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ABSTRACT

The response of two okra (Abel nbschus escul entus L.

Moench) varieties, '"White velvet' and 'NHAE47-4', to four
nitrogen level 3 (0, 25, 50 and 100 kg N/ ha) and three
phosphorus levels (0, 13 and 26 kq p/ha) was investigated
during the 1981 and 1982 wet seasons. The investigation
reveal ed that both nitrogen and phosphorus enhanced okra
fresh pod yield but the two nutrients differed significantly
in their effects between the two years. It was al so shown
that the two varieties of okra differed markedly in thoir
growt h and potential and yields. The '"Wiite vel vet'
variety, the lower yielder, produced nean fresh pod

yield of 4,1 and 4,7 t/ha in 1981 and 1982, respectively.
The 'NHAE47-4' variety, the higher yielder, gave nmean
fresh pod yields of 5.3 and 7.6 t/ha in 1981 and 1982,

respectively.

The macro-nutrient contents of |eaves and fruits were
al so anal ysed. Ni trogen content was higher in the |eaves
than in the fruits but the reverse was true in the case of
phosphorus content. Both varieties did not differ
significantly in their leaf nitrogen contents but the |ess
fertilizer-responsive variety ('Wite velvet') accunul ated

mor e Phospohorus than the nore respensive variety (NHAE$)

For optimum fresh pod yield in 'NHAE47-4' variety,
nitroqgen application can be increased to about 80 kg/ha

and for 'White velvet' about 65 kg N ha level is suggested.
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It is also suggested that under Samaru conditions where
t he experinents were conducted, phosphorus fertilisation
of about 13 kg p/ha woul d be beneficial to both

varieties of okra.
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CHAPTER 1

INTRODUCTION

Okra (Ahelmoschus esculentus L. Moench) is a local

vegetahle crop in Nigeria and belongs to the family
Malvaceae, The crop is a tropical and subtropical annual,
which is native to Africa (Woodroof, 1927)., It was grown
by the Eayptians in the 13th ¢entury and probahbly from

there spread to the Mediterranean region (Corley, 1965},

In Nigeria, many local varieties of this crop are
grewn, These differ mainly in plant size, flowering
habit, and fruit colour, texture and size, The productien
af ekra in Nigeria is predominantly by local farmers, who
grew it hoth for home consumption and cash sales, It is
grewn both in home gardens and in the field either as a
sele crop or mixed with other crops. The production of
eakra is done in two seasonzs, as a rain-fed crop in the wet
season and as an irrigated crop in the dry season,

Yield of the fresh pod is highly variable, depending on
the growing season, varieties and management practices
adepted, The fresh immature pods are most valued in soups
because of their mucilaqgenous property., It is a good
source of vitamins, minerals and pliant proteins, The plant
is -al=e useful for its fihre, oil and medicinal properties,
- The cash value attracted by this crop very much depends

en its supply in the market and time of the year, Although
the volume of internal trade in okra in Nigeria is not

L

readily knewn, this is likely to he substantial,



Generally, research work on native vegetables in
Nigeria has received only little attention and until
recently there was no availahle research information on
- okra 1In particular. A few varieties of okra have been
released (Fatokun, et al., 1978) but work on the mineral
nutrition of such varieties is s3till guite limited.

" Improved cultivars of okra would need adequate supply of
mineral nutrients if their potential yields are to be

realised,

Agronomic atudies on the nutrient regquirement of okra
erop in Nigeria is very scanty, inspite of its prominence
" as a local vegetahle., The ohjectives of the present study
therefore, were: (a) to study the effect of nitregen,
. phosphorua and theilr interactions on growth, development
and fruit yield of okrag (h) to determine the differential
uptaka of five major nutrients by two distinct okra
cultivars and (¢} to determine the nitrogen and

phosphorus requirements of okra for optimum fruit yield.



CHAFPTER 2

LITERATURE REVIEW

2.1 Okra Cultivation and its Uses

Okra is among the indigenous vegetables most commonly
grovmn throughout Nigeria., It has heen estimated that one
to two million hectares of land in Nigeria is used annually
in growing okra (Anon., 1980). Tt is predominantly grown
during the wet season but is limited to the irrigation
gites during the dry season, especially in the 'fadamas?',
Unfavourahie soil conditions, such as high soil temperature
and deficient soil moisture can he detrimental to the
production of okra (Daniel-Kalio, 1932). Under favourable
conditions, it develons so rapidly that it requires only
two months from planting to harvesting of first fruits
{Ukwueze, 1977). The plant may continue to produce
harvestable fruits for over a period of seven or more
weeks, especially if the young pods are harvested promptly
.and not allowed to mature (Roswell and Reed, 1962},

. There is evidence to show that frequent harvesting of

akra fresh fruits promotes fruiting in the crop. The
cultivation of okra is mostly done hy peasant farmers and
harvested fruits are seald for some extra income, after the -
need for suhsistence has(been adequately met, It is qrown
-mainly as an intercrop with maize, groundnuts, yams,

cassava, melon or other vegetables (Norman, 1972}, In Some
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areas, it is arown as a sole crop during the late wet
season, The late season crop when harvested may be dried
and stored for use in the dry seascon, when fresh pods

are not likely to he readily available in the market,

In the fresh form, the okra fruit is perishahle, except

it is stored frozen,

' In some parts of Nigeria, both the very young leaves
and tender fruits of okra are edihrle. It is grown mainly
for its tender fruits and favoured in soup and stew
because of jits mucilaaenous nature. Fresh green fruits
emnsidered to he of good quality in the Nigerian context;
éhﬁﬁld e smooth, short and highly mucilagenous, Fruits
that are too mature are generally not fit for consumption
and, therefore, are preserved for seeds, Okra fruits tend
te be fihrous with age, thus declining in quality, If the
fruits are to he sun-dried and stored for future usé, they
are normally allowed to reach maximum tender growth

before harvésting and cut into pieces (van Evenhuijsen,

1074),

As food, okra fruits provide some protein and
carhohydrates, They are also a good source of minerals,
especially of calcium and iron. The young pods are rich
in vitamins A, C and R (Woadroof, 19273 Boswell and Reed,
1962). Although the okra fruit is low in calories, it is
mast valued for its hulk, mineral and vitamin contents,

The fruit can lend itself well to fresh as well as to canned



and frozen prciucts,

The okra send is a potentialiy impo-tant protein
and oil source for the tropics  Ka-akaltsidis and
Constantinides, 19753 Mangual-Cre: > and Matins, 1980),
In other countries the interest in it is from the
standpoint of its o0il; gum and {it-e (Corley, 1965) and

for its mediecinal properties (Grawnl ot 21,, 1972),

2,2 Growth and Yield-relate . Characters of Okra

Shoemaker (1949) described the growth of okra in
three vhases, name.y: (1) com2letion of germination to
the stage when plants are large enongh to be cultivated,
(2) formation of crown of young leaves and ficwer buds to
the time when the first flower syre'rs and (3) appearance

of the first fiower to first dry pod,

The arowth patterns appear tn he independent of
variety at the early stage. In an expcriment to study
the grewth of two varieties of ck:z~, Adelana (1981)
ahserved that growth matterns in t:¢ varieties were similar
but differ in leaf area and dry natter accumulation, The
variety ('Jokoso!) with higher ¢« .y natter conient and leaf
area was relatively more vigorou= An ex=mination of the
growth pattern revealed early and faster accumulation of
dry matter in 'Jokoso', Later, bhuainning at eight weeks
aftfr sowing, va.iety 'V35' had a2 higher dry matter

preduction, Peak of dry matte: production was reached at



9 and 10 weeks after sowing in 'Jokoso!' and 'V35!,
respectively, The ahscission of lower dead leaves resulted
in decline in total dry matter yicld after the peak of dry
matter production. Although th:- e was a decrease in total
dry matter, stem drv weight con:irued to increase even
after flowerina, Kolhe and Che~n (1967) claimed that
growth in okra was continuous, ~ut that assimilate
translocation is diverted from ... ght to the development
of fruits and seeds, The abi.ity ¢ an okra cultivar to
achieve maximum economic yield ';ca yield) will depend on
the rate and quantity of photo ynthate translocation to
the developing pods and the maintenance of a lcwer rate of
leaf senescence, The rate of pou development is rapid up
to nine days from anth3€i® and elows down thereafter

(Chauhan and Rhandari, 1971),

The numher of fruits per plant is a major yield
component in okra, The higher tr~ number of fruits, the
higher is the fruit vield realizec (Chauhan and Gupta,
1973¢ Fatokun et al., 1979h), The okra plant is an
axillaryv-hearers fruits are hbernz on axillary nodes, The
number of fruits per plant is a rc “lection of the number
of flowering nodes that are p-o-r-ec per plant (Kolhe and
Chavan, 1967), The numher of nod-s is in turn determined
by the numher of internodes and hence, plant height.
However, due to the ahility of plants to produce many

branches, the number of possiblz nodes is further increased,



The supernumerary inflorescence also provides another

mgans of increasing the number of fruits at each flowering

'node (Fatokun et al., 1979a).

_ Response n growth due to fruit picking has been
ohserved (Perkins et al,, 19523 Khalid and Hamdi, 1964y
Grewal et al,, 1972), When pods are picked before they
mature, total numher of fruits per plant is increased, If
peds are allowed to mature before vicking, they become
#4ibrous (Thompson and Kelly, 1957} and this delay in
harvesting may reduce the total numher of fruits produced

mer plant (Kolhre and Chavan, 1967),

Fruit quality decreases with age (Tindall, 19683y
Chauhan and Rhandari, 1971y Singh et al., 1974), therefore,
fruits should preferahly he harvested while they are still

young and tender,

Early planting and good rainfall favour good growth
arnd vield in okra (Risaria and Shamshery, 1979), Within
a favourable climatic environment, mineral nutrient supply

is inevitable for maximum crop growth,

2.3 Effect of Minaeral Nutrition on Okra

Growth and Yield Attributes

Plant mindral nutrition is considered as the supply
and ahsorption of nutrients by a plant for the manufacture
of organic suhstances. Jacob and Uexkull (1958) concluded

that nutrients ahsorhed hy plants promote development at



any stage and consequently improve the plant vield, The
supply of nutrients operates as a means of increasing
yield with certainty and at the same time improving the
quality of the crop. The traditionally grown okra however
avpears to he A less efficient vtiliizer of added mineral
nutrients than tomato, vepper and maize for example

(Thompson and Kelly, 19573 Albrcg+s and Howard, 1974),

2,3.1 Witrogen effect on okra

Nitroaen is a major constituznt of chlerophyll,
plant protein and amino acids, Increasing the supply of
nitrogen in the s0il solution will enhance the synthesis
of these compounds, thereby promoting plant growth. The
growth of a plant will he at optimum when the nutrient
requirements of the crop are me*t, Liberal applications of
nitrogen stimulate root activity (Rurris, 1959). It
determinas the rooting pattern of a crop (Rruetsch and
Estes, 1976) and promotes plant growth but too much of
it leads to luuriant development of the vegetative parts

at the expense of reproductive gro*rth,

Plant.qrcwth is greatly retarded when ni‘rogen supply
im deficient (Chhonkar and Singh, 1963y Watanabe and
Inayama, 1077). These workers havé found that nitrogen
deficiency symptoms in okra inclucfe stunted growth, thin
shaot and small and vellow leaves., The leaves of such
plants may beccme hard and hrittle, Under extreme

eonditions of nitrogen deficiency, there occurs premature



leaf abscission and consequently pods that are formed are

small, touah and warty,

Nitrogen effect on okra growth and dewlopment: The

effect of nitrogen on plant growth in general is often
quite strikinag. Nitrogen fertilization of okra
significantly increased plant height, number of leaves,
stem diameter and per cent fruit set (Chhonkar and Singh,
1963y Singh and Singh, 19653 Verma et al., 19703 Chauhan

and Gupta, 1973),

Chauhan and Gunta (1973) reported that dry matter
vield in okra was significantly increased by nitrogen
fertilization, However, on examining the relationship
hetween dry matter production and fruit yield, after
eliminating the effect of fruit numher through partial
eorrelation analysis, they concluded that dry weight
imarease does not necessarily imply fruit yield increase,
T+ may mean that assimilate production is utilized in the

formation of the unmetaholisable reserves in the plant.

The effect of nitrogen on flower development in okra
has also heen reported, Kamalanathan et al., (1970) feound
that flowering was delayed hy excessive nitrogen supply.
®én the contrary, however, Chauhan and Gupta (1973) did net
"abserve any influence of nitrogen on the number of days te
flewerinag., The ahilitv of plants to maintain extended
flewering periods accounts for yield superiority among

~some cultivars (Fatokun et al., 1979b).
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A gtudy of the effect of different sources for nitrogen
an arowth and development of okra showed that urea was
better than either calcium ammonium nitrate or ammonium
chloride (Singh and Singh, 1965), but these latter two

produced similar effects,

Nitrogen effect on plant branching: The limit to the

number of fruits per plant on the main stem is set by the
number of internodes, and hence plant height. Increasing
the numher of bhranches per plant will result in increase

in the number of nodes per plant, In an experiment to
study the relationship of yield to different growth
eharacters in okra, Roy and Chhonkar (1976) established
that a positive correlation exists between numher of
branches and fruit yield, The effect of nitrogen on numbegr
ef hranches per plant as reported by Chauhan and Gupta
(1973) was positive, This result was further confirmed

by an indevpendent study conducted more recently by Hooda
et al, (1980), They found that with each progressive
inerease in nitroaen level, the number of branches producad

per plant also increased,

Nitrogen effect on fruit number per plant: A major

yield component in okra is the numher of fruits per plant
(Chauhan and Gupta, 19733 Fatokun et al., 1979b), Studies
en the growth of two cultivars and the effect of nitrogen
an these in the humid tropics or rain-forest zone have

shown that the number of fruits produced significantly
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influenced the yields of cultivars (Adelana 1981y Fatokun
and Chheda, 19A1), The variety with the highest number of
fruits per olant, therefore, produced the highest yield,
Increasing the supplv of nitrogen to plants increased fruit
number, however, there are other factors, such as time of
plantina and seasonal rainfall variation, that could

affect number of fruits per plant,

Nitrogen effect on fruit size: FExperiments conducted

by Verma et al, (1970) revealed that fruit size increased
as a result of nitrogen fertilisation., They found that

at the 90 kg N/ha rate of application, okra fruit vield
was at maximum, vield having decreased when nitrogen rate
was incoreased to 120 kag/ha, Although there was a decrease
in fyuit yield at this excessive nitrogen rate probably
due te the reduction in the number of fruits per planty
inexease in fruit size (length and diameter) reached a
magimum at 120 kg N/ha. Largeness of pod size may limit
the number of fruits that could be formed on a given plant.
If an increase in fruit size could reduce the number of
peds per plant one may, therefore, reasonahly assume that
there occures preferential photosynthate translocation te
the already formed pods. Tt is when fruits are harvested
early (while still youna) that flower hud initiation is
enhanced, Since consumers prefer small-size to large~size
ekra fruits (Fatokun et al., 1979h) it is, therefore, net

advisahle to encourage large fruit+ formation by delaying
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harvesting, if such fruits are to he used fresh.

Nitrogen effect on fresh pod vield: Increases in

fresh pod yield resulting from nitrogen fertilization were
observed hy several workers to have a linear relationship
with rates of fertilization ranging from 56 to 134,82 kg
N/ha (Singh et al., 19673 Sharma and Shukla, 1973

Albreats and Howard, 1974; Hooda ot al,, 1980¢ Mani and
Ramanathan, 19R0), The optimum nitrogen requirement for
the crop varied with the environment. Verma et al., (1970),
ahserved a decrease in fresh okra pod yield when nitrogen
application was increased up to 128 kg N/ha and yield
continued to decline at even higher nitrogen applicatinn
rates, Hewever, Ahmad and Tullock-Reid (1968) did not
nhserve a decrease in vield until when nitrogen rate was
increased heyond 112 kg/ha, The optimum nitrogen requirement
of a given ecrcp is strongly a function of hoth the genotype
and environment and the interaction of these two factors,
Ahmad and Tullock-Reid (1968) and Hooda et al., (1980)
recommended nitroaen levels of 112 kg/ha and 120 kg/ha,
respectively at their respective environments for maximum
okra fruit vields. The rate of increase in fresh pod

yield resultina from a aiven level will of course depend

alseo on the time of application,

2.3.2 Phosphorus effect on okra

The effect of phosphorus on a crop is manifested in
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earliness in plant maturity and improvement in crop

qQuality, Documented pieces of evidence on phosphorus

effect on okra have heen somewhat conflicting. Sundaram

et al, (1969), Asif and Grieg (1972h) and Chauhan and

Gupta (1973) claimed that okra does not respond significantly
to phosphorus application, However, some other workers

have observed that phosphorus fertilization can bhe

increased from 26 kg/ha (Hooda et al., 1980) to 168 kg/ha
(Ahmad and Tullock-Reid, 1967) rates with some heneficial

effects on fresh pod yield,

Generally, 1ie.d crops are inefficient users of
phosphorus (Anon, 1080). The lack of response to phosphorus
in the cases reported could be associated with the relative
inefficiency of okra plants to utilize the added phosphorus:-
or the transformation of applied phosphorus to unavailable
forms in the soil, Efficient use of this nutrient depends
on factors such as the time of application, quantity

released in the soil solution and the crop requirement,

In okra, deficiency of phosphorus results in stunted
growth and dark areen colour of foliage (Chhonkar and Singh,

1963),

Phosnhorus effect on 2kxa arowth and development: Chhonkar

and Singh (1963) noted a significant enhancement in root
development in okra due to phosphorus application. Such
ohserved increase in root growth may enhance the capacity

of root system to promote hetter plant growth, The effect
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of phosphorus on hastenina of maturity in okra has been
reported hy some workers (Kamalanathan et al., 1970;

Sharma and Mann, 1973), Accoxding to Verma et al. (1970)
growth in okra was significantly increased by the addition
of phosvhorus, but its height mhy not always he increased
by phosphorus fertilization (Chaubhan and Gupta, 1973), On
the contrary, Hooda et al, (1987) reperted significant
increase in plant height resultir: from phosphorus
fertilization. The number and si—2 of leaves do not seem
to be appreciably enhanced by phosphorus fertilization

in okra, as indicated hy Chhonkar and Singh (1963),.

Increage in vod length resulting from phosphorus fertilization
has also not been ascertained. However, Hooda et al, (1980)
xomarked that there was a tendency for pod length to be

increased by tale nutrient,

Phogphorus effect on plant branching: Increasing the

numher of hranches per plant is likely to increase the
numher of fruits in okra, The effect of phosphorus on

plant bhranchina in okra has heen inconsistent. While-
non~significant response to phosphorus applicatioﬁ was
observed hy Chauhan and Gupta (1973), Hooda et al. (1980)
reported significant increase in numher of branches per
plant in one year but this was not confirmed in the second
year, The lack of response in the second year might be
attributed to the residual effect of available phosphorua

in the so0il, an amount higher than critical level e
(Bingham, 1962),

pipiimeey -t
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Phosphorus effect on fruit numher per plant: Fruit

numhber paer plant, an important vield component, may he
influenced by phoaphorus fertilization. Kamalanathan

et al. (1970) and Singh and Pandita (1981) did not ohserve
any Significant response in the number of fruits per plant,
Phosphorus application markedly increased the number of -
fruits per plant in okra (Hooda et al,, 1980), However,

in another study reported hy Chauhan and Gupta (1973)

phosphorus fertilization caused reduction in numher of

fruits,

Phosphorus_effect on fresh pod yield: Reports on the

offect of phosnhorus on fresh pod yield in okra have been
eenflicting, Asif and Greiqg (1972bh) and Fatokun and
Chheda (1981} could not observe any phosphorus effect on
fruit vield, The apparent lack of response to phosphorus
fertilization was attributed to high levels of available
phesphorus in the soil (Fatokun and Chheda, 198l1), Where
a response was ohserved in the second year, Fatokmn and
Chheda (1991) exnlained this to bhe due to sulphur content
in the superphosphate, rather than from phosphorus

fertilization,

Ahmad and Tullock-Reid (1968) ohserved 33 pex cent
yield increase when phosphorus was applied at the rate of
280 ka/ha. Seventy-five per cent of this increase came
from S6 kq/ha and increasing phosphorus rate beyond 168

kg/ha did not give amy significant further increase. Alse,
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Hooda et al, (1970} obtained a significant response in okra
fresh nod yield at 60 kg ons/hn. Although the yield wasa
highest at 60 =g P205/ha, thev noted that vield at this
high rate was nhot significantly surerior to that ohthined

at 30 kqg PQOS/Ha rate,

It is evident from these roports that phgosphorus
effects on fruit yield have n-t »~=n consistent, The faw
eases of positive response sugocrst that the amount of
phosphorus required hy the plant may be low, This mmy
explain why local okra cultivars rarely respond to applied

phosphorus,

2.3.3 Effect of nitrogen x phosphorug interaction on okwa

It has hean repcrted hy some workers (Sundaram
et al,, 1967y Verma et al., 1970; Sharma and Shukla, 1973)
 that nitroaen has a greater effect than phosphorus in
improving grewth and yield in okra., The effecte of these
two nutrients heing rather comnlementary,., Rurris (1959)
stated that nitroqen enhanars phosvhorus uptake, It is
probably this interactive effect that explains the
enhancement of root development hy phosphorus (Chhonkar agd
Singh, 1963), Sharma and Mann (.973) claimed that an
adequate supply of phosphorus tend=? to counteract the
delay in maturity caused by exces=ive Supply of nitrogen,
Aesording to Verma et al. (1970), nitrogen and phosphorus
interaction caused a marked incremse in fruit yield. They

suggested 90 kg N/ha and 80 kg Pzﬁsfha as optimum levels
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for okra, Sharma and Shukla (19732) also observed significant
interaction hetween nitrogen and phosphorus and, therefore,
recommended that for maximum okra vield, nitrogen and
phosphorus should be applied at the rates of 124,7 ka N/ha
and 41,6 kg P/ha, respectively, While other workers

found favourahle effects of nitroaen and phosphorus
interactions on fruit vield, Kamalanathan et al, (197Q) did
net ohserve significant fruit vield increase, Some
workers (Chhonkar and Singh, 1963; Verma et al., 19704
Sharma and Shukla, 1973) agreed that there is definitely
same heneficial influence on yield resulting from the

interaction of nitrogen and phosphorus.

2,8,4 Effect of nitrogen and phosphorus application on

the uptake of macro-nutrients

The amounts of mineral nutrients in plant tissue
significantly affect agrowth and reproduction in crop plants
(Millar, 1955¢ Munson and Nelson, 1973)., Young plants are
generally richer in nutrients than older ones (Ward et al,,
19#73). Nutrient contents also vary within the same plant
and from one mart to another. Any part of plant may alse
differ in nutrient content from one vear to the other,
However, according to Asif and Greig (1972b), the patterns
af nutrient distribution are generally similar, Tt has
been ohserved that during most of the crop growth cycle,
i® is those plant parts that are undergoing the most active

groewth that have the highest concentrations of nutrients



18

(Millar, 1955),

On examining the tissue composition of okra at 4, *
and 12 weeks, Ahmad and Tullock-Reid (1968) observed that
nitrogen and potassium contents were significantly higher
at flowering than at any other stage, The phosphorus
content of the plant was significantly lower at flowering
than at any other time in the life of the crop, It is
generally agreed that nitrogen uptake in the fruits is
increased with nitrogen application (Ahmad and Tullock-Reid,
1963¢ Asif and Greia, 1972b). The effect of nitrogen
application on nitrogen content of tissue is also believed
te he affected by climatic factors. Heavy rainfall may
lead to leachina of mobhile nutrients in the soil. Soil
meisture deficit could cause lack of nitrogen availability,
omnsequently reducina the concentration of this nutrient
in the plant., Low nitrogen content in plant tissue may
have heen caused hy a dilution effect arising from
excessive vegetative growth caused hy nitroagen fertilizatiaenm

at higher rates,.

Accordina to Chhonkar and Singh (1963) nitrogen
epplication will cause increase in the accumulation of
phoeasphorus in the plant., At higher nitrogen rates Ahmad
and Tullock=Reid (1967) ohserved non-significant declines
in nitrogen, phosphorus and potassium contents of plant
tissue, The reduction in nitrogen, phosphorus and

potassium uptake that resulted from high rates of nitrogen
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was ashociated with unfavourahle soil conditions that were
caused hy the use of ammonium sulphate as nitrogen source,
Asif and Greig (1972h) observed that phosphorus content in
plant tissue decreased in response to nitrogen applicationi
A perusal of the result presented by Ahmad and Tullock—Reid
(1967) revealed that calcium uptake was increased by
increasing nitrogen rates up to 112 kg/ha, while magnesium
uptake increased proaressively to 336 kg/ha. Asif and
Greig (1972a) found that in the hean plant, magnesium
content of the plant decreased, particularly at higher
nitroogen rates when phosphorus was applied., Asif and

Greig (1972h) roted that magnesium content of plant tissue
increased with nitrogen avplication but the calcium content
decreased, The finding of Rrown and Swmith (1968) on
spinach, contrary to that of Asif and Greig (1972h),

showed that calcium concentration increased with nitrogen

application,

Asif and Greio (1972h) reported a significant rue
trient x yesr nteradtion, with concofitraticns of nitrocen and
magnesium being the most affected, followed by calcium and
potassium. Phosphorus content in plant tissue did not
differ much with respect to years, The highest
concentrations of phosphorus and potassium were found in
the fruits, leaves, the stems and the roots in decreasing
maxrder, The magnesium contents were highest in the green

stem compared to other parts of the plant, with potassium
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and magnesium having a good distribution to all parts than

the other nutrients.

An instance where phosphorus application did not
increase uptake of nitrogen has heen reported by Fatokun and
Chheda (1921), Theyv also found that the highest nitrogen
uptake occurred when nitrogen and phosphorus were applied
together. Chhonkar and Singh (1963) believed that nitrogen
content of plant tissue and phosphorus application are
negatively correlated, These workers also reported that
increasing the supplv of phosphorus in nutrient solutions
resulted in hi he. vnosphorus content of the okra shoot
but Ahmad and Tullock-Reid (196R) did not observe any such
increases, Nevertheless, significant uptake of phosphorus
in fruits of esrly planted crop was reported as opposed
to a non-significant effect on the late-planted crop
(Fatokun and Chheda, 1981), It was explained that the
amount of rainfall received during the early cropping
season was sucl, that it made it possible for applied

phosphorus to ciffuse to the plant root zone.

Phosphorus anplication had no significant influence on
potassium content in fruits (Fatokun and Chheda, 1981),
Chhonkar and Sinah (1963) implied that phosphorus may have
beneficial effect on potassium uptake but they contended
that higher doses of phosphorus application did not
influence the potash content of okra. Ahmad and Tullock~

Reid (196R) revorted that high rates of phosphorus had
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depressina effects on potassium uptake, but that calcium
and magnesium uptake were increased, Tt was suggested

that due to phosphorus and magnesium reactions in the soil,
phosphorus supply may accentuate the decline in magnesium

concentration in the onlant tissue (Asif and Greig, 1972a),

2.4 Nitroagen Status of Savanna Soils

Savanna soils are inherently low in organic matter
and thus low in native nitrate-nitrogen and/or available
nitroaen to sustain crop growth for even one season
(Oloaunde, 1921), According to Jones and Wild (1975), the
total nitrogen contents of savanna soils range from 0,008
to 0.29 per cent, These low values were closely linked
with the generally low levels of organic matter. Jones
(1973) found carhon content mean value for the soils to be
0,6R per cent, Although the total nitrogen content of
savanna soils is low, it is important to note that these
values fluctuate seasonally in anv particular soil. There
is a huild unp of mineralizable nitrogen during the dry
season and this declines rapidly after the onset of rains

(Jones and Wild, 1975),

The effect of rainfall and symbiotic and non-symbiotic
fixations on the nitrogen status of savanna soils are
worthy of note (Jones and Wild, 1975), The annual
contribution of nitrogen by rainfall is minimal, At

Samaru, the amount ranges from 4 to 5 kg/ha/annum (Jones
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and Rromfield, 1970). Most accounts of non-symbiotic
nitrogen fixation in savanna soils are mainly of qualitative
rather than of quantitative importance (Jones and Wild,
1075), hence ns reliable estimate can be given of the
significance of non-symhiotic fir:ation in savanna soils,
Weinhard et al., (1971) concluded that non-symbiotic

fixation in the rhizosphere makes significant contribution
t6 the nitrogen economy of the soil-plant system in fallows

and as well as under arable crolping.

Of equal importance to the nitrogen status of savanna
90ils is the amouwnt Tost yearly through hurning and
cultivation, Jones and Wild (1975) ohserved that bush
burning was the main agent of nitrogen loss from natural
savanna, Cultivation increases soil aeration and this
enhances minerslisation and also increases the risk of
nitrogen loss through leaching and denitrification.

Clogunde (19R1; stated that the principal pathway of

organic nitrogen loss from soil of the savanna is through
leaching., Nitrogen is also lost from the field in the

form of crop yvield and through hurning of crop residue,
Native leqgumes and rhizosphere population of ¢grasses are
also eliminatec from cultivated soils and thexe is a
declining return of wlant residue to the soil, Consequently,
the potential for bhiclogical fixation is reduced. An annual
decline in total nitrogen of more than four per cent from
Soils under cortinucus cultivation at Samaru was repor‘t-ed

by Jones (1971},
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It is, therefore, essential to apply nitrogen
fertilizers or organic manure to most savanna soils for
good crop vyielris, Okra is probahly not an exception in

this reogard,

2,5 Phosphorus Status of Savanna Soils

Phosphorus is one of the two major nutrients limiting
crop production in the savanna zone (Mokwunye, 1979).
According to Erwezor and Moore (1946), the low phosphorus
values in the cavanna soils account for the widespread
response to phosphorus fertilizers quite often ohserved,
Total phosphorus in these soils is generally low and
sometimes very low ranging from 14 to 630 ppm (Jones and
wild, 1975), FEnwezor and Moore (1966) reported a mean
value of 10 vpm, as determined from a total of 14
samples, On the unfertilized farmers' plots, Goldsworthy
and Heathcote (1963) ohtained a lower mean value of 107 pmym
estimated from 54 samples., Mokwunye (1979) reported total
phosphorus to ranae from less than 100 ppm to about 400 ppm
in savanna soils. He estimated that less than ten per cent
of the total is in the active Al-P, Fe-P and Ca~P forms,
He also found that water-extractahle phosphorus is less
than 0.2 pom and disagreed with the widely held view that
tropical soils 3sorb much phosphorus, According to him,
this assertion does not hold true for most of the Nigerian

savanna soils.,

The availahle phosphorus status of savanna soils is a
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function of 1w content of total phosphorus and its
parent materiils, loss of top-soils through erosion and
deposit of wind-hlown sand. Wind-=hlown sand may give a
surface depos:t low in phosphate. Soil phosphorus
decreased nor hwards and has heen found to be : lowest in
the semi-arid scils of the north (Jones and Wild, 1975).
This may bhe associated with decrease in vegetation and

organic matter.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Experimental Sites

aoY-
Yy

Field experiments were conducted at the University
and Horticultural research farms of Ahmadu Bello University,
1
Samaru, (117 11 Ny 07° & and 676 m above sea-level) during

the 1981 and 10832 wet seasons, respectivaly,

3.2 Field Operations

The experimental fields were harrowed and comprsite
sail samples tuken from two depths (O - 20 cm and 20 -~
40 cm) prior -o fertilizer application., Data on soil
chemical and physical analyses are shown in Appendix A,
Each field received a hasal application of 40 kg K20/ha
broadcast as muriate of potash prior to ridging, Ridges
were made 70 cm apart., Three seeds were sown per hole
42 cm apart on 2 July and 22 June in 1981 and 1982
cfﬁppinq seasons, respectively, Each gross plot measured
4,25 mx 6 m (25,5 sq m}, Hoe-weeding was done as often

as was found necessary to keep plots clean,

At the start of the study, it was proposed that the
crop would he spraverd against insect pests using Vetox
85 WP (carbaryl) at the rate of 1.176 kg in 100-150 L/ha
at weekly intervals, This chemical was not quite effective
in controlling flea heetles, It was then decided that the

. [
REFEEE
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crop he snrayed with 'Ambush 25! (250 g permethrin per
litre formulated as emulsifiable concentrate) at the rate

of 12 m1 in 20 litres of water at weekly intervals,

3.2 Treatments

The treatments were composed of four levels of
nitrogen (0, 235, 40 and 100 kg N/ha}, three levels of
phosphorus (0, 13 and 26 kg P/ha) and two okra cultivars
(White Velvet'! and 'NHAE47541) in all possihle
faetorial combinations. The desion of the experiments was

a randomizerd complete hlock with three replications,

The nitrogen and vhosphatic fertilisers were applied
aleng the rows hy making shallow grooves about 5 cm away
frem the stands, In 1981, phosphorus was applied hefore
planting and in 1982, immediately after seedlings
ymgrgence, Nitrogen was side-dressed in split doses, half
at five weeks and the remaining half at eight weeks after
sowing, Calcium ammonium nitrate (26 ¥ N) and single
superphoaphate (lFrh:péoQ were used as sources of nitroges

and phosphorus, respectively.

Missing stands were supplied immediately after seodlinn
emergence and thinned to one plant per stand at three
weeks after sowing., This gave an approximate plant
population of 34,000 plants per hectare, Initially crow
growth was similar in both cultivars, However, as the

season progressed, cultivar 'White Velvet! became more
e .
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vigorous in growth than 'NHAE 47-4', lLatexy on in the
season, cultivar 'NHAE 47-4' performed bhetter and

maintained good around cover for a longer time,

At abhout the ninth harvest, the crop began to show

symptoms of mosaic virus and funcgus (/Ascochyta abelmoschi

Harter.) attacks. TIn the second year, fusarium wilt was
noticed on plots. However, no effort was made to estimate
the severity of damage to crop agrowth because the attack
was uniform in all plots, It was interesting to note that
enly 'White Velvet' was susceptibhle to the two diseases

mentioned above,

In the first experiment, some pilferina of okra
fruits by an unidentified person(s) took place on the plots
at the third harvest, This unfortunate incidence possibly
reduced the reliahility of the fruit yield data for that

particular year,

3.4 Data Collection

3,4,1 Meteorological data

Rainfall distrihution figures during the
experimentation periods were collected and are presented

in Appendix R,

3.4,2 Growth characters

Ten plants selected at random before flower bud

formation were tagaed for the purpose of growth observation,
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Numher of leaves per plant, main (primary) branches
per plant, stem diameter and plant height were recorded
from the plants at fortnightly intervals starting 6 and 8

weeks after soving in 1981 and 1982, respectively.

In order to estimate the above~cround total dry
matter production, four plants were harvested at random
from the outside rows at fortnightly intervals, The
samples were put in sample bags and taken to the field
laboratory where they were separated into the component
parts (stems, leaves and fruits) and oven—dried to constant

weights at 70°C.

3.4.3 Yield and yield-related characters

The numher of days to 50 per cent flowering was
recorded when ahout 50 per cent of the plants within the
plot had reached anthesis. The number of fruits per plant
was determined from the fresh pods harvested from tagged

plants in the net plot at fortnightly interval~,

¥ive plants were selected at random and tagged for the
purpose of determining the average pod length and diameter
of the first two dry fruits., The diameter of the pod was

measured about half way along the length of the pod.

The average weiqght of dry pods per plant was also
estimated in the second vear. Four plants from the discard
rows were randomly selected and tagged for this purpose,

Mature pods were left unharvested and allowed to 2ir-dry in
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the field., From dry pods harvested from tagged plants

in each plot, *‘en were randomly selected and split open

and their seed: extracted, These were used to determine
both the number of seeds per mature pod and the weight of
100 seeds, At 4wday intervals, fresh pods were picked from
the net plots, counted and weighed. From these counted
picked pods per net plot, the numher of picked pods per
plant was estimated, There was a total of 15 pickings in

each experiment.

3.5 Plant Chemical Analysis

Four plants per plot, which were sampled startinag
six and eiaht weeks after sowing in 1981 and 1982,
respectively for the purpose of dry weight determination
were used for nutrient analysis in the laboratory. The
nutrient content in different plant parts (leaves and
.fruits) was determined. Plant parts were sampled from
three replications at fortnightly intervals and bulked by
treatments, hbut at one of the sampling dates in 1982, all
samples from the three replications were analysed

separately by plots to permit statistical analysis of data.

Plant samples were oven-dricd at 70°C to constant
weight before grindinag with a mill for nutrient analysis,
The determination of total nitrogen was done using the
semi-micro Kjeldahl method. Total phosphorus, calcium,
potassium and magnes-um were extracted by wet digestion

method, Calcium, potassium and meagnesium were Aetermined
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by using atomic ahsorption spectro-photometer (model
Perkin~Elmer 290R) while phosphorus determination was by
the Molyhdate vellow method using 'Spectronic 20!

(Jmakson, 190592,

3,6 Statistical Data Analysis

An analysis of variance was done to test treatment
effects for significance using the F test as described by
Snedecor and Cochran (1967), OF primary interest were the
effects of nitrogen, phosphorus ancd their interactions in
all the parameters measured. Me~ns for main effects and
interactions of nitrogen, phosmhrrus and variety were
compared using the least significant difference (LSD) and
Duncan's multivle range test (DMRT), respectively (Steel

and Torrie, 19600),
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CHAPTER 4
RESULTS

4.1 Yield and Yield-related Characters

The data on nitreogen effect on okra fresh pod yield,
seeds per pod and weicht of 100 ®eeds are presented in
Table 1, Fresh pod yield did not respond to nitrogen
apﬁlication in 1981. 1In 1982, however, nitrogen applieatien
increased fresh pod vield significantly. The highest yield
was obtained when 100 kg N/ha was applied, producing abeut
100 per cent yield increase, The application of 50 kg
N/ha resﬁlted in 18 per cent and 67 per cent increase in
fresh pod vield over the control in 1981 and 1982,
regpectively, The result of combhined analysis showed
that nitrogen application geneérally increased fresh ped
vield in okra, Increasing nitrogen level from 50 teo 106
kg/ha, however, did not result in appreciable increase iw
fresh pod yield, From a regression analysis of combined
data, the most optimum nitrogen rate for fresh pod yietld
lied hetween 65 and 90 kg N/ha (Fig. 1),
s
Nitrogen avplication alse increased number of seeds
per pod significantly. Increasing nitrogen rate above
25 kg N{ha did not result in further increase in number qf'lv
seeds pér pod, The nitrogen regquirement of okra for ao.dJ‘L

production, therefore, appears to he abhout half that for

pod production,
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Table 1: Effects of nitrogen and phosphorus application
on fresh pod yield, seeds per pod and 100-seed

weight in okra at Samaru

Treatment Fresh pod yield (t/ha) Number of Weight of
seeds/pod seeds
N (kg/ha) 198 1992  Combined  (1982)  g/100(1982)
0 4,39 4,01 4,20 7R, 76 R,39
25 4,91 5,R2 5,30 96, 56 R,73
50 5,17 6.71 5,94 100,41 a,69
100 4,35 R,03 6,19 102,58 a,136
SE (+) 0.30 0,27 0,16 3,55 0,15
LSD(0.05) NS 0.77 1.74 10.11 NS
P (kg{ha]
0 4,41 5.6%8 5,04 BR,097 R,69
13 4,40 6.53 5.53 102,65 8,67
26 5.21 6,21 5,72 92,10 8,65
SE (:) 0.26 O.23 0.12 3.08 0,13
LSD (.05) NS 0.66 NS 8,77 NS
Variety
'White velvet!
4,11 4,69 4,41 Al1,06 R,6R
'NHAE47-4"' 5,30 761 f.45 108,08 ) 2,66
SE (+) 0,21 0,19 0, 0" 2.5) 0,10
LSD (.05) 0,60 0,54 1,23 7.%5 NS

Mean 4,70 A.14 5,43 94,57 8,67
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Okra did 10t r2<pond to phosphorus application in
terms of fresh pod vield in 1931 but this nutrient
increased fres) pod yield in 1972 significantly. There was
about 15 per c:nt incvease in frech pod vield when 13 kg
P/ha wrs appli»d in 1982 and this was the most optimum
level. The conhin~d ~nalysis showad that there was no
appreciahle i)icresse in fresh pod yield resulting from
phosphorus app.ication., From reagression analysis of
combined data, the most optimum prosphorus rate for fresh
pod vield lies hetwv2en 10 and 22 g P/ha (Fig. 2).

However, the numher of seeds per nol was enhanced by the
application of phos—horus. The apnlication of 13 kg P/ha,
the most optimum level resulted in ahout 15 per cent more
Béods per pod, Increasing phosnhorns level heyond 13 kq/ha
did not result in further significant increase in the
number of seed« mer nod, rather a hicher phosphorus level
depressed seed production in ok—a, The result of the
present study cstahliished that variety 'NHAE47-4' is a
higher vielder (ahout 46 per c=2nr*) than 'White velvet' in

terms of fresh pod yield and narher of seeds per pod.

Nitroaen ¥ wvariety interaction on fresh pod vield
showed that 'NVAE47-4! variety was the more responsive to
nitrogen fertilization (Table 2 and Fig. 1). Yield was
increased sign:ficantly with increasing level= af nitrogen
application up to 5C ka N/ha in this variety and even up to

100 ka N/ha in 1. .-. There was no increase in fresh pod
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Tahble 2: Nitrogen x variety interaction on okra fresh pod

yvield (t/ha) at Samaru

Treatment 1912 Combined (19821 + 1982)

N (kg/ha) 'White velvet! INHAE47-4 'White velvet! NHAE47-4'
0 3.22e! 4.794 3.76c 4.64c
25 5.06d 6.58¢c 4,50c¢ 6,03b
50 4,63d 8,.,79h 4,50c¢c 7.39a

100 5.79cd 10,27a 4,63c 7.75a

SE (¢) 0.88 0,32

1

Means followed by unlike letter(s) within an interaction greup
are significantlv different at 5 per cent probability level.

' -
vield in the 'White velvet! variety when nitrogen rate was

increased from 25 to 50 kg/ha,

The interactions hetween nitrogen and variety on the
number of picked pods and pod diameter in okra are shown
in Table 3, There was significant increase in the number
of fresh pods picked per plant at 25 kg N/ha level in
'White velvet!, Increased rates (50 and 100 kg N/ha),
though gave more picked pods per plant, such increases were
statistically comparahle to the increase that resulted from
25 kg N/ha level. In 'NHAE47-4' variety, the level of
increases in the number of picked pod per plant at 50 and
108 kg N/ha over that of 25 kg N/ha were statistically
similar, Pod diameter increased significantly at 100 kg

N/ha in 'White velvet' whereas, increasing nitrogen level
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Tahle 3: Nitreogen x variety interaction on yiéld~related

charscters, 1782, Samaru

Treatment Picked pods/plant Pod diameter {ecm)
N (ka/ha) 'White velvet! INH/E=A7-4!  tWhite velvet! 'NHAE47-4!
o | .34} 10.77ed 4,234 . 5.69h
25 10,404 15.775 4,374 6.44a
50 10,104 20,111 4.47cd 6.722
100 | 13,312 20.17% 4,80¢ 6.8%
SE (+) N.A6 0.14

Iﬁeans followed by unlike letter(s) within an interaction greup
are significantly different at 5 per cent prohahility level,

beyond 25 kg/ha did not result in further increase in pod
diameter in 'NH\R47-4! variety. Also in tWhite velvet!,
nitrogen rates from O to 50 kg N/ha Aid not diffex

significantly in their respective cffects on pod diameter,

The effects nf nitrogen and nhosphorus application on
number of dry pnds per plant, number of picked pods per
plant, fresh pord weight and avermoe cry pod weight are shown
in Tahle 4. Nitregen level up to 100 kg/ha produced
statisticallyv higher numbher of dry mods per plant than any
of the other nitrogen levels tested, The number of picked :
pods was also ircreased significantly hy nitrogen fertilieation
but only up to S0 ka N/ha level, Although the number of
picked pods per ~'~nat was higher at 100 kg N/ha than at 50

kg N/ha, this difference was quite negligible. At 100 kg N/he,

Ll
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Table 4: FRffect of nitrogen and phosphorus application on
numher of pods per plant and average pod weight

in okra, 1982, Samaru

Treatment Dry pods/ Picked pods/ Pod fresh Pod dry
N (ka/ha) plant plant weight(g} weight(qg)

o 1,53 9.65 16,31 _ A.56
25 5.81 12.0R 18,11 10,23
50 . 6,53 15,51 18,38 11,18

100 T7e75H 16,21 19,93 11.52
SE () 0.36 0.61 .  0.30 0.14
LSD (.0%5) 1,03 1,74 0.85 © 1,17
P_(kg/ha)

o &, 4% 13,03 17,70 10.00
13 - 6.88 13.89 18,61 10, RO
26 | 5.11 13.17 17,24 10.31

SE (#) 0,31 0.53 ~ 0.26 0,31
LSD (.05) 0.48 NS NS NS
Variety |
'White velvet! 4.63 10.51 16,93 9,45
INHAE47-41 . 7.63 16.21 19,39 11.29
SE (1) ‘ 0.26 0.43 0.21 0.29
LSD (.05) T 6.74 1.22 0,60 0.82

Mean 6,16 13,36 18.11 10,37
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the average fresh pod weight was significantly higher than
these at the 1ower rates, but those at 25 and 50 kg N/ha
were identical, There was however no difference in the

dry pod weight increases due to apolication of 25, 50 and
100 kg N/ha, the no~nitrogen plots produced smaller-sized
dry pods, There was a significent increase in numher of
dry pods ver vlant due to phosphorus application at 13 ka/ha,
resulting in arout 25 per cent more dry pods over the
control. Numher of dry pods per plant declined slightly

as phosphorus rate was increased to 26 kg/ha. The
application of vhosphorus had effect on number of picked
pods, and the average weights of fresh and dry pods in okra,
ITNHAR47-41 varieyy produced significantly more dry pods per
plant and picked pods per blant and higher fresh and dry

pods weights than the 'White velvet'.

Dry pod weight was not increased in 'NHAE47-4' variety
by phosphorus application level of either 13 or 26 kg/ha in
1982 (Tahle 5), While phosphorus fertilization at 13 kg/ha
produced significantly highexr dry nod weight in ‘White
velvet'! inereasina phosphorus level to 26 kg/ha failed to

further produce a tangible dry pod weight increase,

The effect of nitrogen and phosphorus application on
pod length and diameter is given in Table 6. Pod length was
not inereased in either year bhut theéere was a tendency for
nitroaen fertilization to slightly increase pod length in

okra, Pod diameter was, however, slightly increased in 1982
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Tanhle S: Phosphorus X variety interaction on pod dry

weight (g) in okra, 1982, Samaru

Treatment Varieties
P (kg/ha) White velvet!' INHAE47~4 1
o 8. 42¢T 11,592
13 10.47ah 11.13a
26 9,47wc 11.15a
SE (#) 0.50

1Mban followed hy unlike letter(s) within an interaction
groun are significantly different at 5 per cent probability
level,

and in the comhined analysis hut not in 1981, The observed
increase in pod diameter resulting from nitrogen
application was onlv up to 25 kg N/ha rate, heyond this
level, there was no further response to this nutrient.

The effect of phosphorus fertilization on pod length and
diameter was not significant in either of the two years

in the present study, The average length of the pods was
greater in 'White velvet' than in 'NHAE47~4! hut the latter
( 'NHAE47-4') had a qreater pod diameter, Pods of 'White
velvet' {16.5 cm) were about 50 per cent longer than those

of 'NHAE47-4' (10,2 cm),

In 1981, it was only at 12 WAS that the number of
fruits per plant was significantly increased hy nitrogen
fertilization up to the SO kg N/ha rate (Tanle 7). At the

other sampling dates, ?, 10, 14 and 16 WAS, no significant
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Table 7: Effect of nitrogen and phosphorus application
on numher of fruits per plant in okra at different

staoes of crop growth, 1981, Sarmaru

Weeks after sowing

Treatment
N (ka/ha) R 10 12 14 16
) 0.99 4,18 7,56 12,72 13,48
25 1,07 4.57 9.05 12,32 13.67
50 1,14 4,79 7,77 12,44 13,74
100 .03  4.14 7,21  11.34 13,17
SE (+) 0,11 0,20 0.30 0.46 0.58
LSD (.05) NS NS 0.85 NS NS
P_(kg/ha) |
o 0.88 3.95 7.35 11,23 12,75
13 1.09 4.53 8.11 12,60 13,70
26 1,21 4,78 2,23 12,78 14,12
SE (+) 0.09 0.17 0.26 0.40 0.50
LSD (.05} NS 0,49 0.74 1,34 NS
Variety
tWhite velvet! 1,66 4,86 7 .47 10,29 11,81
INHAE47=4 1 0.45 3,98 2,33 14,12 15.24
SE (+) 0.0% 0.14  0.21 0.33 0.4l
LSD (.05) 0.23  0.40 2.60 0.94 1.16

Mean 1,06 d.42 7.90 12,20 13,53
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effect of nitrogen on number of fruits per plant was
observed, However, the application of phosphorus on okra
increased the number of fruits per plant as recorded at

10, 12 and 14 WAS. Significant response to phosphorus was
only up to 13 kg P/ha rate in each case, Until past 10 WAS,
'White velvet' variety produced more fruits per plant than
the 'NHAE47-4!' variety but thereafter, at 12, 14 and 16

WAS, this relationship was reversed, Variety 'NHAE47-4!
produced 37 per cent and 29 per cent more fruits per plant

than 'White velvet'! at 14 and 16 WAS, respectively,

The data on the effect of nitrogen and phosphorus
application on numher of fruits per plant in 1932 are
shown in Tahle ], This result differed quite remarkably
from that of the preceding year. Nitroger at 50 kg/ha
produced a significantly higher numher of fruits per plant
than the control hut heyond this level there was no
further aponreciahle increase in fruit number except at 12,
14 and 16 WAS, when the hicghest number of fruits per plant
was produced in each case, In 1972, phosphorus fertilization
did not produce any significant influence on number of
fruits per plant even up to 26 ka P/ha. 'NHAE47-4! variety
produced more fruits per plant at 2 and 16 WAS than did the
tWhite velvet' variety., Generally, variety 'NHAE47-4!

produced more fruits than did variety 'White velvet',

.-The nitronen x-yariety int raetion on nunboer of fruits
par plant at 1< WAS in 1972 ia presanted in Table 9, Thr.

I g, T 3. i * 4
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Table R: Effect of nitrogen and phosphorus application
on nhumher of fruits per olant in okra at different

stages of crop growth, 1982, Samaru

Weeks after sowing

Treatment
N (kg/ha) A 10 12 14 16
0 1.29 2,86 5,87 7.31 10.25
25 1,53 2,99 6.04 7481 12,59
50 1.75 3,11 6.79 7.76 14.87
100 1.92 3,62 7 .60 R, 53 16,27
SE (+) 0.12 0.16 0.27 0.31 0,63
LSD (.05) 0.34 0.46 0.77 0.88 1.51
P_(kg/ha)
0 1.59 3.08 6,82 7.74 14,08
13 1.65 3.24 6.16 7.49 12,83
26 1.63 3.12 f.75 8.32 13,57
SE (+) 0.10 0.14 0.23 0.27 0.46
LSD (.05) NS NS NS NS NS
Variety
White velvet!? 0.91 3,29 6.34 7.55 11.24
'NHAE4 74" 2,33 3,00 6.82 8,15 15.75
SE (+) 0.08 0.11 0.19 0,22 0,37
LSD (.05) 0.23 NS NS NS 1,05

Mean 1.62 3.15 £ .58 7.85 13,49
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Tahle 9: Nitrogen x variety interaction on number of
fruits per plant at 16 weeks after sowing in

okra, 190%2, Samaru

Treatment
N _(kg/ha) "White velvet! ' NHAE47—4 !
o | 9.coct 11,50hc -
25 11.67be 13.51b
50 11,20bc 18, 54a
100 13,08h | 19.46a
SE (+} ' | 0,93

IMeans followed by unlike letter(s) within an interaction
groun are significantly different at 5 per cent probability
level, '

There was no difference hetween the varieties either at
control or low level (25 kg/ha) of nitrogen application.

Rut at higher coses of nitrogen (SO and 100 kg/ha) the

fertilizer~resnonsive variety 'NHAE47-4)' yielded significaﬁtiy
higher numberlnf pods than 'White velvet!, When this
character was examined for individual variety at different
19vgl§ of fertitizer, it was obsexrved that in low yielding
variety nitrogen application resulted in significantly

' higher number of pods and within nitrogen leﬁels there was

no significant difference. 1In the higher yielding variety,
differences in number of pods were significantly lower in
control and 25 kg N/ha when compared with either 50 or

100 kg N/ha, the difference hetween 50 and 100 kg N/ha was

3
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non-snagnificant,

Roth height to first flower and number of days to 50
per cent flowering were not significantly influenced by
either nitrogen or phosphorus application in okra
(Table 10), The two varieties hore their first flowers
ahout the same height ahove ground level, however, 50 per
cent flowering was attained at different times in the two
varieties, 'White velvet! variety attained 50 per cent
flowmerina much sooner than 'NHAE47-4!', about 10 and 9 days

sooner in 1981 and 1922, respectively,

Number of days to 50 per cent flowering was affected
by phosphorus x varietv interaction (Table 11)., 1In
'White velvet' phosphorus application tended to delay
flowering whereas in 'NHAE47-4' the application of

phosphorus tended to hasten flowering.

4.2 Number of Leaves per Plant

The effect of nitrogen and phosphorus application on
number of leaves per plant in 1981 is shown in Table 12,
Nitrogen application increased numher of leaves per plant
in okra, Increasina nitrogen rate heyond 25 kg/ha did not
produce further increase in numher of leaves per plant at
6, 8, 12 and 14 WAS, At 10 WAS, nitrogen at 100 kg/ha
produced sianificantly more leaves per plant than at the
lower rates. Numher of leaves per plant was not affected

by phosphorus whatsoever. Roth varieties had about the same
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Table 10: Effect of nitrogen and phosphorus application
on repdoductive development in okra at Samaru
Treatment Height to 1st flower (cm) Days to 50 flowering
19491 1922 1981 1982
N_(ka/ha)
0 20,7 17.8 51.1 51.4
25 20,6 ¥7.5 51.3 51.4
50 21.4 17.4 40.8 50.9
100 21,3 18,1 51:5 51,7
SE (+) 0. 50 0,62 0.37 0.36
LSD (.05) NS NS NS NS
P (ka/ha)
0 20,7 13,1 5.3 53:0
13 21,0 17.9 51.5 51,9
26 21.3 17,1 50.8 5.2
SE (+) 0,44 0,54 0.32 0.31
LSD (.05) NS NS NS NS
Variety
tWhite velvet! 20.9 177 46,2 47,1
'NHAE47 -4 21,1 177 56,2 55,6
SE (:) 0.13 0,44 0.26 0,26
LSD (.05) NS NS 0.74 0.74
Mean 21,0 27,7 51,2 51.4
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Table 11: Phosphorus x variety interaction on number of

days to SO per cent Klowsrinn in.okwa, 1982,

Samaru
Treatment W Varieties
"White velvet! TNHARQ 74!

P gkqgha!

0 45,6 al . 57,0 d

13 47,0 h 56,0 de

26 46.0 ab 55,5 @
SE () 0.45

Means followed by unlike letter(s) within an interaction
group are siagnificantly different at 5 per cent v
probtahility level, '

number of leaves mer plant 6 WAS, At 9 WAS and subseguent
sampling dates, 'NHAEA7-4' variety had more leaves per plant
than 'White velvet', The peak of leaf production in both
varieties was attained at 12 WAS in that year, In 1982,
nitrogen at 100 kg/ha Dfoduced a significantly higher
number of leaves than at the lower levels (Tahle 13). As
wags the case in the preceding year, there was no
significant effect of phosphorus fertilization on the ..
number of leaves per plant in okra, Variety 'NHAE47-4!
again produced a higher numher of leaves beginning from 8
to 14 WAS, Poth varieties reached the peak of leaf

production at 12 WAS, but this declined thereafter,

L}
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Table 12: Effect of nitrogen and phosphorus application

on numher of leaves per plant in okra at

different stages of crop growth, 1981, Samaru

Weeks after sowing

Treatment
6 8 10 12 14
N_(kg/ba)
0 6.7 3.5 16,0 18,5 12.8

25 7.1 9,8 7.9 22,0 11,4

50 7.0 10;0 n,3 2.2 10.6

100 7.0 9.4 20,5 23,0 10.7
SE (%) 0,12 0.23 0.64 0,74 0,54
LSD {.0%5) 0.34 0.66 1,832 2.11 1,54
P_(kg/ha)

0 6.7 9,2 17.4 21.3 11,0

13 7.0 3.8 18.3 2.3 11.5

26 7.2 9.2 18,9 20,9 11,6
SE (+) 0,10 0.20 0.55 0,65 0.47
LSD (.05) NS NS NS NS NS
Variety
"White velvet!' 7.0 9.1 15.7 12,1 9.2
'NHAE47~41 7.0 9.7 20,6 24,3 13.6
SE (+) n,08 0.16 0.45 0.53 0.3R
LSD (.05) NS 0.46 1.26 1.51 1,07
Mean 7.0 9.4 18,2 21,2 11.4
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Tahle 13: Effect of nitrogen and phosphorus appiiéatioh
on numher of leaves per plant in okra at
different stages of cron growth, 1982, Samaru

Weeks after sowing

Treatment

8 10 12 14

N (kg/ha)

0 9.9 10,7 12,7 10,1
25 1.4 13,3 14,3 11.4
50 12,1 13,3 16,1 11,3

190 12,4 15,9 lr.4 12,8

SE (+) 0.43 0.30 0.49 0.56

LSD (.,05) 1,22 0,85 1.40 1.60

P _{ka/hsa)

-0 11,8 13.3 15,5 - 12,3
13 11,4 12,3 15.3 11.2
26 11,1 13.3 15.3 10,8

SE (4) 0.37 0.26 0.43 0.49

LSD (,05) NS NS NS NS

Variety

'White velvet' 9.9 11.0 12,8 10,6

INHAE47-14" 13,0 15,6 18,0 12,2

SE (4) 0,31 0.21 0.35 0.40

LSD (.05) 0,83 0,68 1.00 1.14

Mean 11.4 13,3 15,4 11.4
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* Nitrogen x phosphorus interaction on number of leaves
per plant in 1991 is shown in Table 14, The interaction of
nitrogen x phosphorus at 25 kg N/ha and 26 P/ha produced
greatest numher of leaves per plant and this is statistically
comparable to the numbher of leaves produced by 50 kg N/ha
fertilization alone (in the ahsence of phosphorus

application),

The nitrogen x variety interaction on numher of leaves
per plant in 1971 is shown in Tahle 15, More leaves per
plant were ohserved at 7 WAS as a result of 25 and 50 kg/ha
nitrogen apnlication on 'White velvet' and 'NHAE47-4!
varieties respectively, Six weeks later, the highest
nitrogen rate (100 kg/ha) caused significant leaf drop in
INHAE47-4', 1In 1972, the 100 kg N/ha application resulted in
ftanificantly ' more leaves per plant in hoth varieties at

10 WAS, particularly in the case of 'NHAE47-4' (Table 16),

4.3 TPlant Heiaht

The effect of nitrogen and phosphorus application on the
height of the two okra varieties is shown in Table 17,
Okra plant height at various growth stages from 8 WAS
through 16 WAS was not influenced hy nitrogen application up
to 100 kg N/ha in 1971, The effect of phosphorus
application on plant height was significant at 7 and 16
WAS in 1921, Plant height responded significantly to
phosphorus fertilization rates up to 26 and 13 kg P/ha at

8 and 16 WAS, vempectively, The average plant height at 16
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Tahle 14: Nitrogen x phosphorus interaction on numher of
leaves per pnlant in okra at 2 weeks after

sowing, 1921, Samaru

Treatment ‘ P {ka/ba)
0 13 26
N _(kg/ha)
0 2,7 ahcl 9.2 ahc 7.6 ©
25 3.0 be 10,6 a 10.7 a
50 10,7 a 9,0 ahc 10,2 ah
100 9,6 ahc 9,7 abhc 2,3 ahc
SE (4) 0.74

lMeans followed hy unlike letter(s) within an interaction
group are significantly different at 5 per cent
probahility level,

Tahle 15: Nitrogen x variety interaction on number of
leaves per plant at 7 and 14 weeks after sowing
(WAS) in okra, 1981, Samaru

Teaktnint Varieties
A l‘,ﬁ v 'Nl’" LATAA 'N"—]!
N (kg/ha) 7 WAS 14 WAS
0 n.ghl 3,7%ah 1.,0c 17.6a
25 10,44 9.,2ah 9.1hc 13.8h
s0 B, 9ahn 10.1lar 9.1hc 12.1hc
100 Q,Qgh 9, 5ah 10, 8hc 10,9hc
SE (4) 0,/0 1,60

"WV' = 'White velvet' variety

INH' = 'NHAE47-4' variety

1Means followed by unlike letter(s) within an interaction group
are significantly different at 5 per cent pro»ahility level,.
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Table 1l6: Nitrogen x variety interaction on number of
leaves per plant at 10 weeks after sowing in

okra, 1982, Samaru

Varieties
Treatment
TWhite velvet! 'NHAE47-4 1
N !kq{ha!
0 9.2 el 12,3 cd
25 11,0 d 15.5 b
50 ' 11.2 cd 15.2 ©»
100 12,7 ¢ 19.1 a
SE (=) | 0,56

1Means followed by unlike letter(s) within an interaction
group are significantly different at 5 per cent
prohahility level,

WAS in 'White velvet' was 101.3 cm and 87,3 ¢m in
INHAE47~4 "', 'Nhité velvet! was distinctly the taller of
the two cultivars, Nitroaen application was found to

have increased plant height when this was determined at

R, 10, 12, 14 and 16 WAS (Tahle 1#). Generally, response
to nitrogen fertilization was significant only up to S0 kg
N/ha, even thouagh there was & tehdenCy for plant height

to he further increased slightly ry a higher nitrogen
rate, At no sampling date in 1972 was a significant
effect of phosphorus on plant height ohserved, 'White
velvet' was a taller variety than 'NHAE47-4' in 19R2 as it

was in the opreceding year., Thosphorus X variety
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Table 17: Effect ef nitrogen and phosphorus application
on vlant height (¢m) in okra at different
stages of crop arowth, 1981, Samaru

Weeks after sSowing

Treatment

2 10 12 14 15
N (kg/ha} |
0 34,5 57.0 TR.6 90,h 92,6
25 33.3 57.6 79.3 R5.R7 93.3
50 36,3 0,1 23,7 °4,0 96,1
100 33.8 56,8 77.9 93.0 95,2

SE (+) 1.59 2.30 2.66 3.35 2.52

LSD (.05} NS NS NS NS NS

P {kg/ha}

o 33.0 54,6 75.9 AR, Y 90.0
13 33,2 57.9 31l.4 92,6 94,9
26 37.2 61,2 R2,3 91.9 98,0

SE (4+) 1.37 1.99 2.30 2,81 2,18

LSD (.05) 3,92 NS NS NS 6.22

Variety

"White velvet!' 39,1 (7.3 R, 7 96.6 101.13

INHAEAT =4t 29,9 4”2, 5 71.0 a5.1 27.3

SE (+) 1.12 1,A2 1.88 2.30 1.78

LSD (.05) 3,20 4,63 5.36 6. 54 5,07

Mean 34,5 57,9 79.9 90,9 94,13
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Table 12y Effect of'nitrogen and vhosphorus application -
on plant height (cm)'in okra at different

stages of crop growth, 1942, Samaru

Weeks after sowing

Treatment
8 . 10 12 14 16
N (kg/ha)
o 30,2 43,1 £1.5 70.9 77.9
25 31,5 45,1 £9.0 75,7 89.8
50 33,2 44,7 76.3 85,9 97.2
- 100 . 37,0 54,0 23,6 93,8 102,93
SE (4) 1,49 1.92 2.73 3.39 2,89
LSD (.05) 4,27 5,50  8.07 = 9.66 8,20
¥ ha, _ )
0 . 32,9 46,9 72,0 79,6 92,2
13 | 32,4 © 46,8 71.9 83,2 91,3
26 33,7 46,5 73.9 81.9 01,9
SE (#) NS NS NS NS NS
White velvet! 37.5 53.1 79.5 85,3 95.9
'NHAE47 =41 ' 28,5 40.3 65,6 77 .8 A7.8
SE (+) 1,06 1,36 2,00 2,40 2,03

LSD {.05) 3.02 3.89 5.70 6,83 5.80

Mean = . 33,0 46,7 72,6 21,6 91.8
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interaction on nlant heiaht was significant at 3 WAS

in 1921 (Table 19), Significant increase in plant height
resulting from phosphorus fertilization occurred only in
'White velvet' and up to 26 kg P/ha rate, Only a
tendency for phosphorus fertilization to increase plant

height in '"NHAEA47-4' was ohserved,

4.4 Number of Primary "ranches per plant

The effect of nitroagen and phosphorus application en
numher of primary hranches in 1971 is shown in Table 20,
Numher of hranches per plant at 12 WAS was increased
significantly by nitrogen fertilization, However,
inereasing nitrogen level heyond 25 kg/ha did not increase
primary branching significantly in 1981, Phosphorus
application did not have noticeahle effect on the number
of primary hranches per plant at A, 10 and 12 WAS,
Undoubtedly, phosphorus does NOt influence. primery
hranching in okra. 'NHAE47~4!' variety produced more
primary branches per plant than did variety 'White velvet'

at all these arowth stages,

In 1922, the numher of primary branches per plant
at all the samplina dates was increased significantly
by nitrogen anplication (Tahle 21). Primary branches per
plant was maximum at the 100 kg/ha nitrogen rate but
gsignificant resvonses were only up to 50 and 100 kg N/ha

at 10 and 12 WAS, respectively., UPrimary hranching was not
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Tabhle 19: Fhosphorus 2 variety interaction on plant
heiaht {cm) at 8 weeks after sowing in okra,

1971, Samaru

Treatmzant Varieties
White velvet! tNHAEA7 4md !
F_(kg/ha)
0 20.4 1'3."'11 26.6 d
13 35.C he 3]_94 ad
26 £2.6 & 91.5 cd
SE (1) _ 1.94

1Nean5 followed hy unlike letter(s) within an interactien
group are sicnificantly different at 5 per cent
probahility “evel.

significantly influenc~d hy phosphorus fertilization, As
usual there were more primary hranches produced in

'NHAE47~4' (3,2A) than in 'White velvet! (2,16}.

Nitrogen x variety interaction on number of primary
branches per vlant at 12 WAS in 1041 is shown in Table 22,
There was less response to nitrogen fertilization in
'White velvet' than there was in 'NHAE47~4', The result
showed that ircreasing nitrogen bzyond 25 kg/ha did not
increaes significantlv the number of primary hranches pey
plant in 'White velvet' while in 'NHAE47-4' variety the
number of prirary hrarchazs ner plant at 100kg N/ha was

significantly higher than at 25 ka N/ha.
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Tahle 20: Efr'ect of ritregen 2md phosphorus application
on numher cof hranches pnr plant in okra at

-

di- ferent staces o7 ¢2o grovrth, 1981, Samaxu

Weeks ofler sowing

Trentmont e
. 12 12
N (<g/hn)
o 2.25 2.20 3,20
25 2.5 3,50 2,60
30 2.61 3.3% 2,77
1co 2,63 3,23 2,72
SE {+) 0,01 0.02 0.02
1LSD ,05) NS NS 0.34
P {kg/ha)
o ; 2,47 3,18 3.69
13 | 2,52 2.97 3.43
26 | 2.50 3.27 3,67
SE (4) 0.0% 0.0% 0,01
LSD (.05) NS NS NS
Variety
White relvet!? 2.17 2.F0 3.14
INHAEA7~4' 2,88 3,59 4,05
SE (4+) 0.01 0.0 0.01
LSD (.05) 0.24 0.2 0.24
Maan 2.52 3,14 3,60




Tahle 21: EREffect o7 nitrogen 2~ rhosnhorus application
on numher of primary hbrinches per plant in

okra, 1922, Samaru

lae<s after sowing

Treatm:»nt .-
(s} 12
N (kg/na
0 2.01 2,21
o5 2.41 2,58
50 2.53 2,86
109 2-30 3.1R
SE (+) 0,12 0,12
LSD (.05%) 0.25 0.33
P _(ko/ha)
0 .45 2,78
13 2AS 2,73
26 2,32 2,62
SE (+) s i 29 0,10
LSD (.05) N3 NS
Variety
'White velvet! 1,7€ 2.16
'NHAE47-4" 3.12 3.26
SE (+) 0.0¢ 0.0"
LSD (.05) 0,25 0,23

Means 2,7 2.7
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Table 22: Ni-'rogen x variety inter-action on number of
pr imary hranches per Hlant in okra at 12 weeks

af rer sowing, 19852, Samaru

Varieties

Treatwent rRgae
'White velvat! '"NHAEA7 =41

N (ka/ha)

0 2.94 61 3.74 h
25 32.23 cod 3.97 ab
50 3.36 ¢ 4,18 a
100 3.14 ¢© 4,30 a
SE (:) 0.13

lﬁeans followed by unlike letter(s) within an interaction

group are sicnificantly different at 5 per cent
probahility " aevel.

Number o primary branches per plant in 'White
velvet' was depressed by phosphorus application in okra
in 1982 (Tanlr 23), Conversely, however, phosphorus

awwl ication ircreased the numbher of primary hranches per

plant in 'NHAE47-4' variety &+ =1 WAS.  The
observed increase at the 26 ko 7/ha level was however

statistically compmarahle to tha* at the 13 ka F/ha rate.

4,5 Stem Diameter

The effects of ni‘rogen and phosphorus application on

okra stem diam=2ter in 1931 and 1972 are shown in
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Table 23: Phosphorus x variety interaction on number of
primary branches per plant at 10 weeks after

sowing in okra, 1982, Samaru

Varieties
Treatment
tWhite velvet! INHAE47 -4 1
P gkg(ha)
0 2,06 bt 2,90 a
13 1.71 bhe 3,19 a
26 1.52 ¢ 3,26 a
SE (+) 0.15

lMaann followed hy unlike letter(s) within an interaction

group are significantly different at 5 per cent
probability level.

Tables 24 and 25 respectively., In 1981, stem diameter at
10 WAS was increased significantly by nitrogen application,
with the 50 kq/ha level giving the greatest increase,

The tendency for nitrogen fertilization to increase stem
diameter was quite apparent from these data, FPhosphorus
fertilization increased stem diameter sionificantly only
at 6 WAS, hevond this point in the plant growth cycle, no
effect of phosphorus was ohserved, 1In 1982, the effect
of nitrogen application on stem diameter was significant
at all the samplinag dates (10, 12 and 14 WAS). At 14 WAS
increase in stem diameter due to nitrogen fertilization

at 100 kg/ha was significantly areater than that due to
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Table 24: Effect of nitrogen and phosphorus application
on stem diameter’ (em) at different growth

stages in okra, 1971, Samaru

Weeks after sowing

Treatment
6 2 10 : &) 14
N (kg{ha]
0 1.54 2.23 3.01 3,40 3.52
25 1.62 2,16 32.19 3.66 3,69
50 1.61 2,17 3,34 3,72 3,62
100 1.4° 2,34 3.3} 3,70 3,77
SE (:) 0,04 0.09 0,07 0,09 0,24
LSD (.05) NS NS 0,19 NS NS
P (kggha)
O 1.44 2.2% 3.14 3.62 3,68
13 1.54 2.21 3.26 3,66 3,67
26 Y70 2:35 3.25 3.58 3.61
SE (+) 0,07 0.07 0.06 0,08 0,10
LSD (.05) Gyl NS NS NS NS
Variety
tWhite velvet' 1,56 2.14 2.99 3.37 3.38
INHAE47--4" p P 2.30 3.44 3.837 3.92
SE (+) 0,05 0,06 0.05 0,06 0,06
Mean 1.56 2,22 3,21 3,62 3.65
1

At 5 em above soil surface.
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Tahle 25: Effect of nitreogen and phosg®orus application
on atem diameterl (cm) at different growth

stages in okra, 1982, Samaru

Weeks after sowing

Treatment
10 12 14
N (kg/ha)
0 2.97 3.07 3.32
25 3.34 3.44 3.65
50 3,47 3,73 3,73
100 3.78 3.83 4,07
SE (+) | 0.11 0.08 0.07
LSD (.05) 0.32 0.21 0.23
P_(kg/ha)
0 | 3.41 3.56 3,76
13 3.31 3.51 3.68
26 3.45 3,48 3.65
SE (+) 0.10 0,07 0.06
LSD (.05) NS NS NS
Variety
"White velvet! 3.30 3.16 3.42
INHAE47=41! 3.48 3.88 3.97
SE (4) 0,0R 0.05 0,05
LSD {.95) NS 0.15 0.17
Mean 3,39 3,52 3,69
1

At 5 cm ahove soil surface,
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the lower nitrooen rates. However, at 10 and 12 WAS,

the resulting stem diameter due to 50 kg N/ha was
comparahle to that at the 100 kg N/ha rate. Stem diameter
was not affected hy phosphorus application significantly
at any of the sampling dates in 19282, Varjety 'NHAE47-41
had a larcer stem diameter than 'White velvet'! variety

at 12 and 14 WAS in hoth vears.

4.6 Dry Matter Yield

4,6, Leaf dry weight per plant

The effect of nitrogen and phosphorus application
on leaf dry weioht per plant in okra in 1981 is shown in
Table 26, Nitroaen application increased leaf dry weiqht
pexr plant at 10 and 12 WAS, At 12 WAS, leaf dry weight
per plant was maximum at 100 kg N/ha rate, but this
increasse was not significantly higher than those at 25 and
50 kg N/ha., FPhosphorus application increased leaf dry
weight per plant at 6 and 10 WAS, The increases in leaf
dry weight at 12 and 14 WAS due to phosphorus fertilization
were not significantly higher than those at 25 and 50 kg
N/ha. Phosphorus application increased leaf dry weight
per plant at 6 and 20 WAS, The increases in leaf dry
weight at 12 and 14 WAS due to phosphorus fertilieation
were also not signifioant. Leaf dry weights per plant in
hoth varieties were statistically similar at 6 WAS.

However, at ahout IO WAS and subsequent sampling dates,
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Tahle 26: Effect of nitrogen and phosphorus application
or leaf dry weight per nlant (g) at different

growth stenes in okra, 1991, Samaru

V2alis after sowing

Treatmnent
A 0 12 14
N /ha
0 6. 56 ~3.39 26,63 21,06
25 T e D2 23.51 35,34 26,04
50 f,99 29.39 717 26,37
100 6,55 25.26 43,81 20,09
SE (1) 0,h1 b S 3,37 2.42
LSD (.05) NS 4,30 6.74 NS
E_(kg/ha)
0 5,60 17,33 32,59 24,53
13 6,96 22,6 39,01 26,53
26 R,07 23.93 35,56 26,61
SE (+) 0.53 1.3 2,05 2,10
LSD (.05) 1.50 3,73 NS NS
Variety
'White velvet' 6.59 17.97 25,50 17.99
ITNHAE47 -4 1" 722 25.31 45,91 33,79
SE (4) 0.43" 1,07 1,67 .71
LSD (.05) NS 3.04 8.77 4.78

Mean 6.90 21,64 35,74 25.89
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'NHAE47~-4' variety had greater leaf dry weioght per plant
than did 'White velvet'!', Average leaf dry weight increased
with plant age up to 12 WAS, thereafter this began to

decline markedly,

In 1982, nitrogen application increased leaf dry
weight per plant significantly at all the three sampling
stages, A2, 10 and 12 WAS (Tahle 27), Leaf dry weight was
increased hy nitrogen fertilization up to the 100 kg N/ha
rate at all the samplings, There was no significant
increase in leaf dry weight per plant due to phosphorus
in 1982, Leaf diy weight per plant was significantly
higher in 'NHAE47-4' than in 'White velvet' variety at all
the sampling dates (7, 10 and 12 WAS), a result quite
identical to that of the preceding year., Average leaf dry
weight production in 1942 was far greater than that in

1981,

Nitrogen x variety interaction on leaf dry weight per
plant was significant at 12 WAS in 1971 (Tah»le 28), The
significant increase was only in the 'NHAE47-4' variety up

to 25 kg N/ha,

The interaction of nitrogen x variety on leaf dry
weight per plant was significant at %, 10 and 12 WAS in
1982 (Tahle 29), Leaf dry weight per plant was increased
by nitrogen application in 'White velvet' at 8 WAS, with

response heing significant up to 100 kg N/ha, which
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Table 27: Effect of nitrogen and phosphorus application
on leaf dry weight per nlant (g) in okra at

different staqges of crop growth, 1982, Samaru

8 10 12
Treatment
N (kg/ha)
0 19.90 27.29 42,33
25 3,02 39.53 41,44
50 45.89 44.74 57.40
100 52.26 57, 59 68.81
SE (+) 2.21 2.77 1,88
LSD (.05%) 6,29 7,89 5,88
- ;
P {ka/ha
0 36.86 318,33 52,99
13 . 43,09 43,48 51.48
26 37.77 45,80 53,01
SE (+) 1.91 2,40 1,63
LSD (.05) NS NS NS
Variety
White velvet’ 30,66 34.40 40,65
INHAEA47~4 1 47.82 50.69 64,34
BB (&) . 1,56 1,96 1,33
LSD (.05) 4.44 5.58 3.79

Mean 39.24 42,54 52,49




Table 27: Nitrogen x variety interaction on leaf dry
weight per pilant (g) at 12 weeks after sowing
in okra, 1911, Samaru

Varieties
Treatment
"White velvet! INHAE47 =41

N _(kg/ha)

0 24,64 HE 28,61 b

25 20,91 » 49,78 a

50 27,70 b 56,63 a

100 28,73 K 58,89 a
SE (+) 3,35

lMeans followed hy unlike letter(s) within an interaction

group are Significantly different at 5 per cent
prohahility level,

Table 29: Nitrogen x variety interaction on leaf dry
weiaght per plant (g) at 3, 10 and 12 weeks
after sowina in okra, 1982, Samaru
R WAS 10 WAS 12 WAS
Treatment —_—
H-J‘Vf !NH! IWI lNHI fwvi INHI
N _(ka/ha)
0 16.92e' 22.7%e  29,13d 25,464 33.42e  51,23c
25 39.23cd 413,61h 30.36d 48,71b 36.17de 46,71e
50 31.91d 59,71a 35.8}4d 52,67 49,78c 65.02b
100 44.,57hc  59,94a 42,.30c 74,38a 43,24cd 94 ,3Ra
SE (+) 3,12 3,92 2,66

lMeans followed hy

unlike letter(s) within an interaction

group are sianificantly different at 5 per cent probahility

level,
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produced the jreatest leaf dry weight in this variety.
Response in !''VHAE47-4' in the same parameter was

significant only up to 50 kg N/ha, applying 100 kg N/ha

produced no farther increase in leaf dry weight, At 10 ;-ﬁ

WAS, increasi g nitrogen rates beyond 25 kg/ha did not
further increase leaf dey weight in 'White velvet!t,
however, leaf dry weight per plant increased markedly in
'NHAE47-4"' vaviety up to the highest nitrogen rate

(100 ka/ha). At 12 WAS in 1972, nitrogen fertilization

at 50 kg/ha produced significantly greater leaf dry weight

than the lower nitrogen rates in 'White velvet!, 1In
'NHAE47-4' variety, there occurred significant increases

in leaf dry weight at 50 and 100 kg N/ha rates,

u

4.6.2 Stem dry weight per plant

T;;“éffécts of nitrogen and phosphorus on étem.dry
weight ner plant in 1981 and 19R2 are shown in Tables 30
and 31, respectively, At 10, 12 and 14 WAS in 1981, stem
dry weiaht per plant was increased significantly by
nitrogen application, There was no remarkahle increase
in stem dry weight at 14 WAS until nitrogen fertilization
was increased to 100 kg/ha, Variety 'White velvet!

produced significantly areater stem dry weight per plant

at 6 WAS in 1921 and at 10, 12 and 14 WAS of the same year,

stem dry weight per plant was greater in 'NHAE47-4t,
Stem dxry weight wasaincreased by phogsphorus fertilization

at 6 and 12 WAS, where response occurred at 13 kg F/ha,
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Table 30: Effect of nitrogen and phosphorus application
on stem dry weight per plant (g) at different

arcath stages in okra, 1931, Samaru

Weeks after sowing

Treatmont
| 6 10 12 14

N (kg{ha)
| 0 :_ 1.9 16,97 23,24 17,58
2s 1.91 18,11 30,00 20,24
50 2.05 19,39 28,96 20,26
100 1.89 23,64 35,43 25,49
SE (+) 0.19 1.51 1.95 1.99
LSD (.05) ' NS - 4.30 5.54 5.66

.; P (kg/ha)
0 1.63 17.45 25,94 19,51
13 | 1,34 21,76  32.10 20,01
26 2.34 19.27  30.1%9  23.16
L SE (4) 0.16 1.31 1,68 1.72

LSD (.05) . 0.47 NS 4,80 NS
”1§'Variétz

‘White velvet!® 2,14 15.94 22,40 15,55
YNHAE47~4" 1.74 23,11 36,42 26,24
SE () @ 0.13 1.07 1,38 1.40
LSD {.05) 0.38 3,04 3.92 4.00

Mean 1.94 19,52 29.41 20,839
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Table 31: Effect of nitrogen and phosphorus application
on stem dry weight per plant (g) in okra at

different stages of crop growth, 1982, Samaru

Weeks after sowing

Treatment
a 10 12
N (kg/ha)
0 22.68 232,10 25,00
25 24,22 27,56 39,70
S50 25.13 34,59 46,02
100 31,83 31,93 53.30
SE (+) 2,09 1.59 2,92
LSD (.05) 5.95 4.53 8.82
P (ka(ha]
0 22,93 I1.25 37.95
13 26.4R 20,43 45,24
26 27,49 32.46 39,833
SE (+) 1.81 1.37 2.53
LSD (.05) 5.16 NS NS
Variety
'White velvet!' 27.42 27,41 31,69
TNHAE47 ~4 ! 24,67 34,67 50, 32
SE (4 1.47 1,12 2,06

LSD (.05) 4,19 3,19 5.87

Mean 26,01 31,04 41,00
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In 1832, stem dry weight per plant was increased
appreciably hv nitrogen application at all sampling dates
(8, 10 and 12 WAS), At 7 WAS, there was response up to
100 kg N/ha, whereas at 10 and 12 WAS there was response
only up to 50 kg N/ha, Phosphorus application increased
stem dry weight per rvlant significantly at 8 WAS,
INHAE47-4' variety had greater stem dry weight than
'White velvet' at all the sampling dates in 1982, The
difference hetween the two varieties increased from one

sampling date to the next,

Nitrogen < rhosphorus interaction on stem dry weight
per plant at 14 WAS in 1981 is shown in Tahle 32,
Nitrogen and phosphorus combination rate of either 25 kg
N/ha + 26 kg ¥/ha or 100 kg N/ha + 13 kg P/ha produced
maximum stem cry weight per plant, The interaction of
nitrogen x variety on stem dry wveight at 12 WAS in 1981
(Tahle 33) shcwed very clearly that variety 'NHAE47-4!
was the more nitrocen-responsive of the two varieties,
While the ster dryv weight of 'White velvet' did not
respond to nitrogen fertilization, that of 'NHAE47-4'

responded to this nutrient up to 100 kg N/ha,

The interaction of nitrogen with variety on stem dry
weight per plant at 2 and 10 WAS was significant in 19822
(Tahle 34). Stem drv weight per plant at 8 WAS was not
increased signifi~antiv in 'White velvet' by nitrogen

fertilization »ut nitrogen application at 100 kg N/ha gave
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Table 32: Ni‘rogen x phosphorus interaction on stem dry
we ight per plant (g) in okra at 14 weeks

af “er sowing, 1981, Samaru

P (kag/ha)
Treatrent
0 13 26
N_(kg/ha)
0 19, 73ahcd 14,832¢cd 18,18hecd
25 12.92d 18.12bcd 29,.6Ra
S0 25,28abc 17.20bed 18,30hcd
100 20.12abced 29,90a 26,47ab
SE (+) 3.44
T

Means followed by unlike letter(s) within an interaction
group are significantly different at 5 per cent
probability level,

the greater stem dry weight per plant in 'NHAE47-4', At
10 WAS, stem cry weight per plant in 'White velvet!' was
highest af the 50 ka N/ha rate, but, the increases due to
50 and 100 kg N/ha were comparahle, In variety 'NHAE47-4',
however, stem dry weight per plant at 10 WAS was markedly

the greatest at 100 kg N/ha rate than at 50 kg N/ha,

4,6.,3 Fruit dry weight per plant

The effect of nitrogen and phosphorus on fruit dry
weight per plant in 1971 is given in Tahle 35, Fruit dry
weight per plant at 12 WAS was increased significantly by

nitrogen application, hut not at 10 and 14 WAS., The
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Table 33: Nitrogen x variety interaction on stem dry

we.ght per plant (g) at 12 weeks after sowing

in okra, 1981, Samaru
Varieties
Treatment
wWhite velvet! "NHAE47 41
N [kg{ha!
0 23,81 c1 22.68 c
25 19.93 ¢ 40,27 ah
50 22.23 ¢ 35,69 b
100 23,21 ¢ 47,06 a
SE (4+) 2.75

1Means followed hy unlike letter(s) within an interaction
group are sionificantly different at 5 per cent

prohahility level

Table 34: Nitcogen x variety interaction on stem dry

e weight per plant (g) at 8% and 10 weeks after

sowing in okra, 1922, Samaru

Varieties

Treatment  'White velvet! INHAE47-4!' t'White wvelvet'! (NHAE47-4
! ' 8 WAS 10 WAS
N (kg/ha)
o 22.22n! 23,13n 12,71d 27.40he
-1 20.63% 27.530h 25,76¢ 29.34ahc
=80 24,01b 26,26h 35, 24a 33,83ab

100 22 . 79h 40,87a 29,97ahc 47.8%
SE (+) 2.95 2.23
3

Means followed by unlike letter(s) within an interaction group

are significantly different at 5 per cent prohability level.
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Table 35: Effect of nitrogen and phosphorus application
on fruit dry weight per plant (g) in okra at

dif ferent staaes of cron growth, 1931, Samaru

Weeks after sowing

Treatment
10 12 14
N (kg/ha)
0 17,98 36.47 46,74
25 19,11 39,78 45,78
50 21.4R 47,29 43,63
100 12.05 41,74 45,54
SE (4) 1.58 2,18 3.85
LSD (.05) NS 6.2) NS
P_(kg/ha)
0 16,96 37.67 41,23
13 21,315 44,08 43,31
26 20,12 42,22 51 .73
SE (+) .37 1,89 3.33
LSD (.05) NS NS NS
Variety
‘White velvet' 19,51 35,75 34,56
'NHAE47-4" 20,31 46,89 56,28
SE (4) 1.12 1.54 2,72
LSD (.05) NS 4.39 7.75

Mean 19.41 41,32 45,42
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increases due to 50 and 100 kg N/ha were statistically
similar but the greatest fruit dry weight was produced at
50 kg N/ha. "“hosphorus application did not have
appreciable effect on fruit dry weight per plant in 19711,
Fruit dry weiaht per plant from hoth varieties were
statistically comparahle at 10 WAS but at 12 and 14 WAS,
'NHAE47-4"' produced 13 and 63 per cent greater fruit dry
weight than 'White velvet', respectively., Fruit dry weight

per plant increased as the crop growth cycle advanced,

The effect of nitrogen and phosphorus application on
dry weiqght of f:iuits per plant in 1942 is shown in
Table 3A, Neither the application of nitrogen nor that of
phosphorus increased fruit dry weight per plant at 82 WAS,
At 10 and 12 wAS, fruit dry weight per plant was increased
significantly “w nitroaen application. Phosphorus
application caused significant increase in fruit dry weight
per plant at 12 WAS in 1982, The result showed that
phosphorus at i3 ka/ha produced the greatest fruit dry
weiaght, At 10 WAS, 'White velvet! variety had a
significantly jreater fruit dry weight per plant than did

INHAE47-4"',

A significant nitrogen x phosphorus interaction on
fruit dry weight per nlant at 12 and 14 WAS in 1981 is
shown in Tahle 37 and 39 respectively., Fruit dry weight
per plant was ~rrn+act with fertilizer combinations of

50 ka N/ha + 13 kg P/ha and 25 kg N/ha + 26 kg P/ha at 12
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Tabhle 36: Effect of nitrogen and phosphorus application .
on fruit dry weight per plant (g) in okra at
different stages of crop growth, 1982, Samaru

: Weeks after sowing

Treatment

R 10 12

N _(kg/ha)

0 9.81 2A,34 55,64
25 14,16 40,62 83,09
50 14,67 43,94 100, 54

100 . 17,32 47,37 120,01

SE (+) 2,33 2.46 5,71

LSD (,05) NS 8.01 16,26

_(kg/ha)

13 15,70 39,64 - 102,18
26 14.18 40.40 = 83,59

SE (+) 2.02 2,13 4.94

LSD (.05) NS NS © 14,07

Variety Vo

'White velvet! 11.49n 47,44 37.05

'NHAE47 ~4 ! 16,01 31,69 92,60

SE (+) 1.65 1,74 4,04

LSD (.05} NS 4.96 . NS

Mean 13,99 40,07 89, A2
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Tahle 37: Nitrogen x phosphorus interaction on fruit dry
weight per plant (g) in okra at 12 weeks after

sowing, 19721, Samaru

F {kg/ha
Treatment
0 13 26
N (kggha!
0 3a,25hcd> 31, 53cd 39, 62hc
25 ’ 27.754 46,73ab 44,75ab
50 46,07ah 52,.72a 43,05ahc
160 3R, 682hed 45,27alb 41.45ahc
SE (+) 3,78

1Means followed hy unlike letter(s) within an interaction
group are significantly different at 5 per cent
probability level,

Table 373 Nitroanen x phosphorus interaction on fruit dry
weilrnht ver plant (g) in okra at 4 weeks after
sowing, 1921, Samaru

P (kg/ha
Treatment ( "/ )
0 13 26
N gkafha)
O 50.45ab1 43,20hc 456,57he
25 27 .00c¢ 41 .,95bc 68, 38a
S0 46,12hc 41.45hc 43.32bhc
100 4l ,33hc 46 ,65bc 48,63bc
SE (+) 6.67

1Means followed by unlike letter(s) within an interaction
group are significantly different at 5 per cent
probhability level..






