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ABSTRACT

Fifteen genotypes of okra were evaluated imeight
environments for stability of seed yield, and “also to
identify the most suitable environments for-producing
high quality seed at the University of, Ibadan, Nigeria
from 1984 to 1986. There was signifieé&nt genotype x
environment interactions for ald.characters examined
except for percent seed germination. On the average,
highest seed yield and best ‘seed quality as measured
by percent seed germinatien were associated with
environments with low\total precipitation (460.4 mm), low
average relative humidity (50.1%) and high number of
sunshine hours (d153.7 hrs).

Studies.on agronomic requirements for okra seed
production, ‘revealed that high plant population (111,110
plants/ha) produced about 39% higher seed yields/ha
than low plant population of 55,555 plants/ha. Nitrogen
lévels of 65 kg/ha and 130 kg/ha raised seed yield

by 35 and 39% over the control (no nitrogen) respectively.



Seeds harvested 35-49 DAF, stored in polythene bags
at 4°C with 50% RH retained most of their viability
after 16 months of storage.

Removing the first two to four edible\ pods on
each plant raised okra seed yields by about three
percent. Removal of the first 6 to<l4)pods/plant
reduced seed yields by 36-80%. Reéemowval of up to four
edible pods/ plant was compensatéd for by higher total
pod dry matter yield reflefted in a higher 1000-seed
weight and larger size of/seeds.

Seeds in categories’ of 4.0 and 4.5 mm size grades
were more vigorowssas indicated by 1000-seed weight,

percent seed germination and seedling emergence.
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CHAPTER ONE

INTRODUCTION

Okra (Abelmoschus esculentus (L.) Moench)=-ds one
of the most popularly grown tropical fruit_vegetables.
It is a predominantly self-pollinated anhdal of the
family Malvaceae.

The exact origin of okra is pot“certain. 1Its
ancient use as a crop and its widespread distribution
at an early date make its origin difficult to trace.
De Candolle (1886) reported{that okra was mentioned in
ancient sacred books ,of ¥ndia. Bates (1968) suggested
an Asian origin dué %o presence of its wild relatives in
southeast Asia.._|However, the presence of wild varieties
in Ethiopia and\.the presence of primitive perennial
varietiegmin/West Africa also imply an African origin
(Purew@a) and Randhawa, 1947; Harlan, 1972; Martin and
Ruperte, 1978).

In Nigeria, okra cultivation has largely been at
the subsistence level, often intercropped with yam and
maize. It is grown mainly for its green tender pods which

are used in soup preparations. Apart from the primary
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role of the seed as planting material, oil expressed from
it is useful as a cooking o0il and for production of
margarine (Edwards and Miller, 1947). The potential of
okra seeds as a new source of protein, calcium and iron
has been stressed. Karakoltsides and Constantifiides (1975)
reported that a sample of mature okra seed)which they
analyized contained 20.58% protein, 282,26 mg calcium and
10.26 mg iron. Compared to soya seeds ,» the okra seed is
lower in protein but high in iron“and calcium. Whether
okra seed will become a majoxr/source of oil and protein
in the tropics depends largely  on breeding, selection,
agronomic research, post=harvest handling and processing
of the seed.

A major limiting factor in the production of
okra and other wegetables in Nigeria is that of obtaining
good quality~and viable seeds for sowing at the appropriate
time (Ajayd, 1975); Joshua, 1975). This poor seed supply
situation may be attributed to poor techniques for seed
préguection, inadequate seed storage and sale facilities,

and low yields of the existing land varieties.
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Breeding and agronomic studies which were initiated
in the early seventies at the University of Ibadan in
southwest Nigeria have resulted in new superier varieties
of okra (Fatokun et al. 1979). The disemination of new
varieties to growers depends to a large{eXxtent on an
increased availability of good guality seeds. It is
essential to gather information on the fruit and seed
yields of new varieties under @different agro-ecological
conditions prior to their release. Trials conducted
over a number of different(locations during varietal
evaluation, permit bettér evaluation of genotype x
environment igteractions which in turn make
recommendations \more reliable.

The effect of different plant population densities
and fertdlizer rates on seed yield and quality of okra
has nét/ been well documented for Nigeria. In India, okra
seed™yields increased with higher population density
(Mangual and Martin, 1980; Pandey and Singh, 1982).
Several researchers have recorded significant increases

in seed yield of okra under nitrogen (N) fertilization
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(Singh and Pandita, 1981; Pandey et al., 1980). However
these authors did not observe any significant effect

of N on seed guality as measured by germination
percentage and seedling vigour.

For most farmers, it is difficult to combine
production of edible pod and plantable s€ed from the
same okra fields. For maximum profitf /the farmers harvest
all marketable pods and reserve reminant pods for seed
production. There is however th& need for agronomic
management particularly haryesting regimes for optimum
seed yield.

Uniformity of establdishment among crop stands is
often influenced by ‘the size of seed planted. Large
seeds produce seedlings which show more vigour, attain
greater weight and size and produce larger yields than
plants grown from small seeds. Because of the relation-
ship beteen seed size and seedling vigour, commercial
seed \adencies usually screen seeds to remove under-sized
seeds before sale. However, there is need to relate

seed size and seedling vigour in okra.
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Given the above constraints and dearth of information
regarding okra seed production in Nigeria, a number of
studies were conducted with a view to:

(a) investigate seed yield and quality of okya in
different environments,

(b) determine the effects of plant population and
nitrogen fertilizer on seed yiel& &nd gquality of
okra, and

(c) gather information on the\éffects of harvesting
time, storage methods-and seed size on okra seed

viability and seedding vigour.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Genotype x environment interactions

When varieties are compared over a series of environ-
ments, the relative rankings usually differ i.e genotype x
environment (CGE ) interactions occux.Vw This causes
difficulty in the evaluation anf _sélection of superior
varieties in plant improvemefit,.programmes. Comstock
and Moll (1963) showed that a large (CE)interaction
reduces selection progréss in plant breeding programmes.

Various statigtical models have been proposed for
the evaluation of GE interactions. Lin et al (1986),
in their review of these models classified the most
frequently\cited ones into four groups according to
their gimilarity and the concepts of stability they
repregent (Table 1).

The frequent linearity of relationship between per-
formance of different genotypes in various environment
on one hand, and some measures of these environments on
the other has made the regression methods of stability
analysis popular among plant breeders (Yates and
Cochran, 1938; Finlay and Wilkinson, 1963; Eberhart and

Russell, 1966; Perkins and Jinks, 1968; Breese, 1969;
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Table 1: -} moasures of stability {ungﬂ.. 1986)
Growg  Moasure of stability Concerts of
Athors stability s

A Variance of & genotype A genotypu As
over environments considered to
(s‘ 2) stable if §

enviromment
Conventional coefficient is aml
of variation of » Francis
Qerotype OVEr enviroen- and
ments ((\") Xamenbery
(1978) \

B Moan variance Plaisted y« yiv is
component for pair- and jdered to be
wisc GE Interactions Peterson stable if its
((-‘l. (1959) Tespons:e to envarun-

ments is parallel to
the moar response €
Variance components Fla :
for G interaction (19 :il ?"mn”f‘ 35 the
( ). ia
")
Ecovalence (W 2) Wi dcke
‘ 2
)
Stability var \ a
(c12) 11972)

C Regression Farlay Concept (Bl is

(1) and implied 4f swable

Wilkinson genotype 38 defimed

(19¢3) ar having b = 1 or
B, - 0. oot (R
151 {ficient Perkins ;
W}m imilar to @) ar Jarke su:aptied r by B0
S t the-cl ,  11966) B, ==-1
: are adjusted for
tion ef fects before

¢ yegression)
2 Deviation frar Berhan A gunotypr in
rugression (23" an’ considered stable 3
A@ Russcll Tesidun) M from th
(1960) regression mock )
Rearession on the envarommental
\ cocfficient (Bi) Porkare and indo. is mmall

Janda. (190F)
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Baker, 1969). Although this linearity does not always
account for all observed variation, it is very important
in breeding, since it can be used to provide cxop per-
formance data free from GE interactions. This, 'in turn,
enables the plant breeders to obtain more réliable
estimates of heritability and hence ppedict with greater
accuracy the rate of genetic progress™under selection
for a given character.

In the regression method of "stability analysis,
various parameters have been“wsed to characterise individual
varieties for performaricé )Jin different environments.

A regression coeffidient obtained by regressing the means
of a cultivar from several environments on the environ-
mental means avéxaged over genotypes has been widely used
as stabiljty\index. It was first proposed by Yates and
Cochran{ f3938). Finlay and VWilkinson (1963) working

on adaptation of 277 varieties of barley in south Australia
reported that the regression coefficient and mean yield
could be used to select cultivars adapted to environments
with differing productivities. They concluded that a
cultivar with yield and regression coefficient greater than

average is one that is adapted to high yielding environment
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while a cultivar with a lower than average yield and

greater than average regression coefficient would be one
that is adapted only to the best environment. But, when

the variation for GE interaction is due to heterogeneity
among regression coefficients, characterizatitn\of cultivars
by regression coefficient become ineffectiwve “(Baker, 1969;
Shukla, 1972; Freeman, 1973).

However, Eberhart and Russell (1966) claimed that the
regression coefficient was a cultiva¥ response parameter
and that the stability of performance could be measured by
the magnitude of deviation fxom performance as predicted
by regression. Perkins{and Jinks (1968), also proposed
another form of analysis of variance known as joint regre-
ssion analysis. This method was effectively used by
Freeman (1973)=to measure the proportion of GE interaction
that is due to heterogeneity among regression coefficients.
The totd@l . GE interaction variance is partitioned to
componénts due to regression and deviation from regression
(Bberhart and Russel, 1966; Perkins and Jinks, 1968).
Jopper et al. (1971), demonstrated the importance of
regression analysis in decisions regarding the release
of hard red spring wheat cultivars. Stroike and Johnson
(1972) also used regression analysis to characterize
cultivars in international winter wheat performance. Ariyo

(1985) reported the usefulness of joint regression analysis



23

in measuring pod yield stability in 30 genotypes of okra
in the south western Nigeria.

However, the success of regression methods for
studying GE interactions are based on the assumption
that the relationship between the performance, of
different genotypes in various environménts is linear
(Freeman, 1973). Thus regression metheds can be highly
informative where GE interaction have a linear assoication
with environmental index. Whete.a low degree of linearity
exists, the regression technigmes may be ét least
uninformative and at worst misinformative regarding
genotypic performanceé  (Byth et al., 1976).

Environmental factors per se, acting on seeds before
harvest or indirectly on them through the parent plant
affect the seed quality (germination and viability) of a
seed crop; Austin (1972) reported that regions of the
world, ‘h@ying hot dry weather at the time when seeds ripen
are “\the most favourable for production of high quality
seceds. Poor quality okra seed (2-5% germination) were
produced under hot humid derived savanna zone of Nigeria

(Ewete 1976).
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2.2 Plant population density and fertility responses

The beneficial influence of fertilizers on edible
pod yield and improved quality of okra is well known
(Sharma and Shukla, 1973; Hooda et al 1980; Fatokun and
Chheda, 1983). Nitrogen at rates of 134 kg/ha was
recommended by Asif and Greg (1972). f6r maximum
edible pod yields of okra, while Fatékun and Chheda
(1983) obtained maximum green.pod yields of okra with

60-120 kg N/ha. However,{Khalil and Hamid (1964)
found that N applied as~anmonium sulphate did not
significantly increase“okra pod yields. This poor
response was attributed to the high alkalinity of the
soil used. Reports differ on the response of okra to
other elements such as phosphorus (P). Sutton (1963)
reported, increased green pod yields under P application
espe€ially during the first five pickings of fresh pods.
Ssutton (1966) also observed that with further increase in P,

yiélds correspondingly increased. But Fatokun and Chheda (1983)
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observed that P application did not significantly
increase fresh pod yields; this result agrees-with
reports from India (Mani and Ramanathan 1980). Of
two-nutrient combinations, application €f~P with

N have been reported to improve pod yi€ld (Ahmad and
Tulloch-Reid, 1968; Singh, 1979).

There is no information on.the nutrient requirements
of okra plants for high guality seed production in Nigeria.
Workers in other tropicall.and sub-tropical parts of the
world report the response of okra to fertilization in
terms of seed yield and gquality. Pandey et al (1980)
observed a significant increase in seed yield of okra
with increasing" N rates. They also reported a non-
significant-€ffect of P fertilization on seed yield. On
the efféct of two-nutrient combinations, Singh and Pandita

(1981)° reported that the highest seed yield was obtained
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from okra plants receiving ﬁ and P at rates of 120 and

25 kg/ha, respectively. Some authors claim that N or P
application does not affect okra seed viability and seedlinc
vigour (Pandey et al., 1980; Pandey and Singh, 1982; Singh
and Pandita, 1981).

In Nigeria, most farmers interplant/©kra with such
major field crops as maize, yam and eastSava. When okra is
grown sole, spacing is often irregular and the number
of plant per stand varies from“ene to five (Fatokun and
Chheda, 1983). Consequently, /efficient use of available so
nutrients by the crop is)/hampered. Similarly, field
operations are difficunlt. Sutton and Albregts (1970),
investigated the response of okra to plant population
density in the-l.S.A and obtained maximum fresh fruit yield
per hectares, Later, Albregts and Howard (1976) also
observed Ja~comparable response and concluded that okra
pod yield per hectare increases in an asymptotic manner.
In\Nigeria, maximum pod yield was obtained at the highest
plant population density (108,000 plant/ha) tested
(Fatokun and Chheda, 1983). The response of individual
plants to increase in plant population density indicates
that pod yield per plant decreases with increase in plant

population (Kamalanathan et al., 1970).
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The effects of plant population density on okra
seed vields and guality have not been reported in
Nigeria. However, in Puerto Rico, okra seed yields increase
with plant population density (Mangual and Martin, 1980)
but Pandey and Singh (1982) in India reported that seed
guality (seed viability and seedling vig®ur) and seed
yield per plant decreased with incregsdfig plant densities.
Researchers have shown that the eptimum population
density of field crops vary with\soil nutrient status.
Shrestha (1983) did not find any interactive effect between

N and plant spacing on the\fresh fruit yield of okra.

2.3 Seed maturity and storage

Reviews on the storage and longevity of seed show
that relativesHumidity (RH) and temperature of the storage
environment are the most important factors affecting
maintenédnce of seed quality in storage (Barton, 1961;
ChristénSen and Kaufmann, 1969; Robert, 1972; Bass, 1973).

The effects of RH and temperature are highly inter-
dépendent (Robert, 1972). Most crop seeds lose viability
rapidly at RH approaching 80% and temperatures of 25-30°C,
but can be kept for 10 years or more at RH of 50% or less
with temperatures of 5°C or less (Toole, 1950). According

to Harrington (1960), the sum of the percentage RH and the



28

temperature in degree Fahrenheit should not exceed 100 for
safe storage. In another report safe storage for 1-3 years
requires that, this sum could reach 120 provided the
temperature contributes no more than half the total

(Bass, 1967). It has been suggested that the~RH‘should

not be higher than 60% for seeds at 21°C an@wio higher

than 70% for seeds at 4 to 10°C; howevervat 5°C and 45-50%
RH, seeds of many crops can be safely stored for 10 or

more years (Toole, 1957). Seeds of different kinds have
their own specific requirements ©f RH and temperature for
safe storage. Bean seeds stowed at 12°C and 30% RH did

not change in viability“after 4 years (Fonseca et al., 1980).
Lettuce, onion, cauldflower, tomato, carrot and eggplant
seeds can be stored safely at 50% RH and 20°C or less
(Barton, 1939). 'RH of 15-45% provided excellent storage
condition for\soyabeans and alfalfa seeds at air temperature:

of 21-27°@-(Akamine, 1943).

Seed packaging prior to storace is another important
factor to be considered for safc storage. An efficient
packaging material must be completely impervious to
moisture vapour and gases (Robert, 1972). 10-mil polyecthvlene
and other plastic materials were reported to be better than
friction top tin cans, bottles, glass jars and vials with

screw top Lids as moisture - barrier containers of seed
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(Barton, 1949; Isely and Bass, 1960; Miyagi, 1966 and
Delouche et al., 1973). Periods of safe storage for wheat,
corn, cucumber, Kentucky bluegrass, hemp and kenaf seeds
were increased significantly under storage in thick 10-mil
polyethylene packages (Bass, 1959). Seeds in~packages that
are not completely impervious to moisture ¥apour may gain

or lose moisture with time during storage{ The direction,
rate and amount of change of the moisturé are controlled

by the temperature and RH of the storage area (Bass, 1973).
Hence, in most studies, sealed containers were investigated
in conjuction with temperature/control and predrying. High
viability of low-moisture,content vegetable, flower and tree
seeds was maintained/during 20 years of sealed storage at -
4°C (Barton, 1953), /JPerhaps, the most interesting study

of long term storage of okra seed is that of Martin et al (19¢
In the study,\okra seed with 12% moisture content germinated 90%
after 11{years storage in sealed glass jars at 2 to 4°C.

In cottOpn, another Malvaceous crop, Pate and Duncan (1964)
also\reported that good quality seed can be stored in

seadled containers for up to 38 years without complete loss
of viability, if the temperature is held at 0-6°C and the

seed moisture does not exceed 11%.
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The pre-storage history of seed also has a decisive
influence on its subsequent storability. Seeds harvested
before maturity do not store well (Thomson, 1979). Ewete
(1980) obtained the highest seed germination from okra
pods harvested at 35 days after flowering.' Bass (1965)
also found that mature seed of KentucKy/bluegrass
remained viable longer than immature/seeds under similar
conditions of storage. Shands et al., (1967) also
showed that harvesting barley) prematurely was deleterious
to viability in storages, \In addition, these workers
showed that delay of harvest by about three weeks was
equally adverse t0 ‘subsequent viability of grain stored

at high moisture content.

2.4 pod Femoval and seed yields

’ Littde information is available on the effects of
fresh'pod removal on yield and quality of plantable okra
seeds. Regular picking of green okra pods prolongs the
fruiting duration and increases green pod yield

(Martin and Ruberte, 1978). This compensatory responses
of plants to the removal of portions of their reproductive
structures, has also been shown in cowpea (Nangju, 1979),

wheat (Thorne, 1981), sorghum (Hamilton et al., 1982)



and soyabean (McAlister and Krober, 1958). This
phenomenon assumes ever greater importance when such
compensations enhance the economic product of crops.

It has been shown that the effect of frfit removal
on seed yield in seed crops depends on /he| number of
fruits removed and the developmental{stage of the crop
at the time of fruit removal. Smithyand Bass (1972)
reported that soyabean plants telérated removal of up
to 80% of pods without significant reduction on seed
yield if carried out befoxe“the initiation of pod
filling. As pods matuxey removal of even fewer pods
reduced yields. /This was further confirmed by Tayo
(1977).

Althoudh, regular green pod removal in okra increased
the total-fiumber of fruits produced per plant, such
incredsés were not accompanied by appreciable changes
inp~the amount of dry matter produced (Kolhe and Chavan,
1967) . However, in other crops such as soyabean,
removal of flowers and pods significantly reduced the
amount of dry matter accumulated in the stem, root

and pods (Tayo, 1977).
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2.5 Seed size and seedling vigour .

Uniformity of establishment among crop stands is
essential for fully exploiting the yield potential of
most crop plants. Seed gquality in terms of germination
and seedling vigour influence field establishmént
(Harper and Obeid, 1967). The effect of/8eed size as a
measure of gquality upon seed germinationh, and seedling
growth have been investigated in a nupber of crop species
such as sorghum (Abdullahi and_Vanderlip, 1972), cotton
(Gelmond, 1972), soyabean (JObhnson and Leudders, 1974)
and onion (Hewston, 1964). (These studies revealed that
the larger and heavier seeds produce seedlings which
showed more vigourygs attained greater weight and size
and produce largér yields than did plants grown from
small light geeds.

Although’ seedlings from the large seeds had obvious
initiad ,advantage, it was subsequently inappreciable at
plant-maturity. Oexemann (1942) found that the
superiority of seedlings from heavier seeds of soyabean,
témato, and cucumber disappeared completely at plant
maturity. Hewston (1964) also observed a similar
diminishing advantage of large seededness in sweet corn,

radish and cauliflower.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Okra seed yield stability under different environments

Fifteen varieties of okra (Appendix 1) were grown
under eight environments which were derived fregm locations
with two contrasting agro-ecologies viz:

(a) 1Ibadan at latitude 7° 18'N and longittide 3°54'E,

situated in the humid derived savarm¥ zone of Nigeria and
(b) Maiduguri, located in the semi-arid sudan savanna zone

of Nigeria at latitude 11°51\'N*and longitude 13° 05'E.
The eight environments were obtadined from combinations
of site, sowing date and plant population as follows:
Environment:

I: Maiduguri, sowipg date 17/6/86 , 55,555
plants per hectare (pph).

II: Maidugurd, sowing date 17/6/86., 111,110 pph
III: MaiQuguri, sowing date 1/7/85 , 55,555 pph
Vi: Maiduguri, sowing date 1/7/85 , 111,110 pph
V %, \lbadan, sowing date 10/3/86 ,55,555 pph

Vi: 1Ibadan, sowing date 20/3/86 111,110 pph
VII: 1Ibadan, sowing date 28/8/86 , 55,555 pph

VIII: 1Ibadan, sowing date 28/8/86 , 111,110 pph
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At Maiduguri, the experimental site had been under
fallow for three consecutive years while the Ibadan site

had been fallowed for two years.

Experimental design and cultural pragfices

After land preparation at each locatidnythe
experimental site was divided into four. blocks in a
randomized complete block layout with 15 plots per block
and one okra variety in a plot. The plot size was 3x3 m
surrounded by 1 m path. Each plot had four rows of 2.5 m
long spaced 0.6 m apart and hills within the rows were
spaced 0.3 m apart. Each/hill was planted with 3 to 4
seeds and was thinned to either one plant/stand (55,555
plants/ha) or two plants/stand (111,110 plants/ha) at
about two weeks™after planting. Due to prevalence of
pod and leaf-eating insects in all the environments, the
plants wére._ Sprayed twice weekly, beginning about 3
weeks\aftér sowing, with 0.12% Monocrotophos at 1.2 kg
a.i/ha. Urea was banded (65 kg N/ha) in two equal doses
iNe&. at seedling emergence and at commencement of flowering
in all environments. Plots were weeded manually as necessar
through out the experiment. Dry pods were picked by hand
as soon as they began to split. Weather data were

collected for the experimental period.



The following data were collected for each variety
in all environments based on 10 competitive plants from
the two middle rows in each replicate.

Plant height. The height of the main stem of edch plant

was measured from the soil surface to the tip _at the
cessation of flowering. The average of theytén competitive
plants was expressed as plant height.

Number of field dried pods/plant. <Dry‘pods on ten

competititve plants on each plotgywere counted at harvest
and the average number of fieldzdried pods/plant determined
for each variety.

Flowering dates: These &re (i) the number of days from

sowing to first flowef opening and (ii) number of days
from sowing to when-50% of the plants in a plot attained
flowering.

Number of (Seeds/fruit. Field dried fruits harvested

from each/ plot were thoroughly mixed in a large jute
bag. \Ten fruits randomly selected from the jute bag
werevthreshed and the seed counted. The average was

taken as number of seeds per fruit in each variety.
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Seed yield/plant. Mature pods were harvested, threshed

and the seed weighed. The average weight in gram was

recorded as seed yield per plant.

Seed yield/ha. Field dried weight of seed obtained from
2

10 competitive plants which occupied an aredef 1.8 m
in the center of each plot was substitut&d into the
following formula to obtain seed yield/Ha.

10 X  whezes
Seed yield (kg/ha) = P X¢= weignt of seed(qg)
A\= arca sampled (mz)

1000-seed weight. Eight, Yeplicate samples of one thousand

(8x1000) sun-driedrseeds were weighed per variety and
the mean expressed in grams to the nearest tenth for
each varietyagcording to (International Seed Testing

Associations JISTA 1976) procedures.

Percent seed germination. Four replicate samples of

10Q “seeds were counted per variety, and placed on moistened
9. em, Whatman No 1 filter paper inside covered petri
dishes. This was held under ambient laboratory condition
for 7 days (ISTA 1976). For germination only normal

seedlings were counted.
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Percent moisture content of seed at harvest. Samples of

500 seeds per replicate were weighed packed in envelopes
and oven-dried at 133°C for one hour (ISTA, 1976). The
values obtained were substituted into the following
formula (ISTA, 1976), to obtain moisture content at

harvest.

where: M1 - is the weight in_grédms of the container

before drying

M2 - is the weigh¥ 4An arams of the container
and conterdts before drying
My - is the weéight in grams of the container,

and contents after drying.

Statistical analysis

The/9epint regression method of stability analysis
of Péxkins and Jinks (1968) was used to assess the
stability of performance of fifteen okra varieties under
eight different environments in respect of the following
characteristics: Number of days to flowering, number of

days to 50% flowering, plant height, number of pods per
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plant, seeds per pocd,seed yield/plant, 1000-seed weight,
percent seed germination and seed moisture content.
The joint regression analysis is based on the

following model:

Yij = p+ di + EJ + gij + eij

where:
Yij = ith observation in jth environment ;
P = grand mean over all varietiés and environments;
di = additive genetic contfibution of a given variety;
Ej = additive environmentdl contribution of a given
environment;
gij = genotype x environmental interaction of a given
variety in a given environment;
eij = experimental error;
i = a _giVven variety;
j =& given environment

The form of joint regression analysis of variance

forvthis model is presented in Table 2.
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Form of the analysis of variance for stability

of performance (Perkins and Jinks 1968).

Sources of

variation df Ms
Genotypes g-1 Szldi)zlg-l
Environment
(joint 2
regression) s - 1 tI(Ej) " /s-1
Genotype x
Environment (GE): (g-1) (s-1)
Heterogeneity . 2 2
among rearessions (g-1) I(bi)® (LEJ)"/g-1
Remainder (g=1)\UAs5-2) £16%ij (g-1) (s-2)
Error sg)(r-1)
RheEaR di = additiwve genetic contribution of a given
variety, 1
Ej =sadé@itive environmental contribution of a
given environment, J
bi = Linear regression coefficient for ith
variety;
6ij = deviation from linear regession line of the
ith line in the jth environment.
g = number of genotypes;
s = number of environments
r = number of replications
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In this analysis the GE interactions sum of squares was partitioned
into camponents due to heterogeneity for regression coefficients and
a component due to remainder (residual). The heterogeneity item in
the analysis of variance tests the linearity of the environmental
values while the remainder tests non-linearity of variation“in
the model. In this analysis, a stable variety accor@ing'to Perkins
and Jinks (1968) is one with a regression coefficiént (1 + Bi) value
of 1.0 and a Bi value of zero, vwhile Breese (1969) defined stable
variety as one with a very small standard error (S.E.) attached to
its regression coefficient.

3% Influence of stand density and nitrogen fertilizer on seed
yield and quality

As a preliminary study, this experiment was intended to
determine (i) the effect of high or low population density on okra
seed yield and quality, (ii) the effect of interaction between,
high or low population density and soil nitrogen lewvel on okra seed
yield and quality.

The ‘stufies were conducted during the rainy seasons (7th June
and 2Ist August) of 1985 and (25th June and 30th August) of 1986,
at\the Teaching and Research Farm, University of Maiduguri. The
experimental plots had been fallowed for 2-3 years. The okra
cultivar used, TAe 38, was obtained from the National Horticultural

Research Institute (NIHORT), Ibadan.
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After land preparation, planting was done in a split
plot layout with four replications. Main plots had one or two
plants per stand at a spacing of 60x30 cm, corresponding to
population densities of 55,555 plants/ha and 111},110
plant/ha respectively. The subplots comprised three
levels of N viz. 0, 65 and 130 kg/ha as utréa. There
were four rows per sub-plot and seven“‘plant stands per
row. The plot size was 3x3 m for“all the treatments.
Fertilizer N was applied in two equal split doses at
seedling emergence and at flowering.

Before planting, sdils'were randomly sampled at
15 cm depth, bulked,/air-dried, sieved through 2 mm mesh
and analyzed. The result (Table 3) of this soil analysis
was used to determine the levels of N applied in this
study.

The/outér rows on all four sides of each sub-plot
were hatryested from the inner ten plants of the 2 middle
rows\ of each sub-plot from all treatments. These were
cotinted, shelled and the resulting seeds measured to
determine: seed yield/plant, seed yield/ha, number of
seeds/fruit and 1000-seed weight as described in experiment

3.1. Seeds were also assessed for quality in terms of
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germination percentage, germination rate and percentage

seedling emergence as follows:

Seed germination percentage. This was obtained 'as

described in section 3.1

Germination rate/percent seedling emergenées= Fdur

replicate samples of 100 seeds were germipated in sand.
A seed was considered germinated when the plumule
emerged. Seedling counts were m@de“daily from the
fourth to seventh day. The percentage emergence on
each day was recorded and/the total was expressed as
percentage seedlina emérgence. The rate of germination
expressed as a numbér was calculated using the formula

proposed by Magudire (1982).

R.G = /Z X} Y, s

Whereg
RWG\= rate of germination;

Xn = percentage seedling emergence at nth count;

¥n = number of counts from planting to nth coéunt.
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Table 3. Analysis of soil samples prior to planting
(0-15 cm depth)at Maiduguri

Planting seasons

1985 1986
Mechanical Analysis:
Sand (%) 84 85
Silt (%) 16 14
Clay (%) 1 1
Texture Toamy sand Loamy sand
Chemical Analysis:
PR (1,0) 6.80 6.76
Organic‘carbon (%) 1.12 110
Total “Nitrogen (%) 0.056 0.054
Available - P Bray-l
(ppm) 271 21.8
Calcium (me/100g) 3.83 393
Potassium (me/100g) 0.66 0.58

Magnesium (me/100g) 1.10 .12
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3.3 Effect of seed maturity and storage conditions on
longevity of okra seed

Okra cultivar U.I 117 was sown at the Teaching and
Research Farm, University of Ibadan during the_ late
rainy season on 12th September, 1985. The axréa~chosen
was ploughed, harrowed and marked out int® four blocks
each consisting of five plots. The plot)size was 3.6 x
3.6 m and each plot separated by guard row of 0.6 m.
Planting was done on the flat at'a rate of 4 seeds/hill
at a spacing of 60 x 30 cm. { There were five rows per
plot and seven plants per.rew. Seedlings were thinned
to one plant per hill, about two weeks after planting.

Treatments consisted of five harvesting regimes
which included harvesting of okra pods at 28, 35, 42,
49 and 56 days ‘after flowering (DAF). These were
randomized according to a randomized complete block
layouté » For the purpose of harvesting at different
peridds, plants from the three middle rows were used.
©kra plants in these three rows had their flowers tagged
as they opened daily. Pods were harvested as they

reached the required age of maturity. The pods from
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each harvesting regime were threshed separately and
the moisture content of the seeds was determined
immediately after threshing (Table 13) by a high
constant temperature oven method recommended by ISTA
(1976), as described in section 3.1.

The seeds from each harvesting regimgé were later
spread out on a flat top table in the “sith, and were
stirred several times a day to facilitate drying.

During drying, samples were takem-daily from each seedlot
for moisture content determination. This was done for five
days when the moisture content of each seedlot had

become constant.

The initial germination percentages of seedlot (Table
14) from each Harvesting regime were measured as described
in section 3.1,

Thrée . packaging materials were used as seed
containéré for storage. These were bottles (15 x 7 cm)
with\screw - top lids; 10-mil polythylene bags and friction -
IN& tin cans (8x5 cm). Four batches of 5000 seeds
from each seedlot of each harvesting regime were placed
in four of each type of seed containers. All containers

were sealed. Polyethlene bags were sealed with adhesive
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tape. Bottles were screw-capped while the friction lids

of tin cans were properly fixed. Each container with

5000 seeds was stored in each of the following four

storage conditions:

(1) a desiccator with self-indicating siliga gel
placed on shelf in a laboratory with.temperature
of 26-30°C and RH of 20-23% ingside the desiccator,.

(2) a desk drawer in the laboratery with temperature
of 26-30°C and RH of 70-75%.

(3) refrigerator located §n.the laboratory with
temperature of 4°G d&nd RH of 50%.

(4) freezer located\in the laboratory with temperature
of - 3°C and RH/0f 85%.

Every twé months seed germination tests were
conducted On.each stored seedlot. On each test day,
the coptainer from each storage condition was opened
and 100vseed samples in four replicates removed for
germination tests. The containers were then re-sealed
and stored again. The experiment was terminated at

the end of 16 months storage period.
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3.4 Effect of edible pod removal on seed yvield and
guality in okra

The studies were conducted at the Teaching and
Research Farm, University of Maiduguri during the rainy
seasons (18th June to 23 September 1985 and (29th June and
30th September) of 1986.

Okra cultivar TAe 38, an early hidhyielding
cultivar obtained from NIHORT, Ibadan was utilized in
this experiment. Fields were ploughed, harrowed and
divided into four blocks each/with eight 4x4 m plots
in a randomized complete block” design. Seeds were
hand planted at the rate“of three to four per hill at
a spacing of 60 x 30~cm on flats. There were four rows
per plot and seven plants per row. Seedlings emerged
within three to\seven days and were then thinned to
one plant pef )stand at about two weeks after planting.

Thére\were eight pod removal treatments, which
included the removal of the first 2, 4, 6, 8, 10, 12
and™~14 edible (one week old) pods per plant plus the
control (no pod removal). These treatments were
randomized as in a randomized complete block design.

For the purpose of pod removals 10 competitive plants
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from the two middle rows per plot were used, The

following data were gathered on the edible pods

removed per plant:

Edible pod Yields

(1)

(ii)

Edible pod yield/plant - The specified/number of
edible pods removed per plant frof.l0 middle row
plants per treatment were weighedvand the average
weight recorded as the ediblejpod yield/plant
(g/plant).
Edible pod yield/ha -="Thé weight of edible pods
removed from thé A0 plants on an area of 1.8
2

m- in the centex/of each plot was substituted into

the following“formula to obtain pod yield/ha:

where:
ek ! - 10x x = weight of seed(g)
Edibl€ pod yield/ha = A= area samnled (m®)
(Xg/ha) '

Fresh \weiocht of edible pods removed/plant. This was

estimated as the average fresh weight of edible pods

removed from 10 plants in the two middle rows per plot

in each treatment.
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Dry weight of edible pods removed/plant. This was

determined as the average dry weight of edible pods
removed from 10 plant in the two middle rows per plant
in each treatment. Dry weight was obtained by “oven-
drying the sample at 100°C to a constant wedght.

After the specified number of pickingsw all other
pods were left on the plant to mature“and dry in the
field. Dry fruits per treatment werevharvested, counted,
weighed, shelled and the cleane@-seeds weighed. Five
pods per treatment in four réplicates were oven-dried
at 100°C to determine dry“matter content.

Seed yield/ha, seed yield/plant, number of seeds/
fruit, 1000-seed welight and seed germination percentage
were estimated as! described in section 3.1. Seed size
was determined as the percentage by weight of 100 g of
seed per fheatment, that passed through a 4.5 mm sieve.

3.5 _The'relationship of seed viability and seedling
vigour with seed size in okra

This study was conducted in the green house of
the Department of Agronomy, University of Ibadan during

August and September, 1986. Seeds of 20 genotypes of
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okra were obtained from NIHORT and the Department of
Agronomy and Agricultural Biology, University of Ibadan.
The seeds of these genotypes were screened through
round perforated screens with a hole diameters-of 3.5,
4.0 and 4.5 mm. Each of the respective screéned seed-
lot was cleaned and used to estimate thé fellowing

parameters per seed size grade per genétype:

1000-seed weight. This is the wedight of 1000 seeds

per size grade per genotype..JIt was estimated as the
average of 8 x 1000 seeds fxrom each of seed size

grades in each genotype.

Seed germination. ( Feur replicate samples of 100 seeds

per seed size grade per genotype were planted on water
moistened Whatman No 1 filter paper inside 9 cm petri
dishes. ~The/petri-dishes were kept under laboratory
conditfiens for seven days (ISTA, 1976). To estimate
perceént seed germination only normal seedlings were

counted.

seedling emergence. One hundred seeds in four replicates

per seed size grade per genotype were sown in four rows

(100 seed/row) inside 50x25 cm plastic trays filled with
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sterilized sand. This was kept in a glasshouse condi-
tion for seven days. A seed was considered germinated
when the plumule emerged. Average number of seedlings
that emerged in the four replicates by the s€yenth day
was recorded as percentage of the total number of

seeds planted.

Seedling growth. Fifty seeds in four/replicates per

seed size grade per genotype were sown inside 50x25 cm
plastic trays filled with &teérilized sand. There

were four rows per tray,- The trays were kept in a glass-
house for 12 days. On the twelfth day, 24 competitive
seedlings were selected from the two middle rows. The
seedlings were carefully up rooted , washed and measurement
taken of rogt“length, shoot length and fresh weight.

Dry weights of seedlings were also recorded after drying
in an/oven at 80°C to constant weight.

Distribution of seed sizes in seedlots of 20 genotypes
of-okra. '

A composite of 2 ka of seecd was obtained from
combinations of 100 g secd from each of 20 genotypes.

This composite seed was separated into three size grades
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of 3.5, 4.0 and 4.5 mm. Seedlots of each size grade
were weighed and the weight expressed as percentage
of 2 kg seed composite. __X\

The relationships of seed size with seéa%wiability
and seedling vigour were determined by the({chi-square

(xz) test of association (Steel and e, 1960).

V
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CHAPTER 4

RESULTS

4.1 Okra seed yield stability under different environments

The joint regression analysis of vatjance for
stability of performance, showed signifigant mean
differences among environments, the genotypes and their
interactions (Table 4) for mostyefs the characters investi-
gated.

Environmental means/for seed yield/plant (Table 8)
showed that seed yield ranced from 2.7 g/plant in environ-
ment VIII to 38 g/plant in environment I. Environments
I to IV located.at Maiduguri were the most favourable,
while environments V to VIII at Ibadan were the least
favourable, for seed yield. Generally, for seed yield,
yield €ompbnents and seed quality parameters, mean
squares due to environments were larger than the
respective genotypic variances, which in turn, were
Targer than those obtained from the corresponding GXE

interaction effects (Table 4).
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Table (- Moan squares from the stability analysis of 15 okrs lines computed after Perkins and Jinks (1968)

Sources of varietion DF  Doys Days Final Beed No of No of 1000~ Soad Secd
to to yield dary pead / pocd germi~ moisture
first 500 height plant pods fruit weight mation  content
flower flow: (am) (g) plant (G (L) at
ing inc harvest

)

Gorotyype 4 266.4%  450.5°%  2577.7%*  170.9%* 3,3+ 985.4° Q.!" J39.4%  5.2°*

Enirooment

(Joint regressiorn) T 796.7%" 1112.1°% 3E710.5°% 2705.2°* 70.5%* 9 o) 529.1%% 442.3°* 4G4

Geretyye x enviromment 98 20.8** 30.1°° 216,70 K 2% LU B9 2L 1] 5o 7.8* 4E.6RS  1.4**

Hetercoenity between Q >

rearessiorn 14 34.*  102.8°° 90¢.5"*  1BS.B**  7.0%* 6F.9°*  36.7°* 13 ANS 5.7

Remainder Bé 18.6¢ 18.0°° J101.BNF 13,085, 0.0 52.6°¢ 3.0 544N 0.6\

Eror 360 3.0 1,° 54.9 28, 4 37.¢ 4.7 5.2 0.¢

* Significant at P = 0,05

*esignificant ot P = 0.0]; and N.S. = Not sugdificant

X

{b?‘
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Table 5. Mean seed yield/plant and regression
coefficients(}+Bi),for 15 okra genotypes

Genotypes Seed Regression coefficients
yield/ (1 + Bj)-and SE
plant (9)

U.I 79-5 16.8 1.]JA X 0.25*

U.I 81-33 13.8 0%98 + 0.10

U.I 22-77 18.2 W7 ¢t 0.18*

U.I C=-6-2 10.4 0.56 £ 0.19*

U.I 81-28 8.5 0.68 £+ 0.10

U.I 53=139 20.4 1.75 £ 0.47*

TAe 38 15.5 1.24 2 0.21*

NHAe 47-4 137 0.98 ¢+ 0.11

NHAe 15 118 0.71 ¢ 0.40

NHAe 394 11.9 0.82 £ 0.10

Puso 4.2 0.36 £ 0.11*

U.I 104 i O | 0.90 ¢ 0.10

U.I 117 11.2 0.85 ¢ 0.16

U.I 21} 131 0.94 ¢+ 0.30

U.I 20 22.1 1.64 + 0.32*

Meén 135 1.00

* Regression coefficients (1+Bi), significantly
greater or less than 1.0. Remaining cenotypes
have regression coefficients not significantly
different from 1.0.
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The highly significant genotypic variances also
implies that there were real genetic diversities among
the fifteen experimental genotypes for most of the
characters examined.

Significant heterogeneity for regression mean squares
were obtained for number of days to flOwering, plant
height, number of days to 50% flowering, seed yield/
plant, pods/plant, seeds/fruit and 1000-seed weight.

The significant remainder indieated that a significant
portion of the variation dueto GXE interaction was non-
linear.

The average pogd.Vield per plant and regression
coefficient of each line are presented in Table 5. Since
regression co€fficients measure responses of genotypes
to changes (Qm)the environment, varieties U.I 79-5, U.I
22-77, ¥.X 53-139, TAe 38 and U.I 10 with regression
éocfficicﬁts greater than unity reflectinc above averace respunses and
ware-eor.cistently high yielders in all better environments such as
environrents J-IV 2t Maiduouri. Varieties U.I 81-33 and NEAe 47-4 had

an average response of 14Bi = 0.9E, and were acfanted to all environments

In this study Y1+ Bj) = 1 is a measure of stability but the

standard errors attached to regression coefficients
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60T 4 Line U.1 $3-139; b = 1.75 & 0.47 2
© Line Tae 36; b = 1.2410.2] Q-
SOt ® Line U.1 B1-33; b = 0.9820.10 @ U153-139

Line NHAe 15; b = 0.7120.40

Mean seed yield /plart (g)
o
o
L)

10 +

5 0 5 20 25 3 35 40

Ermvironmentol meons (g)

rig. J. \nﬂuon of the mean sced yields of four okra
s

notypes on environrental moans.
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Table § Moan values of eight characters in 19 okra lines over
Genotypes Days Deys Final N of Ne of seed 1000-seed Send n& £ ead

to first to 500 plant  pods/  fruit weight e germination

flowring flowering height  plant tg) ) "

(am)
- v

v 79-5 4.3 568 9.6 3.8 TG 50.6 W.s 61.2
vl 81-33 61.2 2.7 %46 38 B2 4.0 Q~:o.o 61.5
vl 22-77 54.6 541 740 50 T4 a. 10.2 51.2
U1 c6-2 46.6 S6.6 817 4.1 64.8 49\ 9.9 0.8
U.1 81-2¢ 62.2 I 869 3.6 62.2 38,2 1.0 R
U1 53-139 55.1 6.3 655 4 T \/ 10.7 55,8
The 36 9.3 573 9.3 3.8 79.8 51.7 9.3 7.2
Wie 47-4 60.2 NS NS 3 M 50.6 9.5 66.8
NiAe 15 56.5 7.2 124 4.6 2. 4.6 1.1 55.0
N 394 60.6 7.3 998 3¢ 0.4 1.0 53.6
Puso 5.6 6.2 6.5 4. 29.0 12.4 32.2
v.1 104 63.7 7.9 700 .&“ﬂo.s 4.3 10.8 54.0
v.1 17 56.8 N6 .7 78.1 4.6 10.€ 6.7
v.1 21 52.3 641 66.6 68.6 a6 9.5 5.1
v.1 10 56.¢ 6.1 £, 4.7 E5.6 9.7 9.6 R
LSD_(0.05) .3 3.8 LS 154 L s 2.3 .8

A
2
Q/Q-

Q
N
S
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Table 7. Regression coefficient (1+4Bi) of mean values of seven charscters in 15 okra genotypes

across eight environments 4
Gernotypes Dave Days Final N of » of 1000-peed Beed germina-

to farst  to 500 plant pod’ peeds / weight tion

flowering flowering height plant fruits (g) t 0

(om) )

U.I 79-5  0.63:0.16 0.64:0.33  1.15:0.08  0.74:0.07 3.47:06.01" 0.76:0.09° 1.02:0.0¢
U.J 81-33  0.97:0.26  1.15:0.22  1.35:0.06  0.52:0.12 1.04:0.09 £0.06. 1.31:0.17  0.8120.1F
U.1 22-27  0.52:0.12% 0.6240.23  0.82:0.05%  1.4420.09° o.mo.:@o ¢0.08  0.80:0.11 1.14:0.C7
U.J c=6-2  0.€120.11® 0.80:0.06* 0.75:0.06  0.9740.05 ©0.57:0.10¢ “0.80:0.23  1.1320.05 0.59:0.17
U.I B2-26  1.0740.19  1.14:0.27  1.0840.06  1.014C.0¢ MW 0.92:0.16  1.45:0.06° 1.1120.1%
U1 53-139  1.45:0.17% 1.16:0.03%  0.7200.03  1.54:0.25 9,18:0. 0.84:0.05% 1.1120.0F  1.2430.11%
The 38 0.56:0.19  0.53:0.12  0.9620.05  0.7140.1 0.15  1.09:0.04 0.84:0.04% 0.9£:0.0¢
Mihe 47-4  1.36:0.22  1.40:0.18  0.87:0.05  0.631 06:0.05  1.0720.10  0.4620.14* 1.0120.05
N 15 0.80:0.24  0.69$0.08%  1.32:0.08* E 1.10:0.0€  1.5240.08* 1.50$0.34  1.21:0.12
Nwe 398 1.34:0.19  1.08:0.27  1.2120.07 @ 0.62:0.31  1.07:0.05 1.2320.26 1.1620.13
Pusc 0.7310.27  0.2610.20° 0.7620.07% g3%0.27°  0.89:0.08*  0.1320.16 1.7120.1€ 0©.71:0.18
U.I 104 1.59:0.26  1.52¢0.09%  0.BE:0. ,6920.07  1.21:0.0%%  1.1120.05 1.27¢0.08* 1.36:0.11%
v.1 117 1.37:0.35% 1.46:0.15%  1,1540. 1.11:0.21  0.9120.06  0.75:0.11  0.4B20.25 0.76:0.1
v 21 0.80:0.22 1.1120.09  0,2110.09*"  0.86:0.17 1.14:0.10  1.55¢0.09* 0.2320.16* 1.25:0.00%
v.1 10 1.14:0.0¢  1.0420.04 40.09*  0.95:0.06 1.06:0.06  1.1720.13 0.7420.22 0.58:0.12*

* keqgression coefficients, (l+Bi
recression coefficient not sig

ly different fror 1.0.

cantly greater or les: thas 1.0, Remaining genotypes hawe
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may also regarded as another stability parameter (Breese, 1969). Since
varieties with the smallest standard error are regarded
as being stable, the varieties U.I 81-33 and NHAe 47-4
possess stability of seed yields across all environments
under investigation (Table 5).

Figure 1 shows the relative performances of two
newly developed lines viz. U.I 53-139, “U.I 81-33 and
two established varieties: TAe 38..and NHAe 15 with
respect to seed yield/plant. ..Ul 81-33 had fairly constant
performance under contrasting _énvironmental conditions,
while U.I 53-139 and TAe ‘38 were better performers in
improved conditions.

The regressiom.coefficient of other characters and
their correspofiding mean values are presented in Tables
6 and 7, reSpeettively. Seed germination being a good
measure ,0f seed quality was used to evaluate the quality
of seed ‘produced in each environment. The GxE interaction
for\germination was not sigrificant. However, on average,
highest percent germination was obtained from seed
produced under environments I to IV located at Maiduguri,

followed by environments VII and VIII at Ibadan during



Table -¢, Average seed yield (g/plant) of 15 okra genotypes in eight

environments
Genotypes @ Environments Genotype
1 II1 III Iv V VI VII vIIx @ |reans

U.I 79-5 41.5 39.5 18.4 20.5 3.7 3.0 3.5 4.0 16.8
U.I 81-33 38.4 26.1 18.3 12.3 3.0 7.8 2.6._°3.0 13.4
U.1 22-77 54,5 34.2 23.8 18.4 5.1 3.1 /38, 3.0 18.2
U.1C-6-2 28.1 14.5 9.5 11.0 6.4 4.0).5.4 4.0 10.4
U.I 81-28 25.1 20.7 9.4 5.2 2.5 1WVY2.1 1.6 8.5
U.I 53-139 59,2 59.3 15.8 15.3 4«5 343 4.2 2.6  20.5
TAe 38 48.4 35.1 15.0 9.4 3.2 4.3 5.0 3.6 15.5
NHAe 47-4 35.6 30.2 16.4 14+6Y2.2 3.0 3.0 3.0 13.5
NHAe 15 21.3 28.0 22.5.15.5 1.6 2.4 2.9 1.7 11.9
NHAe 394 30.6 26.3 15¢12.10.1 5.9 3.0 2.3 2.2 11.9
Puso 13.4 11.8 , 2472.2 1.0 1.0 1.5 1.1 4.3
U.I 104 34.6 24.4N/11.1 11.2 3.5 1.5 2.4 1.3 11.1
U.1 117 35.3 19,9 ) 15.3 8.3 3.2 2.6 3.1 2.3 11.2
U.1 211 36.6 ..22.3 25.3 11.6 2.5 2.0 2.6 2.3 13.1
U.I 10 6775\ 39.8 31.7 15.6 6.0 5.9 6.4 5.8  22.3
LSD (0.05) Be5 5.6 14.1 8.2 2.2 1.2 1.4 1.5 2.4
Mean k}:3 28.8 16.6 12.1 3.6 2.9 3.4 2.7

a \
Environments

I=IV: Maiduguri; V-VIII: Ibadan
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Table 9. Average seed germination (%) of 15 ckra genotypes in eight
environments
T @pnvironments mype
1 11 III IV VvV VI VII VIII
U.I 79-5 73 72 83 83 27 31 465 \ 56 61.2
U.I 81-33 83 72 86 53 33 3% )70 60 61.5
U.I 22-77 67 62 82 72 23 _12NV50 42 51.2
U.I c-6-2 57 34 64 65 32, 25 53 53 47.8
U.I 81-28 72 62 94 85 .24 29 50 54 58.7
U.I53-139 74 74 89 77~ 27 13 48 45 55.8
TAe 38 81 89 96 ¢95% 40 46 76 71 74.2
NHAe 47-4 83 76 87/)-90 39 34 67 59 66.8
NHAe 15 85 77 68NV 74 21 13 54 48 55.0 -
NHAe 394 72 60 93 66 26 13 51 48 53.6
Puso 55 51 33 33 5 9 38 34 32.2
U.I 104 72 75 79 86 14 11 49 46 54.0 -
U.1 117 67 65 57 51 24 19 56 51 48.7
U.I 211 85 67 76 8 20 17 60 55 58.1
U.I 10 63 55 60 43 31 24 52 54 47.7
LSD (0.05) 13.1 11.7 22.9 27.0 19.7 20.3 15.4 12.7
Mean, 72.6 66.1 76.4 70.5 25.7 22.1 55.9 51.9
apnvironments

I - IV: Maiduguri; V-VIII: Ibadan
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late planting season. Environments V and VI, early
season planting at Ibadan were the least favourable
for high quality seed production (Table 9).

4.2 1Influence of plant population and N on¢seed yield
and quality

(a) Effect of plant population on seed yield and quality

Seed yield/ha was significantly, increased at the
higher plant population density (xrd, 110 plants/ha)
tested (Tables 10 and 11), when, compared to seed yield
from the treatment with low\plant density (55,555 plants/
ha). However, low planti\density significantly increased
seed yield/plant by.43% than high plant density. High
plant population (density significantly reduced the number
of fruits/plart_in both 1985 and 1986 by about 60% below
that of low.population density (Table 10 and 11). Number
of seeds/fruit was not affected by plant population.

Seed quality (measured as percent seed germination,
germination rate, percent seedling emergence and 1000-
seed weight), was not significantly affected by plant
population density. However, seed germination, germination
rate and 1000-seed weight were relatively higher in
treatment with 55,555 plant/ha than that of 111,110

plant/ha (Table 12).
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Table 10: Effects of plant population and N on okra seed wyield
™o
Besd pielas fruits/plant seeds/fruit
kg/ha g/plant (no) (no)
Treatments 1985 1986 1985 1986 1985 1986 1985 1986
(A) Plant population/ha:
55,555 647.5 767.8 27.6 £3.1 12 6 104 96
111,110 952.6 1020.3 2042 15.3 8 3 107 94
LSD (P = 0.05) 45.6 10:1 1.6 1.8 1,9 1.7 NS NS
(B) N (kg/ha):
0 617.3 738%9W20.1 15.8 8 3 99 89
65 882.3 947.2% 25.7 21.1 10 6 109 103
130 900.4 °996.2 26.0 20.7 10 5 110 95
LSD (P = 0.05) 107 47 5.6 23 1.9 12 1.4 NS NS

NS = not significant 0.45
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Table 11 : Annual okra seed yield (kg/ha) averaged over
1985 and 1986

N levels .
Plant pop/ha 0 65 130 Mean
55,555 563.6 831.6 727.8 * 707.6
111,110 792.6 998.0 1168.8 986 .4
Mean 678.1 914.8 948.3 °

5% LSD = 21.7
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(b) Effect of nitrogen on seed yield and quality .

The average seed yield of okra in treatment With
130 kg of N per hectare was1l6£.8 kg/ha. This, was the
average over a 2-year period and was obtained from plots
having a population of 111,110 plants per hectarei< The
yield from plots with 55,555 plants/ha was sdgnifitantly
less than this, being 727.8 kg/ha (Table 41l) na

In treatment with 65 kg of N per Hectare, theN
highest average seed yield was 998 Kkg/Ha produced by a
population of 111,110 plants/ha/as compared to that of
831.6 kg/ha from population of\ 55,555 plants/ha. °°

Nitrogen level had a highly significant ‘effect on
okra seed yield at diffe¥ent populations. This inter-
action of population rate x nitrogen level is graphically
presented in Figdre 2. Seed yields averaged over~1985
and 1986 (Table”11) show that the first levél oftN° (65 kg
N/ha) sigpificantly raised seed yield by 35% above! the
control,. @ further addition of 65 kg N/ha also produced
a significant additional yield of 3.5% above the first
65'%g of N per hectare. There was a significant increase
in the number of fruits/plant as the level of N was

increased. Seed germination percentage and seedlinhg



Table 12; Effects of plant population and N on okra seed quality

Treatments
(» Plant population/ha:

55/555
1117110
LSD (P = 0.05)

® N (kg/ha):

0

65

130

LSD (P = 0.05)

Seed
germination
(D)

1985 1986
63.4 90.3
64.0 87.4
NS NS
67.0 91.0
64.5 89.5
59.6 86.1
NS NS

NS = not significant at P = 0.05

Seed
germination

rate

Q)

1985 1986
19.7 21.6
18.7 21.2
NS NS
19.4 22.0
19.6 21.4
18.5 20.8
NS NS

Seedling
emergence
<%

1985 1986
60.4 82.2
58.4 82.3
NS NS
61.6 85.3
60.6 82.5
55.3 79.0
NS NS

1000-seed
weight

(9)
1985 1986
50.9 55.8
49.0 54.3
NS NS
49.3 55.3
50.7 55.2
49.8 54.6
NS NS



(kg/ha)

Seed yield

1300
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o——= Two plants/stand

=2 oOne plant/stend

19¢e6 2

T

7 1 i
65 130
Nitrogen levels ( kg/ha)
Fie. Ls Effectyr of F levels on aced

yicles/he at different plant
population/he an 1965 anc 19EC
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emergence responded significantly to N levels in 1986
(Table 12). 1In 1985, none of the seed quality components

was significantly affected by N level.

4.3 Effect of seed maturity and storage condition on
longevity of okra seed

The moisture content of seeds immediately after
harvesting and after drying in the sun‘ds shown in Table
13, Seeds from fruits harvested 28-35/days after flowering
had the highest initial moisture eontent of 21.8 and
16.4%, respectively. 1Initiadl seed moisture content
decreased with increase in the number of days before
harvesting. The highest\lhitial percent seed germination
(95¢) was obtained from the seeds of fruits harvested

at 35 WAP (Table' 14).

(a) Effects of maturity on seed viability in storage

Ef fects of different harvesting regimes, seed
contaliners and storage conditions on viability of okra
seeds, were presented in Tables 15 and 16. Deterioration
was more marked in seed harvested at 28 DAF than seeds

harvested at 35, 42, 49 and 56 DAF. Compared to



70

Table 13': Seed moisture content before drying

Harvesting Percentage/moisture
regimes (DAF) content of ‘seed (%)

Initial moisture conteént

28 21.8
35 16.4
42 9:9
49 9.5
56 9.1

Moisture content
after drying

28 9.4
35 9.2
42 9.2
49 9.1

56 9.0




71

Table 14& 1Initial percent seed germination after

drying

Harvesting
regime (DAF)

Initial
germinatio

28

35
42
49
56

&

E: 86
87
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initial germination percentage in Table 14, seeds
harvested at 28, 35, 42, 49 and 56 DAF deteriorated
by 50.7, 36.8, 31.4, 32.5 and 35.6%, respectively
after 16 months in storage (Table 16). Thus seeds
harvested earlier after flowering deteriorated at a
faster rate.

(b) Effect of seed containers and stoxrage conditions
on seed viability

Seeds packed in polythene bags, tin cans and glass
bottles deteriorated at a sifmilar rate throughout the
16 months of storage (Table(l6). Compared to seed
germination after two, months of storage, viability
declined by 31.5, 30nand 25% for seeds packed in glass
bottles, tin can® and polythene bags, respectively after

16 months of ‘storage.
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Table 16 Fercent rermanation of mdﬂ" peod avcrnq.'d over
- harves A
. . o ting recurE, Storage contaliners

Monrthe of storage

Storage

treatments 2 4 6 8 10 12 14 16 Nean
& eerminagiien,

Harvesting Regimes:

28 DAF 54 58 s 43 4€ a4 35 34 44 8

35 DAF 79 73 66 65 (13 65 66 60 67.7

42 DAT 83 76 73 67 68 64 ®4 61 69.5

49 DAF 74 75 66 67 (33 67 62 58 67.1

56 DAF 82 81 71 71 73 b4 67 56 71.6

Storage containers:

Bottles 76 75 64 63 63 61 55 52 63.6

Polyecthylene bags 75 75 66 €2 [ 64 65 56 66.3

Tin cans 72 72 64 €3 L33 63 56 50 63.2

Storage conditions |

Desiccator (30°C & 23% RH) 61 58 a9 36 42 42 40 31 43.8

Desk drawer (30°C & 75% RH) 70 71 e 63 (3! 54 43 34 58.5

Refrigerator (4°C & 5@t RH) 79 83, 71 74 76 75 74 71 75.3

Freezer (-3°C & 85% RH) 76 76 75 75 7€ 74 73 74 74.8

p N PP PR —

* This table was computed from Tablel1l5.

Harvesting Percent sced germination averagedover seed containers and storage condition
regimes § for each hapkesting regime.

Storage Percent secH germination averaged over harvesting regimes and storage conditior
containers; for eachH seed container.

Storage
condition; Pertent sced germination averaged over sccd container and harvesting
régimcs’ for each storage condition.



Seed germination (%)

80

60

40

-0

75

Refrigerator (4°C & 50% RH)

Desk drawal (30°C & 75%¢ RH)

Freezer (=3°C &5% RE)
pDesiccator (30°C & 25% RY)

~
-
Vr 1 1 J ¥ L e bt y e J
e 4 6 10 12 14 13
Months of storoge
Fir

Percent germination of okra sced stored unde:
storace conditions of refriccrator, desk drawer,
freczer and desiccator . Vertical lines represent
standarcd errors.
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The effect of storage temperature and RH was evident
throughout the 16 months of storage (Figure 3). The
most rapid decline in viability was observed in seeds
stored inside desiccator at 30°C and 25% RH and desk
drawer at 30°C and 75% RH. There was no significant
difference between the viability of seed<{stered in the
freezer (-3°C & 85% RH) and refrigeratof A4°C & 50% RH)
throughout the storage period (Figure“3). The reduction
in viability of seeds stored under“four storage conditions
were 51, 49, 10 and 3% for déesk Qrawer (30°C & 75% RH),
desiccator (30°C & 23% RH)), ‘refrigerator (4°C & 50% RH)
and freezer (-3°C & 85% RH) respectively, at the end of
16 months of storage (Table 16). Seeds sealed in polyeth-
lene bags and stored inside refrigerator at 4°C and 50%
RH gave the highest percent germination at the end of
16 monthssof_storage.

4.4 Effect of edible pod removal on _seed yield and
guality in okra

(a). Effect of edible pod removal on pod vield

The effect of different number of pod removal on
total number of pods/plant were similar for both years

(Figure 4 and Table 17). The total number of pods/plant



Number of pork / plant

Fig.
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Total pods/
plant

Pods/plant at
final harvest

Effect of poCs picked, on
pod number/plant in 198% and
1986.
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Table 17-. Response of seed yield parameters to pod remoVal ‘in okra
(average of 1985-1986)
Number Field dried wt Pods/plant Seed yield ,1900-seed Plant Total
of of pcds/plant at harvest per plant we ight height pods/
pods (9) (no) (9) (g9) (cm) plant
removed (no)
Control 109.3 10 65.6 60.5 1305 10
Effect of treatment expressed as percefit increase (+) or decrease (=) from
control
2 +16.4 +20 ¥ 2.6 +4.6 #- 17.6 +45
4 + 6.6 +10 + 1.6 +2.5 + 19.3 +35
6 - 6.5 -0 -36.6 -1.6 + 39.1 +50
8 -19.7 -10 -51.4 -2.3 + 45.2 +65
.10 -29.2 =20 -66.7 -4.2 + 52.1 +80
12 -42.4 -30 -74.3 -4.0 + 65.9 +90
14 -55.4 -50 -80.8 -4.8 +102.7 +95
LSD (0.05) 14 3 13 7 32 3
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increased significantly as more edible pods were removed
per plant. Total dry matter of harvested edible pods/
plant also increased with increased number of pods
removed (Figure 5).

The number of sun-dried pods/plant were‘significantly
reduced by about 10-50% when 6-14 edible pods were
removed per plant (Figure 4, Table'l7°). A
significantly high number of sun-dried,pods were obtained
from the plants with two and four\ pods picked/plant
(figure 4 and Table 17 ), and/increases of 20% and 10%
above the control resulted ‘from picking two to four
pods per plant, respectiyely (Table 17 ). Sun-dried weight
(pods/plant) of pods.remaining on the plants after each
pod removal treatments was significantly reduced by
treatments with 6, 8, 10, 12 and 14 pods picked/plant
(Table 18) «" However, the removal of two and four pods/
plant inhcreased field dried weight of pods/plant by 16
and «7%\, respectively in both years (Table 17). Different
imtensities of pod removals per plant had no appreciable
effect on the total pod dry matter yield per plant

(Figure 5).
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o= TOtal pod dry matter/plant

o—a Dry matter of edible podr picked/
plant.

©——¢ Dry matter of f¢rl¢ dried pods/
plant .
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Fig. g Effcct of pods picked or ory
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Table 18 Effect of pod resoval o pod and secd yiclds of okra

Number of podr picked/plant "
Characters Control 2 4 € 8 10 lA" LS (0.05)

s . Va

1o N
Biible pod yield (t/ha) - 1.8 3.9 6.¢  10.3 ?17.1 153 2.4
feiblepod yield (g/plant) - $9.6  126.8  219.1 342.2 Q‘aw.z 509.8 0 L1,0
Field dried wt. of ' @
harvested pods (o/plant) 116, 125.8  115.6 9.7 N 4.8 61.3 2.7 13.¢
Seed yacld (kg/ha) 2008.4  2149.2 10BE.4 1365.5 530.9  435.F  327.4 249.7
Secd yaeld (ka/plant) 68.% 7.6 €3.3 31,3177 14 1.9 B3
Secds/pod (no) 107 106 103 95 90 S0 8 30.5
Qe

Edible pod yicld (t/ha) - :.?u.o 6.6 9.6 10,9 12,5 167 1.3
Edidie pod yacld (c/plant) - @ 132.6  218.8 320.8 364.3 4Q1€.€ SS5E.)  43.9
Field dried wt. of
harvested pods (g/plant) 1 126.7 117.5 107.6 83.1 80 64.7 54,9 147
Seod yield (kg/ho) Q 196E.7 1602.7 1129.7 974.4 772.9 575.9  42¢.) $23.7
Secd yield (g/plant) O €3.1 644 37.¢ 32.5 25.8  19.2 Jé 174

N
re
R4
N
S



Table 19 Change in seed quality with varying nunber of pods 'os\sqjer plant
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4

Number of pods remowed per plant

=\

Control 2 i 6 8 10 Uz LSD (0.05)
1985 )

Seed

germination (%) 96 97 95 94 92 % 85 72 7.2
1000~peed \

weight (g) 60.0  65.2 62.5 59 59.5\.'? 58. 0 59,0 5.6
Seed Bize,

(as peacentage (g)

of 100g of seed that 70 73 72 69 66 67 65 5.7
paesed through 4.5 m

aieve) Q

6

Seced

germination (%) 9] 76 94 91 86 85 7% 16.9
1000-seed \

weight (g) 61.0 62.5 59.5 59.5 58.2 57.5 57.7 8.0
Seed size Q

las peacentage (g)

of 150 P Sm_. St 70 68 66 66 65 64 4.8

pavsed through 4.5 m
vieve)

\,{A

Q
N
S

o
&
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(b) Effect of pod removal on seed yield

Seed yields of control plants, from which no pods
were picked, were significantly higher than for treat-
ments with more than four pods picked/plant (Table 18).
Compared to the control, seed yield/plant deelined by
36, 51, 66, 74 and 80% for treatments with 6, 8, 10
12 and 14 pods picked/plant, respectively whereas
removal of up to 4 pods/plant increased seed yield by

about 2-3% (Table 17).

(c) Effect of edible pod removal on seed quality

Seed guality as medsuxred by seed germination, seed
weight and size declined significantly with increased
pod removal per plant (Table 19). General reductions
in seed germination 1000-seed weight, and seed size
were observed\with treatments beyond six pods picked

per plant,

4.5 The relationship of seed viability and seedling
vigour with seed size in okra

The means and standard errors of seed and seedling
Vigour characteristics as well as their association with
seed size in 10 genotypes of okra are presented in

Table 20. In the 10 genotypes of okra, 3.5, 4.0 and
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Table 20: Mean values,

and seedling vigour characters with seed size

of okra

Characters

1000-seed weight (Q)

Seed germination %)
Seedling emergence®)
(C)
Seedling shoot length (an)
Seedling fresh weight (©
Seedling dry weight ©

Seedling root length

= significant at the 5%

values are averages of 10 varieties

84

Seed size: (M)

3.5

25.1+ 2.84
45_.1+15.91
32.9116.38

3.0+ 0.85
7.7+ 1.12

0.2+ 0.07

0.0310.005

level; ** =

4.0
39.21 4.60

79.0112.62
60.7110.43
4.61 1.02
9.41 1.01
0.31 0.06

0.0510.007

4.5
51.11 5.51

89.61 9.96
72.2112.73
7.51 1.17
10.91 1.77
0.41 0.08

0.0610.008

significant at the 1% level

standard errors and association of seven seed
in ten varieties

Associate
with seed

X2
37.88**

33.32*

51.72%*
4.48
0.89
0.06
0.002
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4.5 mm seed size grades were significantly different
with regard to seed germination, seedling emergence

and 1000-seed weight. There was no significant associa-
tion between seed size and seedling root length, shoot
length, fresh and dry weights.

Seeds in categories of 4.0 and 4.5 mm Size grades
were more vigorous as indicated by thedr~high 1000-seed
weight, percent seed germination and, seedling emergence.
The performance of seeds in the thifee size categories
were not significantly differént, in terms of seedling
root length, shootlength, \fresh and dry weights as
shown in Table 20. Low‘Standard errors attached to
mean values of seed-and seedling vigour components also
indicate uniform({seéd germination and seedling emergence
in the seed sdize categories of 4.0 and 4.5 mm as compared
to germination and seedling emergence in 3.5 mm size
grade.

The  composite seedlot comprising equal guantities
of-seeds from each of 20 genotypes gave 56% of 4.5 mm
seeds, 36% of 4.0 mm seeds and 7% of 3.5 mm seeds

(Figure 6).
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Seed size graodes (mm)

3.5

4.0
4.5

Ricbre 6, pistribution of seeé sizes in a composite of
100c of secc frer 20 cultivars
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CHAPTER 5
DISCUSSION

Seed yield and quality in okra were ®ignificantly
influenced by ecological regions of production varieties
of okra, methods of cultivation and post-harvest
handling and processing of seeds:

Although it is difficult‘\to-breed varieties
individually adapted to all“ecological conditions,
breeding methods can bé directed towards producing
varieties with wide/adaptation and high yield under
different ecological zones. The two sites used in this
study, providéd contrasting ecological conditions.

Seed yields waried between sites and there were
differefices in the relative performance of the varieties
betweeh sites. This was reflected in the significant
GxEvinteraction for most of the characterighuexamined

in the present investigation.

The parameters commonly used in selecting varieties
for high yield and stability of performance are mean
yield, regression coefficient and minimum deviation from

linear regression (Eberhart and Russell, 1966; Breese,
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1969). Breese (1969) defined a stable variety as one
having unit regression and sufficiently small standard
error attached to the regression coefficient, while
Perkins and Jinks (1968) define stable genotype“as one
with a unit regression coefficient (1 + Bi =.1), Thus,
a variety that does not meet these requiréments would be
regarded as unstable.

In this investigation the regression of mean yields
on environment means indicated that.a significant portion
of the total variation among Genptypes was accounted for
by linear regression although a portion of this variation
was non-linear as indicated by significant remainder mean
sguares. The significantly large environmental differences
further demonstrated the significant variation between
the environments,even when the trials were carried out
at the same “location.

Gefotypes with above average performance were those
that had regression coefficients greater than unity
(Perkins and Jinks, 1968; Breese, 1969). Such genotypes
will show an above average response to an improvement

in the environment and hence may be useful if its growth
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is confined to the better environments. While regression
coefficients measure the responses of genotypes to
environmental conditions, its standard error measures
the stability of responses. 1In the present investigation,
genotypes U.I 81-33 and NHAe 47-4 are stable and most
desirable interms of seed yield/plant, bécause their mean
seed yields were high, had regression«coefficient closer
to unity (0.98) with low standard errox/indicating yield
stability. Genotypes U.I 79-5,¢U.T 22-77, U.I 53-139,
TAe 38 and U.I 10 all of whiéh had regression coefficients
greater than unity together with large standard errors
performed well only in the above average environments.
Although other genotypés possess regression coefficients
not significantly different from 1.0, their large standard
errors indicate“that they are unstable, according to
Breese's (1969) definition of stability.

THes lack of significance among the linear responses
of the-genotypes to environments in terms of percent seed
germination, indicates that all genotypes responded the

same way to environments in terms of the guality of seed

produced. However, the large and significant environment

mean square for percent seed germination shows that the
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influence of environmental effects on percent seed ger-
mination of the genotypes as a whole is more important

than the mean differences in percent seed germination
between the genotypes and by far greater in importance

than the interactions of the genotypes with ¢hevenviron-
ment. This indicates that climatic variation from one

site to another may be the main factor“that determines

most of the percent seed germinatiopn differences of the genotypes
in the different environments. (Thus the highest percent
seed germination of different\genotypes were obtained

from among seeds produced’at\environments I, II, III

and IV at Maiduguri and environments VII and VIII at

Ibadan. These environments which are favourable for

high quality seed production are characterized by relatively
low precipitation, low relative humidity and high number

of sunshipne hours with hot dry weather at the time when
seeds wWere, 'ripening. These conditions are favourable

for ‘s€ed production generally (Austin, 1972) as they
guarantee quick drying of the fruits and largely eliminate
the detrimental effects of climatic and biodeteriorating

agents on the seed.
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This study further indicated that the higher popula-
tion density of okra plants (111,110 plants/ha) enhanced
seed production over the lower plant population-(55,555
plants/ha), with 39% more seed yield at the higher plant
population even though there were no differences in the
viability of seeds produced. Similarsrésults on seed
yield and viability from increasing p¥ant population
have been observed in South America (Zanim and Kimoto,
1980). Applied N raised okra seed yield, but did not
have any significant effe®t ‘on seed viability. This
agrees with observations ©f Singh and Pandita (1981)
that high N levels (ingreased okra seed yield but does
not significantly affect seed gquality and vigour.

Mature okra- seed remained viable in storage for
longer period€ than seeds at various levels of immaturity.
This finding supports.earlier reports of Bass (1965)

for ‘Kefitucky bluegrass seed. Orthodox seeds such as
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okra often require drying and packaging in moisture
barrier containers to prevent loss of viability in
storage. In the present study, the viability of seeds
packed in tin cans, polythene bags and glass bottles
after 16 months of storage were compar@ble. This
indicates that the resistance of the three packaging
materials to moisture transmission-were similar.
However, since temperature anpd RH have been identified
as the two most important factors determining longevity
of stored seed (Bass, 1973), it is necessary to view
the effects of packaging materials in conjunction

with temperature, and’RH of the storage environments.

In this study4 the decline in okra seed viability was
directly rélated to storage temperature and RH, packaging
materials{not withstanding. The effects of these two
factorns '0f the storage environment on seed germination

after 16 months of storage suggests that temperature of
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the storage area may be more important than RH in
determining the duration of safe storage of okra seeds.
Thus seed stored at high temperature (30°C) lost

viability more rapidly at either low RH (23%) or high

RH (75%) than when stored at low temperature (-3 to 4°C)
with low RH (50%) or high RH (85%). Martin.'et al (1960)
stored okra seed at 2-4°C for 11 years'‘without appreciable
loss in viability.

The adverse effect of storage at high temperature
(30°C) and low RH (23%) on okra seed longevity was
also evident. This effect is not special to okra seed.
Seeds of cotton, another 'member of the malvaceae, also
lost viability quife rapidly at room temperature of
30°C and 25% RH_(McComb and Lovestead, 1954), but peanuts
stored best at room temeprature (30°C) and 85-90 RH
(Mathur et al, 1956).

ACtgording to Harrington (1960) a rule of thumb for
safe storage is that "the sum of temperature in degree
Eahrenheit plus the percent RH should not exceed 100".
In this study the sum for the best storage condition
(4°C (39°F)& 50% RH) and (-3°C (28°E)& 85%) ranged from

89 to 113. This suggests that a reasonably safe storage
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of okra seed can be achieved by use of temperature and
RH combinations which only slighly exceed the Harrington's
(1960) sum of 100. This implies that the safe storage
period probably would be shorter for seed stored in the
freezer (-3°C & 50% RH) with combinations of\dess than
100. However, Bass (1967) recommendation)for a sum
not exceeding 120 with temperature contributing less
than half was satisfied.

The combined yields of plantable seeds and edible
pod per plant indicate that #&here is significant
advantage in a limited harvest of edible pods from the
same okra plants which are€ to be utilized for seed
production. The imcrease in total pod yield per plant
with increasing humber of pods picked may be attributed
to new buds.'added to those present at each harvest.
Removal of “€édible pods, reduced competition for assimilates
among A i)“developing fruits and (ii) flowers that are
yet“to, form fruit. Both of these, therefore receive more
as€imilates with removal of edible pods resulting in a
Higher percentage fruit set in treatments with higher

number of pods picked. The reduced total pod (edible and
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field-dry pods) number per plant in control and treatments

with 2-4 pod pickings per plant was due to accumulation

of pods that are not removed, such that competition

for assimilates among developing fruits increases with

each additional fruit set. This resulted to lesser share

of assimilates to new fruits, causing a majority of

the later fertilized flowers to aborts “This result

agree with the reports of Kolhe and CHavan (1967) and

Akoroda (1986) that pod yield in,okra increased with

increase in the number of edible pods picked per plant.
Removal of more than)four edible pods per plant

significantly reduced the number of field dried pods

per plant at finall harvest. Since seeds constitute

57% of dry pod,weight (Akoroda 1986), fewer field-dried

pods per plant would also be associated with lower

seed yieXd per plant as shown in this study. Velumani

and Ramdswamy (1980 ) found that okra plant tolerates only

the ‘removal of the first two pods per plant without

significant reduction in seed yield and pod number per

plant at final harvest. However, in the present study
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okra plants not only tolerated the removal of the first 2-4 pods per
plant but also produced more pods (15%) and seed (3%) abowve the
control (unpicked plant).

It is noteworthy that where up to four pods were removed per
plant, there was a relative campensatory increment in the total pod
dry matter yield per plant. This explains the hight1000-seed weight
and large size of seeds obtained fram such treatments. This results
agrees with the report of Velumani and Ramaswamy/ (1980), that the
removal of the first two pods per plant does hot have adverse effects
on seed quality. However, in pickings beyond four pods per plant,
the total pod dry matter yields perplant declines. This may be due
to the increased competition f£oriassimilates between the stem and
the remaining pods on the/plant. With few number of pods on the
plant, the stem act as a major sink where most of the assimilates are
deposited. This was'\reflected by a sudden increase in plant height
when over 4 podsawere picked per plant as Velumani and Ramaswamy
(1980) alsg reported.

Thé results of this investigation also indicate
that\seed size is a good measure of okra seedling
establishment in the field. Large seeds (4.0-4.5 mm)
produced seedlings which showed more vigour and attained

greater fresh and dry weights than did seedlings grown
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from smaller seeds (3.5 mm). Similar effects of seed
size on seed and seedling vigour have been observed
in cotton (Gelmond, 1972) and onion( hHewston, 1964).

The association of 1000-seed weight, seed germina-
tion and seedling emergence with seed size indicate that
the rapidity of seed germination and plumulé emergence
depends on the size of seed planted. (But; lack of
association between seed size and seedling root length,
shoot length, fresh and dry weidhits> showed that subsequent
seedling growth and development| after the initial seed
germination and seedling emeérgence does not bear any
relationship with seed “sizeé. This agrees with the
findings of Oexemann {1942) that the superiority of
seedlings from larger seeds of soyabean, tomato and
cucumber disappeared completely at plant maturity.

Considering the greater vigour of large okra seeds
(4.0 =745 mm) compared to small seeds (3.5 mm), it
appears that large seed should be preferred. Thus, it
may-be recommended that 3.5 mm seeds be removed before
planting, but their low proportion (7%) may render such

an operation unnecessary.
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CHAPTER 6

SUMMARY AND CONCLUSIONS

Investigations were conducted at Ibadan and Maiduguri
between 1984 and 1986 on the problems associated with
production of high quality okra seeds needed for-the
improvement of edible okra fruit production_in{Nigeria.
The results, summarized below, provide a &ellable basis
for developing appropriate technigues «f6r/the production
of high quality okra seed:
(1) The variety trials under different environmental
conditions indicate that variation in seed yield from
one environment to anotherycould be attributed to variation
in precipitation, relative humidity and sunshine hours.
Locations or sites with' relatively low precipitation, low
relative humidity and high sunshine hours which provide
hot dry weather ‘at pod ripening supported the highest
seed yields and quality.
(2) Evaluation of stability of seed yields performance
usinig regression method revealed that the varieties exhibited
differential responses to varying conditions. Some
varieties also performed better in some environments than
in others, suggesting the possibility of producing seeds of certa

varieties in specific environments.
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(3) Improved soil fertility status is necessary for

high seed yields in okra. 1In the present study, 130 kg
N/ha significantly raised yields of okra seed above no

N and 65 kg N/ha. The higher plant population.density

of 111,110 plants/ha resulted in the higher ‘seed yields

of 986.5 kg/ha compared to 707.7 kg/ha ¥ith' 55,555 plants/
ha.

(4) Mature okra seed harvested 35-49/DAF remained

viable longer than immature seed ‘harvested 28 DAF.

M;ture seed stored in polyethylene bags at 4°C with 50%

RH retained most of their ¥iability after 16 months of
storage.

(5) Investigations 'on the effects of edible pod removal
on seed yield and quality, showed that the removal of

the first 2«4 edible pods/plant enhanced more pod forma-
tion leading/ to higher seed yields/plant. Edible pod
pickifgs above 6 pods/plant reduced seed yield/plant by
36«80% below the control, with corresponding adverse
effect on seed quality measured by percent seed germination

and 1000-seed weight.
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(6) The Chi-square (Xz) tests of association between
seed vigour and seed size indicate significant
association between seed germination and seedling emergence
on one hand and seed size on the other: Seeds within the size
grade of 4.0-4.5 mm are more vigorous than sée@-within
3.5 mm size grade.

Based on the results of the present study, hot dry
weather during seed ripening, good soik fertility status,
proper grading of seed and timely ‘harvesting of pods are

necessary for high seed yield$ and quality in okra seed

production.
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APPENDICFS

Sources of okra genotypes used in this study

Genotypes Sources
1. U.I 79-5 Ibadan, Oyo State
2. U.I 81-33 Ibadan, Oyo State
3a U.I 22-77 Ibadan, Oyo State
4. U.I: C=6=2 University ‘of Ibadan, Oyo State
5 U.I 81-28 University of Ibadan, Oyo State
6. U.I. 53-139 Uninversity of Ibadan, Oyo State
s TAe 38 NIHORT, Ibadan
8. NHAe 47-4 Zaria, Nigeria
9. NHAe 15 NIHORT, Ibadan
10. NHAe 394 NIHORT, IBADAN
11. "Puso University of Ibadan Oyo State
12, U41/204 Iseke-origbo, Bendel State
13. UI. (17 Igbeagu near Abakaliki, Anambra State
14. U.I 211 Ibadan, Oyo State
15) U.I. 10 Oghun village, near Ibadan, Oyo State
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Characteristics of okra genotypes utilized
in okra seed production studies

Genotypes

Characteristics

U.x 79-5

U.I 81-33

U.I 22-77

U.I 81-28

U.I 53-139

TAe 38

NHAe-47-4

NHAe 15

NHAe 394

Early flowering, heavy,~plump and
long pods, fairly large/number of
branches and pods.

Late flowering, heavy, plump and
short pods; few‘branches and pods.

Early flowering, heavy, plump and
short pods; large number of
branches _and pods.

Early £lewering, heavy plump and
medium‘size pods; few branches
and, pods.

Late flowering, heavy, plump and
short pods; fairly large number
of branches and pods.

Fairly late flowering, heavy, plump
and medium size pods; fairly large
number of branches and pods.

Early flowering, heavy, plump and
long pods; very few branches and
fairly large number of pods.

Late flowering, heavy, plump and
medium size pods; fairly large
number of branches and pods.

Fairly late flowering, heavy slender
pods; few branches and pods.

Late flowering, light and short pods;
few branches and pods.
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Characteristics

Puso

/U.I 104

U.I 117

U.I 211

U.I 10

Fairly late flowering, light slender
long pods; fairly large number of
branches and pods.

Late flowering, heavy, @©lump and
short pods; fairly large“wnumber
of branches and podss

Very late floweringy, *heavy, plump and
short pods; veryslarge number of
branches and peds.

Fairly late“flowering, heavy, plump
and medium“sdze pods; large number
of branches and pods.

Fairly Tate flowering, relatively
light ‘plump and short pods; very
few bfanches and pods.



APPENDICE III: “Average 1000 - seed weight (g)

114

in eight environments

of okra genotypes

Environments
Genotypes I I1 II1 IV v Vi VII VIII Gsnotype
means
U.I 79-5 60.0 58.0 56.2 56.5 43.7 41.7 45.7 43.7 50.6
U.I 81-22 49.7 41.5 51.2 49.5 34.2 35.0 38.5/7)36.7 42.0
U.I 22-77 49.0 47.7 56.7 57.2 43.2 39.7 45.2742.7 47.6
U.I. c-6-2 46.0 57.7 57.7 53.7 44.5 43. /)48.7 46.5 49.7
U.I 81-28 43.2 40.0 46.7 39.7 28.0 31.5% 37.5 39.5 38.2
U.I 53-139 50.7 53.0 52.2 54.5 41.0¢—22.7 48.7 46.2 48.6
The 38 55.5 51.2 58.0 61.7 42,2 46.2 50.7 48.5 51.7
NHRe 47-4 54.7 52.0 56.7 59.50343.5 43.5 48.7 46.2 50.6
NHAe 15 51.0 46.0 55.7 56¥0,/ 36.7 33.2 40.7 38.2 44.6
NHAe 394  44.5 43.2 49.%/46.0 33.2 33.7 36.5 36.5 40.4
Puso 31.7 29.2, 2%7 28.2 25.7 26.5 32.5 30.7 29.0
U.I 104 46.5 50,2 54 54.7 38.5 37.2 46.2 43.2 46.3
U.I 117 47.4.-39  45.5 47.5 35.7 36.5 42.5 39.2 41.6
"U.I 211 29,77 44.2 51.7 51.0 30.5 30.0 41.5 34.7 41.6
U.I 10 $0.7 48.2 61.7 59.0 43.5 42.7 47.0 45.0 49.7
1SD«0.05) 3.6 4.3 8.9 8.6 4.1 1.9 4.9 7.7
Means 48.6 46.7 52.1 51.6 37.6 37.5 43.3 41.2
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Average seed moisture content (%) of 15 ckra genotypes
in eight environments

Environments

L R S — - ————— T ————

— e - — Genotype
Genotypes & II IIT IV V. VI VII VIII Means
U.I 79-5 9.0 9.5 9.2 9.0 13.2 10.5 9.5 S+ 9.9
U.I 81-33 9.1 9.6 8.7 9.7 16.2 11.7 10,0 10.5 10.6
U.I 22-77 9.3 9.4 8.9 8.7 11.5 13.0410+5 11.0 10.2
U.I c-6-2 9.2 8.5 7.7 8.2 12.5 18,0,,/10.5 9.7 9.9
81-28 9.5 10.4 9.1 9.2 16.2 M7 10.2 9.7 11.0
U.I 53-139 9.4 9.4 8.7 10.0 34,5 12.5 10.5 10.7 10.7
TAe 38 8.7 8.2 8.2 8%0Q J12.5 10.2 9.5 9.2 9.3
NHAe 47-4 9.4 9.7 9.2 A7 11.5 9.5 10.0 9.5 9.5
NHAe 15 9.0 9.9 8.7v 8.0 18.2 14.0 10.2 10.2 11.1
NHAe 394 9.2 10.X 8.2 10.2 12.7 16.0 10.2 11.5 11.0
Puso 12.2 .10.7 9.2 10.2 18.2 16.7 11.5 10.7 12.4
U.I 104 933 9.6 8.5 9.5 14.7 13.2 10.0 12.0 10.8
u.1 117 8.4 10.1 10.7 9.2 11.2 11.7 11.2 12.5 10.6
U.I 211 9.1 9.5 8.2 9.7 9.0 11.0 10.0 10.0 9.5
U.I .20 8.0 9.5 8.2 8.2 10.0 13.0 10.0 10.2 9.6
Mean 9.2 9.6 8.7 9.0 13.5 12.6 10.2 10.5

1SD (0.05) 0.2 0.3 1.7 2.8 7.3 4.3 1.7 0.7
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Appendix v/ Average number of fruit/plant in 15 genotypes
of okra in eight environments
Genotypes Environments
Genotyp
I II III IV \Y% VI VI1 VIII means

U.I 79=5 7 5 5 4 3 2 3 2 3.8
U.I 81-33 7 5 6 4 2 2 3 2 3.8
U.X 22=7 11 8 7 5 3 2 3 2 5+l
u.1 €E-6-2 8 7 4 4 3 2 3 2 4.1
V.I 81-28 8 5 5 4 .~ 2 2 3.6
U.I 53-139 11 10 4 4 2 2 2 2 4.6
TAe 38 7 6 M | 3 3 2 3 3 3.8
NHAe 47-4 5 5 - 4 2 1 2 2 3+
NHAe 15 8 5 8 7 2 2 3 2 4.6
NHAe 394 6 &5 5 4 3 2 2 2 3.6
Puso 13 1.0 4 4 3 2 1 1 4.7
U.I 104 6 4 4 3 2 1 2 2 3.0
U.I 117 10 4 6 3 3 2 2 2 4.0
U.I. 211 7 5 7 5 3 2 2 2 4.1
U IN 10 9 6 6 5 3 3 3 3 4.7
Mean 8.2 6 5.2 4.2 2.6 2 2.4 243

LsSpD (0.05) 1.8 1.1 3.2 1.9 0.7 0.7 1.1 1.6
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Appendix VI: Average number of seed/fruit of 15 okra
genotypes in eight environments

Environments Gen

VIII typ

Genotypes I i () | TII IV \% VI VII el
U1 119 113 107 109 39 43 46 45 77.6

U.I 81-33 113 108 95 114 51 65 61 59 83.2
U.1 22-77 76 94 90 97 55 56 56 52 74.5
U.I c-6-2 84 81 65 83 61 A8 91 46 64.8
U.I 81-28 93 96 85 60 53 35 40 36 62.2
U.1I 53=-139 95 118 104 104 56 48 51 46 77.7
TAe 38 109 108 101 102 32 60 64 63 79.8
NHAe 47-4 106 103 g 84 41 51 48 50 72.3
NHAe 15 99 96 121 120 52 60 57 58 B2.¢
NHAe 394 96 91 97 103 69 57 48 58 77 .4
Puso 61 59 54 49 18 32 35 29 42.]
U.I 104 106 107 109 114 56 49 23 50 80.%

U.I 11y 93 101 96 108 59 59 56 53 78.1
U.I 23> 87 110 96 88 35 44 42 47 68 .1
U.3 10 109 116 118 102 69 59 59 55 85.1

LsD: (0.05) 9.3 9.4 20.5 31.4 14.4 15.9 13.6 9.4
Means 97.7 100 95.5 95.8 49.7 51.1 51.1 49.8
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Appendix VII: Average plant height (cm) of 15 okra genotypes in eight

environments
Genotypes Environments Genotype
I II III v Vv VI VII VIII means

U.I 79-5 165.5 163.7 114.7 144.0 52.7 52.0 24.5 31.7 93.6
U.I 81-33 193.2 193.0 112.5 110.0 44.2 55.0 23.0 2747 94.8
U.I 22-77 125 133.0 77.0 105.7 44.7 49.2 34.5 (23,7 74.1
U.I c=6-2 122.7 137.7 92.2 108.7 63.0 59.0 35,2¢ 35.7 81.7
U.I 81-28 170.2 157.5 89.2 118.7 45.2 44.2° )40:0  30.7 86.9
U.I 53-139 117.0 115.7 69.0 86.0 35.0 38.2*34.5 28.8 65.5:
TAe 38 168.2 154.5 100.7 100.5 54Q—57.5 39.7 47.5 90.3
NHAe 47-4 132.5 134.0 86.0 91.2,35(5 29.7 34.2 32.5 71.9
NHAe 15 197.7 192.7 143.0 160\2~62.5 64.5 51.7 27.5 112.4
NHAe 394 186.0 173.7 116.5%110.7 73.5 64.7 31.5 43.0 99.9
Puso 125.0 122.0 54v7 72.0 45.0 42.2 23.7 24.0 63.5
U.I 104 119.2 147.5 '76.5 90.0 35.5 36.0 34.2 21.6 70.1
u.I 117 168.5 159.7 © 95.0 77.2 33.2 34.2 25.7 20.2 76.7
U.I 211 110.0_-210.7 93.0 98.5 39.0 44.0 32.0 22.0 68.6
U.I 10 22005 199.7 161.2 146.2 73.7 95.0 55.0 52.0 125.4
LSD (0.05) 5.5 15.0 36.9 35.2 9.7 8.3 5.1 10.6

Means 154.7 153.0 98.7 100 49.1 51.1 34.6 31.2
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APPRMDIX VIII: Average number of days to 50% flowering in 15
genotypes of okra in eight enviornments

Environments Geno-
type

Genotypes I II III IV VvV VI ZYII vy means
U.I 79-5 53 53 62 58 48/)44 70 67 56.8
U.I 81-33 89 77 B0 79 59\.V57 68 73 72.7
U.1 22-77 49 54 59 58 _N\44 45 62 62 54.1
U.I c-6-2 61 60 61 59~ 45 46 63 58 56.6
U.I 81-28 86 87 85.\91 64 63 74 72 37.9
U.I 53-139 76 80 710 71 49 41 71 . 72 66.3
TAe 38 55 59 61 62 52 48 63 59 57.3
NHAe 15 72 76 70 73 60 62 72 7 702
NHAe 394 88 91 73 77 60 63 72 71 74.3
Puso 58 59 67 69 58 60 67 68  63.2
U.I 104 87 90 77 81 54 52 175 74 73.7
U.1 1N 84 87 79 80 54 50 69 70  71.6
u.N211 68 70 65 72 52 46 69 71  64.1
UM 10 69 74 69 71 52 52 70 72 66.1
Mean 71.9 73.7 70.371.6 53.7 52.1 69.0 69.1
1SD (0.05) 2.7 6.4 4.8 1.8 3.4 3.7 3.6 4.1
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Appendix IX : Average number of days to first flowering of
15 okra genotypes in eight environments

Environments Genotype

Genotypes means
1 11 III IV v VI VI} VIII

U.I 79-5 47 47 55 51 42 407" 55 50 48.3
U.I 81-33 71 72 62 62 52 46 62 63 61.2
U.I 22-77 44 45 51 49 46 39 50 46 45.6
U.I c-6-2 50 48 51 48 38 40 51 47 46.6
U.I 81-28 57 68 66 71 50 48 62 66 62.2
U.I 53-139 67 67 67 63 42 41 65 61 59.1
TAe 38 47 47 _-58 53 44 42 54 50 49.5
NHAe 47-4 69 68 69 67 44 43 60 62 60.2
NHAe 15 50 /\53 61 59 50 46 64 69 56.5
NHAe 394 707 68 67 63 47 44 64 62 60.6
Puso 46 51 61 60 44 43 58 50 51.6
U.I 1064 75 76 €9 67 45 43 68 67 63.7
U, T-317 66 62 66 65 46 41 62 63 68.8
By 211 50 54 55 58 46 40 63 53 52.3
U.1 10 61 58 61 63 43 2 61 64 56.6

1sD (0.05) 2.4 4.1 4.6 4.0 6.2 0.6 6.3 6.7

Means 58.6 59 61.2 59.9 44.8 42.5 59.9 58.2
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Appendix X Climatic data during 1985 and 1986 rainy seasons
crop growth at Maiduquri

Crop Solar Monthly  Average  Mean

'th :giti%all radiation total relative monthly

32320a (rm) (gm cal/ sunshine humidity', temperature
[+

(months) 2 /day) (hrs) (%). (°C)

1985 rainy season

June 83.1 576.4 198.8 39.2 36
July 58.7 536.5 187.5 56.7 32
August 96.0 548.7 217.4 61.0 34
September  141.0 559.3 228.4 65.4 33
October 0.1 69740 264.5 23.5 37

1986 rainy season

June 23 684.1 268 35.6 38
July 1656.3 648.9 208.3 57.1 33
August 105.5 655.7 212.7 65.6 31
Septemsey’ ,*166.5 742.2 192.1 70.5 32

Octobér 0.1 834.3 272.4 21.5 39
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Appendix Xl Climatic data at lbadan In 1986

Monthly Average Mean

ovwns e saistion S0 felsthe ety
) ) O
an2/day)

January 33.2 417.0 177.3 62 26.8
February 62.5 462.2 223.6 65 28.7
March 102.0 286.7 208.7 78 27.6
April 56.4 333.5 198.7 78 28.2
May 124.4 359.3 196.0 82 24.5
June 272.5 376.1 194.7 81 23.7
July 152.4 339.3 80.7 83 24.0
August 32.6 317.9 108.3 78 24.1
September 215.3 378.3 120.5 80 24.5
October 179.0 414 .4 175.7 83 25.6
November 0.4 422.3 195.3 76 26.0

December 0.0 418.0 143.1 63 25.5
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; : : a
Appendix XIT: Percentage of seeds in various see .
o ; arade sizes based on 100g of seed/cultivar

T ————————— ] — ]y e A § e g e 4

Sieve size (mm)

Cultivar
4.5 4;2 \\ 3.5

1.  U.I 104 56 QY; 5
2. U.I 38 53 @ 40 7
3 ThAe 38 56\> 38 6
4.  U.I 117 5 36 9
5.  U.I 212 35 8
6. NHAe 47-4 Q 60 34 3
7. V2 v 54 39 7
8 U.I 81-33 Q) 59 32 9
9.  U.I 210 N 59 36 5
10. U.I 211 Q 54 40 6
11. NHAe 3 40 59 36 5
12, U.I& 7 60 35 5
13. NH 61 33 6
14. t@h\‘zs 62 30 8
15. Q-x 9 54 38 9
16 I 92 55 39 6
U.I 10 50 40 10

% . U.I 81-28 55 38 7
0 19. U.I 53-139 57 35 8
20 OP - 80 52 38 10
Percent mean 56.3 36.5 7.1

S.E % 3.2 2.8 1.6

cv (%) 5.5 2.6 23.1






