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ABSTRACT

The responses of two okra (Abelmoschus esculentus (L.) Moench) varieties (Local-1
and V-35) sown at two sowing dates (early and late, depending on establishment of rains)
with 3 levels each of nitrogen, (0, 45, and 90kgN/ha) and 3 populations (22,000, 44,000
and 88,000 plants’/ha) were investigated during 1992 to 1994 rainy seasons. The
experiments were conducted in a split plot design, replicated 3 times at the Institute for
Agriculturd Research Farm, Samaru. The man plot treatments were factorial
combinations of nitrogen and sowing date, while sub-plot treatments consisted of a
combinations of 3 populations and two varieties (variety Local-1 and variety v-35). Date
of sowing and nitrogen were found to influence the growth parameters. An increase in
nitrogen levels increased the growth parameters including number of leaves, fresh weights
of stem and roots, leaf area, leaf area index, and plant height. It also increased yield
components and yield in al experiments. Populations and varieties were not consistent in
their effects during the period of study. A delay in sowing reduced most of the growth
parameters as well as yield components and yield. Correlation coefficient of growth
parameters and yield components were found to be consistently close and positively
correlated with the yidd. Among factors studied, date of sowing is the most crucial factor
affecting both vegetative characters and yield components, followed by nitrogen,
population and variety. The adapted Local-1 cultivar, with a population of 22,000

plants’haand at 90kgN/hais optimum for production under Samaru conditions.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Qkra Production and its economic importance

Okra (Abelmoschus gsculentus (L.} Moench) is a member of the Malvaceae family.

The crop is a tropical and sub-tropical annual and a native to Alrica (Woodroof, 1927). It
was grown by the Egyptians in the 13th century and probably from there spread to the
Mediterranean region (Cotley 1965), The total world production was estimated at 4 miliion
tonnes out of which developing countries produced about 3.1 million tonnes (Grubben 1977).
Although no production iigures are available for Nigeria because most of the produce is
consumed locally, a yield range of 6 to 12t/ha was recorded under local conditions where it
is cultivated alone or in mixture with other crops such as pepper over a total area of about

1.5 million hectares (Anon, 19803,

ln Nigeria. okra is normally produced throughout the year. It is preduced in
abundance under rainfed conditions, but on limited hectarage it the dry season with
irrigation. The fresh immature fruits (pods) and leaves are valued for their mucilagenous
properties. Eka, (1978) observed that mucilagenous property, that is sliminess or ability to
draw, is an imporiant determinant of acceptability of okra cultivars in most African countries.

Okra is a good source of vilamins, minerals and proteins. The pod has an ascorbic
acid content of 203mg/100g in tresh fruit (Keshinro and Ketiku 1979} and high levets of
calcium, iron, fibre and ash (()yenuga,‘ 1968; Oyolu, 1983). The plants is also useful for its
fibre, oit and medicinal properties. There is a lot of cash value attached to (his crop,
depending on the market situation, time of production in the year and relative demand.
Although the volume of internal (rade in okra is not actuatly known, this is‘likcly to he

substanital among states, while also varying from state to state.



Research work on native vegetables in Nigeria has received relatively littie attention.
Until recently. there was virtwally no research information on the basis of agronomic
requirements of the okra crop, ‘The yield response of okra varieties to nitrogen fertilizer has
been reported in the forest zone of Nigeria (Fatokun and Chheda. 1983} and northern Guinea
savannah zone as well (Majanbu et al., 1985). However, most of the reports on the effect
of nittogen application on green pod yield of okra have heen conflicting (Majanbu, 1983,
M:ljanhu et al. 1985; Adejonwo, 1988).

Unlavourable soil conditions such as high soil temperature and inadequate soil
moisture can be detrimental to the production of okra (Danicl-Kalio, 1982). However under
favourable conditions, it develops so rapidly that it requires only about two-three months
from sowing (o harvesting first fruits (Ukwueze, 1987). The plant may continue to produce
fruits {or over a period of seven or more weeks, especially if the fruits are picked promptly
and not allowed to mature (Boswell and Reed, 1962). There is evidence which shows that
frequent harvesting or picking of fresh fruits (pods) promotes fruiting of the crop,(Khalid and
Hamid. 1964: Perkins et al_ 1972). The cultivation of okra is mostly done by peasant farmers
or part time farmers. Okra is sometimes grown as a sole crop or as an intercrop with other
crops. ‘This depends upon the grower's decision. Okra fruits (pods) tend to become fibrous
with age. thus declining in guality. If the fruits (pods) are to be sun dried and stored for
future use, they are allowed o reach maximum tender growth hefore harvesting and later
sticed into pieces (Van-lipenhuijsen, 1974).

In Nigeria, litle research work on the nutritional requirements of okra has been
reported. It has been generally observed that the crop gives poor yields, a situation which
is olten associated with its stunted growlh. One of the reasons to which this calamity can be
associated may be improper nutrition and poor choice of sources of mitrients used, coupled
with inoppropriate date of sowing and plant popuiation.  Althaneh various sources of

fertilizer are being used by farmers growing okra, information derived through research work



is very scanty.  The various reported results to investigate the effect of variety on okra
performance have largely been inconsistent at best.  With this background, the aspects of
nitrogen nutrition, sowing date and plant population were investigated on okra varieties with
the tollowing objectives:-

1. To determine the effect of nitrogen, sowing date, population on growth. vield and
vield
components ol fwo okra varieties

2. To determine the interactions between nitrogen, sowing daic . population and varieties
ol okra (Abelmoschus esculentus (1..) Moench).

3 To identify suiiable plant population, variety and sowing date for okra production.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Nitrogen Status of Savannah Soils

Savannah soils are inherently low in organic matter content and there is no available
nitrogen Lo sustain crop growth for even one season (Ologunde, 1981). According to Jones
amd Wild, (1975), the (otal nitrogen contents of savannah soils ranges from 0.008 10 0.29
percent. These reports of low values were closely linked to the generally low levels of
organic matter in those soils. Jones (1973} found carbon content of the savannah soils had
a mean value of 0.60 percent.  Although the total nitrogen content of savannah soil is low,
it is important to note that these values fluctuate from year (o year in a particutar soil. There
is however also a build up of mineralized nitrogen during the dry season and this declines
rapidly after the onset of rains (Jones alid Wwild, 1975).

The effect of rainfall and symbiotic fixations on the nitrogen status of savannah soils
are worthy to note (Jones and Wild, 1975). The annual contribution of nitrogen by rainfall
is small. At Samaru. the amount ranges from 4 to Skg/ha annum (Jones and Bromfield,
19703 Most accounts of non-symbiotic nitrogen fixation in savannah sotls are mainly of
qualitative rather than of quantitative importance (Jones and Wild, 1975}, hence no reliable
estimate can be given on the signilicance of non-symbiotic fixation in savannah soils.
Weinhard et al. (1971) concluded that non-symbiotic fixition in the rhizosphere makes
significant contribution to the nitrogen cconomy of the soil plant system in fallow as well as
under arable cropping.

Of equal importance to the nitrogen status of savannah soils is the amount Tost yearly

through burning and cultivation. Jones and Wild (1975) observed that bush burning was the



main azent of nitrogen loss from natural savannah. Cultivation increases soil aeration and
this enhances mineralization and also increases the risk of nitrogen Ioss through leaching and
denitrification.

Ologunde (1981) reported l.ha[ the principal pathway of organic nitrogen loss from
soil of savannah is through leaching., Nitrogen is also lost through burning of crop residues.
Native vegetation and yhizosphere population of grasses are also destroyed from cultivated
sotls and there is a declining return of plant residue to the soil; consequently, the potentiat
for biological fixation is reduced.  An annual decline in total nitrogen of more than 4%
percent from soils under continuous cultivation at Samaru was reported (Jones, 1971).

2.2 Varieties of okra

Studies an the growth of two okra varieties in the humid (ropics or rain forest zone
in Nigeria. have shown that the number of fruits produced significantly influenced the yield
of varicty (Adelana 1981, Fotokun and Chheda, 1981). The variety with the highest number
of fruits per plant, therefore produced the higher yield. However, additional factors to the
yiekd in variety was the time of sowing, amount of rain{all, plant population, diseases and
weed control.

In an experiment using (two varieties of okra namely V-35 and Jokoso, Adelana
(1983), ohserved that the growth pattern in the varieties were similar, but different in leaf
area and dry matter accumulation. The variety (Jokoso) with higher dry matter content and
feal  arca was relatively more vigorous. Majanbu (1983) and Majanbu et al. (1985) observed
higher fruit number from NHAIL 47-4 than from white velvet, though the two varieties
attained stmilar height.  They reported that vafriety NIIAL 47-4 was more vesponsive to

nitrogen than white velvet.



Mani and Ramanathan (1980} reported that optimum nitrogen requirement of vatiety
of okra would depend on genetic, climatic and edaphic factors. Their ohservations were
informed by the amount of rainfall, nutrient status of the soil and the response of the crop o
nitrogen. Kuwada (1964} after studying three to four okra varieties with respect to their plant
height, number of nodes, stem diameter and leaf shape, concluded that variation in okra could
be attributed o geographical origin.

The (wo okra varieties used in these studies namely, Local-1 and V-35, have similar
growth patierns, but they differ morphologically. The leaves of variety Local-1 are spherical,
thin. glabrous with serrated margins. The stems are glabrous and about 110 cm in height,
The fruits are longer, glabrous and cylindrical. The flowers which are bright veliow in
colour are carried singly in the leaf axis on peduncles rarely more than 3cm in length |
Duration of vartety Local-1 is 150 days and the total green pod yicld is 3 t/ba.

Variety V-35 has large alternate cordate and thicker leaves with three of {ive smooth
edged lobes. The stems are shorter and about 95cm in height.  The fruits are shorter and
roundish. The flowers which are bright in yellow in colour are carried singly in the leaf axis
on peduncles rarely more than 3c_m in length. 'T'he duration is also 150 days. Its total pod

yield 15 2.5 to 3t/ha.

2.3 Lffect of nitrogen application on nitrogen content of okra

Plant mineral nutrition is considered as the supply and absorption of nutrienis by a
plant for the manufacture of organic substances. Jacob and Uexkutl (1958) concluded (hat
nutricnts absorbed by plants promote deyelopment at any stage and consequently improve the
plant yield. "The supply of nutvients nper;ates as a mean of increasing yield with certainty, and

al the same time improving the quality of the crop. The traditionally grown okra however,



appears 1o be a less elficient utilizer of added mineral nutrients than tomato, pepper and
maize (Thompson and Kelly 1957; Albregts and Howard, 1973).

Asif and Greg (1972) observed that nmitrogen application increased N-content in okra
fruit and stem than other parts in okra plant as nutrients contents also vary within the same
plant and from ane part (o another. Adedipe (1975) also reported that when higher nitrogen
is applied o okra, higher N-comtent s accumudated in okra leaf, fruit and stem because
nutrient is usually accumulated in plant tissue. The effect of nitrogen application on nitrogen
content of tissue is also believed to be affected by climatic factors, Csizinszky {1996)
reported that nitrogen concentrations in leaves and stem were higher with ni(mgeni
fertilization. Millar (1955) reported that nitrogen content of fruits increased with increasing
nitrogen rales when delermined at 8, 10 and 12 WAS. lle observed that during most of the
crop growth cycle, 1t is those plant parts that are undergoing the most active growth that have

the highest concentrations of nutrient.

‘Faber and Peterson (1979) reported that the ear leaves from plants provided with urea
were higher in nitrogen than those from Ca (NG;), because of the favourable soil conditions
that prevailed during the application. George and Likey (1980) reported that nitrogen in the
fruit of blueberry fruit was increased linearly with nitrogen rate during thieir experiments.
They atributed their findings to minimal rainfall which reduced leaching of the niwrogen
applicd.

Nitrogen has been found by Rennie (19536), Diiwosing, 1959y and Trogdon and Volk
(1950} 10 have little elfect on protein contents of okra. On the other hand, Warder et al.
(1972) reported that added nitrogen increased protein contents in okra. They‘()bservcd that
young plants are generally richer in nutrient than older ones. Nitrogen of course is a major

factor in leafy vegetables where a dark green colour is required io satisfy the consumers,



Growers have known for many vears that fruits, that are nitrogen starved are not easily sold.

Fertilizers can cause changes in some of the colours of leafy vegetables and fruits. Hunter

and Stanford (1977); Oslon. et al. (1976); Black and Siddowav. (1977); Robert, (1988);

Savello.et al (1980): Csizinsky. (1996) reported that nirocen application increasced nittogen

content in okra and that the nutrient content may also dilfer from one vear o the other.
2.4 Effects of Sowing dates and growth of okra

Some factors like sowing date, spacing and picking of green fruits which directly
affect vield are the main concern of the growers. The effects of three dates of sowings, (20th
June, 1Oth and Tuly 30th) with three spacing between rows (30, 45 and 60cm) were
investigated by Grewal et al. (1972). Sowing on 20th June eave the highest yield over the
ather two sowing dates (10th July and 30th July). Yield in the case of 45¢m row spaciang
wis also signtficantly higher when compared to that of 6bcm. However, total number of
haeve st fraits weieht mereased with increased row-spacing which can be attributed to more
fecding area available tocthe plants interms of putrients and Teht in comparison to the closer
spaced plants. This also supports the findings of Randhawa and Pannum (1969) who reported
that total number of fraits and fresh weight of okra increased with vow-spacing,

Singh and Sikka (1955). Lal and Singh (1969) reported that Tate-sown okri is usually
aflected by yellow vein mosaic virus, consequently reducing the vield, a development which
they affributed the fact that late sown okra was not well established due to the way the rain
was usually distributed. Early sowing and good rainfall favour good growth and yield of
okra (Bisaria and Shamshery 1979) and Shrestha (1983) reported that Tavourahle climatic
conditions or enviomment, mineral nutrient supply is incvitable lor maximum crop growth.

Sigh et al. (1988 reported that okra sown on June 20th at 40 x 30cm produced a higher



maximum yield than okra sown in July at the saime spacing, while 1.al and Pundrick (1979)
observed that sowing of okra in Mid-June (i.e. before the onset of heavy raing) rather than
at various dates in Juty significantly reduced the percentage of plants affected by yellow vein
mosaic virus and thus increased the yield. Rao and Suryamirayan (1977) observed that okra
sown carly with {12kgN/ha at a spacing of 45 x 60cm yielded higher than fate-sown okra
with the same spacing. Robert {1988) also reported that carliness in sowing coupled with
increased nitrogen application rate (80keN/ha) increased plant vigour and <ize, leaf number
and leal area, plant height and stem diameter. Kamalanathan et al. (1970) reported that a
closer spacing of 60 x 20cm signiticantly and consequently recorded highest yield per hectare
both in terms of number of fruits and wetght, but the yvicld per plant was higher in the wider
spacing {60 x 40cm). The production in yield per plant in closely spaced plants was as a
result {0 a decrease in the number of laterat branches as suggested by McFerran et al. (1963).
The requirements of okra for growth and development are related to temperature and day
length. Majanbu (1983).

2.5 Effect of plant population on_growth and yield of okra

Albregts and Howard (1974) reported that population was not consistent in s eflect
on growili. In 1971 the lower plant population (16,000 planis/iu) inttiated production a lew
days earlier than those seeded more densely (32,000 and 64,000 planis/ha) but in 1972, the
reveise was the case. During both years (1971 and 1972) they found that the mcrease in
nitroven (RUkgN/ha) 1o the more densely seeded or densely sowing (64,000 planis/ha) gave
the higher yield from 2nd week of production through the end of the harv-em SEASONS.
Kamalanathan ¢t al. (1970) recorded the highest yield when the plant population was 83,000

plants/hia. This was due io the fact that the number of plats accommodated in one hectare



was higher than that of the widest spacing which can only accommadate fewer plants (i.e.
33.000 and 22,000 plhuns/ha)

Verma et al (1970) revealed that increasing nitrogen under a population of 33,000
plants’ha, gave highest yield and when the nitrogen was increased from 90keN/ha to
120keN/ha with a population of 44,000 plants/ha, the yield was seriously affected as the
excessive nittogen resulted in increased vegetative development. Kamalanathan et al. (197(0)
reported that closer spacing of 60 x 20cm significantly and consistently recorded highest yield
per heetare hoth in terms of number of fruits and weight, but the vield per plant was more
under the wider spacing (60 x 40cm).  The production in yield per plant in closely spaced
plants was due to a decrease in the namber of lateral branches as suggested hy MeFerran et
al. (1903).

According 1o NAERLS (1989) spacing of okra may be varied according 10 the
varietics. i.c tor tall or large varieties, spacing should be 45¢m and dwarf or sparsely
branching types should he 30em apart on 75cm ridge. whan and Fiswal (198%) reporied that
okra spaced at 30 x 15cm with [150kgN/ha application produced a higher pod yield than either
30 x 30 or 45 x 30cm. Kamalanathan el al (1970) reported that sowing density (population)
on okra yvield from an increase in stand from one 1o 2 or 3 plants per hill reduced individual
plant vield and vigour but increased in overall yields. They also recommended that two
planis per hill, spaced at 60 x 20¢m were recommended for optimum economic returns and

higher vield
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2.6 Effect of Nitrogen on okra

Nitrogen is a major constituent of chlorophyll, plant protein and amino acids.
Increasing the supply of nitrogen in the soil solution will enhance the synthesis of these
compounds, therehy promoting plant growth. The growth of a plant will be at optimum when
the notrient requirements ol the crop are met.  Liberal applications of nitrogen stimulate root
activity (Burris, 1959). It determines the rooting pattern ol a crop (Bruetseh and Fstes, 1976)
and promotes plant growth but too much of it leads to luxuriant development of the vegetative
parts at the expense of reproductive growth. Plant growth is retarded when nitrogen supply
is deficient (Chhonkar and Singh, 1963): Watanabe and Inayama, 1977). These workers have
found that nitrogen deficiency symptoms in okra include stunted growth thin shoot and small
leaves.  Under extreme conditions of nitrogen deficiency, there could be premature leaf
abscitsion and can therefore result in small pods formation.

2.7 Mfect of Nitrogen on okra growth and development

Ihe effect of nitrogen on plant growth in general is surprising.  Nitrogen fertilization
of okia significantly increased plant height, number of leaves, stem diameter and number of
branches (Chhonkar and Singh, 1963: Adejonwo, 1988; Singh et al 1967, 1965. Verma et
al. 1970: Chauhan and Gupta, 1973) reported that dry matier vield of okra was significantly
increased by nitrogen application.

The effect of nitrogen on flower development in okra has also been reported.
Kamatanathan et al. (1970) found that flowering was delayed by excessive mtrogen supply.
On the contiy. however, Chauhan and Gupta, (1973 didd not observe any influence of
nittogen on the number of days to Howering Sanchez et al. (19%0) Joel and Mack (1979)
reported that increased in nitrogen fertilization (112kgN/ha significantly increased plant

height than other two levels (0 and 56kgN/ha).



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 number of branches per plant will result in
increase in the number ol nodes per plant In an experiment 1o study the relationship of yield
to ditferent growth characters in okra. Roy and Chhonkar (1976) established that a positive
corrclation exists between number of branches and fruits vield.  The elfect of nitrogen on
number of branches per plant as reported by Chauhan and Gupiz (1973) was positive. This
result was further conlirmed by Hooda et al. (1980)  They veported that with ecach
progressive inerease in nitrogen level, the number of branches produced per plant also
increased.
2.9 Effect of Nitrogen on Iruil size

In an experiment conducted by Verma, et al. (19700 revealed that fruit size increased
as a result of nitrogen fertilization. They found that at Y0keN/ha rate of application, okra
fruit vield was at maximum, vield having decreased when nitrogen rate was increased (o
120ke N ha. Although there was a decrease in fruit yield at this excessive nitrogen rate
probably due to the reduetion in the number of fruits per plant at 120kgN/ha. Size of the
frait may limit the number of fruits that could be formed on a given plant. Tt is when fruits
are harvested early that lower bud initiation is allowed (o form. It is therefore, not
advantageous (o enconrage large fruits formation by defaying harvesting il such fruits are to
be used fresh.

2,10 Nitrogen effect on fruit nismber/plant

A major vield component in okra s the number of fruits per plant (Chauhan and CGupta, 1973,

Fatobun et al. 1979). Studies on the growth of twes calitvars and the cffect of nitrogen on
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these in the humid tropics or rainforest zone have shown that the number of fruit. produced
signiticantly influenced the yields of cultivars (Adelana 1931: Fatokun and Chheda, 1981).
The variety with the highest number ot fruits per plant, therefore, produced the highest
yvield. Increasing the supply of nitrogen to plants increased froit number, however, there are
other factors, such as time of sowing and seasonal rainfall variation, that could affect number
of Iroits per plant.

2,11 Nitrogen effect on fresh pod vield

Increase in tresh pod yield resulting from nitrogen application were reported by
several workers to have a linear relationship with rates of application ranging from 56 to
134 RkgN/ha (Singh et al. 1967; Sharma and Shukla, 1973; Albregts and Howard. 1974;
Hooda et al. 1980: Mani and Ramanathan, 1980). The optiium nitrogen requirement for the
crop varied with the environment. Verma et al. (1970), reported a decrease in fresh okra pod
yield when nitrogen application was increased upto 120kgN/ha and yield continued to decline
at even higher nittogen application rates. owever, Ahmed and Tallock Reid (1968) did not
ohserve a decrease in yield until when nitrogen rate was increased beyond 112kgN/ha. The
optinmm nitrogen requirement of a given crop is strongly a function of both the genotype and
envitonment and the interaction of these two factors. Ahmed and Tullock-Reid (1968) and
Hooda et al. (1980) recommended nitrogen levels of 112kgN/ha and 120kgN/ha. respectively
at their respective environments for maximum okra fruit yields. The rate of increase in fresh

pod vield resulting from a given level will of course depend also on the time of application.



A njor vield component in okra is the number of frmits per plant (Khalid and famid.
1964; Perkins et al 1972: Fatokan et al. 1979). Significant increase in the number of {ruits per
plant as the level of nitrogen was increased have been reported (Asit and Greg, 1977, Fatokun
and Chhieda, 1983; Majanbu et. al. 1985). The higher rate of nitrogen produced more fruits per

plant.  Fruit quality increase with age (Tindall, 1968; Chavan and Bhandari 1971, Singh et al.
1972). therefore. frnits should be harvested .when they are still young and tender. Brown (1943)
reported that one of the objectives of nitrogen fertilization is (0 maintain vegetative growth and
colour. He fruther stated that growth responds to the interaction of soil nutrients and reserve
food niterials in the plants.  Increased in nitrogen fertilization, increased okra yield
and Shukla (1973), Albregts and Howard (1974), Hooda et al. {12803, Mani and Rananaitiai
(1980) who reported that increased in fruit yield of okra resulting (rom increase from nitrogen
fectilization.  Mani and Ramanathan (1980} observed that nitrogen fertilization significantly
increased okra yield. The highest N-fertilization (80kgN/ha) increased the yield by 149.2% over

the control, Ramu and Muthuswamy (1964) also reported that the yield of okra was doubled

(98.7% 1 that of control when spraved with 2% urea.



CHAI"YER THREE

3.0 MAVERIALS AND METINODS

3.1 Experimental sites
Ihree field experiments were conducted on the research farm of the Institute tot
Agricultural Research, Samaru (11°11'N 07°38'E and 6R0m ahove sea level) during the 1992 to

1994 wet seasons, located in the northern guinea savannah zone of Nigeria. The soils of the

experimental site is sandy Joam in texture which is highly weathered. The experiments were

condicted during 1092, 1993 and 1994 wet seasons respectively

3.2 Land preparation, sowing and other cultural operations

e experimental fields were ploughed once, harrowed twice and ridged 75¢m apart.

Soil samples were taken from two depths (0-20 and 20-40ci) pr ior 1o fertilizer application and

analvscd for their physico chemical properties (Table 1)



Table 1: Physical and chemical properties of the soils of the experimental sites at Samaru.

Composition 1992 1993 1994

___Depth (cm)

020 20-40cm 0-20r 20.40cm 0-20 20-40cm
Chemical Characteristics
pHIL.O1:2:5 4.8 4.8 1.3 44 56 16
Organic p/kg 0.5 0.4 0.5 0.4 0ot 05
Total N o/kg(%) 0.05  0.04 0.06 007 0.04 003
Total P g/kg 17 97 O] 107 N 122
Exchangeable Bases
K cmol/’kg 104 07 6] 73 07 104
Mg cmol/kg 105 190 108 59 158 108
Ca cmol/kg 409 615 377 409 845 742
CEC cnmol/kg 6.0 84 12 45 79 78
Clay cimol/ke 10 1R 3 24 R 22
Silt cmol/ke 46 42 48 34 45 46
Sand cmol/ke 42 44 40) 48 42 44
Textmal class SL SIL. SL Sh. Sk SL

S1. = Sandy Loam
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Nitrogen was supplied as per treatment using calcium ammonium nitrate (26%N) in two equal
split applications, 3 weeks alter sowing (WAS) and «t the stage of flowering. Single
superpbosphate and muriate of potash were applied uniformly to supply 45kgP,0./ha and 40kg
K,0/ha betore land preparation. Three to four okra seeds were hand sown at an intra-row
spacing ol 15, 30 and 45¢m on the ridges to obtain desired populations. Uniform stand of two
seedlings per hill was maintained by carefully thinning at 3 WAS. Weeds were controlled by
sprayine with contact herbicide (gramoxone) 1L/ha. Supplementary hand weeding was used (o
keep the plots free of weeds when neeessary.  Vetox 85 ar 11/ha was applied to control
insect/pests.
3.3 Soil Analysis

Soil samples were collected at two depth (0-20 and 20-40cm). The samples were air
dried Tor several days, mixed thoroughly and grounded to pass through a 2mm sieve. The
texture was determined by the hydrometer method using calgon as a dispersing agent (Day,
1965y Total nitregen was determined by the macro-Kjeldahl procedure (Bremner, 1965).
Exchangeable eations were deternined using the 1IN NITOAC,  Extracted K and Na were

determmed by flame emission photometry, while Ca and Mg were determined by atomic
absorption spectrometry (Heald, 1965).
3.4 Treatments and Experimental Design
Phe experiment was Taid out e a sphit plot desien. replicated three times.  The main
treatment consisted of 3 levels of nitrogen (0, 45 and 90kgN/ha) and two sowing dates, (carly
and ITatey while the sub plot treatments were made up of three plant population levels (22,000,

44,000 and KR OO0 plants/ha) and two okra varieties (Loecal 1 and V35,
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341 Observations and Data Colicction

Observations were recorded at 4, 6, 8 and 10 WAS for all growth charactlers, except for
number of branches which was recorded at 10 WAS only.
3.4.2 Sampling
IFive plants were taken at random and tagged for ancillary observations. In addition, five
plants were randomly taken for each destractive sampling. like total dry matter, leaf area and leaf
area index. longest root length at different stages as shown i 3.4, 1.

3.4.3 Number of leaves, fresh and dry weights

Number of leaves were counted at 4 stages as stated above. They were carefully plucked
atong with petiole, weighed for fresh weight, while dried in an oven at 60'C until they attained
constant weight which was recorded as dry weight.

3.4.4 Leaf area and leaf area index

Leal avea (1.LA)Y was determined by modilied Watson (1952) iethod.  Twe plants were
randomly selected. the leaves were detached and traced on a graph sheet and its area determined
by counting the number of complete squares. The traced leaves together with remaining leaves
in the samples were dried in the oven at a constant temperature af 60°C, Measurement of weights
were taken from the dred traced leaves and the remaining leaves in the sample separately. The

leaf arca (LAY of the sample was calculated using the lormula;

teaf avea (1.A) = WxM
- YxZ
Where W = Weight of traced leaves in grams
M =

Weight of remaining leaves in the sample in grams.
Mean traced area in weight in grams
Traced Icaf area in cn’

Y
Z,



1 eal area index (LAI) the assimilatory surface per unit of and area was calculated as
determined by Watson (1052).

LAl = Total leal area/plant (cm’
Area of ground/plant (¢cm’)

This was determined by measuring the height with a ruler from the base of the plant to
the tip of the main stem of the sampled plants, cut from the ground level at 4 stages (4, 6, 8 and
10 WAS).

3.4.6 I'resh and dry weights of stem (g)

Five randomly sampled plants were weighed immediately after removal of leaves
for fresh weight and recorded as fresh weight. The stems were Iater dried in an oven at 60°C
until they attained a constant weight which was recorded as dry weight,

3.4.7 Length ol longest root, fresh and dry weights of roots

Roots were carefully lifted by loosening the soil all round the sampled plants They were
carefully lifted by holding at their base and cleaned off the <oil by washing. The length of the
fongest root was measured with the help of a string and a ruler and weighed immediately to
record fresh weight. They were dried in an aven at 60°C until they attained a constant weight
which was recorded as diry weight of oot It is Tikely that some root end will break and will not
give the actual length ol the root, vet for the purpose ol statistical anaiysis to study the etfect of
factors on the root, it is valid as it is assumed that more or less similar rootlet will cut at the end

in all the samples, as deletion of a constant value will not alfect the validity of the results.
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3.4.8 Relative growth rate (RGR)

This is the cumulative dry matter increment per unit time. This was computed as per

tie procedure described by Blackman (1919), Briggs et al. (1920) by the equation:

RGR = elolwk or mg/g/day = 2.303

l?’. N tt
Where = W, and W, represent tofal dry matier of plants af times ¢, andd (.

= (Log,e W, - Log,, W,

respeclively/week.

3.4.9 Crop growth rate (CGRY

This parameter was calculated at 8 and 10 WAS. 1t is the dry weight increment per unit
avea of tand per unit time, ‘This was computed as described by Watson (1952).

CGR (g/m/Wk)

i

.\&_;;_'__\_N__l
-4

Where ~ W, and W, represent toral dry maiter of plants at times t,

i

and t,, respectively/week.
3.4.10 Nitrogen content

Five plants were sampled starting at 8, 10 and 12 WAS in 1992 10 1994 {or the purpose
to determine pitrogen content. 'l'hé nitrogen content in dilferent plant parts (Jeaves, stem and
fruit) was delermined. The samples were oven-dried at 60°C to a constant weight before
grinding with a mill for analysis. The determination of total N-was done using Micro Kjeldahl
method (Bremner 1965).
One gram of plant sample was placed in 50m} Kjeldahl flask or in a digestion wbe. Some

few drops of water was added, and allowed to stand for about 30 nunutes. Catalyst mixture §

gram was added o sample along 20ml of concentrated sulphuric acid. The flask was put on low
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heat on a digestion stand until frothing ceases, The hicar was incrensed until digest was cleared

[

and was lurther digested for 2 hours.

The flask was cooled and little water was added before washing the content into a 100ml
volumetrics {lash and allowed to cool. Ten mti of the digest was taken into a distillation flask.
Twenty ml of 2% Boric Acid was measured into 100ml conical flask, and added 1ON HOH to
the 10ml pipentee digest of which 50ml distiliate was collected after and titrated the distillate
with 0.0IN TLSO, 1o a pink end point. Percent N in the samnple was caleulated.  To caleulate
tanal N5, this formala is followed .

(0.014 x Tiurate x Vol. of digest x Normality of acid x 100
N =

Weight of sampie x Vol. Of aliquot used

3 ._4. 11 Siatistical analysis

The data obtained were analysed using analysis of variance as snggested by Snedecor and
Cochiran (1967 and the means were separated by Duncan’s Multiple Range Test (Duncan 1055).
Coetflicient of correlation (r) among parametets recorded were determined.  Path-coefficient
analysis was carricd out to determine the direct, indirect and total contributions as well as

percenfage contributions of some crop parameters to seed yield as described by Ahmed (1997).

3.4.12 Meteorological daia
Meteorological data of rainfadl, temperature, relative humidity and sunshine hours during
the perind of expertmentations were obtained from the Meteorological Unit of the Institute for

Agricullural Research. Samaru and details of these are shown in Appendix .



CHAPTER FOUR

4.1 Number of leaves per plant
I'he mean number of leaves as alfected by nitroven. sowing date, population, variety and

their interactions at 4, 6, 8 and 10 WAS during 1992 101994 seasons is given in
Table 2

Nitrogen application increased number of leaves at 6 WAS in 1992 season. The date of sowing
significantly affected the number of leaves produced at all the stages of growth. FEarly sowing
increased number of leaves only at 90kgN/ha, but in late sowing there was increascd in number
of leaves when the nitrogen was increased from 0-45kgN/ha and a further increase from 45 -
Q0kg N/ ha significantly decreased number of leaves. When the two sowing dates were compared
at the same level of nitrogen, early sowing resulted in higher number of leaves than late sown
crop because of the favourable conditions that early crop gets such as rainfall and beter

temperature for growth,



Table 2: Number of leaves/plant as affected by nitrogen, sowing date, population,
variely of okra and their interactions during 1992 t01994 seasons.

WEEKS AFTER SOWING
Treatiment 1992 1993 1994

4 6 8 11 4 6 8 10 4 6 8 10

Nitrogen ()

(Keg/ha
0 4.1 4.3b 6.0 5.1 4.3¢ 4.1h 4.2h 4.1 4.2 A A th 4.2h
45 4.1 £.2a 6.0 6.1 5.2h 6.5a 4.2h 4.2h S 4.1a 5.2b 4.2b
a0 4.9 S.a 6.0 6.1 6.5a 6.6a 6.4a 5.8a 6.3 4.5a 6.4a S.6a
SE * 0.2 ¢.2 1.2 0.3 0.3 a5 0.4 0.3 2 0.2 0.2 a1
Sowing date (1M
Early 25642 18-7-93 9-7-94

6.7a 6.8a 7.4a T.4a 4.6a 5.7a 5.6a 6.4 7.4a 4.4a 6.4a £.4a
Late 24-7.92 16-8-93 8-7-94

2.2 43k 43b 42h 33 32h 34b 350 34b 3.0 42b 33b
DI W || .41 .31 0.41 n4r 041 030 030 020 020 020 0.0
Populution /b (")

22,000 3.1 4.1 5.0 51 36 4.2 4.3 4.2 5.0 t S0 4.1
44,000 3.0 4.2 52 5.2 3.2 4.1 4.3 4.2 5.1 3.2 50 4.1
88,600 3.1 5.0 5.3 53 4.3 4.3 4.3 4.3 5.1 .1 S8 4.0

3
SE * 010 .30 $.20 .21 .41 8.31 0.32 0.42 9.22 0.23 n.21 .10
Variety (V) .
Focal-§ 1.} 4.0 5.3 5.1 4.0 4.3 4.1 4.1 g1 3.0 st 4.1
V-35 31 s SR 5.} 4.1 5.t 4.2 4.2 5.1 30 5.2 4.1
SE X 1.21 1.21 0.20 il 0.30 0.40 0.31 .23 .21 (.22 0.23 .10

NxD NS NS NS * NS NS NS * wH NS NS NS
NxP NS NS NS NS NS NS NS NS * NS NS NS
Ixp NS NS NS NS NS NS NS NS NS§ NS ¥ NS
NxV NS NS NS NS NS NS NS NS NS NS - NS NS
DxV NS NS NS NS NS NS NS NS NS o NS *
PxV NS NS NS NS NS NS * NS NS NS NS *

Means tollowed by the same letter within a treatment group of a column are not significantly
different using Duncan's MultqlJle Range Test (DMRT. 05).

*and **  Significant at 5 and 1 percent levels, respectively.

NS = Not signilicant.
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In 1993, effect of nitrogen was found to be significant at 4, 6, 8 and 10 WAS. Both at
4 and 0 WAS, control treatment produced significantly lower number of leaves when compared
with other two nitrogen levels which was with each other at par. At 8 WAS, when nitrogen was
increased from (0 to 45kgN/ha, it did not increase the number of leaves. However, a further
increase in nitrogen from 45 o OkgN/ha significantly increased the number of leaves. The date
of sowiné significantly atfected the number of leaves at all the stages of growth. Early sown
okra produced higher nomber of leaves than late sown okra. Plant Population and variety did
not affcct the nuinher of leaves in all the stages of growth.

The effect of nitrogen and sowing dates, were found to be highly significant at all the
stages of growth during 1994 season. Nitrogen affected the number of leaves signilicantly at 4.
6 and & and 1) WAS. while the contrd produced significantly lower number of leaves than the
two applicd nitrogen levels. At 10 WAS increasing nitrogen level to 45kgN/ha did not affect
number of leaves, however at the highest nitrogen level (90kgN/ha) a higher number of leaves
were produced than (he 0 and 45kgN/ha rates. Both, the population and variety tested did not

affect the mumber of leaves produced at all the growth stages.
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Inferactions between nitrogen X date of sowing were found to be significant at 10 WAS

in 1992 and 1993 and at 4 WAS in 1994 seasons (Table 3).

Table 3: Number of leaves/plant as affected by nitrogen x date of sowing interactions al 10 WAS

both in 1992 and 1993 and at 4 WAS in 1994 rainy seasons at Sanvaru.

1992(10 WAS)

1993(10 WAS)

1994(4W AS)

Nitrogen Sowing__date. Sowing date Sowing _ date
Carly  Late Early  Late Early  Late
(NKg/hn)  25:0:92 24-7-92 18-7-93 16-8:93 9794 8-8-94
0 5.3b Jid 2.3¢ 2.0c 0.2b 2.2d
45 5.2b 4 2¢c | 52b 2 .0c 6.2h 3.3c
90 0. 1a IR 6.1a 2.1c 7.4a 3.4c
SE =+ 0.50 0.52 0 0.3

Means tollowed by the same letter within an interaction table are nnt significantly different using
Duncan’s Multiple Range Test (DMRT.05).

A close examination of restlts revealed that botl: in 1992 and 1994 seasons, 90kgN/ha produced

signilicantty higher number of leaves than the other two nitrogen levels, In 1993, however each
increment in nittogen level. significantly increased the number of leaves. in fate sown crop.
45kgN/ha produced significantly higher nuinber of leaves than control (OkgN/ha) in 1692 and
1994 ceasana. In the cace of 1993, no such difference was observed. When the number of leaves
per plant was observed for ditferent sowing dates, av each level o nittogen, eatly sowing
resulted in signilicantly  higher number of leaves in all the vears.
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Nitrogen x population interaction was significant only in 1994 at 4 WAS (Tahle 4).

Table 4 Number of leaves/plant as affected by nitrogen x population interactions at 4 WAS
in 1994 seasons.

Treatment 1994 (4 WAS)

Nitrogen Plant population/ha

(Nkg/hv) 22.000 44 .000 88.000
0 4.0¢ 4.3¢ 4.2¢
45 5.0h 5.3b 6 4a
() 6400 06,22 5.1b
SE + 0.31

Means [ollowed by the same letter within an interaction table are not significantly different using
Duncan’s Multiple Range Test tDMRT . 05).

Increased nittogen level from 0-90kgN/ha increased the numiber of leaves/plant, both at 22,000
and 44 .000p/ha. T the case of 88,000 plants/ha, such increase was ohserved at a maximum of
45kgN/ha. followed by 90 and OkgN/ha. At 45kgN/ha, 88,000 plants/ha, produced significantly
higher number of feaves than the other two populations. At 90kgN/ha, 22,000 and 44,000

plants ‘ha produced in higher number of leaves than 88.000 plants/ha.
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Date of sowing < population imteraction was signiticant at 8 WAS. (Table 5).

Table 3:

Treatniem

Number of fcaves/plant as aflfected by date of sowing x population interaction

at 8 WAS v 1994 season.

1994 (8 WAS )

Sowing date

Early 9-7-94
Late R-8-94

S.E=+

Plaul pupulativi/ba

22.000

620

4.3¢

44,000

6.3a
4 4c
0.30

Farly sown okra produced significantly higher number ol leaves than late sown. In early sown

okra, both at 22 000 and 44,000 plants/ha there were no significa difference with number of

leaves produced.

Sowing date x variety interaction was significant at 6 and 10 WAS in 1994

season (Fable 6).

Table o

Number of leaves/plant as affected by date of sowing x variety inleraction at
6 and 10 WAS in 1994 season at Samaru

1994 (6 WAS) 1994

Sowing date
Larly 9-7-94
Late R 8-94
SE +

Yariety
Local:L V35
4 Jy 32h
2.2b 3.3h

0.20

(10 WAS)
Variety
Local-1 V:33
5.3a S.d4a
3.3¢ 4.3b
0.20

.

Means Tollowed by the same letter within an interaction table are nof significantly different using

Duncan’s Muliiple Range Fest (DMRT.05).



number of leaves than Local-1. When the two varieties were considered under the same
population level at 8 WAS, 88 000 plants/ha produced higher mumber of leaves than other two
population levels in 1993, whereas in 1994 at 10 WAS, 22,000 plants/ha produced higher
number of leaves in variely Local 1, whereas in case of V-35, each increase in population levels

significantly increased the number of leaves per plant,
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4.2 Fresh weight of leaves (g/plant)

The mean fresh leaves swerght as affected by nitrogen, sowing date, population and variety

at 4. 6. Rand 10 WAS during 1992 to 1994 rainy seasons at Samarn is given in Table 8,

Table 8

Leaves fresh weight (g/plant) as affected by nitrogen. sowing date. population
variety and their interactions during 1992 to 1994 rainy seasons at Samaru.

WEFKS  AFTER  SOWING

Treatmen 1992 1993 1994
1 “ 8 10 1 6 8 10 4 6 8 10
hi'[_rugvn N -
tRg/ha)
0 [40.de 171.2¢ 239.5h 2984 99.3h  162.5h  1392h  Indde 98 2¢ Bde  117.2¢ 133¢
45 RULTUNE ] FR R 374.3¢  298.} 12960 228.4a  1374h  217.8h  1554h 115.3h 14636 2174
o MWhoa  177.7h 28440 2950 98.4h 2293a IR 73 MWL7a IRYSa 142.4a  I63.6a 2427
SE # 1.21 2.0 v .70 2.20 6.20 T.00 4.20 am S.00 .0 .71
Sowing date (1)
Farly 25-6-92 18-7-93 9-7-94

W2 30030 470 43260 16052 3658a 26870 IRLda 200 3a  172.0a 2id.la 3014
Late 24-7-92 16-8-93 8-7-94

N Nh 3R HIR AL 16 4 SR 8h 47.3h 18.2h 72, RH.6h 56.3h 6" .6h K04
SE+ S0 R0 .50 2. 1.20 1.80 1.an e on 3.00 4.0 .10
Population (P/hay
22,000 1783 178.4 2461 290 3¢ 1053 2114 158.3 1441 falda 122300 J7.5a 2044
44,000 1664 1853 270d4a 299.2Lh 1073 2156 1410 0 2234 B8 3 1I000h 1A40n 190.3D
RR.000 2040 1782 2701.3a 3M20a 1155 1944 1603 224 127 2¢ 1093h 1354 170.0c
SE & 15,51 10.51 2.20 1.50 8.1 15.91 10,00 4.00 00 4.01 500 2.61
Variety (V)
Local-1 168.2  168.3 2493 277.3h  106.3h  198.2b  166.3n  20101.2h  100.4h 12432 104 223.4a
V-38 WES 1024 2808 X740 1134a 215.1a  140.4b 21233 120.1a  1040h 1132 158.2h
SEZ& a2 jR jeee 12,01 1.81 5.11 .70 350 am m 401 210
Interactions
Nx 4 w4 . * NS NS NS NS *r *+ L e
NxP? NS NS NS NS NS NS NS NS > Ly NS NS
Dy NS NS S NS NS NS NS ud . * NS NS
NxV NS NS NS ‘ NS NS NS NS N ¥ NS NS
DxV * NS NS » NS NS NS . - NS * »
PxV ¢ NS NS NS NS NS NS " o * NS +

Means followed by the same letter within a treatment group of a column are not sienificantly

differcnt using Duncan’s Multiple Range Test (DMRT 05)
“and T Signilicant at 5 and | percent levels, respectively.
NS = Not signilicant
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In 1992, effect of nitrogen was significant at all the stages of growth, except at 10 WAS. At
initial stages of growth at 6 WAS, 45kgN/ha gave the highest fresh leal weight, but at 8 WAS,
O0keN/ha produced higher leaves fresh weight than other levels of nitrogen. The differences in
sowing dates were highly sigmificant at all the stages of growth.  Farly sown okra produced
significantly higher fresh leaf weight than the late sowing okra due to the favourable conditions
during the growth period. The differences due to population were found to be significant at 8
and 10 WAS._ The highest population plants/ha (88,000) produced higher fresh leaf weight at
10 WAS. however at 8 WAS the fresh leaf weight was similar to 44,000 plants/ha. When the
varieties means were considered they were found to be significant at 10 WAS. The variety V-35
produccd higher Tresh leal weight than Local-1.

In 1993 rainy season, fresh leaves weight was significantly affected by nitrogen. sowing
date and variety in all the stages ol growth and not significantly affected by population levels.
At 4 and 6 WAS, 45ken/ha resulted significantly in higher fresh leaf weight than that of the
control and further increase of nitrogen level upto 90kgN/ha 1educed fresh leal weight at 4 WAS
and wis found to be similar at 6 WAS. At 8 WAS, fresh leaf weight was similar in 0, and
45kpN'ha, however at 90kgN/ha there was higher fresh feal weight. At 10 WAS, however. each
increase in nitrogen level, significantly increased fresh leaf weight. When the sowing dates were
compated, it was observed that the early sown crop produced  hivher Tfresh leal weight than late
sown crop in all the four stages of growth. The V-35 produced higher leaf fresh weight than
Local-1 in all the stages of growth, except at 8 WAS when variety Local-1 produced significantly
higher fresh leal weight than variety V-35.
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in 1994 jainy <eason, nitrogen and sowing dates effects were found to be highly
significant in all the stages of growth. Population effect were significant at 5% level and the
variety effect were hignly significant at all the stages of growth. Each increase in nitrogen level
significantly increased the fresh leal weight at all the stages of growth. Early sown okra
produced higher fresh leal weight when compared with Tate sown okra at all the stages of growth.
Each merease in poputation, increased the fresh ieaf veight in all the stages, except at 6 WAS
when 41,000 plants/ha produced significantly lower Iresh leaf weight than 22,000 plants/ha.
Further increase in population level to 88,000 plants/ha did not increase leaf fresh weight. The
variely Local 1 produced a higher fresh leaf weight at 6 and 10 WAS than V-35, while V-35
produced higher leaf fresh weight at 4 WAS than Local-1.

Interactions between nitrogen x date of sowing during 1992 and 1994 seasons were found
to be sionificant in ali the stages of observations (4 0ol OWAS) (Tables 9 and 10).

Table 9: Fresh Jeaves weight (g/plant) as affected by nitrogen x date of sowing
interactions at 4 1o 10 WAS in 1992 season

10024WAS)  1902(6WAS) DOXKWAS) 1992 (10 WAS)
J:i_ii_;_ugcp Sm\il!g (i:tlg - - _ o -
(Nkg/hi) 25-6-92 24-7-9 25-6:92  24-6-92 25-5-92 24-7-92 25-6-92  24-7-92
0 158.24  99.2¢ 17.3¢ 80.3d 297.0¢  140.24d 3401 158.3e
45 288.4h 1463 179.3h 67.le 396,16 143.3d 413.3b 170.2d
L] Ash6a 176.1c 249.5a 86.3d 463 4u 44.3d 523.5a 170.2d
SE + S0 H. 00 4.30 .60

Meins (ollowed by the same letter within an interaction table are not <i;znil‘ic:ml'ly different using
Duncan’s Multiple Range Test (DMRT. 03).
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Table 10: Fresh leaves weight (g/plant) as affected by Nitrogen x date of sowing
interactions at 4 1010 WAS in 1994 rainy season.

19941 WAS) 1994(1WAS) 1994{8WAS) 1994 (10 WAS)
F\:iirugn- s_(_l_)'l_iﬂg__(_i_i}_ll‘;_ S N N
(Nksg/lin 9.7-94 KR89 9.7-11  B-8-94 9-7-94 K89 9-7-94 8RR
] 12840 140.3¢ 128.3¢ 140.2d Ts5.0e 580 152.1c 73,41
43 217.3h  143.2¢ 217.5h 143.1d 221.3h .2¢ 354.3h 19.2¢
90 295 % 1441 265,50 144,14 248.5a  78.2¢ RUTOC TR 11 |
SE * s.n s5.00 600 Jon

Means followed by the same letter within an interaction table are not significantly different using
Duncan’s Multiple Range Test (DMRT. 05).

Early sown crop at all the stages both in 1992 and 1994 scasons produced significantly
higher fresh leaf weight with each increase in nitrogen level, However, in the late sown crop,
there was no significant difference at 10 WAS in 1992 and at 4 and 6 WAS in 1994, The Control
produced lower fresh leaf weight than the two applied nitrogen levels.  The apphied rate of
nitrogen produced significantly higher fresh leaf weight at 4 WAS in 1992 and at 8 WAS in 1994
season. Inthe case of 6 WAS in 1992, 45kpN/ha produced better fresh leaf weight than other
two mitrogen levels, and in the case of 10 WAS in 1994 each increase in nitrogen level
significantly increased fresh leaf weight when the same nitrogen levels, were examined for the
different sowing dates, in all cases, late sown crop produced significantly lower fresh leal weight

than in carly sown crop. hoth in 1992 and 1994 seasons.
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Nitrogen < population was found to be significant at 4 and 6 WAS in 1994 season (Table 11).

Table 11 Fresh leaves weight (p/plant) as affected nitropen x population interactions at 4
and 6 WAS in 1994 rainy season.

1994 (AWAS) 1994 (6 WAS)

N_in'nga-n Plant pd]lilial'im_li_lla_ _ i"l:u_Tt Btﬁp;_liiiiiim!iré -

(Nkg/h:) - 22.000 44,000 88,000 22,000 44,000
88.000

) 115 3¢ 10231 76.2¢g 108.3d 001 Ti.4e

45 164.2¢ ind 2c 138.1d 116.4c 123.2¢ 106.2d

90 204,62 178.4h 168.2¢ 142.7a 13R.5h 147,64

SE + 600 T7.00

Means [ollowed hy the same letter within an interaction table are 0 <ignilicantly different using
Duncan’s Multiple Range Test (DMRT. 05).

When cach population fevel was examined for the different nitrogen levels, an increase in
nitrogen level signiticantly increased fresh leaf weight in all the populations and at hoth stages
studied . At Oken/ha, fresh leal weight decreased with increase in population level at 4 WAS.
but at 6 WAS, the fresh leaf weight decreased when the population level was increased from
22,000 1o 44,000 plants/ha. When 44,000 and 88,000 plants/ha was considered, 44,000
plants’ha was Jower than 88.000 plants/ha. - When the popilation level was increased from
22,000 10 44,000 plants/ha the fresh leal weight was similar, but increase in population to 88,000
plamsha, fresh leaf weight was decreased. AU 90kgN/ha, fTresh leal weight was decreased with
increase in populations.  However, at 6 WAS such decreased was observed upto 44,000
plants has a further increase in populations increased the fresh leal weight, which was at par with

22,000 plants/ha
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Date of sowing x population was significant at 10 WAS in 1993 and at 4 and 6 WAS in

1994 ( F'able 12),

Table 12: Fresh feal weight (g/plant) as affected by date of sowing x population
interactions ati0, 4 and 6 WAS in 1993 and 1994 rainy seasons,
1993 (HAVAS) 1994 (AWASY  1994(6 WAS)
Sowing date  Plant population/ha Plant_population/ha_ Plant poputation/ha
22,000 44,000 88,000 22,000 44,000 83,000 22,000 44,000 88,000
Early 18-7-93 186.6a 174.3b 162.4c 9-7-94 241.5a 194.4b [75.4c 184.6a 174.3b 162.4¢
Late 14-8-93 69.de 88.6d 90.4d S.8.94 81.4e 101.68d 80.3¢ 60.3d 59.3d  d%.3e
SE » 5.30 5.00 ' 6.00

Means followed by the same letter within an interaction table are not ;ﬂigniﬁcanliy differem us?ﬁ_g
Duncan’s Muliipie Range Test (DMRT, 05). & ¢

Inn all the interactions, carly sown okra produced higher fresh leal weight when compared with
late sown okra. When the sowing dates were examined across the dillerent populations in 1993
at 10 WAS and at 4 WAS in 1994, early sown crop, each increase in population significantly
decreased fresh teaf weight. However, at 6 WAS in 1994, 88 000 plants/ha, produced higher
fresh leal weight which was significant at par at 10 WAS in 1993 with 88,000 plants/ba and
22,000 plants/ha at 6 WAS in 1994 season. However, at 0 WAS in 1994, fresh leaf weight at

44,000 plants/ha was lower than other (wo populations .
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Nitrogen x variety interactions were found to he significant a1 10 WAS in 1902 and at 4
and 6 WAS in 1994 season (Table 13).

Table 1 Leaves fresh weight (g/plant) as affected nitrogen x variety interactions at 10
WAS at 104 and 6 WAS during 1992 and 1994 seasons.

1992 (10 WAS) ' 1994 (4 WAS) 19946 WAS)
Nitrogen Variety ~ Variety
Variety
(kg/ha) Local-1 V-35 Local-1 V.35 Local-1V-35
0 164,64 133.06¢c 70.6¢ 126.4¢ 85.4d 84.3d
45 188.3¢ 252.3a 104.5d 206,71 122.3h 108.5¢
90 204.5h 251 .4a 127.3¢ 240.5a 164,50 120.4h
SE + 3.60 5.00 6.00

Means (ollowed by the same letter within an interaction table are not significantly dilferent using
Duncan s Multiple Range Test itDMRT. 05).

lncase of variety, Local- 1 and in early sown crop, each level of nitrogen, increased fresh leafl
weight. Both varicties produced significantly higher fresh leal weight with each increase in
nitrogen level at all the stages of growth and in two seasons, except the variety V-35 at 10 WAS
in 1992 whereas fresh leaf weight increased when nitrocen level was increased from 0 fo

45kgN ha. A further increase in nitrogen to 90kgN/ha did not increase fresh leal weight.
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e of sowing x vavicly interaction was significant at 4 and 1) WAS in 1992; at {0
WAS in 1993 and at 4, & andd 10 WAS in 1994, (Tables 14 and 15)

Table |1 Leal fresh weight (g/plant) as affected by date of sowing x variety interactions
atd and 10 WAS at 10 WAS during 1992 and 1993 SEAsONs,

1992 (4 WAS) 1992 (10 WAS) 1993 (4 WAS)

Variety Variety Variety
Local-1 V-33 Local-1 V-35 Local:l ¥-35
Karly  25-6-92 140.Th  264.6a 209.4b 219.da [$-7-03 364.7a 238.6h
Late  24-7-92 60.3d L5 3¢ 703e  67.6¢ h-8-93 8l.4e  78.7d
SE + 4.00 6.00 2.9
Table 15: Leaves fresh weight (a/plant) as affected nitrogen x variety interactions at 4,8

and 10 WAS in 1994 seasons.

1994 (4 WAS) 1994 (8 WAS) T 1904(10W AS)
T e o
(Nkg/ha) Local-1 X-35 Local-1 v-35 Local-1 V-33
9.7-94 140.4b 264.6a 299.4be 450.6a 325.4b 3715
8-8-94 60.4d (14.4¢ 151.3d 155.4¢ 248.3c 243.4d
o} DI S 4.0 350 210

Means followed hy the same letter within an interaction table are nat significantly different using
Duncan’s Multiple Range Test (DMRT. 05).

Both varieties produced higher fresh leat weight when sown eatly in all the interactions tables
stated ahove. When the same dates were examined across the (wo varteties the variety V-35
produced higher fresh leal weight than variety Local-1 in 1992, but in 1993, leal {resh weight
of varicty Local-1 was tound to be higher than V-33 i early sown crop. When examined the

two varicties. V-35 produced higher fresh leal weight than T.ocal-1 at 4 and 10 WAS in 1992,
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Table 17: Leaves fresh weight (g/plant) as affected population x variety inferactions at 4,
6. and 10 WAS in 1994 season.

1994 (4 WAS) 1994 (6 WAS) T 1994(10WAS)
Plant population/h Variey — Varety _Varety
Local-| V-35 Local-1 V-35 Local-| V-35
22,000 99 e 235 6n 140 .42 [RERIE 261 6a 102 1d
44,000 115.1d 180 5h 121.1h 09 44 249 4h 131 .3e
88,000 R7.01 168 . 4¢ 110.0c 108 3¢ 159 3d %2 4¢
SE + 5.00 6.00 100

Means followed by the same letier within an interaction table are not significantly different using
Duncan’s Multiple Range Test (DMRT. 05).

There was differential response of different varieties. At 22,000 plants/ha, the variety V-35
produced higher leaf fresh weight than variety Local-1. When the population was increased from
44,000 (o 88,000 plant/ha, Local-1 produced higher leaf fresh weight than V-35. At 10 WAS
in 1992 season, variety Local-1 produced higher leaf fresh weight than variety V-35 at 22,000
to 44000 plants/ha. There was no significant difference between the two varieties at 88,000
plants/ha, - Within variety, cach population level decreased fresh leal weight as the population
was increased in Local-1 variety.  However, no such difference was observed in variety V-35.
In 1991 season, V-35 at 4.6 and 10 WAS both varieties produced significantly higher leal fresh
weight at 22,000 plants/ha. At the same population level both varieties produced a lower fresh
leal weight as the population increases at 4, 6 and 10 WAS. When the same populations was
considered against the same variety at 22,000 plants/ha 1 ocal-1 produced higher leaf fresh
weight af 6 and 10 WAS. At 44 000 plants/ha, the Local-1 produced lower leaf fresh weight than
V=35, but at 88.000 planms/ha, V-35 produced a higher leaf fresh weight than Local-1 except at
O WAS
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4.3 Leal dry weight (g/plant)

Ihe mean dry weight of leaves for 1992 to 1994 seasons is given in Table |8

Tablel%: Ieaves dry weight (g/plant) as affected by nitrogen, sowing date, population,
variety and their interactions during 1992 to 1994 rainy seasons at Samaru.

CWEFKS  AFTER  SOWING

Treament 902 vy 1994

| h R 10 1 6 R 1o 1 6 ) 10
Nittogen (N) R I B
(Kg/ha)
0 153 LU W2 42 4h R0 1612 123 11 142h  241bh 41 3bh 26 2
15 .4 1 182 S2 % L 124h 152 5.2 1800 2920 4814 37.0a
N 7.2 BRI Il 8 A oh o 12.2h 1R 16 0 t7.2a 31 3 §1.2a 34 4b
S|4 {00 100 R 00 1.0 4,00 1.21 f.00 300 2 2100 300 2.00
Sowing dare (I
Early 25.6:92 18-7-93 9-7-94

“6dda (0 P 56 3 6R 14.3a 22.4a 28 4a 27 .61 LA 3R 3 T4 .74 47.6a
Late 24.7.92 16-8.93 8-7-94

1R, 2h 19 1h I8 3h 29 3h frdh 4.4k 12 3h 13.4h 1% 1h 1R %h %4k 17.3b
SE 4 Y 31 200 S . 1 R.00 411 L ] 2.00 200 400 3n0

Population (1/ha)

22,000 6l i_n 18 3 46 3¢ 01 12.8 4.1 163 1914 26 2h S 3 7
44000 HR 410 0 49 0k 12 1164 161 161 |5 ith 27,2k AR 1a 27 9¢
ReENOD 1T 6 1 LN S1 3 1.2 13.7 154 152 16 fib RARGH! A1 Obh 30_5h
SE I 1 800 RALL 1M 800 401 R0 2w 200 1) 10

Variery (V)
I ocal | 2 3h 3on RR AR 6 11.3 16.0a in 124 L E R 469 0 gk
V-35 12.4a 1.n M7 a8 7 a1 11.0h 14,1 5.3 i 26.2b i67 M
SE4 1 7.00 S0 3.00 200 3.00 5.00 5.00 100 2.10 e 2m
Interacticvs

NxD NS NS : NS NS NS NS NS NS NS NS .
Nap NS NS NS NS NS NS b NS NS NS NS ‘
DxpP NS NS NS NS NS NS NS NS NS NS " ¢
NV NS NS NS NS NS " NS NS NS NS NS NS
IV NS NS NS ¢ NS NS NS NS NS J NK NS
PxV NS NS NS NS NS o NS NS NS NS ‘ NS

Means followed hy the same letter within a treatment group ol a column are not significantly
different using Duncan’s Multiple Range Test (DMRT. 05).

Fand ©f 0 Sienificant at 5 and 1 pereent levels respectively.

NS = Mot signilicant.
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In 1992 rainy season, dry weight of leal was found to be significant at 10 WAS only. The dry
weight of leal increased when nittogen level was increased either 10 45 or 90kaN/ha.  The
differences due to sowing dates were found o be highly significant at all the 4 stages of prowth.
Early sown crop resulted in significantly higher leaf dry weight than the late sown crop. The
effect of population was found to be significant at 10 WAS onlv.  Each population level
signilicantly increased the dry weight of leaf. Differences in varieties were significant at 4 WAS
only. The variety V235 produced higher leaf dry weight than Local |

In 1993, the differences oweing to nitrogen levels were significant at 6 WAS only. The
control treatment produced a higher leal dry weight than other two nitrogen treatments. The effect
of coming date was found to be highly significant in all the four stages of growth. The early sown
crop produced higher dry Teal weight when compared to Jate sown crop. The effects ol population
levels were found to be none significant in all the four stages of growth. The effect of varieties
were signilicant at 6OWAS only. Local-1 produced higher leaf dry weight when compared with V-
35 variety

In 1994 nitrogen. sowing date and population levels were found to be significant at all the
lour stages of leal dry weight. At 4, 6 and 8 WAS control resulted in lower leaves dry weight than
other two levels of nitrogen which were at par. At 10 WAS, 45keN/ha produced the highest leaf
dry weight followed by 90 and OkgN/ha,  Early sown crop produced a higher leal dry weight than
the late sown in all the fonr stages of growth. Leaf dry weight has a significani effect on population
levels during the four stages of growth. The differences due to varieties were found to be
signiticant, except at 8 WAS. Both at 4 and 6 WAS Local-1 produced higher leaf dry weight than
V-350 However. at 10 WAS the V-35 variety produced hicher leal dry weight than the Local-
variet
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Interaction between nitrogen x date of sowing was significant at 8 WAS in 1992 and at
10 WAS in 1994 (Table 19)

Table 19: Leat dry weight (g/plant) as affected by nitrogen X diate interaction at
8 and 10 WAS during 1992 and 1994 rainy seasons.

1992(81VAS) ' 1994(10WAS)

I_NIE(_)gm "~ Early Sowing date Late S

(NKg/ha) 25-6-92 24-7-92 Farly Sewing date l.ate

Nitrogen 9-7-94 8-8-94
0 358.3L 27.1c¢ 50.2h 18.3d

45 47.2a 28.3¢c 87.4a 34.3¢

% 48.4a ' 28.3c £0.30 18.44

SE + 6.00 4 .08

Means [ollow by the same letter within an interaction table are not significantly different
using the Duncan’s Multiple Range Test (DMRT. 05).

ALS WAS in 1992 appiication of nttrogen at both levels increased dry leat weight in carly sown
crop, however (here was no such difference observed m fate sown crep. At 1) WAS, 45kgN/ha
resulted in signiﬁcamly higher leaf dry weight than other two fevels. When the two sowing dates
were examined at the different levels of nitrogen in both interactions, the early sown crop

resulted in ligher leal dry weight than late sown crop.
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Nitrogen x population interaction was significant at 8 WAS in 1993 and at 10 WAS in

19094 scasons (Tahle 2

Table 20: I eaves dev weight (g/plant) as affected by nitrogen x population interaction at
8, and 10 WAS in 1993 and 1994 seasons.

1993 (8 WAS) ' 1994 (10 WAS)
Nitrogen Plant population/ha
(NKkg/hi) 22,000 44,000 88,000 22,000 44,000 88,000
] 10.3h 15.4a [5.4a 15.4a 39.4a IR.2¢
45 15.4a 8.3h 10.3h 38.3a 38.4a 34.3a
90 16,30 15.4a 16.4a 38.2a 27.4a 37.4a
SE 3.00 5.00

Means lollowed by the same letter within an interaction table are not signitic:mll)' dilferent
using Duncan’s Multiple Range Test (DMRT. 05).

When the different population levels were observed for the different nitrogen levels, 22,000
plants/ha at 8 WAS increasing in nitrogen levels at 45 and ©OkoN T <ignificantly increased the
leaf dry weight . At 44,000 and 88,000 plants/ha, 45kgN/ha produced significantly lower leal
dry weiht. than other two nitrogen levels. When each level of nitrogen was considered across
the population in control (OkgN/ha) 22,000 plants/ha produced significantly lower leal dry weight
than other two populations. At 45keN/ha; it was higher than other two populations and at
O0kgN/ha. no dilference in leal drv weight was observed in all the three populations tested during
the experiments. At 10 WAS in 1999 there was no significant difference in population level at

22,000 plants/ha. - AL 44000 and 88,000 plants/ha, 45keN/ha produced higher leal dry weigit



than other two populations at 44,000 plants/ha which was significant at par at 88 000 plants/ha
and both ar 45 and 90ken/ha When the same nitrogen was observed for the three population
levels it control (OkgN/ha) 22,000 plants/ha produced higher Teal diy weight than other two
levels.  There was no difterence al 45 and 90kgN/ha: but 44,000 plants/ha produced lower leaf
dry weraht than other two treatments. - When the same population was examined at the varying
nitrogen levels, there was dilference at 22,000 plants/ha, but at 41,000 and 88007 plants/ha,
45keN/ha produced similar dry leal weight at 88,000 plants/ha, bt it was higher at 44,000
plants/ha than other two populations.

Interaction between date of sowing x population was significant at 10 WAS in 1994
season only. (Tahle 21).

Table 21: Feal dry weight (g/plant) as affected by date of sowing x population
interaction at 10 WAS in 1994 season,

1994 (10 WAS)

Sowing date Plant population/ha

22,000 44,000 88,000
0-7-94 60 3 30 2h 42 3k
] 801 17 2¢ 17.3¢ 19 3¢
SE | 3.00

Means lollowed by the same letter within an interaction fable are not signiticantly different using
Duncan’s Multiple Range Test (DMRT. 05).

Early sowing of okra produced significantly higher leat div weight in all the population levels.
When the sowing dates were examined for different populations, 22,000 plants/ha produced
higher Teal diy weight than other two population jevels Nocsnch difference was observed for

the fate sown crop.



Nitrogen x varicty interaction was found to be significant at 6 WAS in 1993 season, only.
(Table 22).

Table 22: Leal dvy weight tg/planty as affected by nitrogen x variety interaction at 6
WAS in 1993 season,

1993 (6 WAS)

Nitrogen Variety

(Nkg/hi) Local-1 V-35

0 13.3h L. Ac
45 12.3h 14.4a
00) 14 4a 15.0a
SE + 1.50

Means lollowed h_\rﬁu- same letter within an interaction table are not cigniiic:\miy different using
Duncan’s Multiple Range Test (DMRT. 05),

When the same varieties were considered for different nitrogen levels, Local-1 produced similar
leal dry weight. when the nitrogen was increased from 0 - 45kgN/ha. but a further increase in
nitrogen from 45 to 90kgN/ha significantly increased leaf dry weight.  The response was reverse
in the case of V-35 Control significantly produced lower leal dry weight than other two
nitrogen levels. When the same nitrogen level was considered for the two varielies, V-35
produced Tower feafl dry weight than Local-1 at OkeN/ha, it was also higher than Local-1 at

45keNha and there was no ditference at 90kgN/ha
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Date of sowing x variety interactions were significant at 10 WAS in 1992 and at 6 WAS
in 1994 (Table 23)

Table 23: Leal dry weight (g/plant) as affected by date of sowing x variety inferaction
at 10 WAS in 1992 and a1 6 WAS in 1994

1992 (10 WAS)

1994 (6 WAS)

Sowing date Variety Sowing date Variety

Local 1 V-35 Local-1 V-35
Farly 25692 60,3 49.3h 9-7.94 33 44 35.4a
Late 4-7-94 42 2¢ 42. 1c 8-8-04 23.3h 14 3¢
SE + 500 3.00

Means lollowed hy the same letter within an interaction table are not <igf\}fi(;;lraiiy different using

Duncan’'s Multiple Range Test (DMRT.03),

Late sown okra produced similar leal dry weight at 10 WAS, whereas at 6 WAS, Local-1 and

V-35 produced higher leat drv weioht - When the two varieties were examined across the sowing

dates in both interactions, early sowing produced higher leafl drv woiaht than late sowing
Interactions between population x variety were found to be significant at 6 WAS in 1993

and at & WAS in 1994 seasons. At 6 WAS in 1993, leaf dry weight in Local-1 was similar at

different population levels (Table 24).
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Table 24: Leal dry weight (g/plant) as aflected by population X variety interactions at 6
WAS and 8 WAS during 1993 and 1994 seasons.

o 1093 (6 WAS) 1994 (R WAS)
Plant population/na Variety Variety
Local-1 V-45 Local-1 V-35
22 000 3k 16,48 10.3b 16, 1a
44 000 113 14 4a 17.4a 10.3b
88 (1) 1t 2l 15 3 17 3a 1S 4a
SE + 261 6.00

Means lollowed by the same letter within an interaction table are not significantiy different using
Duncan’s Multiple Range Test (DMRT. 05).

ALG WAS in 1993, [eal dry weight in Local-1 was similar at different population levels. At
22,000 and 44,000 plams/ha, variety V 35 produced higher lext oy weight at the other two
populations. At 8 WAS in 1994, 22 000 plants/ha resulied in lower leaf dry weight with T.ocal- |
thap other two populations. When the same population was observed for the two varieties, at
22,000 plants/ha V-35 produced higher teafl dry weight than Local-1 in both interactions. Ai
44,000 plantg/ha V-35 produced higher feaf dry weight at 6 WAS in 1993 but at &8 WAS, T.ocal 1
produced higher teal dry weight than V-35 at 88,000 plants/ha. The difference between the two

varietics were not sigificant in both interactions tables,



4.4 Fresh weight of stem (g/plant)
The data on fresh weight during 1992 to 1994 seasons is given in Table 25,

Tabiels I'resh stem weight (p/plant) as affected by nitrogen, sowing date, population
variety and teir interactions during 1992, 1993 and 1994 rainy seasons at
Samar.

WEEKS  AFIER  SOWING

Treatment 1992 1993 . 19%

4 6 8 10 4 6 8 H) 4 6 5 H)

Nitrogen (N T T T
tkegfhi)
0 LTS WA ZN3h 46.4h MELY 36.3¢ §7.2¢ 54 % 67 S¢ 78.4¢ 48 % 6%
45 15 4 4 Sy (IR 67,2 LA | 161 601 6. 4h a0 gh R4.3h 82.2h 9y 4],
90 0. Ta Shda 6%da 6R.da RIW: | S0.3a 76.60 0Ty GR 6 "% Ta 48 Sn M 62
S+ 7. 6.01 sm 5.0t 5.1 im 9.00 7.0 Bl 0.30 0.6d 1.41
Sowing date (I 25-6-92 18-7-93 9-7-94

1.6 76.62a 1070 MG 34,53 73.6a IIS.9%  1284a 160 3y [S52.6a v da 34h4n

24-7:92 16-8-93 8-7-94

19.30 12580 224h 20.60 1946 203 2230 332b 1726 424 053% 6440

SE+ 40 5.00 4.M 2.01 6. 00 1,00 1.5 2.80 920 4 0.60 2.80

Populatiyp (1"ha)

22,000 363 483 S84 sH 9.3 552 OS2 733 903 923 978 073

44,000 43,4 14 /3 620 300 36.4 9.1 761 /9.1 97.6 824 (002
88,000 SS1 46.1 602 602 64 464 794 BG4 REAd 038 631 103,
SF 4 S0 500 sa0 emd 501 .00 oy, 975 &.00 o.00 7.0 641

Variety (v}

Lucal-l  42.3h £2.4n w3 503, A8 8 85.5a 734 6.1 hil} 08,60 KR8 Ha 95.4h
V.35 16,50 3. 603 65 .4 28.3h 30.4b 64.3 .1 ] R7.4 R7.4b 73 3h 10}, T
SE + 0.3 .50 2. 2.00 2.0 1.00 8.05 RIE | R3] .40 "6 2.80

Interaciions

Nxl» hS N8 * * NS NS NS NS ¥ * * NS
NxP N NS NS NS NS NS NS N& NS NS NS NS
DyP S N8 NS NS NS NS NS N& MNE NS NS NS
NxV MY NS N& NS NS NS NS NE - NS N& NS
mv N * * * NS * NS NS * NS NS& NS&
rx¥ mS NS NS NS NS NS NS NS N& NS * NS

Meauns {ollowed by the same letter within a treatment group of a column are not ‘:igni—ﬁczmtl_\f
differew using Duncan’s Multiple Range Test (DMRT. 05).

Fand ¥ Stenificant @ S and 1 percent levels, respectively,

NS = Not significant,
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In 199, the effect of nitrogen was fouxd to be signilicant at all the 4 stages of growth. At 4
WAS each level of nitrogen siganficantly increased tresh stem weight, At 6, 8 and 10 WAS,
mereasing nitrogen fevels from O o 45kgN/ha sigoificantly increased fresh stemy weight,
FHowever, fuvther increase from 45 (0 90kgN/ha did not increase fresh steon weivht significantly.
The differences due to sowing dates were highly significant at all the 4 stages of growth, Farly
sown okra (25-6-92) resulicd in higher fresh stem weight, Population was not significant b any
stage of growth. Frech stem weight was affected hy variety at the mitial growth of stages at 4
and 6 WAS_ The vartety V-35 produced higher fresh stem weight than Local-t at 4 WAS,
while tocal-1 produced higher fresh stem weight than V-35 a0 6 WAS,

In 1993 sientticant differences in the mean was ducs to nitrogen levels at 6. R and 10
WAS o fresh stemy wereht. Inoall the 3 stages of arowth. each mcerement in nitrogen levels
stgnilicantly increased fresh stem weight. The sowing date dillerences in the means were highly
significant in all the 4 stages of growth. Early sown okra (15 793y sesulted in higher stem fresh
weteht when compared with late sown okra (16-8-93). The ellect ol population on resh stem
weieht was not significant in all the 4 stages of growth. The effect of variety for fresh stem
werght was signthicant at 4 and 6 WAS - Variety Local-1 had hivher fresh stenmy weight than \
A5 a0 4 and 6 WAS

Tn 1994, the ditlerences in nitrtogen levels and sowing dates ellects were signtficant at all
the 4 stages of growth. Bach mcrease i the fevels of nitrogen increased the fresh stem wereht
in all the A stages of growth. The early sown okra (9-7-94) produced higher stem fresh weipght
than sown okia (8-R.04y. The population levels effect were not statistically significant at all the
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4 stages of prowth. The differences which were due to varieties weie sionificant at all the stages
of growih, except at 4 WAS, Local-1 variety produced higher fresh stem weight than V-35 m
6 and 8 WAS. However at 10 WAS V35 produced higher fresh stem weight than Flocal 1.

Nitrogen x date of sowing interaction was significant it & and 10 WAS in 1992 and a1 4.
G, and 8 WAS in 1994 ('Tahle 261

Table 26 Fresh stem weieht co/planty as aflected by nittocen x date of sowine
[ i
interaction at 8 and 10 WAS 1992 and at 4, 6and 8 WAS in 1994

1992 (R WAS) 1992 (10 \WAS) 1994 (4 WAS) 1994 (6\WAS) 1994 (8 WAS)

Nitrogen Fanly Late  Farly Late_ Early  Late  Larly  Late  Early Late
(NkgN/ha 25-6-92  24-7-92 25-6:92 24-7-92  9-7-94 §-8-94 9-7-94 8-8-94 9-7-94 8-8-94
0 68.2h 302 87.4a  30.2d 119.8¢ 14.2¢ 12700 41.2¢  222.3¢ 74.3(
45 88.3a 42 3¢ 86.3a 36.3¢ 166.3h 16,30 16642 42.3c  267.6h 96.4¢
o on.da 42 3¢ 88.4a 42.4h 19,40 20020 166,49 43 3¢ 30983 11524
SE 4 5,30 100 4.00 6.00 210

Means fellowed by the same letter within an interaction table are not uig!niﬁau_ﬂ_i_\: :l_iift'}'i'ill_llsillg
Duncan s Multiple Range Test (DMRT. 05).

In 1992 wcason, both inearly and late <own the two applied rates of nitrogen produced higher
fresh stem weight than control (OkgN/ha).  Early sowing of okia at all jcvels produced
signilicantly higher fresh stem weight than late sown okra. At 10 WAS, however, no difference
was observed inemly sowine in different rates of nitrogen levels, it in case of Inte sowing
okra. each increase in nitrogen fevel significantly increased the fresh aom weight. When the two
sowing dates were examined at the same level of fertilizer, early sowing produced higher fresh

stem werght than late sowing in all levels.
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In 1994 season. early cowine hoth at 4 and 8 WAS produced sienilicantly higher fresh
stem weight with ench increase in nitrogen, but at 6 WAS such dilterence was oheerved when
nitrogen levels was increased from 0.45kgN/ha. Further increase m nitrogen ta 90kgnN/ha,
however, did not stenibicantly alfected fresh stem weight.  In case of late sowing, 45kenN/ha
produced higher frech stem weight than control (OkgN/hi) at 4 WAS and no difference was
obscrved at 6 WAS and at 8 WAS 90kgN/ha produced higher fresh stem weight than other two
nitrogen levels. When the two sowing dates were examined at the smne nitrogen level in control,
carly sewing produced higher fresh stem weight at all the stages of prowth and m all levels,

The mteractions between nitrogen x population and date of sowing x population were not
significant in all the stages and seasons,  Nitrogen x varicty mteraction was found to be
significant at 4 WAS in 1994 season only. (Table 27)

Table 27: Fresh stem weight (g/plant) as affected by nitrogen x variety interaction at 4
WAS in 1994 seasom.

1994 ( 4 WAS)

Nittogen

(NKg T Local-1 \V-35
Variety

0 65 Ad 69 Al

45 08 3h 84 4¢

90 1007 8a 108 i

SE + 4.0

Means followed by the same letter within an interaction table are not significantly different using
Dunea s Multiple Range Test (DMRT. DS).
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I'he (we

in nittopen mcreasced fresh steny weien

the vareties,

e ol sowing < vanety mteraction was signilicant

WAS in 1903

Fable 28
il B

At Samarn

1992 (6 VW AN)

Sowing date Focal-1 V-35

Farlv 15602 58 Ky S s A
Late 2-7-92 34.6b . 3h
L B = 10

[.x0)

and at 4 WAS in 199 seasons

1992 (8 WAS)

Local-1 V-35

70 8a 72 .6

51.6h

15.4h

varieties responded stmidacly to nitrogen levels for fresh

When each level of nityos

(Table 28)

1992 (10 WAS)
Local-1 V-35

(8. Ia Th. 6

2.50

crem weteght. Fach increment

e was examined between

no sipniticant difference was ohserved at all the three levels of nitrooen

O, S and 10 WAS m 1992 a1 6

Fresh stem weight o/plant as affected by date of sowine x variety interactions
Sand 10 WAS in 1992: at 6 WAS in 1993 and ar 4 WAS in 1994 seasons

1993 (6 W AS)Y 1994 (4 WAS)

Focal-t Vv 35 Local-1 V-35

IR-7-93 0).7-04

01 Ka S | 5 16520 155.60

16-8-93 5-8-94

19 3¢ 18, e 15.% 19,60
| 8N .00

Means 1ollowed by the same letier within an interaction taile are
Duncan s Multiple Range Test (DMRT, 0s)

not stenithieantly dilierert nsing

The responses of (he two vacieties were simnilar to date of soving [y fresh stent wetght in 1992
season. There was no significant dilferent within either early and late sown Tor the two varieties,
however, carly sown crop, produced significantly higher fresh stem weight than late sown crop.
At 6 and 4 WAS in 1993 and 1994 seasons, early sown crop prodoced higher fresh stem weieht
than kve sown crop whien the two varieties were examined at the same sowing dates, Focal-1
variely produced higher fresh stem weight than V-35 in early sown crop, but in fale sown crop
no difference was obscrved a8 6 WAS 1 1993 bt at 4 WAS in 1994 variety Local 1 produced

higher {resh stem weight than vacicty V-35.
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Population x variety interaction was significant at 6 WAS in 1994 season only
( Fable ['9)

Table 29 Fresh stem weight (g/plant) as affected by population « variety interaction at
6 WAS in 1994 season.

1994 (6 WAS)

Variety -

Plant population/ha local | V-35
22,000 00 6 94 .3¢
44,000 101 7h 91 3¢
88.000 29 R8s 76,44
SE | 7.00

Means followed by the same letter within an interaction table are not stanificantly ditferent using
Duncan’s Multiple Range Test (DMRT. 05).

The variety Local 1 produced signiticantly higher fresh sfem woivhin with each increase in
population. Incase of V-35 there was no significant difference in the fresh stem weight between
22,000 and 44,000 plants/ha, but the two population levels, produced higher fresh stem weight
than 8£ 000 plants/ha, When the same variety was examined between 22 000 plants/ha, 44,000

and K&.N00 plants/ha. Local 1 produced higher fresh stem weight than Vo35 variety.
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4.5

Stem dry weight (g/plant)

Ihe data on stem dry weight diring 1992 {o 1994seasons is oiven in Table 30

Table “0:

Treatmn
4

-;\'I_nnuvn IN)

(Kgha)

N 34.2
45 504
o nil
SE 4+ 1240

Sowing date (1)

Farly

70 60
Late

19.14h
SE ¢ 1.90

Population (1" ha)

22,000 4853
44,000 490
8], 000 532
SE 4 5.1

Vardety V)

Logal 1 451
V-3s 512
SE 4 LR |
Interactions
Nxhy NS
NxI* NS
it NS
NxV NS
LIRS NS
PxV NS

Stem dry weight (p/plant) as affected by nitrogen, sowing date. population,
variety and their interactions during 1992, 1993 and 1994 rainy
SeAsOns Al Simar.

1992

RN |
8.5
534
12,10
25.6.92
74 40

24-7-92

17.4h
170

-

-
oo
Tl

-
-

7.00

571
4.1
8.1

NS
NS
NS

+

NS

A8 e
5740
6 .6m
7.00

06,50

21.8h
s.0n

5R.2
57.3
58.2

5.00

S84
505
S.00

NS
NS
NS
NS
NS
NS

0

73.3
K62
R5.5
in2

100, 3

62.3h
9 8N

802
£0.2
80.2
(R

81.3
k1.2
900

NS
NS
NS
NA
NS
NS

WEFKS AFTER

4

N1
4.0
ol
101

70 6

RILRIT
1.00

4.3
a0t
.2
L1 ]

ni). A
401
1.0

NS
NS
NS
NS
NS
NS

. 1993
6 R
920.6a 95. 3¢
60.3h 98.4
60,3k 1.6
.00 12.00
18-7-93
100,30 1444,
16-5-9)
EURIN S0.6h
1.0 4,00
62.1 97.3
mn.a 95.4
80.4 1nn.2
7.21 n.01
805 nn, 1.
[ LT
2.01 3.00
NS NS
NS NS
NS v
NS NS
¢ NS
NS NS

SOWING

1n 1
ntne 168
125.4h 215
13260 244
.00 6.0
200,30 20 Iy
W oah 1% 1h
.00 o
117.4 133
121.2 152
[ AL 253
A.00 =nn
L B | PR B 1
121 8 RLLE 3 )
S0 tonn
NS

NS NS
NS

NS NS
NS !

NS NS

14

14 1¢
19.3h
2140
i

9-7-94

28.)a

8-7-M

11.3h

1.00

17.2h
21 %¢
17.5h
xm

1204
78
2.00

8

43¢
a47h
Sla
2nn

T3 0y

M.=h
i

3. Ta
47.4h
12. 3¢
1.m

417.1
17.3
ron

mn

41.4
mna
IR
nn

162 6

I18.6h
100

17.4
ns
43.2
7.00

42.3
102

2.0n

NS

Meins Tollowed by the same tetter within a treatment group of o column are not significant!
differcnt nsing Duncan’s Multiple Ranee Test (DMRT, 051

Foand T
NS
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In 1992 rainy season. sten dry weight was found to be signiticantfv affected by nittogen level
al 8 WAS, Each increase in mirogen level significantly increased the stem dry weipht,

The sowving date affected Ilut. stem dry weight at all the stage:s of growth. The early sown date
resultcel v higher stem drey weight than the late sowing okra. Popnbation levels did not alfuct
stem dry weight, fikewise variety also did not affect stem dry weight at any stage of growth in
1992,

In 1993 season, nitrogen levels affected the stem diy weight at 6 and 10 WAS. At 6
WAS, contval produced highest stemn dry weight than both 45 and 90kgN/ha. But at 10} WAS,
each inurease w nitrogen level sigaiticantly increased stem diy weight. The sowing date affected
the stem dry weight at all the stages of growth. The early sown okra produced highest dry stem
wetght (han the late sown okra. The differences due to population levels and variety were no
statistically significant at any of {he growth stages, except at 8 arvd 10 WAS when effect of
variely on sten dry wetght was sigmficant. Local-1 produced Ingher stem dry weight than V-35
at & WAS and V-35 produced ngher stem dry weight than [.ocal 1 ar 10 WAS.

In 1994 the dilferences in the mean of nitrogen at 6 and 8 WAS were found fo he
signilicant. AL 6 WAS control produced lowest stent dry weight than the two applied levels of
nitrogen. At 8 WAS 9UkgN/ha produced higher stem dry weight than both 45 and OkgN/ha. The
differences oweing to .cm\fiﬁg dates were highly significant at all the erowth stages, Early <own
okra rosulted in higher stem dry sweight than Iate sown cben The «ienidficant difterences at 6 and
8 WAL after sowing were due o populations. At 6 WAS, early sown okra at 88,000 plants/ha

produced a lower steii dry weight than 44,000 plants/ha. Tn case of 8 WAS, each increase in

55



population level resulted mn a decrease in stem dry weight  The varietal differences due to
varicties were not significant af all the stages of growth. excepr at 4 WAS, when variety Vo35
producod higher stem dry weight than variety Local- |

Interaction between nittoven x date of sowing was <ignificant at 6 WAS i 1902 and at
4 and 6 WAS in 1094 seasons (Table 31).

Table 3 Stem diy weight (p/plimt) as affected nitrogen x date of sowing interoctions
at 6 WAS: and at 4 and 6 WAS during 1992 and 1994 seasons.

1092 (10 \WAS) 1004 (1 WAS) 1004(6\W AN)

Treatment = — _ :
Sowing date Sowing date Sowing date

Nitrogen Larly Late Early Late Early  Late
(Nkg/ha) 25-6-92 24-7-92 9-7-94 8894 9-7-94 R.R-94
0 TR e IR 201h 0.3 1730 11 0e
13 06,11 RRIIE 32.4a 13 1e 303 10
00 11660 SR 33,20 15 8¢ 0 40 1'.5h
SF a.0n 1.00 .00

Means Tollowed by the same letter within an interaction table are not significantly different
using Pomean’s Nualtiple Range Test (DNMRT, 05)

;M 6 WAS in 1992 carly cowing of okra resulted in higher ciem drv o weight with each increase
in nitrocen level, but in late sowing hoth control and 90kgN/ha produced higher siem dry weight
than 45ke N/ When the sowing dates were examined under the sime nitrogen levels, early
som ol produced higher sieng dee secieht than Iate sowen ok an all levels of nittogen. When
interactions in 1994 ac 4 and 6 WAS were examined, the two appiw i vate of nitrogen produced
higher <tem dry weight than control. The late sown okra at 6 WAS with each increment in

nitrogen increased the stem dry weight



Nitrogen x population interaction was not significant i all the seasons and vears date of
sowing x population interaction was found to be significant at 8 WAS in 1993, at 4 and 6 WAS
i 1994 seasons (Table 32)

| ahble 10 Stem drv wetpht o plant as allected |1j\ date ol sowing « population interaction at
8 WAS: at 4 and 6 WAS in 1993 and 1994 season

1993 (8 WAS) 1994 (4 WAS) 1994 ( 6 WAS)
Plant population/ha Sowing date Sowing date -\um'nn_' date

Farly Late Farly 1.t Farly Late

18-7-03% [6-5-93% 09-7-94 8-5-94 09-7-94 R-8-94
22,000 T0.3h H5. 3¢ 13.1d 12.0d 21.1¢ 13.0d
44,000 88.2a 57.3d 35.0b 15.2 32 1a 0.0
88,000 8. h 654 19 4a .21 23. b 1 De
SE .00 2.00 3.00

Means followed by the same letter within an interaction table are not significantly different
using Duncan’s Multiple Range Test (DMRT. 05)

Higher slem dry weight was produced at 44 000plants/ha than the two other populations. both
in early and fate sown okra, When the two sowing dates were examined at different population
levels, early sown crop recorded higher stem dry weight when compared withi late <own crop.
In 1994 =cason, bath at 4 and 6 WAS, early sown crop recorded higher sicm dry weight than late
sown crop at all the population levels, except at 22,000 plants/ha at 4 WAS. When the sowing
dates weve examined. tor difterent population levels at 4 WAS, cach invrense in poputation level,
incrensed the stem dry weight significantly in early sown crop al 4 WAS, but in lale sowing both
at 4 and H WAS, 44.000 plants/ha produced higher stem dry weight than other two population
levels. The late sowing at 6 WAS. 22.000 planls;’ha_ produced higher steny dry weight than other

two popuiation levels,
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Nitrogen x variety interaction was significant at 8 WAS in 1993 season anly
(Table 13).

Table 33- Stem diy weieht coiplanty o< affected by Nitropen x variety interaction at 8
WAS in 1094,

Treatment 1904 (R WAS)

Nitrogen | Variety
(kNgN/ha) Local-1 V-35
() 77 ¢ 97 9¢
45 101 3h 86.3d
00 123. 30 86.7d
SE 4 7.00

NMeans tollowed by the same Tetter within an interaction table are not significantly different
using Duncan’s NMultiple Range Test (DMRT. 05)

In the case of variety Tocal-1 each level of nitrogen increased significantly stem diy weight,
whereps in Vo35 the two applicd nittogen levels resulted in significantty lower stem dry weight
When the same nitrogen levels were examined for the two vavieties, the control and 45keN/ha
with T.oeal 1 produced significantly higher stem dry weight than V'35 and the reverse was true

for the fwo apphied rates of nitrogen.



Date of sowing x cariety interaction was found to be gmbicant ar 6 WAS hoth in 1992
and 190 and at 4 and 6 WAS in 1001 seasons (Table 34y

Table 3 1: Stem dry weight (o/planty as affected by date of sowine x variety interaction
at 6.6, 44 and 10 WAS during 1992, 1993 and 1994 1ainy seasons

1992 (6 WAS) 1991 (6 WAS) 1994 (4 WAS) 1004 (AW AY) 1994 (10 W AS)
1 - a
Sowing date
Iarly Pocal-1 V-AS Local-1V-25 Laocal-1V 35 Loeal-l V235 Loeal-l V235

25-6-92 672 Shah 1R-7-91 14060 90 th 9-7-94  18.4dh 10 6 40 1a 1830 0.3 Shd

Late
24.7.92 102 1241 16893 M4e 20050 §-8-94 T3¢ 9.4¢ 10, % 4.4d 1520 21.3
Sk 4 2.4n 2.0 2.0 TN G000

Means Tollowed by the ssne lettor within an interaction (ahle ae not sienificantly different nsing
Duncan s NMuliple Range Test tDART . 0O5)

ALG WAS both in 1992 and 1993 seasons, Local- | vartety produced sientficantly lagher stem
dry weight than variety V-35. When the same date was examined for the two varieties early
sowing proaduced higher stem dry weight than late sown crop In 1994 however, V.35 produced
higher <tem dry weight than Local-1 variety at 4 WAS in early sowing. bt the reverse was true
at 6 WAS in 1994 in which variety Tocal-1 produced higher stem diy weight than variety V35,
In the Tate sown the difference was not significant at 4 WAS: but at 6 WAS, T ocal 1 produced
higher <temydey weight than vanety v S0 Bandy sowne prodneed hicher stem dey weieht thim

late sovwn at all the stages in 1991 season,
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1.6 Fresh weight of root (g/plant)
Resnlts on fresh v oht of root for 1992 to 1994 seasons is presented in Tahle 35

Tahle?3: Fresh weisht of roor (e/plant) as affected by nitropen, sowing date. population
variety and their mteractions  during 19921993 apd 1994 rainy
SERSONS At Sonm

WIEEKS  AFTER  SOWING
Treatment 1992 1993 ) 1994
1 fy ] m 1 6 R m 1 6 R i

Nilrunl'n Ny

(ST R

0 S0.x 86 2¢ 66 A 71 .de 27.1¢ Al 64. 3¢ T2 0c 1L Y X AL IS
qs (diN} pARR T0.2h {9 s 1500 62.2 75.2a 2.0 202 AR I 42 15 3h
W) nl oA 78 dn 6.1 1010 17,1, 62.2h 168,40 102 30 20140 4N0.5q 414 51,50
SE 1. 23 331 1.42 100 1.00 ™ 0t TN 4.04 =07 2
Sowing date () 25-6-92 18-7-93 9-7-94

Farh 98,00 1200 9850 980 didn 104a 1B 3n 104 8y 23 5n Shda Sien V1240

24-7-12 16-8-93 8-7-94
I ate 18R 16.8h W 756h 0 265K 223 3Rd4Ah TXah MLER 0 1430 1560 16.8h
SE 4 AN 1] R amn .0 104 4.0 6.0 (L 1 on .0 SRR m
Population (1*/ha)
22000 603 651 mn.e hEN | M4 0.3 (9.1 R4 254 2.2 2. 5¢ I18.6n
44,000 386 .S RS 92.2 LRI | 59.5 6.2 93,42 1.5 371 Y. Al 17 4h
R, Do nt g 0.l 0.1 A 126 64.7 72.4 R7.1 17.1 6.1 4160 47.50
SE + SR | [N R =m 4.21 2.0 9.03 6,37 4.66 LR 4.03 01 4.0
Nariety (v}
Toeal-1 9.4 6l 581 854 L | 59.4 164.5h  §1.% 201 2513 366 3.3
VAR 622 72.8 T3 j0.5 LI Y 628 T.6a O3 hha 2000 RIS | 150 10 5
SE 1 hld f N} 4.00 n.m s.0x R.0h 8.0c 1,22 1 s an rne 215
Interactums
Nab NS NS NS NS bk NS NS o NS NS NS !
NP NS NS NS NS NS NS NS NS NS NS NS NS
e NS NS NE NN NK NS NS NS NS NS NS .
Nxd NS o NS NS NS NS NS NS AS NS NS NS
DxV NS o NS NS NS NS NS NS AN NS \ pd
PxV NS 4 NS NS NS NS NS AN nNS » N -

Means fallowed by the same leuer within a treatment group of & column are not significantly
different nsing Duncan’s Multiple Range Test (DMRT . 05)
Tand T Signilicant at 5 and 1 percent levels, respectively

NS = Nor signilicam
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In 1992, except at initial atage (4 WAS) root fresh weight was significantly affected by nitrogen
application. At 6 WAS hoth 45 and 90kgN/ha gave a higher fresh root weight tham contral
(OkgMN/hiy. Ar 8 and 10 WAS, each increase in nitrogen levels significantly increascd fresh root
weighl, Sowing date signiticantly affected fresh root weight ai all the 4 stages of growth. Early
sown crop was found o give a higher fresh raot weight than Iate sown crop. Dillerences oweing
o population levels and varieties were found to be non sigvificant at all the stages of growh,

During 1993 season, fresh root weight was not significantly affected at 6 WAS by
nitrogen levels. At 4 and 10 WAS each increase in nitrogen levels significantly increased the
fresh rool weight. At 8 WAS, however, the highest fresh root weight was recorded by 45kgN/ha
which was followed by 90keN/ha,  The lowest fresh rom weight was observed in control
(OkgNha)y. The diferences die (0 sowing dates were highly signiticant at all the growth stages
in which the early sown okra recorded a higher fresh root weight than the late sown okra. The
differences due to population levels and the varieties were not statistically significant except af
8 WAS. when V-35 recorded higher fresh root weight than Local 1 at 8 WAS and at 10 WAS
when Local-1 recorded higher fresh root weight than V-35.

In 1994 rainy scason, the differences due to nitrogen levels were signiftcant at 6 and 1)
WAS. Al 6 WAS the 90kgN/ha resulted in higher {resh root weight than other nitrogen levels,
whereas ot 10 WAS the two applicd nitrogen levels recorded a higher fresh root weight when
comparcd with control (OkgN/ha), Larly sown okra produced higher fresh root weight than lnate
sown crop. The differences oweing to pepulation levels were significant at 8 and 10 WAS, while
the varicty was not significant at all the stages of growth. At 8 and 1) WAS_ 8R.(000 plants/ha

producad higher resh root weieht than the other two poputation levels,
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Nitrogen x sowing date interaction was found (o be sienificant both at 100 WAS in 1993
and 1994 seasons (Table 36).

Table 3n: Root fresh weight (g/planty as affected by nitvogen x date of sowing interaction
at 10 WAS, during 1993 and 1994 rainy seasons at Samaru.

1993 (10 WAS) 1994 ( 100 WAS)
i\.'i'lm-_wn Sowing date ) S’mving date

I-arly [ate Farly Late
(Nkg/ha) 18-7-93 16-8-93 9791 8894
0 88.2h 83 3¢ S6 e 15 3d
45 08 A R4 4¢ 7o 7 15.4d
01) 97 .4a 84. 3¢ 81 6n 19.2d
SE 2.33 500

Means Inllowed by the same letter within an interaction table are not sianificantly ditferent using
Duncan s Multiple Range Test (DMRT. 05).

In 1993 control produced significantly lower fresh root weight than the applied nitrogen., the
difference which was not significant.  However, in 1994 season, each increase in nitrogen
significantly increased fresh root weight.  But in late sown crop there was no significant
difference with an increase in nitrogen levels in both seasons When the two sowing dates were
compared at each mitrogen level. carly sowing resulted in higher fresh root weight than late

soOwWing

nH?



Non of interaction between nitrogen x population was found to he significant in all the
vears. Date ol sosving x population interaction was ohserved al 10 WAS in 1994 season only
CTable 7
Table 37: Root fresh weight (g/plant) as affected by date of scowing x population

interpetion at 10 WAS in 1994 season.

Plant population’ha Sowing date
Early Late
1.7-94 3201
22,000 81 60 15 1d
44,000 54 e 7.3l
88.0010) 76.2h 18.4d
Sk .02

Means followed by the same letter within an interaction table are not significantly different using
Duncan’s Multiple Range Test (DMRT 0.5 ).

In earlv sowing each increase in population level significantly decreased fresh root weight.
However, no such difference was observed i late sown. A ench population level, carly sowing

resulted in a higher root fresh weight than late sown crop.
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Nitrogen « variety inferaction was observed at 6 WAS in 1902 senson only (Table 3R)

Tahle 38 Rool fresh weight co/planty as affected by nitrosen « variety interaction al 6
WAS in 1902 ceason

Treatment 1902 (6 WAS)
Nitrogen R
(Nkg/hn) Local-1 V-35
0 37.3¢ S1.da
45 45.4h S1.4a
9 81.60 82.3a
SE 1 1.21

In the case of Tocal | \’ﬂl'i{.‘!_\', each increase mlt:gt‘ll level sipnilicmuiy increased the root
fresh woeight, In variety V=35, no dilference was observed wvith an increase in nittoeen level
When cach level of nittogen was ecamined for the ten varicties, V235 resalted in higher ront
fresh weight than Loeal 1 ovariery, except at 90keN/ha in wiien both varietics produced
statistically similar fresh root weight,

Interaction between date ol sowing x variety was found o he significant at 6 WAS in
1992 and at 8 and 10 WAS in 1994 (Tahle 39)

Table 1 Root fresh weight (e/plant) as affected by date of sowing x variety
mteractions at 6 WAS in 1992: at 8 and 10 WAS in 1994 seasons

1092 (6 WAS) 1904 (8 WAS) 19990 10 WAS)
Sowing date Variety - _lel"i_t:lj_' Variery
Farly Loeal-1 V-35 Local-1 V35 Local-d V35
25-6-92 07.60 77.4h 9-7-94 56.6a SL7a 61:db Ri.5n
Late
24-7-92 6. 3¢ 42.50  B-8-94 14.7c .4 17 de 16, 4¢
SE 7.0 2.00 5.00

Means tollowed by the same Teter within an interaction table are not significantly different nsing
Dunean’s Multiple Range Test tDMRT. 05),

Ol



In all the stages of snmplings, early sowing resulted in highey root frech weight than Iate sown.
When the two varieties were examined at the same snowing date in 1992 a0 6 WAS, the Focal-1
varicty produced signiticantly higher root fresh weight than V-35both in early and Inte sowing.
But in 1994 season, there was no difference in fresh root weight of the two varieties at 8 WAS,
however, at TO WAS N 35 praduoced higher fresh root weighi (han vaciety Local-1. 1o the late
sown at 8 WAS, the root fresh weight of Vo35 was higher thau Tooad Tand no such difference
was abuerved at ) WAS,

Population x varicty tnteraction was found to be significant both at 6 WAS in 1992 and
at 1O WAS in 1994 (Table 4.

Table 4(: Fresh root weight (g/plant) as affected by population  variety inleraction al 6,6
and 10 WAS during 1992 and 1994 rainy scasons.

T WA . S TRAT T R TEWAS

Plant population/ha 7 Variety T Yanidy o Vaey
Local-1 V-5 Loval-t AFAN Local-1 ¥-35

22,000 64.3¢ 68.4h 35.4b 35 4h 45.3¢c  S1.da

44,000 60.40 76.7a 46.6a 25,84 2454 S1.4a

88,000 77.6n 64.3¢ 32.4¢ 33.4h 48.2h  46.3h

SE + 1.00 2.32 2.00

Means followed by the samue letter within an interaction table are pot semificantly diltcrent using
Buancan s Multiple Ranee Test (DMRET. O5),

When the response of (he same population level was examined for different varieties. variety V-
35 prodeced higher root fresh wesght than Local-1. At 6 WAS in 1092 and a0 10 WAS in 1991
seasons e such difterence was ohserved . At 44,000 phsussha, V35 produced higher root fresh
weight than Local-1 at 6 WAS 10 1992 and at 10 WAS in 1991 However.at 6 WAS in 1094,

it was a reverse. AL 88 000piants/ha, Locat-1 produced higher root {resh weight than V-35. At
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O WAS in 1992 reverse was true il 0 VYAS 0 1990 and ne soch difference was observed at 10
WAS in 1991 season. When each variety was examined o dificrci: population levels i eady
sowing, Local | produced higher root fresh weight at 6 WAS in 1994 and the reverse was true
in other two stages (6 WAS in 1992 and at 10 WAS in 1994). When the variety wias compared,
V-35 produced higher fresh root  weight both at 6 WAS and at 10 WAS in 1992 and 1994

seasons respectively
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1.7 Root dry weight(g/plant)

The mean of root dey weight daring 1992 (o 19944 piven in Tahle 11

Table 11- Dy weipht of root (p/plant) as affected by nitrogen, sowinge date popnlation
b | ] . L P
variety and their interactions during 1992 1993 and 1994 vainy
seasons ot Sqamaru

WEEFKS  AFTER  SOWING
Treatmert 11492 o ) B LA 1904 -
I f 8 n q 6 H " 1 ;. N 1

Nitrogen IN)

(Kg/ha)

n 12.2 17.7 . 1.1 131 18.5 18.8 188 9.2 14.5 2.4 =n.o
45 133 18.8 I8.8 22.2 113 13.3 1.6 2.4 9.2 14.5 2.4 5.9
1) 1 19.9 I8.8 16.6 12.2 18.2 17.7 IRX 9.2 16.4 2.6 an.0

SE ol 2. S.0n 7.0 218 6.00 4.16 6.07 1.01 2.36 4.00 4.00

Sesving dite (10

Larly 25-6-92 18-7-93 9-7.94

LR B 2.0 18 ¥ 1.2 16,10 2M1a 22.2a M n 1220 20 10 20 ha N5
Iate 14-7-92 16-8-01 R-7-94

S 2.3 2. 1. Tn 8.1h 13 I i S 2 1h 1.2 239
SKE 1.nn 1.00) o 2.0 1.m 1.0 2. L] 1 n 2.0 L | 270

Papulation (P/ha)

000 A 16.6 I6.6 14.4 12.2 16.1 1% "1 81 11.8 0 47.1
4000 1202 199 1.1 IS5 133 15.8 16.7 15,2 9.1 4.3 I8.2 47,3
88.onn 7.7 I8.8 19.9 18.6 12.2 16.6 173 0.3 24 1n.1 22.3 47.7
SE 4 Lo LR} s.0d G 2.76 R 200 (NI I 16 4.00 347 LE5h
Varietv 1)

Local-t 129 i6.h 156 181 (R 17.1 176 7.0 81 1h 1e2h TRE2
A {35 1A 166 1in 123 16.3 17.1 2020 924 1 24 3 1912
SK VAT 5.8 201 1.4 2.3 1.76 200 T 1 nn RN 200 146
Interactinns

NxD s NS NS NS NS NS NS NS NS NS NS NS
NP NS * NS NS NS NS . NS NS NS NS .
P NN NS NS NS NS NS NS NS NS NS NS .
Nay i~ NS NN NS NS NS NS NS NS . Ny NS
ind NN NS NS N8 NS . . NS NS . NS S
"y NS * NS NK NS NS NS NS NS NS . NS

Means followed hy the same letter within a treatment group ol a cobmmn are not significantly
different using Duncan’s Multiple Range (DMRT, 05).

“and 7 Significant at S and 1 percent levels, respectively

NS = Hot significant
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The root diy weight was not significantly affected by nitrogen, popalaion and varicryin 1992
season. The differences doe o sowing dates were highly sienificant @ all the stages of prowth
Farly convn okra recorded a higher root dry weight when compared with [ate sown okra.
Population and varicty were not saffecied by root dry weight in all the seasons and years

In 1093 the ditferences in the mean due to nitrogen and population were not statistically
signiticant, but the differences due to sowing dates were highly significant at all the stages of
growih. Okra sown on (18 7 93) gave i higher root dry weight than okra sown on 16 8 93 The
elfect of varietics were found 1o be significant only at 1O WAS and 'V 35 recorded o higher diy
root weight than Focal T eariety. Population did not affect the root diyv weight in all the seasons.

In 1994, the difterences due to nitrogen and population levels swere not significant at any
stage of growth. The ditferences due 1o sowing dates weve highly significant. Eavly sown okra
produced higher root dry weight than Iate sown okra. The differences in the varieties were
signmibicant at 8 and 10 WAS S At 8 WAS, V.35 recorded a higher root dry weight while at 10
WAS, Focal 1 gave a higher root dry weight. Population did not affeet the root diy weight in

any of the prosth sipee
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Nitrogen x date ol sowing interaction was found not io he sipnificant in all the scasons
and vears, but nittogen x population interaction was observed at 6. 8 and 10 WAS in 1992, 1993
and 1991 seasons (Table 47)

Table 42- Roat dry weight (p/planty as affected by nittegen ~ population interaction at 6, 8
and 10 WAS during 1992, 1993 apd 1994 seasons

1002 (6 WAS) 1993 (8 WAS) 1994 (10 WAS)
Treatm B
Nitrogen 'iant population/ha
(Nkg i) 22,000 14,000 88,000 22,000 44,000 88,000 22,000 11000 88,000
1 1220 2940 14de 1330 18.8¢  23.2h 14dAd 17 de 22000
45 6.6 17.3¢ 20006 29930 193¢ 25.3h 2 3a I8 1c 23.10h
o0 233 255a 1de IR8e 20L0h 153¢ 17 2¢ 1% 0c 17.4¢
SE + 4.00 211 2.00

Means toliowed by the same letter within an interaction table are not significantly different nsing
Duncin’s Multiple Range Test (DART. OS5).

When 22000 plaptshia was examined for different nitroeen levels, it was observed that each
increase in nitrogen level signiticantly mereased root dry werght at 6 WAS in 1992 <eason. But
at & amd TOWAS in 1993 and 1999 seasons, 45keN/ha resulted in higher roct dee weight tha
other two pitrogen Tevels, followed by 90kgN/ha and conirol in that order. At 6 WAS in 1992
44000 plante/ha produced significantly lower root dry weight at ASkeN/ha than other fwe
population fevels, and the difference between the other Con jovels were not cigmificant. At §
WAS in 1993 season. 90keN/ha produced lower root dry weight than the other two. which was
not sienificant ot 10 WAS 1994 No dilference was ohserved at 41.000 plants/ha. - At 8RO
plants/ha, ASKgN/ha resulted in higher root dry weight than other two populations at 6 WAS i

1992 bt e 8 and 160 WAS in 199% and 1994 seasons 90keN ha resulted in lower root dr
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weight than other two nitroeen levels: the difference of which was oot significant. When the
same nitrogen level was examined. for the different popaiations, e comtral, S0.000 piantsha o
6 WAS and 88,000 plants/hia at 8 and 10 WAS resulted in higher roor dry weight. In the case
of 45 kgN/ha, 88,000 plants/ha in 1992 produced higher root dry weight than the other two
populations, whereas 22,000 plants/ha both in 1992 and 1994 seasons at 6 and 10 WAS produced
simnilar root dey weight. When GOkgN/ha was considered, 44,000 plants/ha produced higher root
drv owereht jn 1902 and 1993 seasons, whereas no such difference was abserved in 1994 season

Interaction hetween dite of sowing x population was fonnd to he significant at 10 WAS
in 1900 cencon only (Fable 43y,

Table 43 Root dry weight (p/iplant) as affected by date of sowine x population
interaction at 10 WAS 1994 season.

1994 (10 WAS)

Sn;@'ing date Plant [Tmuiajgmﬂm

22.000 44,000 R&.000
Larly 9.7-94 500 0n 49 _3a 46 2h
Late 8-8-94 43 3¢ 4.l 42 3¢
SEE A 20

Means hllowed hy the same letter within an interaction table are not sienificantly ditlerent using
Duncan s NMultiple Range Test (DMRT . 05).

0



In early sowing hoth 22,000 and 44,000 plants/ha produced significantly higher root dry weight
than 84410 plants/ite. No such difference was observed at late sowing date. When popuiations
wete examined across the dite of sowing carly sowing produced higher root dey weight than late
sown in afl ihe three popukations,

Nitrogen x variety interactien was {found to be significamt at 6 WAS in 1994 season only
(Table 4y,

Table 14: Root dey  wetght (g/plant) as affected by nitrogen x varietv interaction at 6
WAS in 1990 season

Treatnrent 1994 { 6 WAS)

Nitrogen Variety

(Nkg/ha) Local-1 \-35
{ 13.3h 12.1c
45 14.3h 13 1c
00 1640 13.2¢
[ DR 1.01

Means followed by the same letter within an interaction table are not siegnihicantly ditferent using
Duncan s Multiple Ranoe Test (DNMRT. 05),

The roct div wereht was found to be similar in O and 45ke™ ha and lower than 90keN/ha In
the case ol Tocal T vaviery, no such difference was observed sl increase in nitroeen lovels fon
variety Vo350 Examumanion of each nmittogen level, for the nvo varieties revealed that varien

[ ocal | produced a higher root dey weight than variety Vo35 10 all the nitrogen levels



Intetaction between date of sowing x vatiety was found to be significant at 6 and 8 WAS
in 1993 and at 6 Was in 1924 season only (Table 45)

Table 45: Root dry weight (g/plamty as affected by date of coming x variety
interactions at 6 WAS in 1992; at 8 and 6 WAS in 1994 seasons,

1992 (6 WAS) 1994 ( 8 WAS) ) 1994 (6 WAS)
Sowing date Variety O Variey | Vaviety

Local-£ Y35 Local-1 V-35 L.ocal-t V.15
Early 1§ 7-23 R/ BT 24,3 28. 3 7.0 9.7-941  6.3a 6.3n
Late  16-8-93 12.2¢ (2.2¢ 125 1220 R84t £.60) 4.6h
SE + 1.01 5.00 1.01

Means Tollowed by the same letter within an interaction tabie are not significantly different nging
Duncan’s Multiple Range Test (DMRT. 05).

Farly conving resulted in sientficantly hieher root dry weioht of variery Local -1 than variety |\

35 in 1193 rron it ip 1994 <eason. no difference m root dryv weieht was observed in early
soowinge crop There was pot difference in varieties in abl the <toes i late plantine, when the two
varicties were examined across the two sowing dates, carly sowime resulted i siemlweantly
higher oot dry wereht than Tate sowimg crop i all the s where such difference was

observed



Papulation x varierny imteraction was found to be significant a1 6 and 8 WAS in 1992 and
1994 seasons respectivels (Table 16)

Table A4 Root drv weight (g/plant) as affected population x varicty inferaction
at 6 and 8 WAS, in 1992 and 1994 rainy seasons at Samaru.

1992 (6 WAS) 1994 ( & WAS)
Plant population/ha _\*':lr'ig:l__\' Variely -
1.ocal | V-35 I.ocal | V-35
22,000 14.2¢ 17 1h 21.30 22 %
444,000 1R 3% 18 2h 27 3a 16 3¢
RR.000 17 2h 19 1h 13, 2h 21.3a
SE 20| rm

Means lollowed by the same letter within an interaction table are not stonificantly ditferent nsing
Duncan s Multiple Range Test (DMRT. 05).

ALAL000 plantsha, T ocal Tvariets produeed a higher root des aweipht at 6 WAS in 1992 which
was folloved by 88000 and 22.000 plants/ha. Tn the case -8 varieny Taeal Tadso in 192000 8 WAS,
44000 plants/ha produced a higher root dry weight than 88.000 plant<‘ha, however. the root dry
weight o 22000 and 12000 plants i were similar. When the variets V238 root dry sweight was
examinud. no difference was observed ot 6 WAS, but at 8 WAS the root dry weight was similar
at 22000 and 8RRO00 plantsha swhich were also higher than 11,000 plapts/ha, When the same
population swas examined for the same vcanety, V-35 produced higher root div weight at 22,000
plantsTe foswer root div sweight ot 11000 plants/ha and the difterence of R].000 plants ha was not
significont ot 6 WAS jn 1992 season. The result of 8RR 000 plants/ha in 1994, indicated that root
dry wereht was stimilar ar 22,000 plants/ha, when variety Local 1 produced higher root dry
weight ot 11,000 plants/ha, whereas variety V-35 produced Bigher root dry weiehit at 88 000
plants/In
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I.cal area is an important measure of the photosynthatic capacity ol the crop. The leaf

4.8 Leal Area (cm)

area as affected by nitrogen. sowing date, population and variety during 1992 101994 seasons is

given in Table 47

Table 47: Leal area/plant (cni?) as affected by nitrogen. sowing date, population.
variely and their interactions during 1992, 1993 and 1994 rainy
seasons at Samaru.

WEEKS AFTER SOWING

Treatment 992 1993 _ 1994
4 6 8 10 4 6 ] 10 4 6 8 n

Nitroger (N)
{(Kp/ha)

0 61.2 6GA 6 713.1h 74. 4 Hl.6 6.6 73.8h 711\ Oy 3¢ 80 6¢ ni 2 70.0¢

45 As 1 667 0210 00.3h 0hs.2 (1.2 02.3a 91.0h 71.%h 01.5h INL7h 90 R

90 N | ns 3 099, 3 109,24 77.4 71.4 00 Sa 1109 _0a TR.)1a 107.8a 129 9% 100 3a

SE -+ 1.2t 11,22 11.25% M43 .76 11048 17.56 17.00 £.50 4.52 7.6} 4.34

Sowing date (1) 25.6.92 18-7-93 9-7-94

Farh 98, 1 PAR B 12580 1W.3a 98,40 03 12500 10 3y 9845 TIR.5a 130,00 117.3a
24-7-92 16-8-93 8-7-94

Late 8. 2h AR 3 51.30 43,40 18.4h 25.5b 51.5h 1V.5h 41.3h [ RN 671.2h S6.0h

HH_F 11.40 11.11 10.61 0.0] 11,22 11.51 T.00 9 nx 12.34 614 6,61 s.0n

Fopulation (P/ha)

22,000 (8.2 6.7 R7.6 88.4 07.2 n8.9 88.6 9.3 .7 U | 3.0 Th. 4
14,000 686 6.2 88.2 L | 7.1 (I 801 01,3 ™m.7 0.1 7.8 86.1h
88,000 01 n R DT oy TN 71 1 {0 ) 0 2 714 R7.4 05 5 0. 20
LY DI o0 1.8 624 4.4 043 17.14 17.16 ¢ Iy i FT: 58 E 673
Variety (v

lLocal-l 82 .64 11.3 T8.8h TR Al 82.4a 660 S80.4h 79,9y St 9472 1IN7.8, 84,9
V-5 30 Hil.6 97.8a 10492 539 068.9 96.1a LIUATE FIN R F 02.3 20,00 R7.9
SE 4 15.32 1128 11.43 9.92 10,24 11.58 7.00 D62 611 618 i h} 6.21
Interactions

NxD NS NS NS NS NS NS . NS NS NS ’ NS
Nl NS NS NS NS NS NS NS NS N NS NS NS
A NS NS N NS NS ' * NS ¢ NS NS NS
NxV NS NS NS NS NS NS o NS NS NS NS NS
x\ . NS NS -y NS NS NS >t NS v NS
I'x\ NS NS NS NS NS NS NS NS “ » &) NS

Means tollowed by the same letter within a treatment group of a column are hot significantly
different using Duncan’s Multiple Range Test (DNMRT . 05)

Fand MT Sienificant ot S and | percent Tevels, respectivels

NS Nof signilicant
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Leaf area was found (o be highly affected by nitrogen at 8 and 10 WAS during 1992 season.
Each increase in nitrogen level Significantl:y. iﬁc.re.:asecl leaf area. The differences dite to sowing
dates were highly significant at all the stages of .growth. Early sown okra (25-6-92) produced
sighilicantly higher leaf :;l‘éa lh.ill.l the late qown d;lie okra (24-7-92). Differences due (o
populations were not significant at any stage of growth, however, the differences due 1o Qarielies
were significant at 4, 8 and 10 WAS and highly significant at 4 and 10 WAS. At 6 WAS, Local-
I produced highest leaf area than V-35, but at 8 and 10 WAS V-35 produced a higher leaf area
than Local-1 variety.

The effeet of nitrogen was found to be significant at 8 aml 10 WAS in 1993, At
00kgN/ha higher leal area was produced. The differences due (o sowing dates were highly
significant at all the 4 stages of growth. Equy sown okra resulted i higher leaf area than the
late sown okra, The differences due to populations were not significant at anv stage of growth,
but the differences due to varieties were signiftcant at all the stages of growth except at 6 WAS.
At 4 WAS, variety Local-1 produced higher leaf area, whereas at 8 and 10 WAS variety V-35
produced a higher leaf area than Local-1.

In 1994, the effect of nitrogen was found to be significant for leaf area at all the 4 stages
of growth. Each increase in nitrogen levels, increased leaf arca. Early sown okra (18-7-94)
produced highest leaf area when comparéd with late sown okra (18-8-94). Population was
significant at 10 WAS only. The highest population plants/ha (88, 000) producéd highest leaf
area. The variety effect was signilicant at 4 and 8 WAS, while V-35 produced higher leaf area
than Local-1 at 4 WAS and Local-1 produced higher leaf arca than V-35 at 8 WAS.
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Nitroeen x date ol sowimne mteraction was found (o he stonthicant at 8 WAS both in 1093
and 1921 seasons (Tahle 48)

Fable A8 Feal avea/plant (g/plant) as atfected by nitropen x date of sowing interactions

at & WAS, m 1993 and 1994 ramy seasons af Samiru

1993 (8 WAS) 1994 ( 8 WAS)
Nitrogen Sowing date :_ﬂ Sowing __ date

l:arly Late Early Late
{Nkg/ha} 18-7-93 16:8:93 9-7-94 8:8-94
0 102.3b 44 3d 82.1¢ 44.3d
45 (33.4a 52.2¢ 135.2h 73.2¢
%) {41.4a 57.1¢ 177.4a 86.1c
SEE + 1010 b 14

Means folfowed by the saime letter within an interaction table are not significantly different using
Duncan’s Multiple Range Test (DMRT. 05).

Farly cowing resulied in high leaf area/plant by both levels of applied nitrogen which was
significantly higher than control in 1993, In 1994 however, each increase in nitrogen level
significantly increased leaf area. In late sowing, there was no difference both in applied nitrogen
tevels which resulied in higher leafl area than conitol.  When the same mitrogen levels were
examined cross the two sowing dates, early sowing produced ligher teaf area/plant than fate

sown crop i afl the sttropen levels and the two seasons.
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Nitrogen x population interactions were found not to he signiticant in all the seasons and
years. Date ol sowing x population interaction was observed at 4 WAS in 1994 season only
(Table M.

Table 49: Leal area /plant (cmas affected by date of sowing x population interaction at 4
WAS in 1994 season.

1994 (4 WAS)

Sowing date Plant population/ha 22,000 44.000 88,000
Early 9-7-94 R1.3b R1.2a 87.3a
Late 8894 58.4d 61 3¢ 55.1d
SE 4 3.57

Means followed hy the same letter within an interaction table are not significantly different using
Duncan's Multiple Range Test (DMRT. 05).

In early sowimng each increase in population level significantly imcreasced the leaf area/plant. No
such difference was observed in late sown. When each population was examined for the two
sowing dates, early sowing vesulted in higher leaf area/plamt than late sowing in all the

population levels tested
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Nitrogen x vartely interaction was found to be significant at 6 and 8 WAS in 1993 season
(Fable 50).

Table 5k [eaf area/plant (ci')as affected y nitrogen x variety interaction at 6 and 8 WAS in
1993 SEASON.

Treatinent o 196:%-({’; WAS) I‘J&F(EHWA S)

Nitrogen o Variety -.—-m“t\fjgiiﬁel){ o
(Nkg/ha) Local-1 V-35 Locat-1 ¥-33

0 78 4n 51.2b 78 2h 70 4¢

45 55.3h 80.4a 74.3h 105 .4a

90 82.44 54.3b &5.4h 112.3a

SE - 28.87 17.10

Means followed by the same letter within an interaction table are not signiﬁcanl!y_tﬁi‘fcrenl using
Duncan’s Multiple Range Test (DMRT. 05).

At 6 WAS in 1993 variety V-35 produced higher leaf area/plant than the other two tevels of
nitrogen, but variety Local-1 on the other hand produced a lower leaf area/plant al 45kgN/ha,
At 8 WAS Local-1 variety did not produce significantly higher teaf area/ptant in all the three
levels of nitrogen, but V-35 produced higher leaf area/plant at the two applied mitrogen levels
than the control. When the same levels of nitrogen were considered for same varieties at control
Local 1 produced higher feaf area/plant than V-35. At 45kgN/ha, V-35 produced higher leat
area/plont than Local-1. When 90kgN/ha was examined  variery Loeal 1 produced higher leaf

area/plamt at 6 WAS, whereas V-35 produced higher feaf arca/plant at 8 WAS. |
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Date of sowing x variety interaction was observed at 4 and 6 WAS in 1992; at 4 and &

WAS Bhoth in 1993 and 1994 seasons {Tables 51 and 52).

Table §1: Leaf area/plant (cy’) as affected by date of sowing x variety interaction at 4, 6, and

at 4 and 8 WAS during 1992 and 1993 seasons,

1992 (4 \WWAS) 1992 (6 WAS)

1993 (4 WAS) 1993 (8 WAS)

Sowing date  ___ Variety Variety Sowing date Yariety
Local-1 ¥-35 Locat-l  V-35 Local-1 V-3§ Local-1  ¥-35

Early Early

25-6-92 130.3a 70.2h 11032 54.2b 18-7-93 126,40 67.3h  154.4a  106.3D

Late Late

24-7-92 30.1¢ 40.3¢ 6.3 60.4b  16-8-93 6.} 40.3¢ 64.2d  74.4¢

SE - 26.13 16.65 2084 9.33

Fable 52 Leal area/plant (cm') as affected by date of sowing x varicty interaction at 4 and 8

WAS in 1994 season
1904

(4 WAS)

Variefy

Sowing date Local-1 V-35
Early

9-7-94 86,30 |0.0h
Late

8-8-01 56 3 (] R
SE 4 5.15

1994 ( 8 WAS)

\oariely
Local-1 v

-35

154. 40 106.3b

h[__‘o‘ 73.4¢

0.1

Means Iollowed by the same letter within an interaction table are not significantly different using

Duncan’s Multiple Range Test (DMRT. 05).

In early sowing Local-1 produced significantly higher leaf arca/plant than V-35 in afl the stages

of erowith

1994 seasons

In late sowine however, no difference was observed at <8 WAS in 1992, 1993 and

But at the other stages of growth variety V-35 produced significantly higher leaf



area/plant than Local -1 When the same varieties were examined for ditferent sowing dates, early

sowing produced higher leat meea phnt than late sown erop in all the stages studied, except at

6 WAS 1992 in which no significant difterence was observed

Population x varietv interaction was observed at 4, 6 and 8 WAS in 1994 season ( I'able 53)

Fable 53:  Leal area/plant (cm) as alfected by population x

WAS in 1994 rainy season
1994 ( 4 WAS) 1994 ( 6 WAR)

Plant poputation ha

Variely Variety
Local-1  V-35 Local-| V-35
22,000 SR ol 3¢ 107. 34 93 3h
44,000 58. 2 18.2h 94.2h 93.3bh
88,000 0.4 78.5h 81.1e 931.3h
Sk 4 5.25 1.76

Means [olHowed by the smme letter within an interaction table

Duncan s NMultiple Range Test (DMRT. 05)

variety interaction at 4, 6 and 8

1994 (8 WAS)

Varicety

I owal-l V-5

911 963

114.2a 7.2h

itd.da 78.1c
11.44

e not sientficantly different using

When the populations were examined across the two sowing dates, there were significant

difference in leat area/plant of the two varieties at 4 and 8 WAS i 22,000 plants/plant. At 6

WAS however, Local- | produced higher leafl area/plant than V-35_ At 44,000 plams/ha V-35

produced higher leaf area/plant at 4 WAS and Local-1 at 8 WAS resulted in higher leaf

area/plant and no difference was observed at 6 WAS. At 88,000 plants/ha Local- 1 produced

significantly higher leat area/plant at 4 and 8 WAS  whereas feaf arcafplant for V-35 was bigher

than Locai-i at 6 WAS.  When the same variety was examined across different population



levels, Local-1 produced significantly higher leafl area/plant at 88,000 plants/ha. At 4 WAS,
each increase in population level significantly decreased the leat area/plant at 6 WAS and leaf
area/plant increased significantly when population level was increased from 22,000 either to
44,000 ar 88,000 plants/lia, When Vo35 was examined across the popalation levels. 44 000 and
88,000 plants resulted in higher leaf area/plant than 22,000 plants/ha at 4 WAS. No such
difference was observed at 6 WAS and 22,000 and 44,000 plants/ha produced a higher leaf area

than 88 000 plants/ha.
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4.9 Leaf area index.
Fhe mean leal area index as alfected by nitrogen, sowing date, population and variety
during 1992 to 1994 seasons is shown in Table 54.

Table54: L eal arca index as affecied by nitrogen,. sowing date. population, variety and their
inferactions during 1992, 1993 and 1994 rainy seasons at Samaru.

WELKS AFTER SOWING

Treatment 1992 1993 i . 1994
4 6 8 19 4 & R 1] 4 6 8 10

Nllr(lgt N {N)
LKg_l_!.a)

fr. t 6.3 7.4h 7.5¢ n.! 6.7 7.4h 74 S.6c 6.8 6.4h 5.7
45 6.8 6.6 9.1a 9.3h 6.5 6.3 935 Q.21 580 7.0h 6. 6.2
9 1.7 58 9.9a 10.9a 7.7 7.1 9.9 10,3, 7.50 8.4a 7.8 6.5
SE + .31 .67 .66 .38 1.1 050 .44 .36 082 1.0 nng 038
Sowing date (1)
Early 385692 18-7.93 %194

9. 4a 940 I2.5a 13.9a &9 11.(a {2.6a 13 7.7 [1.8a 1 3 8.5
Late  d4.7-92 16-8-93 %794

L.Bh 4.8h 5.2b 4.4b 1.8b 2.6b 5.2h 3.9 4.9 kA 6. Th KR L
SE14 a3 0,32 0,24 0.38 .37 0.4¢ 0.5 0.27 0.3 0.48 0h.33 5.7

Population (P/ha)

2000 0.8 7.1 8.7 8.9 6.7 6.8 8.9 "4 g.5h 6.7 6.1 6.2
44,000 n.§ T4 8.8 9.3 7.0 6.0 9.0 9.3 4.5h 1.7 6.1 6.4
8R. 000 7.0 7.1 9.0 9.6 6.7 7.3 2.0 8.4 7.9 8.7 6.5 6.0
SE4+ 036 0,42 0.37 0.6% 0.36 0.63 016 0}.93 0.39 1.3 1.21 0.58
Variety (V)

Taocal-l §.3a 71 7.7 7.9 8.2a 6.7 8.0h R.9 6.9 6.4 9.7a 6.3
¥-35 o 7.0 4.8 S s.1h (it 9.7a 8.3 Ll 1Y 8.3 A7h 7.1

SE+ 012 032 046 038 087 036 031 024 03 033 0w .23
Interactions

NxI» NS NS NS NS NS NS * NS wk NS NS NS
NxP NS NS NS NS NS NS NS NS * NS NS N§
P MS NS NS NS NS NS NS NS h NS NS NS
NxV NS NS NS NS N§ NS NS NS ** NS NS NS
v ¥ NS NS NS * NS NS NS e NS - N8 NS
PxV NS NS NS NS N& NS * NS * NS N& NS

Means followed hy the same letter within a treatment grnup of a column are nol ttgnm(.antly
dlffcu’ni using Duncan’s Multiple Range Test (DMRT. 05).

*and T Significant at S and | opercent levels, respectively

NS = Not significant
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Leal area index was found to be significant at 8 and 10 WAS duaring 1992 to 1993 seasons and
at 4 1o 3 WAS in 1994 season. Increased in nitrogen levels increased leaf area index. The
differences due to sowing dates of leal area index were highly significant throughout the 3 year
of experimentations as carly sown crop produced higher leat area index when compared with late
SOWD Crop

Mitrtogen x date of sowing mnteraction was found to be significant at 8 WAS i 1993 and
at 4 WAS in 1994 seasons (Table 55 ),

Table 55: Leafl area index affected by nitrogen x date interaction al § WAS and a1 4 WAS
during 1993 and 1994 seasons.

Treatment 1993 (8 WAS) 1994 (4 WAS)
S:..»_\}'i_ng date - Sewiang dage : -
Nitroger Farly Late Early Lane
(Nkg/ha) 18-7-93 16-8-93 9-7-94 8-8-94
0 9 7h 6.3¢ 5.7¢ S S
45 9 7h 5.9d 6.8h 4 7d
0() 14.3a 5.0d 10.1a 4.7d
SE 4 0.33 0.73

Means followed by the same letter within an interaction table are t_nnt'-eiunil_icﬂanlhl.\} different using
Duncan™s NMultiple Range Test (DNRT. 05),

In early sowing increasing nitrogen levels from 0 to 45kgN/ha did not significantly increases leaf
area index; however increased nitrogen levels from 45 to Y0YeN/ha, there were signilicantly
increased in leal area index at 8 WAS in 1993, At 4 WAS i 1994 season, however, each
increase in nitrogen level signiticantly increased leaf area index. In the case of late sowing the

two rates of applied nitrogen reduced the leaf area index when compared with control. When
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the same fevels of nitrogen were examined across the two sowing dates, early sowing resulted
in higher feaf arca index than fate sowing in all the rates of mifrogen. except it control at 4 WAS
when na such difterence was observed.

Interaction between nitrogen x population interaction was significant at 4 WAS in 994
season only (Table 56 ).

Table 56 - Leal area/plant as aftected by nitrogen x population interaction at 4 WAS in
1994 season.

1994 (4 WAS)

Nitriogen

{Nkg/ha) 22,000 44,000 88.000
0 3 5e 4.0d 4. 3a
45 4.8d 6.0c 6 .de
90 8.0b 6.3c R.1b
SE + 0.77

Means followed By the same tetier oorthie an imteraction able are not sienificantly different using
Duncan’s Mualuple Range Test (DMRT. 05),

At 22,000 plants/ha the leaf area index did not differ when nitrogen was increased from 0 to
45keNla, however, when the rates was increased from 45 10 90kori/ha there was significantly
difference in leal area index. At 4L000 plants/ha the Teal area index of control was significantly
[ower than the two applicd mitrogen rates. At 88,000 plants/ha control produced higher leat area
idex than the other two applied rates. Increased nitrogen levels from 0 to 43kgN/ha decreased
leaf area index, hut when nitrogen was increased from 45 (o 90keN/ha, there was an increase in
leal aren index. When the same level of nitrogen was exammed at ditferent populition levels,

a differenee was found between 22,000 and 44,000 pl:mlt:.h:: howwever, leaf area imdex of RE (XK)

-



was hipther than variety [ oeal-1. When the same variefies were examined across the fwo sowing
dates, eorly sowinge resulted i higher leal area index than Tate cowving iy botis varietios and i all
the thres sensons.

Population x variety interaction was found to be signiticant 8 and 4 WAS in 1993 and

1991 seasons (Table 60

Table 61 Leaf area index as affected by population x variety interaction at 8 WAS and at
FWAS in 1992 and 1994 seasons.

1993 (8 WAS) 1994 (4WAS)
Plant population/ha Viriety Variely
L.ocal-1 V-35 Locai-| V-35
22,000 10 8a 7.5b 6h.7h P2
44000 1 7a 7 “Th 5 0Oc 5 O
H,‘{.!HIH [ 3a 5 R 8 0y fy Oh
SE - (10 () 50

Means followed by the same letter within an interaction table are not significantly ditferent using
Duncan s Multiple Range Test (DMRT. 05)

At 22,000 and 38 000 plants/ha, variety Local-1 produced sygnificantly higher leal” area index
than varicty V-35. At 44,000 plants/ha, variety Local-1 produced higher leaf area index than
V.35 1n 1994 season, however, variety V-35 produced higher leal area index than Tocal-1 at

88,000 plants/hna.

4.1y Crop growth rate (g/plant/wk)
Crop growth rate was signilicantly influenced by nitrogen in 1992 and 1993 seasons at

810 10 WAS. (Table 61).




[able ol Crop gros rate as allected by nitrogen., sowinge date, plant population,

variety and therr mieractions at 8 and 10 WAS durine 1992 1993 and 1994

SCASONS 4l Samaru

109 1993 1994

I'reatment b 1) bt 1) ) 10
Nitrogen (N)
(KeN/hm
() (I AT 0. 17h ().08¢ (. 110 011 )13
15 (. 18h 0 20h 0. 10h (' 12h 014 () 16
00 () 2 ().29a (0).12a (" 13a 016 018
SE 4 nonin ot 0On7 0026 M38 007
Sowing date
Early 23:0-92 18-7-93 9-7-94

20.0a (1.20a 17a 3.17a 24a ). 20a
Late 24-7-93 16-8-93 8-8-94

0.10b 0.18b 3b (1.07h db 1.05b
SE + (+.024 0.034 021 6.022 24 022
Population/ha(I’)
22,000 .16 0.20 .10 N (.21 022
44 000 018 0.21 0.09 a1 t I3 n.1n
88,000 .19 (18 0.11 .12 0.08 010
SE + 032 0.040 036 0.043 0.024 (1.030
Varigtv(V)
L.ocal-1 0.16 0.26a a.11 012 0.16 0.19
V-35 0.20 0.18h 0.09 0.11 0.12 012
SE + 029 0.033 0.47 0.035 053 0.025
Interactions
NxD N& NS NS *ok NS NS
NxlIt NS * NS ik NS NS
bxP NS NS NS Ho NS NS
NxV NS NS NS * NS NS
DxV NS * NS * NS NS
PxV NS NS NS *E . NS NS

Means toltowed by the same fetter within a treatment group of a column are not significantly
different using Duncan’s Multiple Range Test (DMRT. 05).

*and ¢

NS =

89

Significant at 5 and | percent levels, respectively.
Not signilicant



Increased nitrogen levels from 0 to 90keN/ha increased crop growth rate. In 1994, crop growth
rate wirs not influenced by nitrogen levels. Early sown okra significantly increased crop growth
tate when compared with Jate sown okra in all the seasons and years, Crop growth rate was not
significantly influenced by plant population during the three vear period. Variety was
significantly influenced by crop growth rte in 1992 season only. Variety Tocal | variety
produccd higher crop arowth rate than variety V-35.

Nitrogen x date of sowing interaction was found to be significant at 10 WAS in 1903
season only (Table 62)

Table 62 Crop growth as affected by nitrogen x daic of commn mievaction at 10 WAS in
1993 season.

Treatment 1993 (10 WAS)

Nitrogen Farly Sowing date  Late B ‘ -
(NKg/Iin) 18793 8-8-93

0 (. 20¢ 0).20c

45 0. 26h -0.01d

00 0.3a - (). 30e

SE 4 0040

Means Tallowed by the same letter within an interaction table e not sienilicantly different using
Duncan s Multiple Range Test (DMRT, 05).

In early sowing increasing nitrogen rate either from 0 to 45 v 90kgN/ha did not increase crop
growth rate significantly . However, in the case of late sowing, each merease in nitrogen level
significontly decreased the crop growth rate. When the same nitrogen level was looked across
the sowmg dates in control, there was no difference in crop growth rate, but in the case of two
rates of applied nitrogen, early sowing significantly increased the crop growth rate when

compared with late sown crop.
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Mitrogen x population interaction was significant at 10 WAS both in 1992 and 1903

ceasome (Table 63)

Fable 63: Crop growth rate as affected by nitrogen x population interaction at 10 WAS in 1992

Nitrogen
(NKkg/ha)

90

SE

and 1993 seacons

1902 (100 WAS)

22000 44.000

O 17h 018

() S04 (1 22h

0.15b ().24h

.07

88.000

() If\i\

AR E

0 19h

l']|'=|

Plant population/ha
22000

10 WAS)

44 000

{1 ()h=e

Y O5¢

().09¢

.07

88000

i1

"N Y0,

().28h

Means followed by the same letter within an interaction table are not significantly different using

Duncan’s Multiple Range Test (DMRT. 05)

Nittogen rate of control id not significantly, increase crop growth vate both in 1992 and 1993

Seasoms

Mowever, al 45kgN/ha of 22 000plants/ha vesulted in higher crop growth rate than

44,000 :nd 88,000 plasts/ha, in 1992 and 44,000, plants/ha in 1992 wias significantly higher than

the other two poputation levels. In 1992, crop growth rate did not differ at YkgN/ha, but in

1993, crop growth rate al 22,000 plants/ha was significantly higher than the other twa population

levels.

When the same population level was examined at different nitrogen rites 22,000

plants/ha of 45kgN/ha in 1992 and 45 and 90kgN/ha in 1993 reculted significantly hizher in crop

growthaate. At populations of 44,000 and 88,000 plants/ha there was 1o change in crop growth

rate as itrogen levels was incicased (rom 0 10 90kgN/ha.
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[nteraction betweer date of sowing x population was significant at 10 WAS in 1993
season only tlhable 64)

Table ol Crop growth rate as affected by date of sowing x population interaction at 10 WS

in 1093,
‘ Temaowas
St_mvi!lg date - lﬂanlptmgjlﬂ[}g—uia—. - S -
22.000 44 .000 88,000
Early 18-7-93 (). 28a 0.20h 0.01
Late 10-893 0.19h 0.0d¢ 0.0
SE 0,050

Means followed by the same letter within an interaction table are not stenificantly different ;ﬂlng
Duncan s Multiple Range Test (DMRT. 05).

In early sowing, cach increase in population level significantly decreased the crop growth rate,
In late sown 22 000 plants/ha 1esulted in a higher crop growth rate than other twe population
levels, the difference of which was not significant. When the same population was cxamined
across the two sowing dates, crop growth was higher in early sowing at 22,000 plants/ha, but

such difference was observed in 88,000 plant/ha.
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Nitrogen x variety mteraction was significant at 10 WAS in 1993 scason only (‘Table 65),

Table 65: Crop growth as alfected hy nitrogen x variety interaction at 10 WAS in 1003,

1993 (10 WAS)

Nitrogen Variety

(Nke/ha) Local-| V.35
() (). 15¢ 0.04¢
15 () 36h 0 07d
() ()02d 1) 160
SE -+ 0.050

Means Inl[u\\'t‘:(rh_\_' the same letter within an interaction table are not qi;inilicantly dillerent using
Duncan s Multiple Range Test (DMRT. 05).

The crop growth rate was higher with an inerease in nitroeen rate for variety V-35 than variety
Local 1. but in variety Local-1 crop growih rate increased when iniiogen level was increased
from 010 45kgN/ha, but further increase in nitrogen rate did not increase crop growth rate.
When the two crop growth rate of the two varieties were examined. with the same varieties, it
was not signilicant at 0 and 45kgN/ha, however, at 90kgN/ha, crop growth rate of V-35 was

higher than L ocal 1 variety
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Date of sowing & variety interaction was significant hoth at 10 WAS in 1992 and 199
seasons (able 66).

Tahle n6: Crap growth rate as affected by date of sowing x variety interaction at 10 WAS baol
in 1992 and 1993 seasons

1992 (10 WAS) 1993 ( 10 WAS)

. © Variety C Variety
Sowin: date Local-1 V-35 Local-1 V-35
Early 25:6-92 027, 0. 28a IR-7.02 0. 19k 0.43a
Late 24-7-92 0,242 0.08b 16-8-92 0.03h 0.17
SE + 0.040 0.040

Means followed hy the same letter within an interaction table are not significantly different using
Duncan’s Multiple Range Test (DMRT. 05).

The crop growth rate did not differ significantly in the rwo sowing dates in the seasons at
different sowing dates. However, in the case of variety V35, carlv sowing resulted in higher
crop erowth rate than late sown crop. When the same sowing date was looked at for different
vatieties, there was no difference in 1992, but in 1993, variety V' 35 has a ingher crop growth
than variety Toeal- 1. In late sowing, Local-1 variety resulted in significantly higher crop growth

than viniely V35 in both wepsons



Population x varietv mteraction was observed at 10 WAS in 19973 season only (Table 67)

Table 67 Cyop growth rate as affected by population x variety interaction at 10 WAS in993

senson

. 1993 (10 WAS)
Plant population/ha Variety

Local-1 V-35

22.000 (). 30n 1.03¢
44,000 0.01¢ 0.30a
88.000 0.12h 0.00h
SkE 4 £).060

Means (ollowed by the same letter within an inferaction table are not cientficantly different using
Duncar’s Multiple Range Test (DNRT. 05),

A Tower crop growth rate was recorder at 44,000 plants/ha than other two populations in variety
Local-1. The same population produced similar erop growth rate at 88,000 plants/ha and the two
populations were significantly higher than 22,000 plants/ha in varicty V-35. When the same
population was examined for the two varieties the Local -1 variety produced higher crop growth
rate ar 22000 plants/ha a lower crop growth rate at 44,000 plants/ha and a similar crop groswth
rate at &8.000 plants/ha was recorded in both varieties.
4.11  Relative growth rate(g/g/wk).
Relative growth rate was significantly influenced by nitrogen at 8 and 10 WAS in 1992

to 1994 <easons (Table 68).
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Table 68

Relative prowth rate (pfu/wk) as alfected by nitrogan, sowing date. population, variety

and theiy interactions [rom 8 10 10 WAS during 1992, 1993 and 994 seasons,

Treatme

1992

8
(KegN/hay (Ny
0 L41h
45 143k
G0 1 M
SE + 040t
Sowima chatet 1))
Farl. 25.6.9
| .4Ta
| ate 24-7-92
i
SF (AN AALY]
Population ha (1)
22 00K |4
11,000 1 A6
58.000) 142
SE (AR
Varety (V)
l.ocal | 1 4
V33 1 46
Sl (110
Interaction:
Nx 1
NP '
IBE b !
Mo\ «
R E" LS
PPx N N

Means followed by the same [etter within a treatment group

different nsing (DMR1 05),
*oan *

NS = Mot signilieant

1§

1.:40h
1AM
I8

n.0113

| Atk

1Py

1 A6

() 1)ty

NS
NS

NS

1993 1994
8 1} 8
1 44 i A6k 1.4
1.44b | d6h b
I 47 {.8a 410
0.008 apne DgiT
18-7-93 0.7-24
| 47a ).&2 | 19a
16-8-93 8-8-24
1.4 [A1h | by
Nn.007 o nag
1.44 | 48 11
1 44 | 4 1
144 |l 11
0007 1y {444 g
.41 vl 11
1.42 |13 | 1
0 006 RIS (g
NS M! NE
NS I
NS M S
NS NS
NS L NS
NS s 1AL
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Stenilicant at 5 and | percent levels, respectively

f a colunm are not

10

| 15h
|15
[ Ath

G s

1y NG

| 46
| A6
| 4

N7
I 4947

1 42b

IRALNR]



\ higher nitrogen level (99keN/ha) produced higher relatnive growth rate. Early sown okra
signilicantly influenced relative growth rate when compared with late sown okra, Refative growth
rate was not affected by plant population during the 3 year period (1992 - 1994) as this may be
atteihuted to the higher campetitien tor hght, space and nutrient gmoanse the populations used
Relative srowth rite was significantly influenced by variety at 10 WAS in 1994 season as Local
I produced higher relative growth rate than V-35

Hroven £ date of sowing interaction was found (o be signilicant at 10 WAS in 1994
season only (Table 69)

Iable 69 Relative growth as alfected by nitrogen x date of cowing iteraction at 10 WAS
imn 1994 season at Samar

1994 (10 WAS)

N gggrg;;_é_[_; | _Earh-!m Sowing date _l_t_h
(Nkg/ha) 9-7:94. e 889
0 1.56 | 1.35d
45 1.53b 138
90 1.56a .38
ST+ 0.020

Means FoHowed by the <ame letter swithin an interaction table arc ot significantly different using
Duncan™s Multiple Range Test (DMRT, 033,

fn early sowing crop, each increase i nittogen level, significantly increased the refative growth
rate tRGRY, but in late sown crop relative growth of control «OkgN/wn was significantly lower
than the (wo applied nitrogen, the difference between the two was fol significant. When the two
sowing dates were examined at the same nitrogen level, early cowing recorded higher relative

growth tale than late sown crop.
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Inferaction between mittogen x popuiiation was found to be signibeant at 10 WAS i 1992
season only (Table 70).

Table 70: Relative growth rate as alfected by nitrogen x populaizon at 10 WAS
in 1992 season.

1992 (10 WAS)

Treatmen
Nitrogen S B
{Nkg/ha) Plany_population/ha
22,000 44,000 88040
0 0.09d (1.21h 0.2’h
45 0.23b 0.22b 0.27h
90 ().50a 0.14c 0. 1d¢
SE 1 0.060

Means fallowed by the same letter within an interaction table are not significantly difterent neing
Duncan s Multiple Range Fest (DMRT. 05),

When the populations were examied against the nitrogen level 22 000 plants/ha of relative
growth rate in control was significantdy Jower than the (wo applicd nitrogen levels, the difference
which swas not statistically significant.  Both at 44,000 and 88 ,000plants/ha the difference
between control and 44,000 plants/ha was not significant.  [Further increase in nittogen (o
Q0kgN/MAw decreased the relative growth rate significantly.  When the same nitrogen tevel was
examined geross the populations, the diflerence at OkgN/Da was not significant, however, at
45kgN/ha, 22.000plants/ha recorded lower relative growth signsticantly.  When the same

nitrogen level was fooked acress the population, the diftference at 45keN/ha was hot significant,

08



however at 45kgN/ha, 22,000 plants/ha recorded lower relative growth rate than the other two
populations, difference of which was not significant.

AL 99kgN/ha. however, 22,000 plants/ha recorded significantly higher relative growth rate
than other two populations. Date of sowing x population and nitrogen x variety interactions were
found not (o be signilicant, but date of sowing x variety interaction was observed at 10 WAS in
1993 seacon only (Tahle 71).

Table 71: Relative growth rate as affected by dme of sonvinge « arietv interacton at 10

WAS in 1993 season at Samaru.
1993 (10 WAS)

Sowing date ~Variety

Local-1 Va5
Early [8-7-03 1.56a 1.18h
Late 16893 | 38¢ I.3%
Sk 0O.007

Means Ihllowed by the same letter within an interaction table are not <ienificantly different using
Duncar s Nultiple Range Test (DMRT. 05).

Both varieties recorded higher relative growth rate in early sowing  1The difference hetween the

two vinnienies either in early sowing or late sowing was not sienilicant,
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Population x variety interaction was only significant at 10 WAS in 1993 season
(Table 7).

Tahle 7.0: Relative growth rate as alfected by population x variety interaction al 10 WAS in
1993 scason.

1993 (10 WAS)

Plant population/ha Variety

Local-1 V-35
22,000 1.48a 1.42b
44 000 1.48a 1.38¢
88,000 1.43h I 43b
SE -+ 0.025

Means followed by (he same letter within an interaction table are not s;Tgniﬁcamly different using
Duncan’s Multiple Range Test (DMRT, 05).

In Local-1 variety the difference in refative growth either at 22,000 or 44 000plants/ha was not
significant. but such relative growth was significantly higher than 8R.000 plants/ha. In variety
V-35 4.1.000 planis/ba resulied in lower relative growth rate than other two populations. When
(he (wo vatieties were examined at the same population Jeve!, hoth 22,000 and 44 000 plants/ha
in Local -variety produced significantly higher relative growth rate than that of variety V-35. No

such difference was ohserved at 88,000 plants/ha.
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412 Plant height(cm)

Flant height as alfected hy nitrogen, population, variety. sowing date and their interaction
during 1992 (o 1994 jg given in Table 73

Table73 Plant height (¢m) as affected by nitrogen, sowing date, population, varie(y
and their interactions at Samaru 1992 - 1994 during rainy seasons.

WEEKS AFTER SOWING

Treatment 1992 o 1993 . 1999

4 0 8 n 1 6 8 10 Bl 6 R 10
N_Il'r;él-u (N} ' - - . T - -
(Kg/ha)
0 24.1 29.4 mn.a 78.3¢ 74.3 75.3¢ 1636 110 2¢ e 27.3¢ 52.2¢c 96 8¢
45 27 4 RITR 86.2 104,46 741 81.2h [17.h 1330 47.2) 30.2n 60 1h 104.4h
91 295 i 84.) 113.6a 68.1 86.4a 12252 14562 s0.6g 3260 695 11574
SE+ 1 1.00 6,00 1.2 4.32 1.52 ixn 322 1.00 1Lon. 300 4.00
Sowing date (1) 25.6.92 18-7.93 2-7-94

Farly  a 3860 1245 14280 1147 127.61 188,50 200dn S3Sa 3330 7660 487
24-7-92 16-8-93 8-7-94
Late  17.6h  22.4h @230 Sd6n 2955 3441 ABAb 4750 3530 264h 4636 62.4h

SE + .00 1.2} 144 8.00 K.00 8.00 Lon 3.54 2.00 2.0 .00 4.0

Population (P/ha) (1)

22,000 282 29.1 8.3 96.10 72.1 80.4 118.0 128 3 44,2 29.2 60.2h 120.6a
44,000 2913 0.1 824 0.4 7.2 79.0 108.1 130.2 46.12 .2 06. 7 98.3h
BR.00D 27 112 86,2 08.3 72.4 81.6 1284 1284 424 0.3 57.3¢ 98.4h
SK + 2.00 200 4,00 T.00 a1 7 441 1. 8.2 A.00 2.00 2.00 4.00
Variety (V)

Local-l 292 a0 823 107.2a  81.3a 853a 12640 124 3 asam R 62 iy 1.2
V.35 274 31.2 84.4 00.4b  63.4h  76.2h [10.3h 13440 50,2, an.2 SR.4bh 993
SE + 200 4.00 4.00 4.00 1.12 2,74 1.24 2.00 .00 2.1 2.00 4.00
Interactions

Nxl} N& NS NS NS NS NS NS NS + NS ‘e NS
NxP’ N8 NS NS NS NS NS NS NS NS NS NS NS
Dxp N& NS NS NS NS © NS NS NS NS NS NS NS
NxV NS NS NS NS NS NS NS NS »- NS NS NS
DV NG NS NS NS NS NS NS NS .o NS e .
Pyv NG NS NS NS NS NS NS NS . . . .o

Means followed hy the same letter within a treatment group of a column are not sienificantly
difterent using Duncan’s Multiple Rage Test (DMRT. 05).

and 1 Significant at 5 and 1 pereent levels, respectively .

NS = MNot significant
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Plant height was significantly affected by nitrogen at 10 WAS in 1992 only. Each increase in
nitrogen levels did not increase plant height at the other 3 stages of growth. The difference n
mean of sowing dates were found to be highly significant in all the 4 stages of growth, The
height ol okra sown on 25/6/92 was taller than okra sown on 24/7/92. The differences in
population levels were not significant at any stage of growth. The effect of variety on the height
was found to be significant at 10 WAS. The Local 1 variety produced taller plants than variety
V-35.

In 1993 seasen, there was no significant differences in plant height at 4 WAS, however

significant differences in the other 3 growth stages were observed. At 6 WAS each increase in
nitrogen levels produced taller plants. At 8 WAS 45kgN/ha produced taller plants than both
control and 90keN/ha. In the case of 10 WAS, 90kgN/ha resulted in taller plants than both 0
and 45kyN/ha.
The diffcrences in sowing dates were highly significant at all the 4 stages of growth. Okra sown
on 18-7 93 produced taller plants than late sown okra on 16-8-93. The population levels under
study did not alfect plant height significantly.  The differences due 1o varieties were found 1o be
significant at all the 4 stages of growth, Local-1 variety produced significantly taller plants than
V-35 in all the growth stages. In 1993, the st order interactions hetwecn nitrogen, sowing date,
population and variety were found not to be significant .

Puring rainy season in 1994, plant height was affected by nitrogen at all the growth
stages.  Tach increase in nitrogen level signiticantly increased plant height. In the case of 6
WAS two applied nitrogen produced taller plants, than contiol. Plant height was significantly
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alfected by sowing date af all the stages of growth . Okra sown on 9-7-94 produced taller plants
than okia sown on 8894, The plant height mean of popuiation levels were alfected af 8 and 10
WAS. At 8 WAS, 44,000 plants/ha produced taller plants than 22.000 plants/ha which was also
taller than 88,000 plants/ha. In the case of 10 WAS plant height reduced significantly when
population was increased either o 44 000 or 88,000 plants/ha. There was signilicant dilferences
in the varieties at 4 and 8 WAS. At 4 WAS V-35 produced taller plants than Local -1, but at 8
WAS Lacal | variety was found to produced taller plants than V 35,

Interaction between nitrogen x date of sowing was found to be significant at 4 and 8§ WAS
in 1994 <cason (Tahle 74).

Table 71- Plant height(cm) as affected by nitrogen x date of sowing interaction at 4 and 8
WAS in 11794 season.

Treatment ' 1994 (4 WAS) T 1991 ( B WAS)
Larly Sowing dale  Lale LEarly Sowing date  Late
Nitrogen
(Nkg/hi 9-7-94 8-8-94 9-7-941 8-3-94
() 37.3¢ 32.3d 61 5c 43 3¢
45 50 3h 37.4c¢ 78.3b 44 2¢
90 6. 4dn 37.4c 001, 53.3d
S+ 3.00 5.00

Means lollowed by the same letter within an interaction table are llni;‘iuniﬁcantly (fiifCI:(:;IT{TISiIIg
Duncan’s Multiple Range Test (DMRT. 05).

In early sowing, each increase in nitrogen level significantly increased the plant height. In late
sowing OkgN/ha produced Tower height than two rates of applied nittogen at 4 WAS. In the case

of 8 WAS. both 0 and 45kgN/ha resulted significantly in lower height than 90kgN/ha. When
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Date of sowing x variety interaction was found to be significant at 4, 8 and 10 WAS in

1904 seqson (Fable 76y,

Table 76

Sowing date
Early 9 7.94
Late &894
SE 4

1904 14 WAS)

Variety
Local-1
40.4b
RIGERTS

3.0

V-35
59 5a

30.3d

fvu4 (8 WAS

.[_‘OEI_I.‘_]_
74 .4b

53.3¢
30

1994 (10 WAS)

V-35  Local-1
82 8a 120.7a

39 44 100.5b
5.0

Plant heighttem) as affected by date of sowing x variety interactions +t 4, 8 and
10 WAS in 1994 season.

N=35
118.6a

80.4¢

Means followed by the same letter within an interaction table are not significantly different using

Duncan = Multiple Range Test (DMRT. 05).

Farly sooving resalted in taller plants at all the stages ol okra growth indicating significant

interactions in 1994 season, When the two varieties were examined within the same sowing date.

variety N 35 produced taller plants than Local-1 variety both at 4 and 8 WAS however, at 10 WAS

no difference was observed. In the case of late sowing variely | ocal-1 produced taller plants than

variety v 35 at 4, 8 and 10 WAS
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A< in the case of diate sowing x variety interaction, population « variety interaction was
also stoniticant at 4, 8 and 100 WAS 1994 (Table 77).

Table 77 Plant hetghttem) as affected by population x variety interactions at 4. 8 and
10O WAS in 19294 season.

1994 (1 WAS) 1004 (8 WAS) 1994 (10 WAS)
Plant popukition/ha Variety - Varicty ) _\;:lt'i_t'l_\’ -
[ocal- [ V-35 Local-1 V-35 local-1  V-35
22,000 15 53.7a 70 8a 54 4e 114 7a 113.4a
44,000 A7 4¢ 55 5a 708  62.3h 101 3 96 Oh
88,000 12.49h 41 4b 57 4¢ 58 5¢ 113 45 a0 4¢
SE 1 hn 3.00 5.00

Means followed by the same letter within an interaction tahle are moe conificantly different nsine
Duncan’s Multiple Range Test (DMRT, 05).

The Tocal 1 variety produced taller plants at 88,000 plants/ha when compared with other two
populaticns. Bot i case of variety V-35 88,000 plants/ha produced shorter plants than other two
populations at 4 WAS. At 8 WAS, 88.000 plants/ha produced shorter plants than other two
populations in Focal 1 variety. But in case of variety V-35, 44,000 plants/ha produced taller
plants tham the other two populations A 1O WAS 44,000 plantsha procduced shorter plants than
cither 27,000 or 88,000 plants/ha i Local -1 variety, but in case of V.35, each increase in
population level significantly decreased the plant height. When the two varieties were examined
at the soyme population level at 4 WAS, V35 and at 8 WAS. Local 1 produced taller plants and
no such difference was observed at 10 WAS. At44.000, V-35 3t 4 WAS and Tocal | at 8 WAS
produced aller plants, hoth at 22000 and 44,000 plants/ha. - At 8R.000 plants/ha there was no
dilference berween the two varielies 4t 8 WAS. but ar 10 WAS. Loval 1 variety produced taller

plants (han V35
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The effert o sowing date was highly <ignificant thronghout the three year period. The ecarly
sown crop produced higher dry matter than late sown, The effect of div matter on population was
signiticant ar 1OOWAS i 1992 at 8 and 10 WAS both in 1993 and 1994 seasons, with 22,000
plants/hn prodoced higher diy matter than other twa population levels: Variety effect of dry
matier vwas signiticant thronghout the experimentation period as Local 1 produced higher total
dry matter than V-35 due o its adaptability factor to the environment

Interaction between nitrogen x date of sowing was significant at 10 WAS in 1994 scason
only ( Fable 79).

Table 79 Total dry matter (g/plant) as affected by nitrogen x date of sowing interaction at
[0 WAS in 1994 season.

1994 ( 10 WAS)

Nill'l‘}.}t"l Sowing date
(Nkg/ha» Farly [ ate

0.7 94 8-8-94
0 15 O 23 0
45 37.1h 24 3d
i) 8 Ia 23.0¢e
SE 4 (.81

Means follesced By the <ae Tetter within an interaction table are not sienificantly different using
Duncan 5 Multiple Range Test (DMR 1, 05),

Lach merease in nitrogen level increased (the total dry matter/plant significantly both in early and
late sown crop, When the total dry matter/plant of the two sowing dates were examined at the
same nitrogen level, early sowing was found to produce hicher tomal dry matter/plant when

compared with Iate sown at all nitrogen levels.
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Nitrogen x population interactions were found to be significant both at 8 and 10 WAS in
1993 and 1994 seasons ¢ Lable 80).

Tahle &0 Fotal div matter p/planty as affected by nitrogen x population interaction at 8 o 10 WAS
i 1993 and 1990 sensons

I reatment OO PR WAS) 1t IDWAS, 14 R WAL 1991 110 W AS)

Nitrogen Plant population/ha

(e/hay S0 000 Ao BR 000 22 000 44 0000 B8R 000 22000 44 060 X8 00 22 000 44 N BR 060

1 VSh 26 d Tl Area 270c¢ 27.2¢ 30.5h 220e 276 IR 2 2300 2R.7d
15 Mowo 28 WmAd 2S8a Jond RS 204bh 21w Tk e e 28
90 Ak M % S 320K 3ne 257¢ 3XTa d0ab V74 M Rh I20%e 240
SE -+ 0]l (.84 1 60 (AICE]

Means followed by the same letter within an interaction tahle are not significantly different using
PDuncan = NMultiple Range Test (DMRT, 05).

AL 22000 phmts haceach increase in nitrogen level signiticanthy increased the total dry matter per
plant in A1 the stapes and vears. ACHL000 plants/ha at 8 WAS in 1991 the differences 1 the three
nitrogen levels were significant. However, at 10 WAS in 1993 and botly at 8 and 10 WAS in 1904,
each mersase m nitrogen significantly increased the total dry matter per plant.

I 1993 at 8000 plants/ha and ot 8 WAS, control produced similar total dry matter per plant
when compired with the two applicd nittogen rates. At 10 WAS, 45kpN ha produced higher total
diy matter than control which in tum was higher than 90kpN/ha In 1991 season, at 8 WAS hoth 0
and 45kpN ha produced higher total dov matter at 88,000 plantscha than 90kgN/ha, but at 10 WAS

A5keN Baresulted i higher total diy matter when compared cither with (0 or 90kgN/ha. When the

same nittagen lfevel was examined across the populations in 1993 at 8 WAS cach incrense in plant
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population significantly decreased the total dry matter per plant. AL 10WAS cach increase in plant
population significantly deereased the total dry matter per plant. AC 1O WAS in [092, 22,000
plantha produced hicher total dry matter per plant than other tvea popilations.

Fhe treatment of ASkpN/ADa and 44000 plants/ha total dis matter per plant produced was
higher than 22,000 and 88000 plantsha in that order at 8 WAS. At 10 WAS, the same nitrogen level,
produced higher total diy matter/plant at 22000 plants/ha than the other tao populations. At 22000
plants hain 1993, both at 8 and 10 WAS. each increase in plant population significantly reduced the
total dey matter per plant. In 1994 0t 8 WAS 44000 plants/ha produced a lower total dey matter than
either al 22.000 plants/ha. but at 10 WAS, 22,000 plants/ha produced a higher total dev matter per
plant than bath 44.000 and 88,000 plants/ha. When the total diy matter per plant was examined at
A5kpN ha, 1000 plantsha produced a lower total dey matter per plant both at 8 and 10 WAS_ hut
aft Q0keM ha cach increase in plant population significantly reduced the tetal dey matter both at & and
10 WAS

feteractions between sowing date x population were found 1o be significant at 8 and 10 WAS
inall the cxperiments ( Tables 81a - R1¢),

Fable &1a: Total div matter (g/plant) as influenced by date of sowing « population interactions at 8
and 10 WAS i 1992 season.

1097 ( 8 WAS) 1992 (10 WAS)

Sowing date
Plant population/ha

22,000 4,00 88.000 2000 44,000 88,00
Larly 25 602 LANGR 3. a 31 .0a oh 3dnn 3105
Late 24-7.92  27.6h 2R Oh 24.6¢ 31.9h 30 7¢ 26, /h
Y 1.15 1.00

- —— e ————

Means followed by the same letter within an interaction table are not significantly different using
Duncan « Muoltiple Range Test (DMRT . 05).
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Fable 81h Toml dev matter (o plant) as influenced by date of sowing < papulation interctions at 8

and TOWAS i 1993 qenson

1993 (R WAS)H
Sowing Jafe Plant population/ha
22000 44,000 {8,000 22000
Early 8-7-93 31.2h R R 0 6e I8
Late  16-8-93 20 1d 26.9¢ 22.3F i 7o
S 0.76

Lable 814
and 10 W AS 10 19990 seqson,

Mol (B WAS)

Sowina date Plant population/ha

2000 da000 88,000 20000
Farly 9-7-91 360 294 31.2b ARRE
Late 887 5.9 22X e 21.0e *h 3
S 130

44.000 &8.00
.7k 1.5h
26.3d 22 .6e
0.68

Fatal diy matter (e/plant) as intinenced by dete of sonving < population interactions ot 8

1994 (10 WAS)

44,000 88,000

312h 110k

22.7d 21 3¢
]

NMeans folloswed by the spme letter sithin an interaction tahle e not siendicantte difforent nemg the

Duncan's Nultiple Range Test (DNIR 1.05),

When the same population level was examined across the sowing date. early sowing produced

signilicantly higher total drv matter/plant than late sown crop in all the cases. When the mean of the

same <o ing date across the different population levels were examined. no difference was ohserved
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in 8 WAS in 1992 bt this difference was infavour of 44,000 plants/ha in most of the cases. In case
of late sowing increasing the population levels reduced the total dry matier per plant in most of the
Cases

Nittogen x variety inferactions were found to be significant at 8 and 10 WAS in 211 the three
seasons ( Iable 872a-h),

Table 8700 Total dry matter (/plant) as affected by nitrcgen x variety interaction at 8 and 10 WAS
in 1992 season,

Treatment 1992( § WAS) 1990 (10 WAS)
Nitrogen Variety Variety

(Nkg him I ocil-1 V-33 L ocal-1 V-15
0] 20.0¢ 25.1¢ i h 26.6¢
45 27.0h 27.7h 30 8h 12.0b
on 28.7h RIC A 3 10K 18 Ra
SEE s I 14 118

NMeans followed by the same letter within an interaction table are not signilicantly different using the
Dunean’s Nultiple Range Test (DNMR T 05).



Fable 8 1 Total dey matter tp/planty as afleeted by nitrogen x vindety interactions both at 8 and 10

WAS diving 1993 and 1994 seasons

1O9}%R WAK)

Variely
Nitrogen
(KgN/hu) local-1 V-35
0 IR0 2437
A5 20 2o le
a1 A Ak 3 e
SIE .78

100310 WAS)

_Vnri_ﬂx

Leal-1 V-35 '

3G.5a 27.5¢

M.3b 27.0¢

M2h 27.9¢

.69

190418 WAK)

_V:u'it-l_v
Local-1 V-35
292 219d
25.5¢  MR.7b
36a 53¢

.30

1994010 WAS)
Variﬂy
lLocal-1 V-35
32 7h 26.5e
28R 304¢
348 263¢

(.80

Means Inllowed by the sune Tetter within an interaction table are not significantly diiterent nsing the
Duncan's Nultiple Range Test (DMR1).05).

In the case of variety V=35, each increase in nitrogen level significantly increased the total drv matter

per plant in 1992_exceptat 10 WAS in 1993 and 1994 seasons. Whon the response of Focal-1 was

ohscrved, control resulted in lower total dry matter per plant than the two applied rates of nitrogen

in 1992 4t 8 WAS. In 1993 season, control produced higher total dry matter per plant than the two

applied mates of nitrogen at 8 and 10 WAS. In 1994 season. both at & and 10 WAS. each increase in

nitrogen level sipnificantly increase total dry matter per plant in most cases.



o o sowing ©vaniety interactions were Tound (o be sionilicant both at 8 and 10 WAS in

1992 anl 1993 geansemns ( 1ahle 83,

Fable 82 Total dre matter te/planty as afleeted by date of sowing x variety interaction at 4, 6 and
S AWAS diming 1992 and 1993 seasons.

1092 (R WAS) P2 N ANy 198 WAK) 1990310 WAS)
S_t-}\jih;; date Variety V:-\tigl)‘z—_ Sowing date  Variety \ariety
Local-1 Vo35 Tocal-1 V-35 local-1 V=35 Local-1 V-35
Early  24-6-92 274b A2.6a 06h 3652 18-7-93 ¥l 287h 37 1la 304hb
Lale 24-7-92 278k 273b 31.0b  28.6c 16-8-93 26.7¢ 27.1c 2R.S5¢ 24.7d
S (o3 0,07 N.63 (150

Means follawed Dy the siome letter soithin an interaction table are not signihcantly different nsing the
Duncan's Moliiple Range Tesp (DONR |05y
Inear by sovang, the variety V=13 produced Ingher total drey matter per plant in 1992 both at & and 10

WAS, bt the reverse was trae in 1993, im0 which Local-1 variety produced higher total dry matter than

Vo35 ar R and 10 WASR In late scowing the difference was not significant af 8 WAS hoth in 1992 and

[OD3 g oy
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Papulation x variets ioterctions were found to be significant hoth at 8 and 10 WAS in 1992
and PO sesons and at 1000 AKS in 1994 season only (Fables 84a-h)

Fable & By Lotal dry mtter 1o plant) ns affected by population x variets interaction at 8 and 10 WAS
i 1902 and o S oamd TOAWAS in 1993 seasons

1007 (8 WAS) 1997010 WAS) 1993(]8 WAS) 1993(10 WAS)
\ariety Variety Viniety Varicly
Plant population ha
[ocal-1 \V-35 leal-1 V-35 local-l V=35 Local-1 V-35
22.000 27.6¢ WAk I8¢ 33.0b Waa 10 4dbh 30 0a 30 1e
44,000 36 5¢ 32 Sa 20 R¢ 135.3a 2W00¢ 27 1d 2874 29.4d
RK.000 28 0 2y O Ak 20.0¢ W 229 M2 23 0e
Sk 116 096 071 .67

Table R 1l Fotal die matter (g plant as alfected hy population x viriety interaction at 10 WAS

in OO senson,

1994 (10 WAS)

Plant population/ha Variety

Local-1 N33
22000 3392 30 3h
11.000 20 4¢ M) 3¢
QR 100 30.3b RALEA(Y
Sl 1.31

Means tollosved by the sime Teer within an interaction table are not stenificantly ditferon vusing the
Duneon’s Nultiple Range Test (DN 1.05),
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Fach incr sase in population fevel signilicantly deereased the total drs matter per plant in both varictics
in most ol the cases, A8 and 10 WAS in 1992 season, varicty Vo35 produced highest total diy
matter per plant at 440000 plants/ha: tollowed by 22,000 and 88000 plants ha. AL 8 and 10 WAS in
1993 seacom. varieny 1 oeal-1 produced o higher total dry matter por plint then variety V-35 01 22 000
plant<hie When 41000 plamts/da swas examined, V=35 produced a highor total dry matter per plant
at both staees in 1992 and such ditference seas not significant at 10 WAS in 1993 and 1994 seasons.

AERRO0G plants ha, the tvo varietios produced similar total dey matter per plant in 1992 at § WAS
and at 1O WAS in 1999 seasons, however, al 10 WAS in19902: ot 8 WAS andat 10 WAS in 1993 fofal

dry matter by Tocal-1 variety was found to be significant than variety V-35,
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4. 14 Length of root (em/plant)

he mean length of longest root during 1992 to 1991 1 visenin Tahle RS

Iable 85

I'reatment

Mitropen ()

(Kglhn)

(1]

15
a0
SF

Sowing Date (1
Early 15692

Late  24-7-92

SE

Populntion: ¥/l
22.00

44,000

K{.000

SE

Maricty M)
1oeal-1

LR T

Y
Interaction -
NxlD
NafP
PP
NyV
LY
PxV

I eneth of root (em/plant) as affected by nitrogen, sowing date, population. varicty of
okra with their interactions during 1992 to 1994 rainy seasons at Samaru

335
1 il
A7 D
T

Hl.6n

16,4l
R.00

na
I8
1n.n
1.00

17.20
RARIN
s.0nn

NS
NS
NS
NS

NS

WIEKES AL TFIR SOWING

11;1;"1
fy

Sl
S th
Tihdn

fe
td
—_

98 8a

.00
221

57.3
(1.2
S8
R R

S8 1
SN
00

NG
NS
NS
NS
NS
NS

TE.6h
N5.5a
1000z
non

10020

79.3h
104

88.4
92.2
D00
2.62

88.3
2.2
xon

NS
NS
NS

(18}

H4.6¢
MLth
120 5a
1.1

112.2a

|1.3h
any

N7
091
670

2.41

a6.4
992
Aon

NS
NS
NS
NS
NS
NS

1993

200
17.7

1.7
400

27.2a

92.6h
[.01

1.1
18.2
16.4
.04

20.0
15,3
4.00

NS
NS
NS
-

NS
NS

(5

q87.0h
90.3h
10n.ia
Aon

18-7-93
100, 9y

16-8-93

75.5h
Lo

944
a1
94.3
60.25

95.2
DI
4.4

128.1¢
130 1h
137 1q
RY

199 64

T0.0h
1o

| M0
137.7
1.8
&6l

(R
1= 4
LR

NS
NS
NS
NS
NS

1)

1431
1521

1162
s

196 64

O]9

2.70

(RN LT
139 9¢
158 8a
1.R2

1544
1
7.3

NS
NS
NS
NS

190

14.4
15.5
17.7
2.00

16.8a

1330
2.01

17.7
15,5
14.4
2.00

16.6
14.8
2.00

NS
NS
NS
NS
NS

v 13 10
4909 677 733
822 RONh RLY
S44  RR8n Rn6
S000 2.0 900
0-7.94
T 12044 12000
8-8-94
2440 n6h 4000
Lo o4nn am
555 oho 799
51.1 RL.1 B33
495 R7.1 7R8
.00 1o g
512 77.7 R
EAY THR 790
Aon4nn 300
NS * NS
NS NS NS
NS * NS
NS NS NS
NS NS NS
NS NS NS

Means follawed by the same Irtter within o treatment group of a column awe not sipnificantly different using the

Dunean’s Muliple Range Test (DANRT 05)

Cand Tt Sieniticant 4t S and 1 percent levels, respectively.
NS = Mot signilicimt
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The lengthe of root significantty affected by nitrogen at all the stages of growth in 1992 scason, At
4 10 10 WAS the higher the lc\.'cls of nitrogen the tonger was (he tength of reot. At 6 WAS the
longest rool was produced by 90kgN/ha. AL8 WAS both 45 and 90kpgN/wa produced longer root than
control,  Sowing dates also affected the length of longest oot Okra sown on 25/6/92 produced
lomger root than those sown on 2477792, The population bvels did not affect the root tength. The
variety aliected the oot length at 4 WAS in which Local-1 produced fonger root than V-35,

In 1092 rainy season, nitrogen affected root length at 6 and § WAS. AL 6 WAS each
mcrement in mitrogen level significantly mereased root length. but at 8 WAS the two applied levels
of fertili-or produced langer oot than control. Sowing of okea o 18-7-93 produced longer toot than
those sovn on 16-8-93, Population levels affected the root length only ot 10 WAS. The population
fevel of 32000 plants/ha produced Tonger root than 22,000 plants/ha, which was also longer than
44 000 plants/ha, The etfeet of varieties were not significant al any stage of growth. ‘Fhe effect of
nitrogen was significant at 8 WAS in 1994 scason only wherenr controt produced shorter root length
than the fwo applied nitrogen levels.

Sonving dates significantly affected the root fength at all the stages of growth. Larly sown crop
produced longer raol than kate sown crop. The effect of varietics were nol significant on roat length

al any stupe of proswth,
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Interaction benween nittogen x date of sowing were fonnd to be sionificant at 4 W AS in 1992;
at Goand TOOWAS in 1993 and af 8 WAS in 1994 seasons (Table 86).

able 8e: Length ol root (ermyplant) as alfected by nitrogen «date al sowing interaction at 4, 6
WAS in 1907 at 10 WAS in1993 and at 8 WAS jn 1994 seasons at Samar,

1902(4 WAS) 1003(6 WAS) 1903010 WAS) 19948 WAS)
&iﬁuucu - :
(Ng/ha) Sowing date Sowing date Sowing date Sowing date

Farly I ate Farly  Late Farly ate Loy Late

25-0-92 24-7-92 IR-7-93 16-8-93 18-7-913 16-8-93 18 7-94 8-8-94
0 13.5¢ 15.1d 102 4 62.4d 140 .6¢ 119 3d 111 3¢ 33.2d
45 A db 18l 23k 652d 177 9h 121 2d 1112k 391
00) 2030 15.3d 14520 65.3d 108 9a 120 2d 1283a 423¢
SE 0.70) 081 2.31 5.23

Means fillowerd by the same letter within an interaction table are not s:iunilic:mti_{' different lls:{r1g:_t||:_'
Duncan's Multiple Range Test (DNIR'T.05).

In early cowing each increase m nitregen lowcd significantl incrensed the length of rool. but in late
sowing there was no significant difference at 4 WAS in 1992 a1t 6 WA S in 1993 and a1 8 WAS in
1994 seasoms, Tncase of 10 WAS in 1993, the two levels of applicd mtrogen significantly produced
longer oot length than conttol. When the same nitrogen level was considered across the two sowing
dates. for the root length. it was observed that, control in early sowing produced significantly longer
root than late sovwn crop at each level ol nitrogen at 4 WAS in 1992: at 6and 10 WAS in 1993 and

at 8 WAS in 1994 sensons
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Flittogen « popnlation interactions were not signilicant at any stage of growth m all the vears,
hut date of sowing x population interaction were found to be <ipnific a0t 8 and 10 WAS in 1004
season ( Lable 87).

lable 87: Iength of root (em/plant) as affected by date ol sowing < population interactions at
& and 10 WAS in 1994 rainy scason.

10948 WAS) T 100410 WAS)
Sowimng date I_’]al'l_l_p'(}mglj_mﬁ_lé o -
22,000 44.000 88.000 22,000 44,000 88,00
Early 9 7-94 963¢ 128 3h 138 3a 123 3h 124 3a 112.3¢
Late 8-8-94 37.4d e 37.2d 340 42 2e 45.2d
Sl 07 .60

Means fellowed by the smme letter within an interaction table are not sigvificantly different using the
Duncan < Nultiple Range Test (DNMRT.05).

Farly conving produced significantly longer root than late sown crop in all the populations, When the
results were examined tor different populations at the same sowing date. it was observed that each
increase ' population increased the root length in early sowing at 8 WAS. Both 22.000 and 88.000
plants’ha produced longer root than 44,000 plants/ha which was [ollowed by 88.000 plants/ha in that

order in early sowing. In late sowing each inerease in population inereased the root length.
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Nurogen x varicty mteraclion was ohserved at 4, 6 and 8 WAS in 1993 season (Table 88)

Table 8%: Length of roof (em/plant) as affected by nitrogen x varie(y interactions at 4, 6 and 8
WAS in 1993,

(9034 WAS) 199316 WAS) 19038 WAS)

T e e e L
(NKkg/ha) Variety

Local- V-35 Local-1 Vo35 Logcal-| V-3
0 20.2a 14.1d 77.3¢ 97.3b 108.3f 146.4b
45 7.3 1 03¢ 20.1b 8(1.9¢ 120.3¢ 157.3a
90 16.1¢ t6.4e 130.3a R0.9¢ 140 lc 133.1d
Sk + (o1 310 3.60

Means [hﬁhwed by the same letter within an interaction table are hn_‘xt_r;\_ign_ilicanliy dilferent usif{;_l the
Duncan's Multiple Range Test (DMR1.05).

Varieiy V235 both at 4 and 6 WAS produced shorter roet fength at 15 and O0kgNDa when compared
with control. At 8 WAS the longer root was produced at 45kgN/ha, {ollowed by 0 and 90kgN/Da.
In case of Local-1 each increase in nitrogen leve! significantly imcreased the root length at 4 and 6
WAS. bt at 6 WAS the root length was decreased as nitrogen level was increased. When the length
of the iven vanieties were examined at the same nitrogen fevel, V-33 produced longer raet at 6 and 8
WAS incontrol,. At90keN/ha there was a difTerence in 1oot length of the two varietics at -4 WAS and

Local-1 produced longer root than variety V-35 both at 6 and 8 WAS.
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£.15 Number of branches per plant

Hiinber of branches ns affected by nitrogen, sowing date. population and varicty and their
interactions is given in ( Fahle 90).
I able 9t Nimber of hrinches per plant as affected by nitrogen, sowing date. plant population
and okra varietics and their interactions in 1992 to 1994 rainy seasons at Samaru,

[ reatiment 1992 1903 1994

Nitropern (N)

(KgN/hi)
() () O | 3¢ 0 h
45 1.5h 2 d4h 1.2
a0 2. 70 d fo .89
Slt 4 03] (143 03]
Sowing date(D)
Farly 25-6-92 18-7-93 9-7-94
2.1a 4.2a 1.7a
Late 24-7-92 16-8-93 8-8-94
1.2h 1.2h 0.5h
Sk 4 0,70 0.41 022
Population/ha( ")
22.000 |4 2.8 1.2
44,000 |.5 2.7 1.2
SR.Onn [ 2.7 1.1
SlE 4 {130 032 32
Varietv (V)
I .ocal-1 s 25 1.
V-38 .3 2.8 0.9
Sl 043 0.24 0.20
Interactions
NxbD L NS ¥
NxDP NS NS NS
DxP NS NS NS
NxV NS NS NS
DxV NS NS NS
PxV NS NS NS

Means followed by the same letter within a treatment group of a column are not significantly diflerent
using the Duncan's Multiple Range Test (DMRT.05)

“and T Significant at 3 and 1 pereent fevels respectively.

NS = Not signiliciant,



Nitrogen application affected the number of branches significantly in all the threc years sinder study,
lach increase in nitrogen level significantly increased Ilhe number of branches. In 1994, the two
levels of applied nitrogen produced higher number of branches than contrel. The sowing dates were
also found to afiect the number of branches. Tarly sown crop produced more branches than late sown
crop in alk the years. The effect of population levels was not signilicant on number of branches. The
varieties showved sigmificant efiect in 1994 season only, when Local- | variety produced more branches
than V-5 varicty.

Al first order of interactions were not significant, except nitrogen x date of sowing interaction
which was townd 1o be stgnilicant hoth in 1992 and 1994 seasons (lable 91),

‘Table 9F; Number of branches per plant as affected by nilrogen x sowing date interaction in
1992 and 1994 seasons.

Treatment i 1992 1994
Nitf(ig-t“.!_'lmm -
(Nkg/ha Sowing date
Late Farly Late
24-7:92 9.7-94
0 0.3d .3d 0.d¢ (h.4¢
45 | & " " 04c¢ 1.8h 0.5¢
90 : 29a 0.6¢ 3.0a 0.6c
S+ 0.03 0.0

Means firllowved by the same letter within an interaction table are not significantly diftferent using the:
Duncan’s Multiple Range TestDMRT 05),
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Each inereased in nitrogen level significantly inereased the number of hranches/plant hothvin 1902
and 1901 seasons. Inemly sowing crop however, the two levels oF applicd mitrogen resulted in higher
number of branches. Early sown crop produced more branches than Tate sown crop in all the vears.

CORRELATION STUDIES

Simple correlation cocfficient studies indicated that stem dry weight is closely and
consistently correlated with (rait vield. Therefore, the other vegetative parameters which are found
to be hiehly correfated with stem dry weight including leaf aea, plant height and number of branches
were further investigated to study their doect and indirect association with the stem dey weight.

The direet contribution between leaf area and stem dey weight were found to be positive in
1993 tand 1994 seasons. however iCwas negative in 1992, Among the indirect contribution via plant
height was positive in all the experiments.. When relationship betwween plant height and stem dry
welght were examined, direct relationship was highty significant. The indirect contribution via plant
height and mumber of branches were small and even negative. When the contribution o manber of
branches and stem dey yweight were examined the direct correlation varied from - 16 10 .94 Pirect
contitbngon vig keal avea and number of bianches ssere negative fn 1992 ag Icufarea. was samil! both
n 1993 and 1994 seasons. When these values were examined on the basis of percent contribution,
plant heioli consistently pave a contribution of 27%. The contribution of leaf area was much higher
i 1992, when compared with 1995 and 1994, The unaccounted yesidual effeet varied belween 23 to

34% uring 1992 and 1993, but it was 60%6 in 1994,



1992 P

ri2= (197

P2:.524776 2PLht  r13= | 489

~93873, r23=-[109

3
Br.No

1993 Leaf area

ri2s 770

2 PLht r13=|389

r23=|-423

312

Fig. 1: Path diagram indicating path coefficient (Pi) which measures direct contribution
and indicating by singled arrow and correlation coefficient (rij) which measures
associations is re[resented by doubled arrow line of No. 1-LA; 2-P1. ht; 3-No. of br.
with st. dry wt. during (a) 1992, (b) 1993 and (c) 1994 wel seasons.

126



4 ST. Dwt

1994

ri2= |-238

,P2-.694080 2PLht. r13= |'512

4 ST Dwt

r23=(768

Fig. 1: Path diagram indicating path coefficient (Pi) which measures direct contri
and indicating by singled arrow and correlation coefficient (rij) which me
associations is refresented by doubled arrow line of No. 1-LA; 2-P1. ht; 3-No
with st, dry wt. during (a) 1992, (b) 1993 and (¢) 1994 wet seasons.
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Nitrogen application aftected the smber of branches signiticantly fnall the thee years under study
Fach increase in nittogen level sienilicantly increased the numiber of branches. I 19940 the two
levels of applicd nittogen produced higher namber ol branches than control. The sowing dates were
also fonnd to alleet the mmber ol branches. Farly sown crop produced more branches than late sown
crap i all the years, The etlect of paputation levels was not significant on number of branches. The
vaictics showed signilicant elfeet in 19949 scason only, when Focal-1 variety produced mote bramches
tham V=35 vanieny,

A st order o interactions were nol significant. except nitrogen x date of sowing interaction
which ssas found 1o be sigmficant bothian 1992 and 1994 seasons ( Table 91),

Fable 91: Number of hranches per plant as affected by nitrogen x sowing date interaction in
1992 and 1994 scasons.

L reatment [Ou 1O

INTTogeen

(Nke'ha Sowing  date Sowing date
Farly Late o by late
25-0-92 2:4-7-92 9-7-94 884
{) (3l 0.3 (¢ e
45 1 .8h thde |.8h IR
o 2804 .Oe Y 0 e
1 I 003 0 h

Neans lolowed by the samie letter within an interaction table are not signtlicantly diflerent using the
Pramean's NMualtiple Ronge Test (DN T O3,



Diect

Fable 92
branehes to stem diy weight.

Lt e O8 e Stem diy W)

992

Drivect contr bt (17, S 2 B LA
fdirect via plnt heieht (4" J03AR
Iyelivect v mmber o Iamches trydta 1300

Fostal comtribmtion e Ot and Tdirect IR
©Pant heisht (8 sy and stem dry s N

Iriveet contrbntion (1) 524776

Tndivectvia deal e (%) 165

- 1023

fdirect v nmmbe ol biranches trsd™)

Pota) comtribuon (Dued andd Tndiecty 170

v Nmber of branchestN pand stem dis wi 0v )

Privect comtrbution (105 DRERY!

Inlivect via Jeal arenn ') R

Hadinect vin numiber of branches () =72
S8

Lol contrilation (e and Tndireeny

and Tndireet contribution ol le

1993

R
A2l

(TN
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S30A
1305
08

g0

556
AN6AY
28

S0
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VT5747
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R
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Fable €3 Direct and combined of growth components expressed as percentage.

Cirowth t cinponents (1)) b Contribution

1992 1993 1901
Dyireet contribution by 1A l.‘(a]f".'l‘ ;‘*5.25 - 187 30RO
Indirect consibution by Plant height X,y 27.54 2K.25 48 18
Indirect € antribation by Nooof Branches (h0¢(00° 8812 A 33 2.56

Combined contribulion (2Pphii

IO md plant heighn (X9 -15.37 126 581

T A md Mool branches (X ) -HR.25 VAT 2R
Plant hereht p X aand Neoof Branches (X ) -10.74 1149 =17 06
Residiml 234 W2 6031
Total 0000 100 100 100.00

4.16  Number of Frnits/plot
Fhe number of frtite per plant i a major vield component of okra. The higher the

number of fruits, the higher is the yield  Nitrogen application significantly increased the number

ol okra huits per plot CTable 94)
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Table @1 Number of Truits per plot as influenced by nittoecn, popnlation, sowing date, and
okra variety and their interactions in 1992 (o 1004 vy seasons at Saman

Treatment 1002 1903 1994

I_\Iﬂngt‘n (N)

(KgN/ha)

0 90 .0¢ 160.4b 86 3¢

45 135.0h 188 3a 111.5h
() 195.0n 162 4h 135 3a
Sl 4 .72 10.50 5.51

Sowing Date(D)

Iarly 25-6-92 18-7-93 9-7-94
210 .00 236 3a 171.8a

Late 24-7-92 16-8-93 8-8-04
70.2h 103 7h 50.2h

SIE + 1.42 0.93 3.00

Population/ha(l’)

22,000 164.2a 199 2a 118.5a
44,000 149 1h 164.0h 106.8h
88,000 107.3¢ 147 .9¢ 107 .8h
SIE + 322 8.23 5 B

Variety(V)

Local | 1421 169.2 100 0
V35 138.2 171.5 1114
SE + 310 R.68 6.54
Interactions

N X |) E k% ek
NxP NS NS NS
DxP NS NS *
NxV * ® *
DxV NS NS *
PxV NS NS o

Means Tollowed by the same letter within a treatment, group of a column are not significantly
different using the Duncan's Multiple Range Test (DMRT).05)
4

Fand 77 = Sienificant at 5 and 1 percent levels, respectively.
NS - Nof signilicant
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The efteet of nittogen was highly significant in the 3 year period.  The highest number of fruits
was obtined from the piots with 90keN/ha. The okra plant 15 an anxilliary bearer becanse froits
are borne on auxilliary nodes. The number of fruits per plant is a reflection of the number of
flowering nodes that are produced per plant.  The number of nodes was in turn determined hy
the number of infernodes after a few basal nodes. However, because of the ability of plants o
produce many branches. the number of possible nodes is further increased. The super numery
flower nodes on branches also provides another means of increasing the number of fruits. Early
sowing resulted in higher number ol fruits than late sowing dne o the favourable weather
conditions, such as gond rainfall, optimum temperatures usnally assocuted with early sown crop,
Nittogon application has a signilicant effect on population. Widely spaced plants ha (22,000
plants/Tin started bearing froits early than closely sown plantsy (44,000 and 88,000 plants/ha).
The addition of total number of fruits showed that wider spacing (22,000 plants/ha) resulted in
the highest total number of frots due 1o more feeding space. and light available to the plants than
closelv spaced crop.  The fruits harvested from dense population were smaller compared with
those of widely spaced crop (22,000 plants/ha). None of the variely was statistically significant

during the experiments,



Nitrogen x date of sowing interactions were observed in all the seasons and years

(Tahle 08y

Tahle 95

N il rogen
(Nkg/ha)
0

45

90

SE +

Number of friite/plot as affected by nitrogen « sowing date interactions in 1992
(o 1994 ramy scasons at Samaru.

1092

.‘;t_n_\'in ¢ (j_i_l_l_t’

Early Late
25-6-92 24-7-92
170 3¢ 80 .0
188 3h 963
210 .8a On O
1231

199

Sowing date

Early Late

18-7-93 16:8-93

170.1c 140 21

182.2b 130 3¢

218 4a (60 Td
11.52

1994

Sowing date
Early | ate
9-7.94  8-8-94

137.5¢ 35.1d

180 .41 13.6d

216.8a 33.8d

13.40

Means followed by the same letter sithin an interaction table are not siapificantly different using the

Puncan s NMultiple Range Test (DN .05),

In early sowing each increase in nitrogen level significantly increased the number of fruits/plant,

but in fate sowing the two applied nitrogen rates resulted in lower number of fruits in 1992 and

also in late sowing in 1993 seasons. In 1992 late sowing, the two applied nitrogen rates produced

higher number of fruits than control and no such difference was observed in 1994 season. When

the two sowing dates were examined at the same nitrogen levels, early sowing produced

significantly higher number of froits/plot ateach level of nitrogen in all the seasons
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Nitrogen x population interaction was not significant in all seasons, except daie of sowing

X population interaction which was significant in 1994 season only (Table 96).

Table ©: Number of fruits/plot as affected by sowing dale x population interaction in 1994
rainy season al Samaru.

Plant population/ha

Sowing date

22,000 44,000 88,000
Early 9-7-94 1769 [8].0Oa 175.8a
Late 3894 Ho 1Th 2 ad 39. 8¢
SE + 541

Means followed by the same letter within an interaction table are not significantly different using
the Duncan's Multiple Range Test (DMRT.05),

Early sowing produced significantly higher number of fruits/plot at each population level. When
the same sowing date was examined across the different populations there were no significant
difference in early sowing, but in late sowing 22,000 planis/ha produced higher number of fruits

than 88 000 plants/ha which inturn was siguibicantly higher than 44 000 plants/ha
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Nitrogen x variely mleraction was found to be sienificant in all the vears ( Tahle 97)

Iable 217 Number of froits/plot as affected by nitrogen x variety interaction in 992 {o

1994 rainy seasons al Samatu

1092 1993 1994
(NKg/ha) Variety-1 \-;;u'_icl_\,_' Variety

Local 1 V35 l.ocal-1 V-35 Local-1 V-35
0 100,21 110, 7e 40 3d 180 .4h K1 .1e RO hHe
15 30 3¢ 180.1h 201 .7a 180.9h 106 7d 116, 3¢
H0) 00 3 120 4d 160 6Ge 158.3¢ 142 2a 1 '8 4h
SE =+ b2 4.9 6N

Means lollowed by the same letter within an interaction table are not signiﬁcnﬁ!'l}' different
using the Puncan’s Multipte Range Test (DMRT.05).

In Local-1 vartely in 1992 and 1994 seasons, each increase in nitrogen level <ignificantly
increased the numher of fruits/plot.  In 1993 season, however, 45kgN/ha produced higher
number of {ruits/plot, followed by 90 and OkgN/ha in that order. In case of V-35 also, each
increase in nitrogen level signilicantly increased the number of fruits/plot in 1992 and 1994
seasons. I 1993 season, the difference between control and 45keN/ha was not significant,
but number of fruits 1 these two treatments were higher than 90kgN/ha. When the two
varieties were examined at the same nitrogen level, in control, V-35 produced higher number
of fruits/plot in 1992 and 1993 seasons.  No such difference was ohserved in 1994 season.
AL 45kgN/ha variety Local-1 produced higher number of frunt</plot in 1992 and 1994
seasons. At 90kpN/ha, variety V-35 produced higher number of fruits/plot in 1992 and 1994
seasons, however, snch difference was not found tn 1993 scason.
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Drate of sowing < varicty interaction was significant in 1994 season only (Table 08).

Table OF: Number of frmts/plot as affected by sowing date x variety interaction in 1994
rainy season at Samaru

1904
Date ol sowing -_\_:_:Il_'iL‘[j.' R -
Local-1 N-35
Farly © 794 180 1a 176.1a
Late R.R894 18 e 30 2h
S+ 8 80

Means followed by the same letier within an interaction table are not significantly different
using the Duncan’s Multiple Range Test (DMRT.05),

The number of friits of the two varieties were similar in early sowing . but in late sown crop,
Vo35 produced higher number of fruits than Local-1. - When the two dates of sowing were
examined for the same variety early sowing produced higher numier of froits/plot than late

SOWing
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Population x variety iiiciaction was found to be significant in 1994 scason only (Tahle 99)

Table 99: Number of fruits/plot as affected by population x variety in 1994 rainy season
at Samaru,

1994
Plant population/ha Variety
[ ocal-1 V-35
22.000 95 &d 141.2a
44,000 113 8¢ 99.94
88,000 122.3h 93.3d
Sk + 5.30

Means (allowed by the same letter within an interaction table are not significantly different
using the Duncan's Multiple Range Test (DMRT.05).

Fach increase in population level significantly increased the nimber of fruits/plot in Local-1,
but in V35, 22,000 plants/ha produced higher number of fruits than either 44,000 or 88,000
plants/ha. When the two varieties were examined for the same population level, Local-1 at
44,000 plants/ha recorded higher number of fruits than V35 both at 44.000 and 88,000
plants/ha and the reverse was true at 22,000 plants/ha.
4.17 Yield of Fresh Fruit (ton/ha)
Nitragen application mereased the fresh weight of okia fruits significantly in the three

vear perind (Fable 100)
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Table 100: Fresh weieht of fruits (fon/ha) as affected by nittogen, sowing date, plant
population and okra variety and their interactions in 1992 1o 1994 yainy
sensons af Samaru.

Treatment

1092 11093

1004
Nitrogen (N) - -
(NKkg/ha)
0 0 90 1.75¢ 0 [9¢
45 1.3h 2.42b 1 .60k
a0 210y 2.754a 2.25a
SE 4 () 80 .60 0,21
Sowing date(1))
Iarly 25.6:92 18-7-93 9-7-94
244 1.01a 2.3
Late 24-7-92 16-8-93 8-3-94
() 5h 1.6b 0.3h
SE 4 .82 0.62 0.1
Population/ha(l’)
22 000 1 752 3.0a 1.9
44 000 1.25h 2.0h | .5h
RK.000 1 40¢ 1.9¢ 1.le
SE + 0,10 0.51 0.10
Variety(\)
1 oeal | [ 4 2.3 1.7a
V-35 |4 2.3 I.4a
SE % 046 0.93 0.08
Interactions
NxD : ¥ e
NxP NS NS NS
DxP NS NS NS
NxV #3 *k *
DxV NS NS -
PxV NS NS ®

S —— ——

Means followed by the same letter within a treatment, group of a column are not significantly
different using the Duncan’s Multiple Range Test (DMRT).05)

Fand T — Significant at 5 and 1 pereent levels, respectively.

NS - Not significant
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The highest fron vield was obtamed when 90kgN/Tie was applied. Fhis represented
almost Q0% increase in vield over OkgN/ha, A major yield component in okra is the munber
ol fruus per plant. When [ruits were picked before they mature. tolal number of fruits had
increaset, and in turn increased the yield. The optimum nitrogen tequirement of a crop is 2
function of both the genotype and environment and (he inleraction of these two f:l"{.‘im‘s.
Increase in fresh fruit vield resulting from mitrogen fertilization was observed in these
experiment to have a lincar reliationship with rate of nitrogen application upto 90kgN/ha.
There wax a significant difference in yicld between the two sowing dates. Farly sown okra in
all the three vear resulted in alinost 100% increase in fruit vickd over late sown ok,

1he effect of population on the yicld was highly significant in 1992 and 1993 seasons,
and was significant in 1994, The mgni!ic:ml. diflerences ameng the papulation levels in ihose
years were due (o carly sowing and rainfall during the growth period. Wider row spacing of
45¢m produced signiiicantly higher yield than other two spacing (15¢m and 30cm).  Increased
pdpulalimu levels decreased the vield of okra, There was significant difference between the
two varicties in 1994 season only, The variely Local-{ resulted in higher (resh luit weight

than V-23,
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Interactions between nitrogen x date of sowing were found (o be significant in all the
seasons and vears (Fable 101a by,

Table 101a: Nitrogen x sowing date interactions on fresh okra fruit (ton/ha) in 1992 10
1993 iy <easons al Samaru.

Treatmem 1002 1903

Nitroven)

(Nkg/hi) Sowing date Sowing date
Larly Late Early Late
26-6-92 24-7-92 18-7-93 16-8-93
0 2.4e 0.3d 2.2¢ 1.4d
45 2.7h 0.2d 2 3h 1.4d
90 3.00 (r.2d 3.4 1.5d
Sk v 00 07

Table 10Th:  Nitrogen x sowing date interaction on fresh weight of okra fruit (ton/ha) in
1994 rainy season at Samaru,

Treatment 1994 - - -
Nin-:@[-h B iuumgligt_e o -
(Nkg/hay Farly Late
9-7.94 8-8-94
() 1.2¢ 0.3
45 2 5 (.6e
a0 3.5a 1.0d
SE = (.08

Means followed by the same letter within an interaction table are not significantly different
using the Duncan’s Multiple Range Test (DMRT).05)
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In early sowing cach increase i nitrogen level significantly increased the yield in abl (he
seasons.  In Iite sowing the two rates of applied nitrogen produced higher yield than contrel
in 1992 scason aind Q0kgN/ha produced higher yield (hatr either 0 and 45kgN'ha in 1993
geason. [ach increase in nitrogen significantly increased tie yicld in 1994 season. When the
two sovmg dates were examined at the same nitrogen level, carly cown crop produced higher
yield than late sown crop at all the nitrogen levels and in a1l the experiments,

Nitrogen x population and date of sowing x population interactions were found o
signilicant in all the years, but nitrogen x variety interactions weie significant in 1992, and
1994 seasons (Table 102a-b).

Fabte 102a:  Nitrogen x variety interactions of fresh weight on ckra frut (ton/ha) in 1992
and 1993 rainy seasons at Samait.

Treatme ni 1002 - 1;,;,';
Nitrogen
(Nkeha Viariety Variety
[ocal-| V-35 | veal- =35
() L | Y Y 1 ) 1h
15 h 0 2d (7] » 1h
0) (B (. 2d Y Tn ' 5h
S 4 041 .51
Means (ollowed by the same letrer within an inferaction table are nof significantly different

using Puncan’s Multiple Range Test (DMRT).05)
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Table 102y Nitrogen v variety interaction of fresh weight on okra Truit (ton‘hay in 1994
rainy semsen ot Samarn,

Treatment

1904
Nitrow:n - Varicty . -
(Nke/ ) Local 1 V-35
() 1 1d 0.6e
45 1.7h 1.5¢
90 2.0 2.2a

SE + 002

e R = e

Means followed by the same letter within an interaction table are not significantly different
using Duncan's Multiple Range Test (DMRT).05)

The vaviety V35 produced higher yield as the nitrogen level was increased from 0 to
QOkeM/ha in 1992 and 1994 seasons,  In 1993 season, however, the difference between
control and 45keN/ha was not statistically different, but 90keN/ha produced higher vield than
other two levels of nitroeen.  In case of Local-1, the two rates of applied nitrogen produced

sienificontly higher vield than control in 1992 season.
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Interaction between sowine date x variety was found (o be significant in 1994 season

onlv (‘Table103),

Table 103 Fresh weisht of fians (ton/ha) as affected by dite of sowine x variety
interaction in 1994 season,

Treatment N 1994

Date of sowing Variety

(Nkg/lin Local-| V-35

Tarly 0.7.04 2.7a 2.1h
1 ate 8-8-04 () Re 0. 8¢
SE + 02

Means Tollowed hy the same letter within an interaction table are not significantly different
using Duncan's Mualtiple Range Test (DMRT).05)

In earl sowing variety Local- | produced higher yield than varietv v 35, However the
reverse was true in late sown crop in which variety V-35 produced higher yield than Local-1.
Papulation x variety interaction was observed in 1994 season only (‘Table 104),

Table 104: Population x variety interaction on fresh weight (ton hia) of okra fruits in 1994
rainy season at Samgaru.

Treatment 1994

Plant pnpuléﬁ(_)_ﬂﬁ_ﬁl)_

Variety 22,000 44,000 88,000
Iocal | I.7h 1.9 1.7h
V.35 | 4¢ I de | .d¢
SE + 0.02

e — TSI ——_——

Means tolowed by the sime Tenes within an interaction tabie are not -Ri_rznilis‘:mll_\r different
nsing the Duncan’s Muftipie Range Test (DMRT).05)
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The Local-1 variety produced higher yield at 44,000 plants/ha when compared ecither with
22.000 or 88000 plantsha Novsieniticant difference was observed for variety V-35 at the
same population levels.  When the twao varieties were compard at the same popiilatio

levels, the variety Local-1 out yielded variety V-35 at all the population levels.
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4.18: Dry pod_weight of okra (kg/plot)

Data on dry pod weight of okra is given in Table 105,
Table 105:  Pod dry weight of okra (kg/plot) as aflected by nitrogen, sowing date, plant
population and okra variety and their interactions in 1992 10 1994 rainy
seasons at Samaru.

Treatment 1992 1993 1994

Nitroga n (N)

{KegN/hay
0 26.4h 21.4h 10.4b
45 32.6a 36.5a 30.5a
90 3274 30.7a AN 4a
SE + 03t 0.25 0.31
Sewing Date(D)
Early 25-6-92 18-7-93 9-7-94
39.1a 43.la 33 1a
Late 24792 16:8-93 88-94
20.9h . 200b 13.50
SE + 024 029 0.30
Population/ha(l’} _
22,000 294 303 303
44 000 | 29.5 | 29.5 20.2
88,000 ' 333 334 20.2
S = 906l 8.52 8.52
Variety(V)
Focal 1 NG 30.4 232
V-35 29.7 32.3 24.1
SIi = 3.31 3.31 3.31
Interactions :
NxD * NS *
Nx P NS NS NS
DxP NS ' NS NS
NxV NS NS ' NS
DxV NS NS *
PxvV_ . NS _ NS e __NS

Means followed by the same letter within a treatment, group of a column are not significantly
different using the Duncan's Multiple Range Test (DMRT.(5)

*and ** = Signiftcant at 5 and 1 percent levels, respectively.

NS = Notsignificant ' '

144



:

Nitrogen application increased dry pod wetght in all the expcriments.

There

Wwds hno

significant difference between the two applied nitrogen doses (45 and 90kgN/ha) in all the

expertiments.  Differences due to sowing dates were hiphly signilicant in all seasons.

sown okra produced bigher dry pod weight when compared with Lie sown okra.

Early

Population and variety did not influence dry pod weight in any of the experiment. A

low or no respond ol population may be due to inter-plant competition for tight. space and

nutrient. while that of variety may be due to its dryness.

Interaciion between nitrogen x date of sowing was observed both in 1992 and 1994

seasons 1 Table 100}

Table 106:

interactions in 1992 and 1994 rainy seasons at Samanru.

Dry werght of okra pod {kg/plot) as affected by nitrogen x sowing date

Sowing date

Treatment
Nitrogen
(NKg/ha)

Early

- 25-6-92

0 A6 Ic
45 40. M
20 45 2a
SE = 0.03

1994

Sowing date

Larly Lae

19794 8894

T 20.3¢ 10.3d

36.2b 10.2d

56.1a 10 L

0.50

Means fotowed by the same fetier within an interaction table arc not significantty different
using the Duncan's Mutltiple Range Test (DMRT).05)
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Fach increase in nitropen level significantly increased the dry pod weight in early sown crop
in hoth seasons. but in Iate sown crop. the dry pod weight with 90kgN/ha was higher than
contral which was also higher than 45kgN/ha in 1992 season There was no significant
difference ohserved in late sown crop in 1994 season,

Al first order of interactions were not found to be significant, except date of sowing x
variely interaction which was found to be significant in 1994 season (Table 107).

Table 107 Dry weight of okra pod (kg/plot) as affected by sowing date x variety
interaction in 1994 rainy seasons at Samaru.

Treatment 1994

Nitrogen - - vaey
(NKg /) Local-1 V35

Early 9-7-94 13.3a 30.3h

[ ate 8-804 20.0¢ 10.4d

SE + 0.40

Means tollowed by the same letter within an interaction tahle are not significantly different
using Duncan's Multiple Range Test (DMRT.05).

Early sown crop produced higher pod dry weight than late sown crop and the variety Local-1

produced higher dry pod weight than variety V-35.
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4.19: Nitrogen content in okra fruits (7%N)

\pplication of nitrogen increased nitrogen content in okra fruits in all the vears at

various stages of growth at 8, [0 and 12 WAS in 1992 to 1994 respectively (Table 108).

Table 108:

Eltect of nitrogen application on nitrogen contentt % N) in okra fruits at ], 10
and 12 WAS in 1992 1o 1994 rainy seasons at Samam

Treatment
Nitrogen
(NKg ha)
0

45

90

1ee: 1993 1994
BWAS 10OWAS 12ZWAS
1.3¢ 1.4c 1.3¢
2.0h 2.1h 2.2h
2.9a 2.4a 2.9a

Increased nitrogen level (90kgN/ha) resulted in higher nitiogen content than the other two

nitrogen levels,
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Nitrogen content in okra leaves (%N)
Fffect of nitrogen application in okra leaves at 8, 10 and 12 WAS in 1992 10 1994 is

shown in Table 109

Table 109 Effect of nitrogen application on nitrogen content (2 N)in okra leaves at 8, 10
and 12 WAS in 1992 1o 1994 rainy seasons al Samar.

Treatment [992 1993 - 1904

SWAS ~10WAS 12ZWAS

Nitrog:n

(NKg ha)

0 1 6o 1 dc 2.4c

45 2.7b 2.9h 2. 8h

00 3.2a 3.9a 3.0a

Nitrogen application  increased nitrogen content in leaves significantly.  There were

reductions in nitregen content in okra leaves in the control plots at £ 10 and 12 WAS in 1992
to 1994 rainy seasons. The nitrogen content in leaves increased with increasing nitrogen

rates from 45 1o 90kgN/ha.
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Nitrogen confent in okra stem (77 N)

Fhe nitrogen content in okra stem as influenced by nitrogen is shown in Table 110,

Table 110; Liffect of nitrogen application on nitrogen content (‘“ZN) in okra stem at 8, 10
and 12 WAS in 1992 1o 1994 rainy seasons.

i, e

Treatmient 1992 1993 1994

8WAS  JOWAS 12WAS

Nitrogn

(NKg ha)

0 I 1e 1.3¢ I.2¢
45 I.3h 2.1a 2.0hb
090 3.7a 2.1a 2.8a

Nitrogen increased nitroeen content in okra stem at 8, 10 and 12 WAS in 1992 10 1994 rainy
seasons. The age of the plant did not have any effect in nitrogen content in okra stem at
various stages of sampling. Increase nitrogen to 90kg/ha increased the nitrogen concentration
in the stem of okia plant
Carvelation between yield and other vield components

simple correlation coefficient studied indicated that the number of fruits 1s closely and
consistently correlated with the yield, followed by pod drv weight, leaf dry weight and
number of branches. These components were further investigated to smdy their correlations
A close examination of coetficient vevealed that number of froits were found to be closely
associated with other vield components.  Therefore, their coctncient correlations were
worked out. - Among the vield components studied the fruit number were found to be highly

correlated with the vield in 1992, 1993 and 1994 seasons. In 1993 and 1994, dry pod weight
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was closely associated with the vield, followed by leaf dry weight and number of branches in
that order.

Direct and Indirect contribution of fruit number, pod dry weight, leaf dry weight and
numhbaor of branches on yeild,

The divect contribution between number of fruits with the vield were found 1o be 4.31
in 1992 and 0.51 and 0.22 in 1993 (0 1994 Among the indireer contribution vin pod dry
weight was positive in all the experiments.  Both leal dry weight and number of hranches
were negative and varied from -4.04 to 1.39 (pod dry weight) - 16 to 1.9 (leaf dry weight)
and number of branches 0.0 10 30, When these values were examined on the hasis of

percent, number of branches consistently gave contribution of 3.1% . The unaccounted

residual ellect varied between -26.0 10 -561.0% in 1992 and 1994 but 31 4% in 1993



Tablel 1 1:

-

0O

Matrix of correlation between various growth parameters as atfected by nitrogen,

sowing date. population and okra varieties al Samarn during 1992 10 1004,

151

i 2 3 4 5 Xt 7 8 0
Yield Dry leal  1eaf Stem  Plant | eaf No.of  No.of
pod wt  No. dry wt. dry wi.  ht.  Area fruits branches
Y ield 1002 1.00 -
10021 1 .00
1904 1 00
Iy pod wi
10072 (RATE 1 00
1993 7ok 1 00
1994 6|7 .00
LUt N
1992 )2 - 359* 1.00
1903 [AOHE S RG1 1.00
19949 300 N8O* 1.00
I eal dry wt.
1992 739 ROKT* L 350%* 1 0N
1993 5204+ B2EE o TR0FE |
1994 77 023 003 100
Iy stem wi,
1992 - 603+ RO3F* L 287 822%F 1.0
1003 Gl A2 413%% 0 35]%r 1.00
1994 R78*F 827 048  848Fr .00
Plant ht
1992 010 054 A59% < 104 276%F .00
1903 | 78* 338 243 L ASPEE TR0 .00
1994 704%* 73 a99% 602 613%™ 1.00
I eaf aren
1992 - 248* - 288 260%% - 304%F - IR1* 107* 1.00
[903 - 50| ** B42Fr 64TFF 762 - 641%T - 470%¢ 100
1994  3pY+t JOR* 238% 0 207*F 250 238 1 00
Frot No
1992 B3 IR B T4k 526%%  RTTEE AN 497 100
a0l K23Ime JBTINN T41E* 506 RO7YE 470V 407 | .00
1994 4497 6T3FF TRIFY SIDEE AOGFE ROLTE 662F% |00
No ol hranches
1902 R0 B SHS e A65%F  _§IR*E ISAF _ (09 4ROEF  JAO* | 0N
19493 i I A (127 * f2R*EH  546%F 416t A3 3RO 20 100
1oug  qort S747 JATEF 463 6206YE TORTE S12%F 340+ | 0



Table 112: Direct and Indirect contribution of fruits number. pod dry wi.. leal dry wi.,
hranches munber to yvield.

C ontrihution

o Droit number (X)) and vield (X))

1992 19073 1994
“Direct contribution (1) 430663 223201 51129 -
Indirect via pod dry wi.(r,P)) -5.688 1780 -1.6268
Indirect via leaf dry wt. (r,,1) 1.9740 - 1485 1.3872
Indirect via number of branches (r,,PPp 2607 -.0297 1723
Total coptribution (Direct and Indirect) 853 223 444
2 Pod iy wi. (X)) and vield (X))
Direct contribution (10 6.91171 BOT183 -2.41723
Indireet via pod dry wt (r,P) 3.544 1949 2441
Indirect via leal dry wt. (r,F)) 3.0323 L2560 2 4067
Indircet via number of branches (r, ") 3451 - 0619 2834
Total contribution (Direct and Indirect) 01 768 617
3 Leal diy wit (X,) and vield (X;)
Direct contribution (1)) 3,75283 MANIA 20747
Indircet via froit number (r, 1) 2.2653 A 12u4 2720
Indirect via leaf dry wt. (r,,P,) -5.585 7771 -2.2311
Indirect via number of hranches (r,,P,) 3055 06753 2286
Total contribution (Direct and Indirect) 739 529 K77
4 Branches number (X,) and yield (X,)
Direct contribution (P,) 58985 123678 49379
Indlirest vip fruit number (r,,1°) 1.9035 (5357 1784
Indirect via pod dry wi. (r,,Py) -4.0434 A474  -1,3875
Indirect via leaf drv wr (r.,P,) 1.9440 16020 1.2073
Total contribution (Direct and Tdirect) 394 2407 4'52
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Table 113 Dyirect and combined of yvield components expressed as percentage

Yield Components (P))

Direct contribution by fruit No (X)) P’
Direct contribution by Pod dry wi_ (X,)P,’
Direet contribution by leal dry wi (X1

Direct Contribution by NO. of Branches (X )P,

Combined contribution (2Pipirij)

Fruit Noo (X)) and pod diy wi(X,)

Fruit Noo (X)) and leal dry wi (X,)

Fruit No. (X,) and No. of Branches (X))
Pod dry wi.(X,) and leat dry we X,

Pod dry wi.(X,) and No, of hranches (X))
Leal divyowt, (X)) and No. of Branches (X,)

Residunl

Toral

53

962

1854 71
477717
1408 27

34.79

-4809 51
1700 25
224 .56
4101 .66
- 476,99

220 13

Sl 0

Illllif-](’i

te Contribution

1903

1 08

"."(}_42

R.62
.53

.73

H.63
1.33

15 .62

11.07

306
314

100,00

1991

2614
58430
679 RO
24 .38

166,35
141_85
17.62
1163 5]
137 O3
119.23

- 2606

10000
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No of branches
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1 Cultivar showing the leaves and pods ([ruits)

Fig. 3: Local -




CHAPTER FIVE

DISCUSSION

Number of leaves per plant were affected by nitrozen in 1993 and 1994 seasons, as
nittogen was found 10 promote crop erowth  The effect of nitrogen was not <ignilicant in
1992 <cason as the crop was sown in lune and it was followed hy dry spells which affected
the crop growth. When the two sowing dates were compared the number of leaves produced
per plent were higher in early sowing due (o more conducive conditions for early sown erop,
This was in agreement with earlier reports by Verma et al (1970 and Grewal ot al. (1972)
who observed that early sown crop produced higher number of leaves per plant than late
sown crop, Nitrogen increased fresh weight of leal in all the stages and m all the
experiteents,  Increase nitrogen,  increased  fresh leaf weight, which is logical bhecause
nitrogen was lound (o increase vegetative growth. Similar resalts of increased in fresh leaf
weight wvere observed hy Chhonkar and Singh (1963), Mangual Gespo and Martins (1980).
Like wise. leal dry weight was found to be increased at 10 WAS in 1992; at 6 WAS in 1993
and at 1o 10 WAS in 1994 seasons, because leaf drey weight is a reflection of fresh leaf
weight  These results were in agreement with Roy and Chhonkar €1976): Randhawa (1960);
Chhonkar and Singh (1963) who had reported that application of nitrogen increased the leaf
dry weieht. When the two dates were examined. early sown okra produced both higher fresh
and dry weights of Teal. heeanse early sown crop had henelits of conducive growth season, as

earlicr reported by Grewal et al, (1972) Watanabe and Inavama (1977,
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Nitrogen alfected both fresh and dry weights of stem and oot fresh weight at varions
lages of erowth during the experiments The differences doe 1o nitrogen were found in Fair
v erratic rainy season in which the effect of nittogen was more evident.  Buorris (1959),
brutesch and Bstes (1976) reported that application of nitrogen stimulate oot activity and
poting pattern of a crop. The effect of nitrogen on roof dry weight was not significant, as
itrogen did not add 1o dry weight of root. Early sowing produced higher weights of hoth
resh and dry weights ol stem and higher fresh root weight due to favourable conditions the
arly crop gets. These gesults were in conformity with those of Bisaria and Shamshery
1979) that early crop produced hoth higher fresh and stem dry weichts and hieher fresh root
veighe:

Nitrogen significantly increased leaf area (TAY and feaf area index (1AL, crop
rowth rate (CGRY and gelative crop growth rate (RGRY and plant height during  the
xperiments, Nitogen due 1o veeelative growth and its heneficial effect conld be seen more
mder low rainfall conditions. Mertia and Chauhan (1970 Asit and Greg (1972); Bisaria
md Stamshery (1979y Lal and Pundrik (1979) also veported that increase in nitrogen,
nereased leal area index (LAD, crop growth rate (CGR), relative growth rate (RGR)Y and
Mant hieight than late sown crop because of favourable conditions for the early sown crop.
\delana (1981), Fatokun and Chheda (1981) reported that early sown crop produced higher
eal aren (LAY and leal area index (LAT). Both varieties (1 ocal 1 and V-35) produced higher
cat aren CEAY and leab srea fedes o ALY ot various staees of priveth during the experiments.

Fhe ditterentinl response vos due to s adaptability to the aren
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Ihe effect of nitroect was significant on fotal dry matter. length of root and number
of branches per plani o the years as it was found (o ephance the vegetative growth.
Hooda et al. (1980) reported that with each progressive increase in nitrogen level, increased
total div matter per plant, root length and number of branches per plant. In an experiment (o
study the velationship of vield to ditferent growth characters in okia, a positive correlation
existed between nomber of branches/plant with vield  When the two sowine dates were
compated, early sowing produced highet total dry matter per plant, longer root and number
of branches per plant. Similar observations were made by Aibreets and Howard (1973). Roy
and Chbonkar (1976) that early sown crop produced higher number of branches per plant and
fomger oot Shoemaker and Gamon (1964) observed that unevenly distributing of rain can
reduce the total dry matter per plant of a crop, while Yao and Shaw (1972) observed that the
cliect of 1otal dry matter per plant on population may he cavsed as a result of minimal
competiion among the varions populations used.

As ok pods are anxillary borne, the number of frair per plant on the main stem is set
hy the number of mternodes and hence plant height is the Hmiting Tactor for froit production.
Inereasing the number of branches per plant will therefore shall result in increase in the
number of nodes per plant. Application of nitrogen increased the munber of fruits per plot in
all the v ears. The higher the nitrogen, the higher is the number of finits (Chauhan and Gupta
1073 Ptokun et al 197% and Adejonwo 1988) who reported that the higher the nitrogen
apphed. the higher is number ol Tonts per plot. Early sowing resalted in higher number of

fraits tha Libe sowing  Thes sapperts eaglier reports by Kolhe and Chavan (1967);
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FFatokun ¢t al. (1979). Bisarta and Shamshery (1979) that early sowing of okra, produced
higher number of fruits than ke sowing.  Nitrogen application signilicantly  affected
population, as widely spaced plants (22,000 plants/fha) st ied Guiting early than the other
two population levels (44,000 and 88,000 plants/ha).  The differences in the two varieties
were statistically similar {or the nnmber of fruits per plot. Nitrogen application signiticantly
increased the total fresh froit weight.  Increased nitrogen level (90kgN/hay <ignificantly
increasedd the total fresh frut weight inall the experiments. The higher the number of fruits,
ithe higher is the total fresh froit weight, Chauban and Gupta (1973 Fatokun ¢f al, (1978)
and Tarapiak ¢t 2l (1980). Early sown okra resubted in total hisher fresh frint weight than
late sown okra m all the experiments, due fo favourable longer growing season. Sharma and
Shukla (1973); Singh ¢t al. (1967), Mant and Ramanathan (198 who observed that earty
sown okra gets more time lor growth development and frutting.  Twrthermore, exrly sowing
date wee assoctated with igher nittogen up-take during the early vegetative prowth. This
meam that when ni[rng;en \\-"as applied to an early sown crop a large porfion of il was
absorhed and made avarfable to the plam during the growth.

In addition. when nitrogen is applied to a late sown crop nitogen absorption is much
lower during the early vegetative growth aﬁd ahparenlly below the plant needs. Tlis may
resulted in reduction of vegetative paremeters and hence lower the yield and can therefore
explain the diminished response in yield to nitrogen applied o a late <own crop, Snmc.nf the
factors fike sowing date. spacing and picking of green fruits divectly affected yield and

guality of okra are a cause of great concern to the growers. These experiments revealed that
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carly sowing ol okra resnlied in higher vield than late sown crop because carlv sown okra
escaped toa greater extent from the il effect of rain, insect attack and virus infection

Fifect of population on the total fresh fruit weicht was sienificant in all the vears.
Wider row spacing of 45c¢m produced significantly higher fresh fruit weight than the other
two spacings ([3em and 30cm).  Increased in population fevels, decicased the ionad tresh fruit
weight in all the yvears. This supports earlier findings of Tacob and Uexkull (1958), Ahmed
and Tuollock Reid (1968, Kamalanathan et al. (1970) and Grewal et al (1972) who reported
that wider spacing consistently produced higher fresh fruit weight per hectare. The main
effect of spacing on vickl is believed largely due to a change in radiant energy distribution.
With closer and more aiiforny spacing of plant, it could be assumed that more radiant energy
would bhe intercepted by the plant and that less would fall o <oil sarface to cause
evaporation.  [ligher plant population could have similar effect. The widest spacing (45¢m)
resulted in highest number as well as weight of mature numiber of froits/plant.  Bigger
fraits(podsy were harvested from widest spacing and this can be attributed 1o more space,
mutrient and light to the plants than closed spaced one (15 and 30¢m) where there would he
greater competition for the nutrient. In the case of closed spacings (15 and 30cm) the number
of plants that can be accommodated in one hectare are more than that of widest spacing
(d5cm) which supposed toincrease the vield. The variety Tocal 1 produced higher fresh froit

weight than V.35, which was attributed to its adaptation to the arean,
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Mittogen increased the dry pod weight in all the experiments. Differences in sowing
dates. were highly signilicant in all the seasons for div pod weight.  Farlv sown okra
produced higher div pod weight when compared with lTate sown okra. This was due 1o
favourahle season the early crop gets.  Population and variety el pot aintluence dry peod
weight moany of the experiment. The non or no response of population may be due 1o inter-
plant competition for hght, space and nutrient, while that of variety may be due 1o iis
dryness

Nitrogen content ol varions parts of the plant were estimated from the materials
sampled] at the peak of the prowtihv of the crop. Tt was discovered that the higher nitrogen
level applicd had the highest nitrogen content in the steny, leal and frait in the experments.
Higher nivogen content was recorded at 12 weeks after sowing in all the seasons.  The
results vere in contormity with earlier reports by several workers, Trogdon and Volk (1930);
Frecman and Tarvie (1951 Nillar (1955); Rennie (19560 Pentrosing (1959 Smith (1962);
Warder et al (1963, Asif and Greg (1972): Hunter and Stanford (1977): Black and Siddowa
(1977); Olsom et al. (1976); Savello et al (1980); Robert (1988) and Csizinskyv 11996) who

reported that nitregen application increased nitrogen content in okra stem. leal and fruit.
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CHAPTER SIX
SUNMMARY AND CONCLUSION

hree experiments vere conducted at the Institute Tor Aervicnltural Research Station of
N Bello Undversity, Samaru, during 1992 1o 1994 riny seasons 1o study the effect ol
nitrogen, sowing date and population on okra varieties

I'he soil of experimental plots were sandy loam with good drainage with P of 5.7
5.0 and 5.7 in 1992, 1993 and 1994 seasons respectively Fhe total rainfall and its
dhistirhution was good m 1992 fan m 1993 and erratic |

‘The main treatioents consisted of 3 levels of nitrogen and two sowing dates, while the
sub-treatments were made up of 3 fevels of population and two varieties of okra.

Observations recorded mclude number of leaves, fresh and dry weights of leaves,
fresh and dry weights of stem, fresh aﬁd dry weights of root, plant height. leaf area and leaf
area e, crop growth rate and relative crop growth rate.  Growth indices such as length of
longest root, total dry matter at 4, 6, 8 and 10 WAS. Number of hranches were recorded at
harvest (10 WAS), ll:n'\resling.\:va.c done at 4 to S days intervals and the fruits were counted,
weighed and recorded. Due to variability in water content in okra {ruits they were dried in
an oven af 607 to a constant weight :m.d recoﬂéd as dry podd weighe,

Among the vegetative characters studied, stem dry wetght was significanty correfated
to the ycld.  Therefore, the vegetative characters which were closely associated with stem
dry weizht, incloding leafl area, plant heigh.t and number of hranches were inlensively

investigated.  Furtbermore | the yield components studied, revealed that number of fruits was
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correlated with vield and these components, number of froits, pod dry weight. stem dry
weight and number of hrae hes were intensively investigated

Iherefore among the factors stndied, sowing date is the most crocial factor alfecting
both veeetative characters and the yield, tollowed by nitrogen, variety and population in that
order. A comparative study of these factors studied revealed that date of sowing had a
pronounced elfect on them.  Based on the investigations carried out during 1992 1o 1994
rainy seasons, sowing date is the key factor that affected the yicld of okra, followed by
nitrogen and population.  As to the vate of nitrogen and popnlation, it was revealed that
Q0kgN/Ny with a population of 22,000 plams/ha resulted in the higher number ol fruits and
vield. T ocal-1 variety was found to have more number of fioits and also yielded higher than

VA5 cultivar, due toits hetter adaptation to the environment
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