the main stem termi-
nation of flowering in a row. Number of leaves at flowering trait was
also calculated. Number of branches/plant trait was calculated by count-
ing the branches on the main stem; number of pods at the branches
and number of pods on the main stem traits were calculated by count-
ing the pods on the branches and main stem; mature plant height (cm)
trait was measured from the soil level base of the plant to the main
stem termination at harvest; length of mature pod (cm) trait was meas-
ured from the tip of the pod to the attachment of the pedicle. Width of
mature pod (cm) trait was measured as the widest circumference of
the mature harvested pods, number of ridges/pod trait was determined
at maturity by counting the number ridges in ten randomly selected
pods and averaging over ten, number of seeds/ridge trait was deter-
mined at maturity by counting the number of seeds in each of the
ridges of ten randomly picked pods and dividing by the total number of
ridges in the ten pods, 250 seed weight (g) trait was calculated by
weighing of randomly selected seeds, seed weight per plant (g) trait
was calculated by weighing the bulked dried seeds of sampled plant
divided by 10, pod yield per plant (g) trait was calculated by weighing
of average value of the total weight of mature harvested pods from sam-
pled plant. Traits calculated from these data were number of seeds/pod
and number of pods per plant determined as:

Seed/pod=seed/ridge x ridge/pod

Number of pods/plant = number of pods at stem + number of pods at
branches seeds respectively.

Dried pods that have turned brown within the row were harvested
manually in December and May for early and late planting seasons,
respectively, to determine mature pod yield per plant and latter seed
weight after seed extraction and drying. Data on the 16 agronomic and
morphological traits were recorded for two years after harvest.

Statistical analysis

The mean trait values were used for statistical analysis. Pooled data
of the two years were analyzed for variance components (Snedecor and
Cochran, 1980) to determine the significant differences among vari-
eties for the investigated plant characters. Where significant means
were found, they were compared using Duncan’s multiple range test at
5% level (SAS, 2000). Secondly, separately for each planting season,
relationships among variables (Z.e. 16 traits) for the 25 genotypes of
West African okra were investigated using phenotypic and genotypic
correlations calculated from the mean values of the genotypes using
the procedure outlined by Miller et al. (1958). Genetic (ry) and pheno-
typic (r,) correlations between pairs of traits were estimated as
described by Kempthorne (1973). Also, for each planting season the

Table 2. Rainfall, temperature, relative humidity and wind run (mean of 2000-09)* at experimental site, Abeokuta, Nigeria.

Rainfall (mm) 23 15.9 33.5 69.0 70.4 134.6 81.1 55.0 107.3 46.7 12.2 2.5
Temperture (°C)
Maximum 32.22 33.2 aBL) 32.1 29.5 28.0 28.8 27.6 26.6 30.5 32.2 31.8
Minimum 21.9 23.6 242 23.9 222 218 22.8 224 20.2 22.9 20.7 22.7
Relative humidity (%)  60.5 65.6 69.4 724 81.7 72.2 79.9 83.0 72.9 7738 74.1 68.1
Wind run km/day(h) 14.1 15.5 64.7 18.1 16.3 11.6 12.6 15.0 174 17.7 28 3.1

*Department of Agrometrology and Water Resources Management, Federal University of Agriculture, Abeokuta, Nigeria.
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relationship between pod yield and its components (five traits) were
investigated using the path coefficient technique as outlined by Dewey
and Lu (1959). Multiple linear regressions was used to calculate the
path coefficients to establish direct correlations and hypothesize rela-
tionships (McGiffen et al., 1994) between pod yield and yield related
characters. Pod yield was considered to be dependent variable, while its
components (Xn) Ze. number of pods at branches (X;), number of pods
at stem (X3), number of pods per plant (X;) and seed weight per plant
(Xs) were considered to be independent variables. Standardized partial
regression coefficients from regression analysis were used as path
coefficients for the respective independent variables. The indirect
effects were determined by multiplying the correlation by their respec-
tive path coefficients. For the normal equation hypothesized for path
analysis, P; represents path coefficients and r; represents simple cor-
relation coefficients. Each normal equation partitions the simple corre-
lation into direct and indirect effect.

The simultaneous equations (n-1 for 6 traits) for calculating direct
effect of each of five traits (1 to 5) on trait number 6 are as follows:

Pis+115Pag+113P3g+114Pag+115Ps6=116 [1]
r12P 16+ Pos+T23P36+124Py 6+ 1osPss=T26 [2]
r13P16+123P26+Pag+134Pas+135Ps6=136 [3]
r14P16+124P26+134P36+Pas+T45Ps6=r4 [4]
r15P 16+ 125 P26+ 135 P36+ 145 Pag+Pss=Ts6 [5]

In the above equations rjs represents correlation coefficients
between /th and jth traits (j =1 to 5, and j = 2 to 6), and P represent
direct effect of /th trait on trait number 6

Residual effect is computed as:

[1'P162 + P262 + P362 + P462 + P562 +2r12P16Pss + 2 r13P16 P3s +2 ruaPis Pas
+2 115P16 Pss +2 123P26 P3s +2 124Pas Pas + 2 125Pas Psg +2 134Ps6 Pag + 2 135P36
Pss + 2 145Pyg Pss]

The partitioning displayed diagrammatically is the sum of the direct
effect plus indirect effect on the pod yield (Figure 1).

Results and Discussion

The results of the combined variance analysis of agro-morphological
traits and seasonal means in 25 West African okra varieties used in this
study are presented in Table 3. There were statistically significant
(P<0.01) differences within the two seasons for all the agro-morpho-
logical traits with the exception of number of pods per branch. This
may be attributed to diverse genetic background of the genotypes stud-
ied, which implies that in a population of West African okra genotypes,
there is an opportunity to select desirable genotypes with increased pod
yield component characters which may be able to perform well and give
increased yield. This corroborates the conclusion of Ariyo (1993) that
genetic variability among the West African okra accessions proved to be
large. Generally, contributions of genotype x season interactions were
lower than those of genotype. The statistically significant (P<0.01)
genotype x season interactions observed for all the traits with the
exception of number of pods per branch, 250 seed weight, pod length
and pod breadth indicated that it is difficult for breeders to decide
which genotypes should be selected that show a positive genetic
response in term of pod yield improvement, as reported here. This fur-
ther supports the need for stable and high yielding varieties for farm-
ers in Nigeria who use no or limited input to grow West African okra
under harsh and unpredictable environments. This agrees with similar
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observations by Ariyo and Ayo-Vaughan (2000) on Abe/moschus escu-
lentus. The fact that season and genotypic variances were significant
for most of the characters is an indication that variable factors associ-
ated with seasons such as amount of rainfall, solar radiation, tempera-
ture and wind speed are important. In the two seasons, the rainfall was
inadequate in terms of distribution and cessation. For example, aver-
age values of rainfall of a polyannual period of ten years during the
flowering stage for early and late planting seasons were 107.3 and 15.9
mm, respectively. The maximum and minimum temperatures were
higher during the late season planting of November-April when com-
pared with the other months. However, relative humidity values during
the same period ranged from 60.5 to 74.1%. The wind run is significant-
ly higher in the month of March compared to the other months of the
year (Table 2). The variation in the weather conditions, along with the
diversity of cultivars resulted in non-uniform performance across the
seasons, which is evidenced in a great variation among the agronomic
and morphological traits.

In Tables 4 and 5 are presented the mean of measured traits in 25
varieties of West African okra studied, using Duncan multiple range
test for mean comparison in the early and late planting seasons. In the
early planting season pod yield per plant ranged from 18.4 g for geno-
type OAA 96/175-5328 to 79.8 g for genotype CEN 010 while seed weight
per plant varied from 12.7 g for NGAE-96-0062-2 to 32.1g for genotype
NGAE-96-0060. Ado-Ekiti-3 flowered earlier (94.5) than all others, fol-
lowed by NGAE-96-012-2 (95.9) and NGAE-96-012-3 (96.2). The latest
flowered genotype was Oja-Oba-2 (103.0). Final plant height ranged
from 129.3 cm for CEN-015 to 222.8 cm for Oja-Oba-2. The highest
number of pods per plant was recorded for AGA 97/066-5780 (16.4) fol-
lowed by NGAE-96-0067 (15.2) and NGAE-96-0063 (15.2) whilethe low-
est was recorded for CENO16 (4.5).In the late planting season, genotype
NGAE-96-04 exhibited the highest mean value for mature pod yield of
63.8 g and OAA 96/175-5328 had the lowest mature pod yield of 14.0 g.
The seed weight per plant varied among the genotypes with NGAE-96-
04 having largest weight of 32.8 g while CEN 001 had the smallest
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Figure 1. Path coefficient diagramme showing direct and indirect
eﬂge‘;ts of five characteristics of West African okra on pod yield.
The double arrowed lines indicate correlation between two vari-
ables and the single arrowed lines represent direct influence as

measured by path coefficient.
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Table 3. Variance analysis and seasonal means of pod yield and yield-related components in 25 West African okra varieties evaluated in
early and late planting seasons in South-Western Nigeria.

Days to 50% flowering 12.12 56.02%* 14421.68** 99.31 79.71 30.01%* 10.68
Number of leaves at flowering 163.03 192.24** 6383.08** 39.90 26.93 35.99** 7140
Plant height at flowering (cm) 14.06 1236.81** 17517.82%* 98.33 76.61 265.38** 21.91
Final plant height (cm) 53.04 2558.06%* 6694.70%* 175.11 161.72 1868.83** 31.88
Number of branches per plant 0.02 12.82%* 42.77+* 3.24 2.24 447** 0.11
Number of pods per branch 12.34 24.68** 19.51 481 413 2.83 7.59
Number of pods at stem 0.06 13.32%* 80.67** 5.60 41 2.42%* 0.11
Number of pods per plant 043 40.16** 68.81** 10.42 8.24 16.26%* 0.62
Number of ridges per pod 0.04 246%* 24.16%* 8.93 8.22 0.41%* 0.10
Number of seeds per ridge 0.08 5.42%* 24.56** 9.31 8.53 1.90% 0.13
Number of seed per pod 5.75 945.48** 3894.13** 83.06 69.31 69.58** 10.75
250 Seed weight (g) 0.26 7.63%* 2.59** 13.64 13.30 0.20 0.17
Pod length (cm) 0.17 10.47** 47.26%* 9.7 6.81 240 0.20
Pod breadth (cm) 0.18 6.17** 41.82%* 11.01 10.04 0.73 0.92
Seed weight per plant (g) 0.44 212.97** 42.27** 18.1 17.0 11.01%* 2.59
Pod yield per plant (g) 5.19 1495.17** 4837.09** 48.52 37.12 80.85%* 812.31

*P<0.05,**P<(.01. Degree of freedom: Block, 2; Genotype, 24; Season, 1; GxS, Genotype x Season, 24; Error, 98.

Table 4. Mean of measured traits in studied 25 varieties of West African okra using Duncan multiple range test for mean comparison

in the early planting season.
. ‘|n ‘I}L.
A

CEN 010 93.3bd 4460 946 19307 65 62xd  f0cde 20T 93bc gfed  ghgefe [4qede 11gb 920 23Ibe 798
NGAE-96-012-2  95.9% 5532 10649 180.0¢ 5.1bc  78bc 68> 142 glbe 93¢ g4Sefe 139¢h 97el QLT 1438 5600
NGAE-96-012-3  96.2¢¢  382:b  882Mi 14920 620 33+ 53 78b% g6+ 96  8u2efe  135efs  102cde  [LIMT 144 349

CEN 016 99624 398 757 1865 1.5k 1.0 34k 450 90bT 106> 954cd  14.20d 362 97del  12.9h 466N
CEN 012 99.8+d 3630  79.8m 174.6¢ 160 36+d 40K 76ke 8heh 825 6991 1344 9.0¢0 LI 2L1¢T 7640
CEN 007 10179 346> 107.0cdc 18637 0.9k 364 38k 74de 94b  g4el  79Md  [338 74K [L7bd (4380 414K
NGAE-96-04 98304 4412 9610 200.9c 25%  7hbe 550 [30r¢ 1012 106> 107.0¢  144b 1180 1200 299 7600
CEN-015 98504 408> 8491 1293k 449 640 GIbed 25T 93¢ 0.0 1003 14200 [Q.0cde  11.90d  1328h 433

OAA96/175-5328  100.3*> 4480 72.0m  137.90 070 07 44518 91bed 66¢ 6064  14.0¢T 820 1031 1348 1840
AGA97/066:5780  98.8>d 293> 9324 200.7¢ 540 9T g.6 1640 1000 790 7930 143 [04d 143 284ebc 685
ADO-EKITI-1 ~ 99.7+¢ 3812 951¢h 13731 24% 3.9 250 63¢f 73 9¢d g7k 1348 94de 00T 1770 2020
CEN-001 100.80 3830 120.3> 20520 15k 5724 g5bed q3af goh 104> 829 1500 100« QLI 156% 296"
CEN-009 99.9+d 474 14290 191000 68 3.7 23 59% 86e¢ 103> 888 1190 99T 99T 1358 446
NGAE-96-0062-2 100.9> 47.2¢>  931hi 1304k 520 3424 490 76de g3 95 79Qh  Q40¢f  93eh  q00cf 127 2850
NGAE-96-0066 ~ 984> 39.1&b 1206 210.2> 3.8¢  32vd  Agh  78e 94b  9cd  gggdel I35k g5 I13T 1458 5830
NGAE-96-0061  100.9> 447> 948eh ]gg7del 238  bcd  5gdel goeg g3bc 95 gghde 4k 79k ]1ghe  16.8el  30.5m™
NGAE-96-0060 985> 382> 8258 19259 35 53-d 48 10.]e¢ g4kh 104> 880d 133 12200 97del  F}pp 707
NGAE960064  98.6>¢ 337> 99defe 17978 14k 28 g6bc 958 geet 95 QL7 1250 840 Q14bf g7l 34Qm
NGAE-96-0063 995+ 302>  1204> 1794¢ 13k 6204 89  152% 9Ibed 150 [054 147 10.0cde 1270 293 6574
CEN 005 99.0xd 353> 10529 1624" 2.1¢n 28 g2 [19+f B5eh gedel 72N 1522 1050 121b¢  159%  51.2%
NGAE-96-0065 ~ 99.8=4 383  112.6%d 16150 1.6  7.Jed  g5bc ]37ed g5eh 93« 7gqh  qpghi  g7ed  [Lbed  I38sh 4864
OJA OBA-2 103.00 381  [150bc 222.8¢ 450 73+d  gabed 35d g3bc q05b 987 (502 98T 110> 1508 5058
OJA OBA-3 100.0¢ 4360 78.7Km 1659 29" 8l S4ele  35ed 93bc g3 771N 133 95¢ 93l 16.2¢ 3B
ADO-EKITI-3 945¢  344b  7AIMm 1326% 22¢h  Lbed  Sefe  7]de g7ce gjede 79)fh [0l 84T Q1AM 149¢h 322
NGAE-96-0067 ~ 100.7>  42.3b  104.1%" 1785¢ 464 67+ g5 152 100 56" 5620  13.7%¢ 96 1031 2LI¢T 62le

D 50% flo, number of days to 50% flowering; Leaves 50%, number of leaves at 50% flowering; height 50%, plant height at 50% flowering; final plt hei, plant height at maturity; no bra/plt, number of branches per plant;
pods/bra, number of pods at branches; pods/stem, number of pods at stem; pods/plt, number of pods per plant; rid/pod, number of ridges per pod; seed/rid, number of seeds per ridge; seed/pod, number of seeds per
pod; 250 se wt, weight of 250 seeds; seed wt/plt, seed weight per plant. **Values within a column with the same letters are not significantly different at P<0.05.
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Table 5. Mean of measured traits in studied 25 varieties of West African okra using Duncan multiple range test for mean comparison in the

late planting season.

CEN 010 789+ 26.81 7640 182.8bc  35¢  42xe  3Ik  73cx 7N 83 G23M  140bd  ggbed g4 177 5134
NGAE-96-012-2 72.6¢%¢  38.120 85.2bc 12360 43>  63bc  47er 10 88 B3¢ 7304 I31ef 1020 9.9¢8  134eh 4]4efe
NGAE-96-012-3 84.82b¢ 2581 59.7hi 1408 46> 3d4cde  Z5h o 69de 7N ggbe fhAMK  132¢f 1000 9.9¢ 135 229
CEN 016 78.0cT 26401 5631 161.8¢F 36 L7 524 g.9de 76 95 72leh  140bd 14 95+h (428 404efe
CEN 012 69.5¢  27.7>1  gA5bed [447¢ 4gd g0k 93m 448 ggk 760 504m 13.0¢0 84 0.1 174 5250
CEN-001 84.62c  19.1¢f 8932 1570 1M 35ede  44fe  79bg Rlefe  gghe 70.2¢ 13.0¢F 65k 10904 137 2990
NGAE-96-04  73.2¢f8 34,600 g4.6si 181.50 1.7de  S4re 3Tk 5T 93 g0 8500 14,00 66k 1150 328 63.8°
CEN-015 73.6¢ 1821 5721 1864b 12¢1 74 37h Q1 83¢T 94 784ee  [40be 115 110 1280 42,8
0AA96/175-5328 84.2+0  25.61 38 18I 07 18 29K 488 g4ee  6e Shgme  13e 65K 9ded 1478 14.0%
AGA97/066-5780 71.3%¢  32.6%¢ 66.6" 181.8>c 532 760  5.0%  12.61 962 85 826w 1430 799 10.3>1  250cde 595
ADO-EKITI-1 ~ 764%¢ 2450 704 180.3bd 190 38 L7 55 69K 84c 58T [40bcd  g7el  93eh 13 Mi 21.0
CEN 001 83.00d 25601 90.2: 19320 L7ed 760 46ef 1232 70K 992 653k 15.00 96 10.0¢¢ 120 24
CEN-009 83.7ad 37780 8750 190.3> 47 46 120 58l 7.9 gled 6400 107 74 gee 130N 36.7%
NGAE-96-0062-2 82.5+¢  41.62 7500 20512 070 26% 320k 5gefe 75 g6e 4940 12,9 7.8 0 90fn 132 2360
NGAE-96-0066  78.2¢f  27.81 9622 189.6> 1081 3Qcde Qb 9Jaf 84ce 940 793d  [3qdef 5k ggeh  37ehi 355f
NGAE-96-0061 ~ 86.72  335%4  836cde 130.4n [.1&1  2.6d 3N G2efe 4ce ghbe 71geh 1o 721 109+ 13.8h 22.1i
NGAE-96-0060 7841  24.4v1 88.9% 16820 144h 3gbe  25m  g4efe g3t B3¢ f89¢1  I31%T  [102  91h 296> KRI
NGAE-96-0064 83.1x¢ 1531 88.12> 14158 [9ed  21%  46ef  67¢e g7bd 95 gD 60 12.0¢ 65k 10.6>¢ 147 21,0
NGAE-96-0063 8642 19.0¢f 8780 182.20c 134 45ve 702 1150 87bed 922 g)4abc  [39hcd 95bed 1232 28I 4530
CEN 005 781t 20.9¢f 76400 171 4cde 131 pqde  ggr 80T gofh 700 56.3mn 15.1¢  9ghd 110bc 1688 51.1cd
NGAE-96-0065 832 25.1b 783¢T 18860 14eh  47ee 54 J(]ad g3l gge 69 7eh 1281 88 10.6>¢ 14,08 464cde
OJA OBA-2 83404 26801 88.42> 13894 15eh  50ve 59 ]0.9be g2de 922 754ck 15.08 91 qp7eh q37et o 354eh
OJA OBA-3 8394 2740 63167 1416 1d4eh  55ed 38 109+ 91b  g4c 7T [33¢T Qdede  ]1Qh 12.31 29.5M
ADO-EKITI-3 ~ 74.3¢%  19.60¢f 754e0 10120 (.90 24de  39ah  fele 77sh (b 69 Behi 108" 7.8 93cx Q3N 7.7k
NGAE-96-0067  79.5+¢  27.6>1 88500 1418 16¢¢  4.0ve  46ef 8601 B4ce  gled 768.6¢ 136> 82 [14eh 2820 445e

D 50% flo, number of days to 50% flowering; Leaves 50%, number of leaves at 50% flowering; height 50%, plant height at 50% flowering; final plt hei, plant height at maturity; no bra/plt, number of branches per plant;
pods/bra, number of pods at branches; pods/stem, number of pods at stem; pods/plt, number of pods per plant; rid/pod, number of ridges per pod; seed/rid, number of seeds per ridge; seed/pod, number of seeds
per pod; 250 se wt, weight of 250 seeds; seed wt/plt, seed weight per plant. #°Values within a column with the same letters are not significantly different at P<0.05.

weight of 12.0 g. Days to 50% flowering of these genotypes ranged
between 69.5 for CEN 012 to 86.7 for NGAE-96-0061. NGAE-96-0062-2
was the tallest (205.1 cm) and Ado-Ekiti-3 was the shortest (101.2 cm).
The number of pods per plant varied between 4.4 for CEN 012 and 12.6
for AGA 97/066-5780. Across the seasons of evaluation, genotype NGAE-
96-04 with a mean pod yield of 69.9 g per plant was the best, followed
by CEN 010 (65.6 g/plant). Among the cultivars studied, average num-
ber of days to 50% flowering was 86 days after planting. The genotypes
that flowered earlier than others, Ado-Ekiti-3 (84.4 days) and CEN 012
(84.6 days), could serve as parents when breeding for early maturity
because days to flowering is always correlated with life-span (Ariyo and
Odulaja, 1991). Using genotypes with highest pod number per plant
AGA97/066-5780 (16.4) and (12.6) in the early and late season respec-
tively, as parents in hybridization programs may lead to considerable
improvement in the pod yield. This is in agreement with the findings
of Akinyele and Osekita (2006).

The progress of selection depends on knowledge of relationships of
yield traits and their relative contribution, which is helpful in effective
and simultaneous selection of characters (Ramesh et al., 2010). In
order to reveal associations between pod yield and the other agro-mor-
phological traits, genotypic and phenotypic correlation coefficients
were calculated (Table 6). In the early season, pod yield showed the
strongest positive genotypic and phenotypic correlation (rg= 0.88**)
(r,=0.86**) with number of pods per plant and number of pods per
branch (r,=0.88**) (r,=0.53**), followed by seed weight (r,=0.70**)
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Table 6. Genotypic (r;) and phenotypic (r,) correlation coeffi-
cients between pod yield (g/plant) and phonological agronomic
traits for early and late planted West African okra.

Days to 50% flowering -0.17ns  -0.13ns -0.60**  -0.52**
Number of leaves at flowering ~ -047**  -0.10ns 0.15ns  0.13ns
Plant height at flowering 0.11ns 011ns 0.13ns  0.13ns
Final plant height 0.52%* 0.52%*  0.39**  0.38**
Number of branches per plant 0.27* 0.26%  0.36** 0.35%*
Number of pods per branch 0.88** 0.53*%  039%*  0.31**
Number of pods at stem 0.31%* 0.31*%*  0.15ns  0.15ns
Number of pods per plant 0.88** 0.86**  0.57%*  0.56%*
Number of ridges per pod 0.51%* 0.48**  (.32%* 0.38**
Number of seeds per ridge 0.09 ns 0.09ns 0.05ns  0.04ns
Number of seed per pod 0.24* 0.24* 0.25* 0.24*

250 seed weight 0.29* 0.29*  035**  0.33**
Pod length 0.52%* 0.51%*  0.29* 0.28*

Pod breadth 023ns  020ns 021ns  0.9ns
Seed weight per plant 0.70** 0.69**  0.71** 0.70%*

*P<0.05; **P<0.01; ns, not significant.
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Table 7. Direct and indirect effects of some characters of pod yield in West African okra under early and late seasons.

Pods/branch 0.8800 3.0586 0.7605 -1.4756 -0.1176 -1.3459
Pods/ plant 0.8800 1.0277 22633 -0.9152 -0.1499 -1.3459
Ridge/pod 0.5100 -1.8678 24163 0.5036 -0.0176 -0.5244
Pod length 0.5200 -0.2940 1.2234 0.5241 -0.1121 -0.8215
Seed weight 0.7000 -1.7479 2.3551 0.7914 -0.5604 -0.1382

Pods/branch 0.3900 -0.2723 0.5097 -0.0339 0.0832 0.1032
Pods/ plant 0.5700 0.5927 -0.2342 -0.0346 0.0578 0.1883
Ridge/pod 0.3200 -0.0706 -0.1307 0.2904 -0.0485 0.2794
Pod length 02900 0.2311 -0.0980 0.1482 0.0148 -0.0061
Seed weight 0.7100 0.6073 -0.0463 0.1837 -0.0325 -0.0023

Pods/branch, number of pods at branches; pods/plant, number of pods per plant; ridge/pod, number of ridges per pod; seed weight, seed weight.

(1,=0.69**), Final plant height (r;=0.52**) (r,=0.52**), pod length
(rg=0.52**) (r,=0.51**), number of ridges per pod (rg=0.51*%*)
(r,=0.48**), number of pods per stem (rs=0.31**) (r,=0.31**), 250
seed weight (r,=0.29*)( 1,=0.29*) and number of branches per plant
(rg=0.27*) (r,=0.26*). The most significant negative genotypic correla-
tion with pod yield was made by number of leaves at flowering (-
0.47**) (r,=-0.10). In the late season, pod yield showed the strongest
positive genotypic and phenotypic correlation (rg=0.71**) (r,=0.70**)
with seed weight per plant, followed by the number of pods per plant
(re=0.57**) (1,=0.56**), number of pods per branch (rs=0.39**)
(1,=0.31*%), final plant height (r,=0.39**) (1,=0.38**), number of
branches per plant (r,=0.36**) (1,=0.35**), number of ridges per pod
(rg=0.32**) (1,=0.38**), pod length (r,=0.29*) (r,=0.28*) and number
of seeds per pod (r,=0.25*) (r,=0.24*). Meanwhile, number of days to
flowering was negatively correlated with pod yield at genotypic and
phenotypic level (re=-0.60**) (r,=-0.52**). In some cases, differences
in both magnitude and direction of correlation coefficients were
observed in different seasons. Phenotypic correlation is a composite of
genotypic and environmental correlations, but it was observed that
genotypic correlations were, in most cases, higher than their corre-
sponding phenotypic correlations coefficients. This has been ascribed
to negative environmental correlations between the corresponding
characters (Falconer and Mackay, 1996). Strong positive genotypic and
phenotypic correlation coefficients between pod yield and final plant
height, number of branches per plant, number of pods per branch, num-
ber of pods per plant, number of ridges per pod, weight of 250 seeds,
pod length and seed weight per plant in the early and late seasons indi-
cated that a selection based on these traits would also select plants
showing a high level of pod yield. These results also corroborate previ-
ous observations (Ramya and Senhilkumar, 2009; Rashwan, 2011) that
pod yield per plant was positively correlated with number of pods\per
plant, pod length and number of branches per plant. The other charac-
ters may therefore not be of practical value in selecting pod yield, since
selection is based on the phenotype of the characters.

Characters that are genotypically correlated but not phenotypically
correlated will not be of practical value in selection since selection is
often based on the phenotypical performance of the characters. This is
true of the relationship between number of leaves at flowering and pod
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yield per plant in the early season. The association of pod yield and
number of days to flowering was found to be negative and significant
both at genotypic and phenotypic level in the late season. This gives a
clear indication that too early maturity could lead to reduction in pod
yield of West African okra cultivars, and is in agreement with similar
observation of Rashwan (2011). Since pod yield did not genotypically
and phenotypically correlate with days to flowering in the early season,
changes from flowering to physiological maturity must have been more
influential on the pod yield than the emergence to flowering period in
the early season. Correlation between pod yield per plant and pod
breadth was low at genotypic and phenotypic levels in the two seasons,
indicating that there’s good possibility of obtaining plum pods with a
minimum leeway in improvement of pod yield.

The significant genotypic and phenotypic correlation between pod
yield per plant and number of branches per plant and final plant height
may be related to proper light interception provided by greater height
and greater photosynthetic capacity provided by more leaves that are
abided on the branches. Since leaves are the food manufacturing fac-
tories of the plant and the greater number of leaves assumed better
crop yield due to higher photosynthetic capacity by increasing leaf area
index and resultantly higher FI (fraction of intercepted radiation),
intercepted PAR and its utilization efficiency. Also more branches
implied more fruit bearing nodes. However, reduced days to 50% flow-
ering in the late season tend to increase pod yield in West African okra
as it is negatively correlated to pod yield at phenotypic and genotypic
levels. The insignificant association between pod yield and plant height
at flowering traits in both seasons, indicated that yield improvement
through direct selection of plant height at flowering as a single charac-
ter would be impractical. The information derived from the correlation
studies remarked only mutual association among the characters. Pod
yield is sum total of the several components characters which directly
or indirectly contributed to it. Whereas, path coefficient analysis helps
in understanding the magnitude of direct and indirect contribution of
each character on the dependant character like pod yield. Partitioning
of correlation coefficient into direct and indirect effect provides the
information about the nature and magnitude of effect of other charac-
ters on the pod yield. The partitioning of genotypic correlation coeffi-
cients between pod yield and each of the five independent variables for
both seasons is given in Table 7 as a sum of direct and indirect effect.
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The estimates of direct and indirect effects were more pronounced in
the early season than the late season. In the early season, number of
pod per branch had the maximum positive direct effect (3.0586) on pod
yield. This maximum direct response of this component was attributed
to the indirect positive effect of the number of pods per plant. Number
of pods per plant also had a high positive direct effect (1.0277), This
suggests the importance and achievable success in selecting for these
traits when high yield is the objective. Number of ridges per pod and
seed weight per plant had the largest negative direct effect on pod yield
in spite of its positive genotypic correlation with pod yield. This demon-
strates the defect of selecting only on the basis of inter-character cor-
relation as such a selection may not produce desired results. The path
analysis further revealed that the adverse effect of pod length on pod
yield was largely due to the indirect effects of seed weight and number
of ridges per pod.

In late season okra seed weight per plant produced the greatest pos-
itive direct effect (0.6073) on pod yield, closely followed by number of
pods per plant (0.5927). Also pod length had a positive direct effect
(0.2311) on pod yield, in spite of its low genotypic correlation.
Although, number of pods per branch was still highly correlated with
pod yield, its direct effect on pod yield was negative. The inconsistency
observed on the direct and indirect effect of some characters on pod
yield is an indication of seasonal influence on character interrelation-
ship. It is also instructive on the need for selecting for pod yield, direct-
ly or indirectly through other characters, in a range of environments.
Harris (2001) has explained how standardized path coefficients can be
higher than unity in absolute value. In spite of the important pod yield
related characters used in the path coefficient analysis, the residual
factors were 0.5167 and 0.5410 for early and late season respectively. It
predicted that 48.3 and 45.9 per cent variation in pod yield at genotyp-
ic level for early and late seasons respectively had been determined. It
further portrayed the occurrence of some factors, not considered in this
study, contributed to the pod yield of West African okra. This may also
be due to the fact that correlation coefficients were mere estimates and
to rounding-off errors.

In conclusion, West African okra varieties used in this study showed
variation in pod yield performance. Genotypes CEN 010, CEN 012,
NGAE-96-04 and AGA 97/066-5780 demonstrated high pod yield. In addi-
tion to this, genotype AGA 79/066-5780 had higher number of pods in
the two seasons compared to other genotypes. CEN 012 is identified as
early flowering and high yielding genotype which could be used in con-
junction with other promising lines to develop early maturing geno-
types. Despite differences in the genetic make-up of the cultivars, sea-
sonal variability influences the ability of West African okra to compen-
sate among yield components.

Adequate soil moisture seems a very important determinant of geno-
typic performance in the location. Using correlation coefficients, prom-
ising West African okra genotypes could be selected with simultaneous
selection for final plant height, number of branches per plant, number
of pods per branch, number of pods per plant, number of ridges per pod,
weight of 250 seeds, pod length and seed weight per plant. The results
from path analysis indicated that number of pods per plant had positive
and direct effects on pod yield in both seasons. Indirect effect of other
traits through this trait also contributed predominantly towards pod
yield, indicating that selection for number of pods per plant should be
the best indirect selection trait for improvement of pod yield.

However, a selection index comprising both relevant vegetative and
reproductive characters would produce better results and is recom-
mended. A balanced view of all the characters in question is of para-
mount importance in selecting for quantitative characters like pod
yield. Subsequent research efforts should pay attention to water use
potential of varieties with high yield potential. Soil fertility should also
form part of subsequent evaluation of these varieties. Finally, for fur-
ther improvement, sufficient crossing programs between the varieties
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and newly introduced germplasms may be necessary to develop day-
neutral varieties, early flowering and maturing for late season-sown
West African okra.
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