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ABSTRACT

Field trials were carried out at Samaru during the rainy
seasons of 1991 to 1993 to study the effect of levels of
ni trogen (0, 80, 160, 240, and 320KgN ha) phosphorous (0, 22 and
44KgP/ ha); and plant density (20,000; 40,000 and 60,000
pl ants/ha) on the growmh and yield of pepper (Capsicum annuum
L.).

The resul ts showed significant differences inpartitioned
aerial phytomass, leaf area, LA, RXR and NAR due to the
various nitrogen levels. Application of nitrogen simlarly
affected the concentrations of N P and K in the shoot, the
uptake of N and Ca. LAR concentrations of Ca, My in both
shoot and fruit as well as the uptake of My were not
significantly influenced by nitrogen fertilization. N
addition up to 160KgN ha resulted in early flowering and
maturity while fruit size was increased up to 320Kg N ha.
Pool ed data revealed that maximnum fruit yield was obtai nabl e

with 240KgN ha whil st seed yield was maxi mzed at 320kgN ha.

Appl i ed phosphorus affected partitioned aerial phytonass
conpared with the control but wthout any significant
di ff erence between the two phosphorus rates. R®R and LAl were

increased up to 22 and 44Kg P/ ha respectively, LAR and
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NAR were hot affected by P | evels. Mxi num concentration of N
in both shoot

and fruit were attained at 22KgP/ha. The rate

alsoresulted in the | owest concentration of P and K Neither

the concentration of Ca and My in the shoot nor in the fruit

were affeced by applied P. Both flowering and maturity were

hastened with P addition. Fruit size was generally not

i nfluenced by applied P.

Transplanting at the density of 20,000 plants/ha yielded

superior partitioned aerial phytonoss and LAR conpared with

60, 000 plants/ha LAI, RGR and NAR were however

increased with

i ncreasing plant density up to 60,000 plants/ha.

FI oweri ng,
fruit maturity and size were not significantly affected by the

three densities tested. Inspite of the fact that fruit and
seed yi el d/ plant were depressed by high popul ation densities,
yield/ha was increased significantly at higher densities.

Significant interactions

between the factors were

recorded on sone of the paraneters studied.

Regression anal ysis indicated opti mumN concentration in

shoot at a range of 130-270KgN ha. P concentration in shoot

showed a quadratic response to N and P |evels.
Result of correlations and path anal ysis showed positive

and highly significant association between yield and virtually

all other' paraneters tested.

Indirect contribution of
characters to yield was greatest
nunber and di aneter

nost

through total dry weight,
of fruits and seed yield.



I X
Usi ng regression constants, cost and returns of inputs

and output, optimum levels of nutrients were found to be

140KgN ha, 25KgP/ha for fruit production and 202KgN ha,

20KgP/ ha for seed production while the plant density of 60,000

pl ants/ ha was optinmum for both fruit and seed yield.
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CHAPTER ONE

1.0 INTRODUCTION

Pepper (Capsicum annuum L.) a crop of tremendous economic
and nutritional importance in Nigeria, has been an important
export crop in the country. Nigeria, which is the largest
producer of the crop in Africa, accounts for about 50% of the
African production. The consumption of pepper accounts for
about 20 - 40% of the total vegetable consumed per person per
day. The tendency to eat more vegetables than starchy
staples, the general increase in the standard of living,
coupled with increasing consumer population have placed
demands on vegetables that are not commensurate with the
supply. Deregulation of the Nigerian economy and the export
promotion campaign have led to the development of fresh
vegetable export companies and processing factories thereby
adding to the demand for pepper. Thus, the ever increasing
demand for pepper could not be sustained by the present low
production level which was brought about largely due to the
use of inadequate plant density, and nutrients supply during
production.

The use of adequate levels of nutrients is important in

increasing the production and yield of pepper in Nigeria.
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This is more so as the nutrient status of savanna soils is
generally low especially with respect to nitrogen and
phosphorus. Crops however respond to fertilization in these
s0ils because of their favourable base exchange properties,.
However because the buffering capacity of Nigerian savanna
soils is low, the use of mineral fertilizers on a continuous
basis and in substantial quantities leads to a gradual
replacement of Ca, and K by Al and H ions in the exchange
complex. This has a drastic effect on soil PH which declines
rapidly with time and further increases soil acidity. The
analysis of experimental results have also indicated that crop
response to fertilizers may be subject to the law of
diminishing returns, that is, there may be a continuous
decrease in yield increments with increasing fertilizer
dressings by successive identical amounts. It is therefore
pertinent to evaluate the effect of nitrogen and phosphorous
fertilization on the productivity of pepper plant in the
savanna agro-ecological zone, the major area of production of
the crop.

The use of optimum planting density 1is another pre-
requisite to increasing the per hectare yvield of pepper.
Pepper plants are gyenerally inefficient when grown at sub-
optimum densities and consequently, aggregate yield of pepper
is usually low despite high productivity per plant. This is
because pepper plants under-utilize environmental resources

such as radiant energy, soil nutrients and moisture.
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Inadequate stand also suppresses weeds poorly and the crop

being a poor competitor with weeds, weed growth can severely

reduce its potential yield. Investigations were therefore

conducted with the following objectives.

(1) To study the effect of nitrogen and phosphorus levels on
the growth and yield of pepper.

(2) To study the influence of plant density on the growth and
yield of pepper.

(3) To examine the mineral composition and uptake in pepper

as affected by nitrogen and phosphorus levels.



CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 Climate and Soil Conditions of the Nigerian Savanna

The savanna ecological zone of Nigeria extends from
latitude 7°N to 14°N covering about four - fifths of the
country's total land area. The zone is sub-divided into four
agro-climatic areas. The Sahel zone (Lat. 12° - 14°N), the
Sudan zone (Lat. 10° - 13°N), the Guinea savanna (7° - 10°N) is
further divided into the Northern Guinea and the Southern
Guinea (Keay, 1959) Nigeria's savanr»s 1is characterized by
distinct wet and dry seasons with t length of the rainy
season decreasing northwards from about seven to eight months
in the Southern Guinea savanna to less than 90 days in the
Sudan/Sahel zone. The total rainfall also decreases
northwards from about 1,600 - 1,800 mm in the Southern Guinea
Savanna to less than 500 mm in the extreme north of the
country. Incoming solar radiation is generally high with
mean air temperature ranging from 21 - 30°c (Owonubi and
Yayock, 1987).

As with most lands within the tropical latitudes, there
are considerable micro and macro-variabilities in the types of
soils found in the Nigerian savanna (Klinkenberg and Higgins,
1968). However, the four major types are Alfisols which are

the most dominant, Inceptisols, Entisols and Vertisols
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(Lombin, 1987). The Alfisols, Entisols and Inceptisols
together dominate the area and are characteristically sandy
soils derived mainly from aeolian deposits, They are
generally mildly to medium acid with PH (H;0) usually ranging
from about 5.5 to near 7.0. They are low in organic matter
(often less than 2%) low in CEC {(often less than 5 meq/100g),
agenerally poorly buffered and poorly structured (Jones and
wWild,1975). Vertisols which constitute only about 2% of the
so0il resources of the area are mostly derived from calcareous
materials. They are generally dark-coloured expansible clays
high in exchangeable bases but low 1in organic matter
(Klingkenberg and Higgins, 1968).

The alternating wet and dry seasons characterized by
intense heat during the dry season may lead to rapid
decomposition of soil organic matter. Indiscriminate burning
of fallow and crop residues by farmers also reduces the
accumulation of organic matter in the soil. Thus the soils
rapidly lose their fertility and productivity under
cultivation (Jones, 1971). One way of maintainino
productivity is by the use of fertilizers supplemented with
organic manure. However due to low bhuffer capacities, it is
relatively easy to cause 1ionic imbalance and acidity by
incorrect use of fertilizers (Lombin 1981).

Because s0il organic matter is low, native soil nitrogen
is also very 1low (Jones, 1973). Phosphorus and sulphur

deficiencies are also wide spread (Goldsworthy and Heathcote,
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1963) Potassium, calcium and magnesium deficiencies are not
common (Wild, 1971; Jones and wWild, 1975). Micronutrient
levels in these soils are still fairly high (Heathcote and
Stocking 1970). Subsequently, much of the fertilizer
recommendation for crops in the savanna zone have bean
confined to the two most limiting elements (nitrogen and
phosphorus).

2.2 TFertilizer Use in Nigeria

The Agricultural value of farmyard manure (FYM),
including poultry dropping, dung and household refuse was
brought into eminence since the late 1940's (Abdullahi and
Lombin, 1978). However, enough farm yard manure could not be
obtained to sustain agricultural productivity due to the
intensification of Nigerian agriculture coupled with the
introduction of higher yielding and more nutrient demanding
crop varieties. Even where available, transportation problem
and labour costs limited the use on a routine basis (Enwezor,
et al, 1989). Under such a situation, the focus was turned to
inorganic fertilizers as the alternative.

The first reports on the potential value of fertilizers
in Nigeria were made Dby Hartley (1937), Doyne (1937) and
Buckly (1938). These infact, mark the beginning of chemical
fertilizer consumption in Nigeria. Wwhen they were first
introduced, fertilizers were given out to farmers almost free.
In most cases only innovative farmers were willing to use

them, while the generality of farmers showed a marked apathy



7

towards the use of fertilizers. Tremendous energy and effort
has been expended over the years by the government to get the
Nigerian farmer to accept and use mineral fertilizers.

A fertilizer consumption survey carried out by the
Federal pepartment of Agriculture showed a remarkable upward
trend in fertilizer consumption between 1969 when 28,699 tones
were used and 1972 when 71,290.6 tons were applied by the
Nigerian farmers (Mokwuenye,1974A), and the consumption in
1986 was as much as 589,000 tons (Falusi, 1987). 1In 1969,
only 10 percent of the minimum fertilizer required per hectare
was actually applied. 1In that year an average of 4.95 kg/ha
was applied to the main crops. Inspite of the steep increase
in the use of fertilizers, Nigeria's position as a country
with very low levels of fertilizer use has not altered. As at
1979, consumption of plant nutrients in Nigeria was put at
3.11 kg/ha compared to about 740 kg/ha in the Netherlands and
average of 250 kg/ha in several European countries and was far
less than the world average of 68 kg/ha (Sobhulo and Osiname,
1985). The estimated consumption of 8.7 kg/ha in 1983/84 was
about 10 percent of the world's average and about 20 percent
of Indian consumption level (Falusi, 1987). These comparative
figures are indicative of the need as well as the tremendous
scope for increasing the use of mineral fertilizers,

2.3 Effect of Nitrogen on the Growth and Yield of Pepper

Nitrogen (N) is the most limiting factor for production

of crops on tropical soils. This is because tropical soils
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are low in native nitrogen, while the amount removed by crops
is comparatively large. Due to its readily soluble nature,
nitrogen is easily lost in drainage or get converted to
gaseous form and is lost through volatilization. Of the
essential elements, nitrogen exerts the most pronounced effect
on plant growth and yield. Apart from its role in the
synthesislof proteins, nitrogen is a constituent of enzymes
and is an integral part of the chlorophyll molecule. It is
therefore involved in all processes associated with
protoplasm, enzyme reactions and photosynthesis.

As nitrogen rates applied to pepper plants are increased
plant growth, fruit set and yield are also increased (Wien et
al, 1989). At high rates of nitrogen, {300-400kg N/ha)} some
workers have found that yields again declined (Knavel, 1977;
'0' Sullivan, 1979; Locascio et al, 1981) while others noted
only a levelling off of yield {(Maynard et al 1962 Batal and
Smittle, 1981). Wien et al (1989) ascribed the differences in
results obtained by different researchers to variation in
amounts of N applied, soil types on which the experiments were
conducted, and rainfall obtained during the growing season.
Leaf colour, plant vigour and plant height were directly
related to N levels (Maynard et al, 1962). Pepper has been
reported to produce high percent of blossoms on receiving high
nitrogen levels when compared with low levels. Such plants
also exhibit longer leaf retention and lower flower and fruit

abortion (Addicot and Lynch, 195%). Nitrogen application has
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also been reported to increase number of branches per plant
and seed yield (Gill et al. 1974), number of shoots, fruits
per plant and the weight of 100 fruits generally increase with
rising nitrogen levels up to 160 kg N/ha. (Ramachandran and
Subhail, 1987). Fruit yield has been shown to be positively
correlated with most growth parameters such as plant height,
number of leaves and branches (Ado, 1983; 1987; Aliyu et al.
1991). Thus, inputs that have a positive influence on these
parameters like nitrogen fertilization will greatly enhance
fruit yield.

Covarelli (1976), Dharmatti and Kulkarni (1988) reported
an increase in weight and number of fruits at 200 kg N/ha.
However, Lal and Pundric (1971) obtained the highest yield of
chilli pepper at a much lower level of 140 kg N/ha. Locascio
et al. (1981) reported that application of nitrogen in excess
of 134 kg N/ha reduced the yield of pepper whilst Jones et al,
(1964) reported yield decrease with N above 120 kg N/ha.
Ozaki and Ray (1967) however, reported a reduction in yield
only when 400 kg N/ha was applied. Payero et al. (1981)
reported that 240 kg N/ha is the best for optimum yields.
Most vegetable crops require a continuous supply of nitrogen
for maximum yield and quality, nitrogen rates of 300 - 400 kg
N/ha are therefore not uncommon (Govind, 1979). In chilli
pepper moderate rates of 100 - 190 kg N/ha tended to produce
more desirable type of plants and highest yield (Stroelilein,

1979). Bajaj (1970) similarly reported application of 100 kg
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N/ha to give maximum, protein, ascorbic -acid and capsaicin
contents in pepper fruits.

Economic use of nitrogenous fertilizer also requires a
good understanding of 1its total requirement by the crop as
well as identifying the time of its peak requirement during
the growing season. Sinha (1979) recorded the highest yield
by applying 190 kg N/ha at transplanting and also at fruiting.
In contrast, the yield was not affected when 33 kg N/ha was
applied as a top dressing after transplanting the crop
(Stambera and Petrikova, 1976). Cultural practices such as
mulching have also been reported to influence the response of
pepper to nitrogen application. Locascio and Fiskell (1977)
reported an increase in fruit yield with rising nitrogen up to
224 kg N/ha when polyethylene mulch was used,

Trials at Samaru have shown that fruit yield, number of
leaves and fruits were significantly increased with increase
in nitrogen levels up to 300 kg N/ha (Isma, 1989; Aliyu et al
1994). Usman (1990) also reported increases in plant height,
number of leaves, branches and fruits, leaf area index and
fruit yield with rising nitrogen levels up to 190 kg N/ha in
chilli pepper. However, Aliyu and Yusuf (1991) could not
detect any difference in fruit vyield, fruit diameter and
number of fruits when nitrogen rate was increased from 120 kg
N/ha to 180 kg N/ha.

2.4 Effect of Phosphorus on the Growth and Yield of Pepper

Next to nitrogen, phosgphorus is the second important
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limiting nutrient in most agricultural soils. Deficiency of
phosphorus is particularly common in highly weathered Oxisols
and Ultisols of the tropics notably in the Savanna areas with
low organic matter contents (Bache and Rogers, 1970;
Mokwuenye, 1974b). The external phosphorus requirement of
numerous crops have been found to be within a range of 0.01 -
0.4 ppm P in solution {(Fox, 1979). The requirement however,
seems to increase with increasing yield potential. In savanna
so1ls, teoetal phosphorus ranges from a mean of less than 100
ppm to more than 400 ppm; while the water - extractable P is
less than 0.2 ppm and most crops will produce only meager
yields in the absence of phosphate fertilizers (Udo and
Ogunwale, 1977; Mokwuenye, 1979).

The effect of phosphorus on crop growth is generally seen
in earliness to maturity and enhanced root system.
Phosphorous 1s a constituent of cell nuclei and is essential
for cell division and enlargement. Phosphorus is also
required in photosynthesis, respiration and energy storage.
Nutrient absorption and metabolism are also phosphorus
dependent (Brady, 1978; Mengel and Kirkby, 1982). Pepper
plants receiving very low P have been reported to produce
narrow leaves that are glossy and developed a greyish dreen
colour with weak growth (Miller, 1961}.

Unlike nitrogen, very little information is available on
the effect of phosphorus on the performance of pepper

especially in the Nigerian savanna. Elsewhere,
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phosphorusapplication up to 109.25 kg P/ha has been reported
to result in increased number of fruits while number of days
to flowering decreased (Gill et al, 1974). A single broadcast
application of 246.62 kg P/ha has also been reported to
increase plant growth and yield for two crop seasons when
compared with lower rates (Ozaki and Key, 1966). Plant height
and yield have been reported to increase with the addition of
21.89 ka P/ha (Damke et al, 1988). Bajaj (1970) obtained
maximum protein, ascorbic acid and capsaicin content at 48 kg
P/ha while BStroelilein (1979) could not detect any vield
difference due to phosphorous application. Olarewaju (1977)
working at Samaru and Sagiv and Kafkafi (1976) similarly
reported that phosphorous applied at 158 kg P/ha had no
significant effect on the total number of fruits and fruit
vield. Application of 33.63 kg P/ha alsoc did not
significantly increase the yield and nutrient concentration of
pepper (Jones et al, 1964). However, Muhammad (1989) also
working at Samaru obtained increases in number of branches,
and leaves, plant height and leaf area index with the
application of 17.48 kg P/ha. Increasing the rate to 34.96
kg P/ha resulted in fruit yield increase in chilli pepper.
2.5 Interaction of N and P on the Growth and Yield of Pepper
Plant nutrients are generally complementary in their
action. The availability of certain nutrients may improve the
uptake and utilization of others. Nitrogen and phosphorus are

both essential for plant growth and a deficiency of either
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will limit the growth of root and tops. Stimulation of plant
agrowth by nitrogen may be expected to increase the demand for
phosphorous, but nitrogen also stimulates the plant in a way
which increases its ability to take up P. Positive
interactions between nitrogen and phosphorus fertilizers have
been reported to occur quite often especially when the two are
applied together, although the mechanisms involved are still
in doubt (Gunes, 1959). He reported nitrogen application to
increase the absorption of phosphorus and he attributed this
phenomenon to increased growth of roots and tops which
consequently improved the uptake of phosphorus. Several
workers have also reported the existence of interaction
between nitrogen and phosphorus on different characters
notably crop yield (Dennison, 1961, Cope and Hunter, 1967) but
these have generally resulted from a simple interaction in
which the application of a previously deficient nutrient which
limited growth permitted the crop to respond to the other.
Nitrogen x phosphorus interaction occurs in several ways.
Balasubramanian et al. (1979) reported that deficiency of
phosphorous retards nitrification in the soil and therefore,
leads to low efficiency of applied ammonium nitrogen
fertilizers. Nye (1952) found that the interaction between
nitrogen and phosphorus was highly positive whenever the
effect of individual element was high. However, Zayeed et al.
(1985) reported that nitrogen and phosphorous at high rates

increased plant height, plant dry weight, fruit number and
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total yield. The benefiial effects of combined nitrogen and
phosphorus fertilization ''as been explained on the basis of:
1) soil chemical 1nleractions between nitrogen and
phosphorous which woy influence phosphorus availability
and in special casc: nitrogen availability, and
2) plant physiological interactions between nitrogen and
phosphorus which mi influence plant phosphorus uptake
and some times dry matter yield,
Reviews by Olsen (1753),and Gunes {1959), emphasize the
varied effects of nilrogen especially upon the solubility
and availability of phosphatic compounds in the soil.
This is mostly through phosphate solubility and mobility.
The most likely expianation of the beneficial effects of
nitrogen salts is thrououh an increase of the solubility of the
phosphate compounds or their reaction products. Gunes (1959)
stressed the importance of phosphorus mobility in placement
effects, When nitrogen nd phosphorus are placed together in
low phosgsphorous soils, much of the increased phosphorus up
take comes from the J{ortilized zone. Nitrogen did not
increase phosphorus uplake in the absence of a phosphorus
fertilizer source. Whareas phosphate influence nitrogen
availability through stimulation of organism responsible for
breaking down organic matter in reducing ammonia by reaction
of hydrogen ion from single super phosphate with ammonium to
give ammonium phosphat: (Stephen and Waid, 1963) and by

improving nitrogen fixa' ion (Dhar and Banerjee 1961).
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Growth, yield and quality of pepper have been reported to
be significantly affected by an interaction between nitrogen
and phosphorus. Fruit quality was significantly improved by
a combination of 100 kg N/ha and 48 kg P/ha (Bajaj, 1970).
Combined application of 190 kg N/ha and 34.96 kg P/ha was also
reported to result in significantly more fruits and higher
fruit yield than other combinations (Muhammad. 1989). 120 kg
N/ha and 26.22 kg P/ha resulted in maximum yield biologically
and economically (Kulvinder and Shrivastava 1988). Eguchi et
al (1958) and Uzo (1971) reported a delay in enthesis when
nitrogen alone was supplied. However, flowering was early
when phosphorus was applied in conjuction with nitrogen or a
combined NPK was used.

2.6 Effect of Plant Density on the Growth and Yield of Pepper

Pepper is generally grown in mixture with other crops
under the traditional farming system adopted by the peasant
farmers (Okigbo, 1975; Okigbo and Greenland, 1976). However
a negative yield relationship between pepper and maize grown
in mixture compared to sole pepper has been reported (Yunana,
1982). Wiley (1979) attributed this decrease in yield to
adverse competitive effects, allelopathic effects and
difficulties concerned with practical management of mixtures.
Kass (1978), therefore, suggested that mixed cropping of
pepper should be replaced with sole cropping. A practice
which is becoming popular with farmers as a result of change

in the traditional farming system associated with increasing
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population pressure on land and the introduction of new crops
and farming techniques (Usman, 1990).

Several workers from different parts of the World have
investig&ted the effect of plant density on sole pepper.
Silva and Couto (1971) reported that too much crowding of
plants might adversely affect the yield or at least depress
the fruit weight. Dempsey (1970), similarly reported that
high plant density caused a significant reduction in stem
diameter and a reduction in plant height. Mezhunts {(1979)
found that high plant density reduced leaf size and number and
diminished dry weights. Ramachandran and Subhail (1987)
reported decreased number of shoots and fruits/plant with
increased plant density and obtained highest yield of fruits
from a population of 166,667 plants/ha. Yanateva and Elogin
(1977) a;tributed yield reduction per plant at high plant
densities to photosynthetic insufficiency. This observation
seems to confirm that of Topoleski (1967) who also attributed
yield reduction per plant in densely populated plants to
compet ition between plants for water, nutrients and sunlight.

Jegsup (1964) recommended a range of 20,768 to 29,240
plants/ha as the optimum population density for growing
Capsicums and reported that attempts to increase fruit yield
by raising plant population have not given clear, consgistent
results, . Similarly, Metwally et al. (1982) did not observe
any difference in number of branches per plant and plant

height due to planting density, the yield and number of fruits
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were however, significantly increased at the highest density
of 55,555 plants/ha. Rastogi et al. (1980) also obtained the
highest yield at the density of 49,000 plants/ha when compared
with lower plant populations. In another trial on pepper
grown at 27,000; 55,000 and 110,000 plants/ha; yields were
reported Eo increase with increase in plant populations and
the greatest dry biomass was produced at the highest density
(Strelec and Duda 1981). Boominathan et al.(1971) similarly
found that planting pepper at 111,111 plants/ha out yielded
those planted at 74,074 plants per hectare by 21%. Patil and
Vijay (19%9) also recorded significant increase in yield when
the densiiy was increased from 37,037 to 111,111 plants/ha.
Densitieafof 56,000 plants/ha and 83,000 plants/ha were also
found to bive the highest yield at two respective locations
(Yosef and Yayeh, 1988}). A population as high as 250,000
plants/ha has also been reported to give the best yield when
compared with 166,667 and 62,500 plants/ha (Sinha, 1975).

At Samaru, the highest density of 44,444 plants/ha
decreased the growth and yield/plant in chilli whereas the
total yield/ha was significantly increased when compared with
lower populations of 33,333 and 26,667 plants/ha (Aliyu and
Yusuf,1991). When plant density was increased to 100,000
plants/ha the total yield/ha was not significantly improved
compared to lower plant densities (Aliyu et al 1994).

2.7 Nutrient Content of Plant Tissue as Affected by Nitrogen

and_Phosphorous Levels.
I
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Traditionally fertilizer needs are estimated from field
experiments and such estimations are helpful when the
intention is to predict the amounts of nutrients required for
a certain crop at the locality chosen. However, no
generalized conclusion can be deduced from the results
obtained,

Another method used for estimating the fertilizer
requirement is soil analysis. Through chemical analysis of
the soil a determination is made of the amount of nutrients
available for the crop. One of the disadvantage is to extract
the nutrients to the same extent as they are absorbed by the
plant. Chemical analysis of the plant may give a more
accurate information on the actual mineral uptake by the
plant. Analysis of the plant to uncover the relationship
between the nutrient supply and the chemical composition of
the plant was first made by de Saussure (1804), followed by
Emmert (1939, 1941); Goodall and Gregory (1947), Ulrich
{1952), Smith (1962).

Application of nitrogen has been reported to
significantly increase leaf tissue N (Jones et al 1964;
Stroelilien, 1979) and decrease P content whilst P levels had
no significant effect on N and P content of foliage (Jones et
al, 1964). They also found that neither N nor P levels in the
fruits were affected by the fertilizer addition. Maynard et
al (1962) however, reported that both fruit and 1leaf N

increased with N levels up to the highest level (400 ppnm).
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Visual deficiency symptoms have been reported to occur in
plants having a total N content of 1.26% or less in vegetative
tissue (Miller, 1961). Uzo (1976) reported that percentage P
content was a positive function of both the rate of P applied
and the method of application. Johansson (1978), reported
that the elemental contents of the nutrient solutions were
reflected in the chemical composition of the leaves as well as
in that of the wood, low N supply increased the ash and Ca
content of the leaves and at low P the N content decreased.

Experimental results reviewed by Epstein and Jefferies
{(1964) indicate that the level of selectivity in nutrient
uptake, translocation and utilization of nutrients by plants
are genetically controlled. It was stressed that the
efficiency by which a crop utilizes soil as a source of
nutrients is improved if genotypes with larger root per unit
of plant weight could be developed (Nielsen, 1979). Liebig
(1840) who was one of the first scientist to realize the
relationship between the size of the crop and the supply of
mineral salts was of the opinion that the supply should
correspond to the amount removed by the crop "Law of
Restitution".
2.8 Growth and Yield of Pepper as affected by Nutrients and

Plant Density Interaction

The yield of pepper is, in addition to other factors,
related to the fertility status of the soil and the number of

plants per unit area. Increase in plant density is generally
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accompanied by an increase in total yield per area up to a
certain level, However, increasing plant population generally
increases inter - plant competition thereby necessitating the
application of higher levels of nutrients to sustain optimum
yields. Research reports have indicated that soils which have
high native fertility or those that are adequately fertilized
are capable of sustaining high population densities. Whereas,
s0ils with low fertility could only support low population
density indicating the existence of an interaction between
soil fertility status and plant density.

Ramachandran and Subhail (1981) obtained the highest
yield ap the highest level of 120 kg N/ha and density of
166,667 plants/ha. Manchanda and Bhopal (1987) also reported
maximum yield at a combination of 160 kg N/ha and the density
of 111,111 plants per hectare. The highest yield of quality
seeds has also been reported at a combination of 200 kg N/ha,
49.16 kg P/ha and 37,037 plants/ha (Dharmatti and Kulkarni,
1988). Howaver, Rastogi et al (1980), Isma (1989) Aliyu and
Yusuf (1991), Aliyu et al (1994), could not detect any
significant interaction between the nutrients and the various

plant densities tested on any of the parameters measured.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Experimental Site

Field experiments were conducted on the research farm of
the Institute for Agricultural Research, S8Samaru, Nigeria
during the rainy seasons of 1991, 1992 and 1993. Samaru is
located in the Northern Guinea Savanna Zone (11°11'N, 07° 38'E
and 686m above sea level} (Keay, 1959). Annual rainfall
ranges from 800 - 1300 mm with a long term average (1938 -
1993) of 1054.8 mm and lasts between late April/early May to
September/October. Mean maximum and minimum temperatures
during the rainy seasons range from 28 - 35% and 18 - 22%
respectively. Meteorological observations at Samaru during
the period of the trial are shown in Appendices 1 to 3.

The soil of the area is a loam broadly described as well
drained often leached (D'Hoore, 1964; Klinkenberg and Higgins,
1968) ferruginous tropical soil (Tomlinson, 1960: Higgins et
al,, 1965). It is characterized by low FH, organic matter,
and available phosphorus and nitrogen. Physico-chemical
properties of the soil at the sites of the trial is presented
in Appendix 4.

3.2 Crop Rotation
During the previous seasons, maize, cotton and groundnut

were grown on the farms in 1991, 1992 and 1993 respectively.
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3.3 Crop Variety

L, 5962 - 2 was the material used for this study. The
variety is an improved local selection that is cherished both
for salad and puree bhecause of the desirable colour of the
fruits. 1t is superior to local cultivars in yield although
most exotic varieties yield slightly higher fruits. Average
fruit length and diameter were 70 and 40 cm respectively. The
fruit colour is green in the immature stage turning bright red
on ripening. Single flowers are borne in the axils.
3.4 Experimental Details

The treatments consisted of five nitrogen levels (0, 80,
160, 240 and 320 kg N/ha), three phosphorus levels (0, 22 and
44 kg P/ha) and three plant densities (20,000, 40,000 and
60,000 plants/ha). Calcium ammonium nitrate (26% N) was used
as the source of nitrogen. It was applied as a top dressing
in three split doses, 25% at two weeks after transplanting
(WAT), 50% at six WAT and the remaining 25% at eight WAT.
8ingle superphosphate (18% Pﬁ%) was the source for phosphorus
and 1t was applied during land @preparation before
transplanting of seedlings.
A split-plot design (Cochran and Cox, 1964) was used.
Factorial combinations of N and P levels waere assigned to the
main plot while plant density was allocated to the sub plot.
Treatments were replicated three times. A gross plot size of
16.2 m’ was used in line with the suggestions of Singh (1989),

Ramachander and Prabhaker (1989). The gross plot consisted of
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six ridges 3.6m long while the inner four ridges were
considered as the net plot.
3.5 Cultural Practices
3.5.1 Nursery management

Seeds from previous season's harvest {(90.2% germination)
were sown on finely tilled beds, mulched with dry grass and
watered, The mulch was removed after germination of seeds and
the beds were regularly watered and kept f{ree of weeds till
the time of transplanting.
3.9.2 Land preparation

The experimental site was ploughed once and harrowed
twice at the onset of each rainy season, ridges were then made
7% em apart and the area marked out into main and sub plots.
383 Transplanting

Seven week-old seedlings were transplanted out to the
field on 1st July in 1991. 1In 1992 and 1993 five week-old
seedlings were transplanted out on 2nd July and 23rd June
respectively. Transplanting was done early in the mornings
and late evenings to minimize transplanting shock. Uniformly
sized seedlings were transplanted to each plot and spaced
according to the plant density treatment. Gap filling was
done to replace missing stands a week later in each year.
3.5.4 - Pests and disease control

In 1991, dimethoate was sprayed at the rate of 1.21/ha to
control aphids. Benomyl and Dithane M 45 were also sprayed at

the rate of 1.0 kg/ha each in 1991 and 1992 to control
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Anthrachnose and some leaf spot diseases.

Hoe weeding was done as and when necessary to check weed
growth in all the years. 1In 1992, glyphosate at the rate of
4.01/ha was sprayed two weeks before land preparation to
control stoloniferous and rhizomatous noxious weeds.

3.%.5 ! Harvesting

Fresh fruits were harvested as they ripen from the net
plot. Harvesting was done manually.
3.0, Meteorological Data

Data an amount and distribution of rainfall, maximum and
minimum temperatures, sunshine hours and relative humidity at
Samaru during the period of the experiments were obtained from
the meteorological Unit, I. A. R., Samaru.

3.7 Crop Data

The response of the crop to the treatments was evaluated
by measuring growth, yield and yield components and also by
analysing the plant tissue chemically.

For the assessment of growth parameters random sample of
ten plants were selected from each plot using the partial
replacement procedure of Gomez and Gomez (1984). Measurements
of growth characters were then done on these plants In situ at
intervals of two weeks beginning from four weeks after
transplanting.

3.7.1 Plant height
The height of randomly selected plants was measured with

a meter rule from ground level to the tip of the terminal bud.
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3.7.2 = Number of branches

This was determined by counting the total number of
primarv?and secondary branches on each plant.
3.7.3 Number of leaves

This was accomplished by counting the total {ully
expanded leaves on each plant.

3.7.4 Dry aerial phytomass (Dry matter partitioning)

Dry matter accumulation was also determined at different
stages of plant growth. In accordance with the
recommendat ions of Hughes and Freeman (1967), Radford (1967),
three plants were cut from their bases at each sampling period
and sepérated into leaves, stems and other plant parts
(flowers, buds, fruits). The plant parts were then oven dried
at 70°C to a constant weight. The data was subsequently used
for growth analyses.

k S Leaf area

The dry weight disc method of Rhoads and Blood Worth

(1964) was used to compute leaf area per plant viz:

Leaf area = weight of leaves x area of leaf discs
weight of leaf discs

3.7.6 - Leaf area index

Leaf area Index, the assimilatory surface per unit area
was calculated using the following formula given by Watson
(1947, 1952).

Leaf Area Index (LAI) = Total leaf area per plant
Area of ground per plant

3.7.7 - Leaf area ratio
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This is the ratio of the assimilatory material per unit
of plant material present. It was calculated using the
formula given by Evans (1972).

Leaf area ratio (LAR) = A, :_A! X L;Qgpﬂ:_lggeﬂ

W- W, (loge A, - loge Al)
W, and W; represent total dry weights at time t; and t,
respectively when corresponding leaf area was A, and A,
Loge = 2.718
3.7.8 Relative growth rate

The relative growth rate (RGR) is the cumulative dry
matter increment per unit of time. It was computed as
described by Blackman (1919) and Briggs et al (19220) as
follows:

RGR = 1099-3'1weu1
5 =%
where
W, and wz refers to the total dry matter of plant at times £y
and t; respectively.
3.7.9 Net assimilation rate

This represents the photosynthetic efficiency of

assimilatory surfaces. It was computed with the following

formula suggested by Gregory (1926), Watson (1958)

NAR = (W, W) (loge L, - loge Ly
(=) (1 -1y)

where w, and wi refers to total dry matter of plant at times

t, and tl when corresponding leaf area was L, and Ly

respectively.
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3.7.10  Nutrient composition and uptake

Dried plant material were chemically analysed at eight,
twelve and fourteen weeks after transplanting to determine the
content of nitrogen, phosphorous, potassium, magnesium and
calcium., Concentration of nutrients were expressed on the
basis of percentage dry plant material. Nutrient uptake was
calculated using the regpective plant dry weight.
3, 7.33 Number of days to 50% flowering

The number of days it took 50% of plants in each plot to
flower was counted and recorded.
3.7.12  Number of days to ripeness/maturity

The;number of days it took plants to ripen in each plot
was also recorded.
3.7:33 Fruit length

Thirty fruits from different plants over several harvests
randomly were taken from each plot. The distance between the
base to the distal end was then measured with a metre rule.
3.7:14 Fruit diameter

Using a vernier calliper, the diameter towards the based
end of thirty randomly selected fruits was measured.
3.7.15 | Fresh fruit weight(yield)/plant

Freshly harvested fruits were weighed and the total
weight f;om each plant pooled at the end of harvest.
3.7.16 Fruit dry weight (yield)/plant

Harvested fruits were oven dried to constant weight at

70% and the weight recorded.
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f fruits/plant

3.7.17 Number

The total number of fruits produced by each plant was
counted and recorded.
3.7.18 Fresh fruit yield (tons/ha)

Th; total weight of freshly harvested fruits from the net
plot was converted into tons per hectare,
3.7.19 Dry fruit yield (tons/ha)

The total weight of dry {fruits harvested from the net
plot was converted into tons/hectare.
3.7.20 Number of seeds per fruit

Number of seeds produced by each selected fruit was
counted and recorded.
3.7.21 Number of seeds per pilant

The total number of seeds produced by each selected plant
was pooled at the end of harvest.
3.7.:22 Seed yield per plant

The seeds produced per plant were air-dried and weighed.
3,43 Seed yield per hectare

The seed yield obtained from the net plot was converted
into a hectare basis.
3.8 Analytical Procedures
3.8.1 Soil analysis

Soil samples were collected from a depth of 0 - 30 c¢m at
random each year from the experimental site after land

preparation before transplanting. The samples were allowed to

dry bulked and analysed for physical and chemical properties.
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The soil particle size was analyzed by the hydrometer
method {Bouyoucos, 1951) and the textural class determined by
using the soil textural triangle (USDA, 1960). Soil PH was
determined using the PH meter (Black, 1965). Organic carbon
was measured by wet oxidation with dichromate as suggested by
Wolf (1982). Total nitrogen was determined by the macro-
kjeldahl procedure {Bremner, 1965) using mercuric sulphate and
selenium dioxide as catalysts. Available phosphorus was
measured in accordance with Bray I sulphuric acid reduction
method as described by Trough (1930). Cation exchange
capacity and exchangeable bhases were estimated using the
acetic abid method (A.0.A.C 1975). Sodium and potassium
contents were determined with an EEL flame photometer, while
calcium and magnesium were determined by atomic absorption
spectrophotometry using Perking Elmer model 290B.
Exchangeable acidity (H+Al) was assessed by leaching with
potassium chloride (Mehlich, 1984).

3.8:2 Plant tissue analysis

Dried sample were ground with a Wiley mill and passed
through 0.5mm sieve.

Total nitrogen in plant tissue was also determined by the
macro-kjeldahl procedure (IITA, 1975). The procedure invelved
digesting 0.5gm plant sample with concentrated sulpuric acid
using 5g Kjeldahl catalyst mixture, 10ml aliquot of the
digest was taken to which 10ml of 10 N sodium hydroxide was

added. This was then distilled into boric acid indicator up
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to the 150ml mark. The distillate was then titrated against
0.05N sulphuric acid to a pink end point. Percent nitrogen in
the sample was calculated as follows:

N(%) = 0.014xTitrex vol.of Digest x Normality of acid x 100
weight of sample x vol. of aliquot used.

Plant contents of phosphorous, potassium, magnesium and
calcium were determined by wet digesting samples with a
ternary acid mixture of nitric, sulpuric and perchloric acids
(Mehlich, 1978, 1984)). This involved digesting 0.2g sample
with the ternary acid mixture. Phosphorous concentration was
determined by the vanado-molybdate yellow colour of Bray and
Kurtz (1943), Jackson (1958) and modified by Murphy and Riley
(1962). To determine the concentration, of potassium, calcium
and magnesium, digested sample were taken and diluted.
Potassium was determined by flame photometry and calcium and
magnesium by atomic absorption spectrophotometry using Perking
Elmer model 290B,.

3.9 Statistical Analysis

The data collected ware subjected to analysis of variance
using the 'F' test to look for significance in the effects of
the treatments as described by Snedecor and Cochran (1967).
Multiple comparison of treatment means were done using the
Duncan's Multiple Range Test (Duncan, 1955; 1965; Carmer and
Swanson, 1973). Main effects and interactions were determined

for all characters in accordance with Gomez and Gomez (1984).
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The magnitude and type of relationship between the characters
were assessed through simple correlation analysis (Panse and
Sukhatme, 1957; Little and Hills, 1978). The direct and
indirect contributions of the characters to fruit yield were
partitioned using the method of Dewey and Lu (1959), Wright
(1960); Singh and Choudhary (1979). The polynomial response
of fruit and seed yvield to the factors tested; and N and P
concentrations to N and P levels were determined through
regression analysis as suggested by Steel and Torrie (1984).
3.10 Economic Analysis

Using the data on costs and returns from pepper
production during the period of study, net returns and returns
per Naira invested on fertilizer were calculated lor various
N and p level combination.
3.11 Optimum Levels of Nutrients

Using the formula of Garg and Bansal (1972) and Reddy et
al . (1975), the optimum levels of N and P were calculated
viz:

Xop = .b__, “?Cq/p

where xh = optimum level of N or P

band ¢ = regression constants

n

q price per unit of N or P

price per unit of fruit or seed,

p
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CHAPTER FOUR

4.0 RESULTS

4.1 Influence of Nitrogen and Phosphorus Levels and Plant
Density on the Growth of Pepper

4.1.1 Plant height

Application of nitrogen fertilizer significantly
increased the height of pepper plants compared with the
control'from six weeks after transplanting (WAT) up to 10 WAT
in the three years of study (Fig.l1A). At 4 WAT only 240 and
320 kg N/ha produced significantly taller plants than the
control in 1993. 1In previous years, there was no significant
difference between the various nitrogen levels. The
difference between 0 and 80 kg N/ha at 6 WAT and that between
80 and 160 kg N/ha at 8 and 10 WAT was also not significant in
1991. Plant height was not significantly increased beyond 160
kg N/ha in 1992 from 6 WAT to 10 WAT, whilst it increased
significantly up to 240 kg N/ha in 1993 within the same
period.

Phosphorus fertilizer application did not result in any
significant increase in plant height in 1991 (Fig 1B) in all
the weeks studied. At 6, 8 and 10 WAT the two phosporus
levels (22 and 44 kg p/ha) produced significantly taller
plants than the coOntrol in 1992 and 1993. At 4 WAT there was

no significant difference in plant height between the two
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levels and the contrel in 1992.

Planting at 20,000 and 40,000 plants/ha resulted in
significantly taller plants at 6, 8 and 10 WAT in 1993 (Fig
1C). At 4 WAT in 1993 and all the weeks in 1991 and 1992,
there was no significant difference between the three
densities,

Plan; height at 8 WAT was significantly influenced by an
interaction between nitrogen and plant density in 1992 (Table
1.). At 0 and on applying 240 and 320 kg N/ha, the three
planting densities were comparable in the height of plants at
such desities, whilst application of 80 and 160 kg N/ha
resulted 1n significantly shorter plants when grown at 60,000
plants/ha. Each additional increment in nitrogen level
resulted in significantly increased plant height at the higher
densities of 40,000 and 60,000 plants/ha. At 20,000 plants/ha
160 and 240 kg N/ha were at par.

Plant height was also significantly affected by an
interaction between nitrogen and phosphorus level at 10 WAT 'n
1992 (Table 2). At 0 and 320 kg N/ha, there was 10
significant difference between the phosphorus levels. At

other levels of N, application of 44 kg p/ha significantl:
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increahed plant height compared with o kg p/ha, other

although it was comparable with 22kg p/ha. When 44 kg p/ha
was ap?lied each additional nitrogen level significantly
increas;ed plant height,
4.1.2 = Number of branches/plant

Nanber of branches/plant was significantly increased with
increasf in nitrogen levels up to 240 kg N/ha in all the three
years at 8 and 10 WAT (Fig 2A). 1In 1991 the four nitrogen
rates w?re significantly similar and higher than the control
at 4 WAf whereas at 6 WAT, 80 and 160 kg N/ha resulted in more
branche? than 240 kg N/ha. Application of 160 kg N/ha
resulte? in significantly more branches compared with other
levels ht 4 WAT in 1992. In subsequent weeks production of
I)ranche‘ls was not significantly increased beyond 160 kg N/ha.
S8imilarly at 4 and 6 WAT number of branches was not
signifi?antly increased beyond 160 kg N/ha in 1993.

Application of 44 kg P/ha resulted in formation of
greater! number of branches compared with 0 ko P/ha as from 6
WAT (Fib 2B) in each year of study. The branches produced on
application of 22 kg P/ha were not statistically different
from th?se obtained at 0 kg P/ha at 4 and 6 WAT in each year.
Similariy, there was no significant difference in the number
of branches produced on application of 44 and 22 kg P/ha at 4
and 6 WAT in 1991 and 1993 and also at 4, 8 and 10 WAT in

$993.
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Table 1, Interaction between Nitrogen and Plant density on
plant height (cm) at 8 WAT in 1992

Treatment
Plant height(cm)

(Plants/ha) 20,000 40,000 60,000

Nitrogen (Kg N/ha)

0 16.67 g 16.49 g 16.23 g
80 30.84 e 29.74 e 27.03 £
160 37.97 bc 36.61 ¢ 33.54 d
240 38.56 bc 36.05 b 37.70 be
320 44,38 a 44.07 a 43.64 a
SEx 0.752

Means followed by =same alphabet(s) are similar
statistically using DMRT at 5 %.

Table 2. Plant height (cm) at 10 WAT as affected by Nitrogen
and Phosphorus interaction in 1992.

S ‘Plant height (cm)

Treatment

Phosphorus (Kg P/ha)

Nitrogen (Kg N/ha) 0 22 44
0 17.67 h 18.54 h 19,95 h
80 24.43 g 30.94 f 34.01 ef
160 37.14 de 38.45 cd 41.66 c
240 38.09 cd 38.51 cd 43.19 b
320 46.24 ab 46.39 ab 47.05 a
SEx 1.199

i Means followed by same alphabet(s) are statistically
similar using DMRT at 5%.
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Number of branches was not significantly affected by the
three densities in 1991 in all the periods and at 4 and 6 WAT
in 1992 and 1993 (Fig.2C). At 10 WAT in 1992 and also at 8
and 10 WAT in 1993, more branches were produced as a result of
plantin§ at 20,000 plants/ha compared with 60,000 plants/ha.
The difference between 40,000 plants/ha and the other two
densities was not significant in 1992.

Thpre was no significant interaction between any of the
factors'on number of branches in the three years of study.
4.1.3 Number of leaves/plant.

Nitrogen fertilizer application significantly increased
number of leaves produced by pepper plant compared with the
control at all periods in all the years (Fig.3A). At 8 WAT
each additional nitrogen level resulted in significant
incraasé in number of leaves produced in all the years. At 10
WAT leaf production was not significantly increased beyond 240
kg N/ha. 160 and 80 kg N/ha resulted in more leaves compared
with other levels at 4 WAT in 1992. 1In 1991 and 1993 at 4 WAT
there was no significant difference between the various
nitrogen levels. At 6 WAT, more leaves were produced on
application of 240 and 320 kg N/ha compared with lower rates
in the;three years. The two levels were however, similar

statistically.
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The number of leaves per plant was significantly
increased with each phosphorus level at 10 WAT in 1991 and
1993 (Fig. 3B). 1In 1992, the application of 22 was comparable
with 44 kg P/ha, and the two levels resulted in significantly
more leaves compared with 0 kg P/ha at 10 WAT and also at 6
and 8 in the three years. At 4 WAT the difference in leaves
produced by the three levels was not significant.

Significantly more leaves were produced on planting at
20,000 and 40,000 plants/ha compared with 60,000 plants/ha at
10 WAT in all the years, and also at 6 and 8 WAt in 1992 and
1993. The difference between 40,000 and 60,000 plants/ha was
only significant at 6 WAT in 1993. Similarly leaf production
was not significantly affected by the density treatments at 4
WAT in all the years. None of the 1lst order and 2nd order

interaction was significant on leaf production.
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4.1.4 Leaf dry weight

Leaf dry weight increased from transj 1. nting peaked at 8
WAT and subsequently declined at 10 WAT (Fig.4,5 and 6).
Significant increases were obtained in lca dry weight with
each additional nitrogen level up to 320 ko N/ha at 8 and 10
WAT in all the years (Fig.4). The differcnce between 80, 160
and 240 kg N/ha was not significant at 4 and 6 WAT in 1991.
Leaf dry weight was however signifi-antly heavier on
application of 240 kg N/ha compared with lower N level at 4
and 6 WAt in 1992 and 1993.

Phosphorus application significantly increased leaf dry
weight compared with the control at all stages of growth and
in all the years (Fig.5). The difference in leaf dry weight
between 22 and 44 kg p/ha was however not significant.

Leaf dry weight was significantly incieased when 20,000
plants/ha and 40,000 plants/ha were used compared with 60,000
plants/ha at all the periods of sampling and in all the years
(Fig.6). However, 20,000 plants/ha was significantly
different from 40,000 plants/ha only at 8 and 10 WAT in 1991,

At 8 WAt in 1991 leaf dry weight was significantly
affected by a first order interaction between nitrogen levels
and plant density (Table 3). When no nitrogen was added and
when only 80 kg N/ha was supplied, the difference between
40,000 and 60,000 plants was not significant. At higher
levels however each density level resulted in a different leaf

dry weight. At all densities each increase in N level
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increased leaf dry weight significantly.
4.1.5 Stem dry weight

Heaviest dry stems were obtained on application of the
highest level of 320 kg N/ha from 4 WAT to 10 WAT in the three
years (Fig.4). The difference compared with other N levels
was also significant except at 6 WAT in 1991 when 320 kg N/ha
compared with 240 kg N/ha, Each level also resulted in
significantly heavier dry stems compared with a previous lower
level of application.

Stem dry weight was significantly increased on
application of 22 kg P/ha throughout the period of study
(Fig.5). Weights were however comparable with those produced
on increasing phosphorus level to 44 kg P/ha.

Transplanting  at 20,000 plants/ha resulted in
significantly heavier dry stems compared with 60,000 plants/ha
in the three years of study and at all sampling periods
(Fig.6). 40,000 plants/ha significantly compared with 20,000
plants/ha at 4 and 6 WAT in 1991 - 1993 and also at 8 WAT in
1992 in stem dry weight. Differences in stem dry weight
between 40,000 plants/ha and 60,000 plants/ha were also
significant in the three years and at all sampling periods.

A significant interaction between nitrogen levels and
plant density was recorded on stem dry weight at 4 WAT in 1991
(Table 4). Stem dry weight significantly decreased from
20,000 plants/ha down to 60,000 plants/ha when 240 and 320 kg

N/ha was_applied. At other levels of N the difference in stem
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dry weight between the three plant densities was not
significant. Up to 160 kg N/ha stem dry weight at different
plant densities was not significant; however, 320 kg N/ha
produced higher stem dry weight compared with 240 kg N/ha.

Table 5 shows the influence of NxP interaction on stem
dry weight at 6 WAT in 1991. Heaviest dry stems were produced
when a combination of 320 kg N/ha and 22 kg P/ha was used
whilst the lowest value for stem dry weight was recorded when
neither N or P fertilizer was applied.

Phosphorus levels also interacted with plant density at
4 WAT in 1991 (Table 6). At the 0 kg N/ha there was no
significant difference in stem dry weight between the three
densitiés. However on adding 22 kg P/ha, stem dry weight
decreased significantly when a density of 60,000 plants/ha was
used compared with lower densities which were at par. On
increasing the P level to 44kg P/ha, stem dry weight also
decraased at the 40,000 plants/ha compared with 20,000 plants/
ha. The stem dry weight was significantly affected only at
20,000 plants/ha when the two P rates significantly out
yielded the control.
4.1.6 Dry weights of bud, flower and fruit

Irrespective of treatment, the dry weights of bud, flower
and fruits were minimal up to 8 WAT (Fig.4, 5, and 6) and
there was no significant difference bhetween the various
treatments. However, after 8 WAT, the dry weights of bud

flower and fruit steadily increased up to the last sampling
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period (10 WAT) when it comprised of a large proportion of the
total dry matter partitioned.

At 10 WAT dry weights of bud flower and fruit
progressively increased with each additional nitrogen level up
te 320 kg'tha (Fig.4). The difference between the various
levels was significant up to 240 N/ha only.

Application of phosphorus did not significantly increase
the dry weight of bud, flower and fruit in the years of study.

The three plant densities were also significantly
comparable in the dry weights of bud, flower and fruit
produced by their plants in the three years.

There was no significant interaction between any of the
factors on dry weights of bud flower and fruit throughout the

duration of experiment.
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Table 3.

Treatment

48

Plant density (Plant/ha)

Leaf dry weight (g)

Interaction between nitrogen and plant density on
'leaf dry weight (g) at 8 WAT in 1991.

60,000

10.01 3
12.08 i
15.29 h
25.12 e

33.58 ¢

are significantly

20,000 40,000
Nitrogen (Kg N/ha)
0 11.96 1 10.11 3
80 15.94 h 12.71 2
160 22.74 f 19.91 a
240 33.89 ¢ 29.70 d
320 44.384 a 41.21 b
SE+ 0.615
“Means followed by similar alphabet(s)
same using DMRT at 5%.
Table 4. Stem dry weight (g) at 4 WAT as influenced by
nitrogen ®x plant density interaction in 1991.
Treatment Stem dry weight (g)

Plant _density (Plants/ha)

20,000

Nitrogen (kg N/ha)

0 5.41 fqgh
80 6.26 efg
160 6.95 ef
240 31,95 g
320 15.54 a
SE+x 0.615

similar using DMRT at 5%.

4

4

1

0,000

.92 gh
5.85 fg
6.28 efyg
9.44 4
3.87 b

60,000

4.06 h
5.80 fg
5.85 fg
7.42 e
10.42 cd
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Table 5. Stem dry weight (ug) at 6 WAT as influenced by
nitrogen x phosphorus interaction in 1991.

Treatment Stem dry weight (g)

Phosphorus (kg P/ha)

0 22 44
Nitrogen (Kg N/ha)
0 6.51 e 9.12 cd 8.20de
80 9.58 cd 9.45 cd 10.94 c
160 9.19 cd 10.59 ¢ 14.27 b
240 14.64 ab 14.98 ab 15.85 ab
320 15.54 ab 16.51 a 16.21 a

SEt 0.639

Means followed by same alphabet(s) are similar
statistically using DMRT at 5%.

Table 6. Stem dry weight (g) at 4 WAT as affected by
phosphorus x plant density interaction in 1991.

Treatment ‘Stem §;§-heighf_]§)

Plant density (Plants/ha)

20,000 40,000 60,000
Phosphorus (Kg P/ha)
0 7.55 ¢d 7.31 cde 6.78 de
22 9,69 ab 8.42 bc 6.05 e
44 10.43 a 8.48 bc 7.19 cde

SE+ 0.477

Means followed by same letter(s) are significantly
similar using DMRT at 5%.
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4.1.7 ' Total dry weight/plant

Unlike some of the partitioned dry weights, total dry
weight did not decline after & WAT irrespective of treatment
and vyear. It increased up to 10 WAT and significant
differences were observed between the Ltreatments at each
period of sampling (Tables 7, 9 and 10).

Total dry weight significantly increased with each
increment in nitrogen level up to 320 kg N/ha in the years of
study and at all periods of sampling (Table 7, 9 and 19).

Application of 22 kg P/ha significantly increased total
dry weight over the control in all the years and at all
periods of study. (Tables 7, 9 and 10). Increasing
phosphorus level to 44 kg P/ha produced significant increase
in total dry weight over 22 kg P/ha at 6 WAt in 1991 and, at
4, 8 and iO WAT in 1993. 44 kg P/ha consistently produced
significantly heavier total dry weights compared with 0 kg P/
ha throughout the period of study.

Total dry weight significantly decreased with each
increase in plant density from 20,000 plants/ha up to 60,000

plants/ha throughout the period of study (Tables 7, 9 and 10).
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Table 7. Effect of nitrogen and phosphorus levels and plant
‘density on total dry weight(g) at different
'sampling periods.

Treatment Dry Weight(g/Plant) SR
, 4 WAT 6 WAT 8 WAT 10 WAT
Nitrogen(Kg N/ha)
0 8.04 e 15.22 e 25.01 e 29.80 e
80 ; 9.65 d 20,71 4 27.31 4 39.87 4
160 10.89 ¢ 23.62 ¢ 34.36 ¢ 51.60 ¢
240 , 14.11 b 27.69 b 50.79 b 75.81 b
320 19.10 a 31.78 a 63.20 a 94.90 a
SE+ ! 0.384 0.397 1.6489 2.592

Phosphorus (kg P/ha)
0 11.22 b 22.11 ¢ 32.59 b 55.50 b

22 | 12.52 a 24.21 b 41.98 a 61.50 a
44 ! 13.33 a 25.60 a 40.83 a 62.70 a
SE+ 0.297 0.307 1.273 1.421
Plant density (plants/ha)
20,000 14.00 a 25.60 a 43.09 a 64.50 a
40,000 | 12.44 b 24,21 b 40.93 b 61.50 b
60,000 | 10.64 ¢ 21,60 ¢ 36.39 ¢ 54.00 ¢
SE#+ 0.281 0.300 0.939 1.409

N X P NS NS NS NS
N XD XX NS NS NS
PXD ' NS NS NS NS
NXPXD NS NS NS NS

Means followed by different alphabets within a column of any
set of treatment are significantly different at 5% level of
significance using DMRT.

NS = Interaction not significant at 5% significance level

XX = Highly significant interaction at 1% signifiance level
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A highly significant interaction was observed between N
levels and plant density on total dry weight at 4 WAT in 1991
{Table 8). At 0 kg N/ha total dry weight was not affected by
differences in plant density. However at 240 and 320 kg N/ha
increasing population density significantly decreased total
dry weiqﬁt. When the different plant densities are
considered, each increase in N from 160 to 320 significantly

increased the total dry weight.

Table 8. .Interaction between nitrogen and plant density on
‘total dry weight at 4 WAT in 1991,

Treatment Total dry weight (g)
I Plant ___ Density (Plants/ha)
f 20,000 40,000 60,000

Nitrogen(Kg N/ha)

0 | 8.56 hij 7.89 3 7.70]3

80 | 10.43 fag 10.29 fgh 8.24 1ij

160 | 11.99 £ 10.78 fg 9.90 hi

240 17.09 ¢ 13.85 e 11.40 fg

320 21,95 a 19.42 b 15,90 d

SEt 0.621

Means followed by different alphabet(s) are significantly
different at 1% level using DMRT.
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Table 9. Effect of nitrogen and phosphorus levels and plant
density on total dry weight(g) at different
sampling periods, in 1992,

‘Dry weight (g/plant)

Treatment
- 4 WAT 6 WAT 8 WAT 10 WAT
Nitrogen(Kg N/ha) .

0 5.16 e 10.66 e 22.24 e 28.60 e

80 7.42 4 15.33 4 40.67 4 41.60 4
160 9.10 ¢ 19,00 ¢ 49.25 c 50.70 ¢
240 14.18 d 28.92 b 69.91 b 78.00 b
320 16.78 a 34.71 a 79.33 a 93.60 a
SE#+ 0.239 0.496 1.025 1.333
Phosphorus (kg p/ha)

0 | 10.17 b 21.07 b 43.55 b 57.20 b
22 - 12.54 a 28.73 a 56.96 a 61.10 a
44 12.88 a 29.00 a 57.52 a 62.40 a
SE+ 0.185 0.382 0.789 1.02

Plant density (plants/ha)

20,000 | 13.39 a 29.55 a 58.65 a 63.70 a
40,000 12.57 b 28.72 b 56.94 b 59,80 b
60,000 9.62 ¢ 19.75 ¢ 40.80 ¢ 53.30 ¢
SE+ 0.110 0.227 0.469 0.610

Interactions
N X P NS NS NS NS
N XD NS NS NS NS
PXD NS NS NS NS
NXPXD NS NS NS NS

Means in a column of any set of treatments fallowea—*ﬁ§
different alphabet(s) are significantly different at 5%
significance level using DMRT.




54

Table 10. Effect of nitrogen and phosphorus levels and plant
density on total dry weight(g) at different
sampling periods, in 1993,

Treatment  Dry weight (g/plant
' 4 WAT 6 WAT 8 WAT 10 WAT
T TR T R

0 5.16 e 9.72 e 18.76 e 25.78 e

80 | 8.35 d 15.71 4 29.92 d 42.96 d
160 . 9,10 ¢ 18.70 ¢ 35.53 ¢ 51.55 ¢
240 14.41 b 26.18 b 48.99 b 70.18 b
320 18.40 a 34.41 a 64.35 a 91.65 a
SE+ 0.236 0.441 0.825 1.181
Phosphorus (kg P/ha)

0 ' 10.45 ¢ 19.64 b 36.73 c 52.98 ¢
22 ' 11.36 b 21.32 a 39.83 b 57.28 b
44 ' 11.93 a 22,31 a 41.72 a 60.14 a
SE+ - 0.187 0.342 0.640 0.916

Plant density (plants/ha)

20,000 | 11.93 a 22.31 a 41.14 a 58.71 a
40,000 i 11.24 b 21.02 b 39.22 b 55.85 b
60,000 - 10.58 ¢ 19.82 ¢ 37.40 ¢ 52.58 ¢
SE+ - 0.127 0.238 0.445 0.637

Interactions
NXP f NS NS NS NS
N XD NS NS NS NS
P XD NS NS NS NS
NXPXD NS NS NS NS
Means "in*f“a' “column of any set of treatment followed by

different alphabet(s) are significantly different at 5%
significance level using DMRT.
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4.1.8 Leaf area/plant

With the exception of 160 kg N/ha and 60,000 plants/ha in
1991, leaf area/plant for other treatment increased from
transplanting up to 8 WAT after which it declined. For 160 kg
N/ha and 60,000 plant/ha leaf area increased up to 10 WAT:
(Tables 11, 12 and 13).

In 1991 leaf area was not significantly increased beyond
240 kg N/ha at 6 WAT. At other periods, and in subsequent
years, a significant increase was recorded with each increment
in nitrogﬁn level up to 320 kg N/ha (Tables 11, 12 and 13).

Phosphorus application significantly increased leaf area
compared with the control at all periods and in the three
years of study (Tables 11, 12 and 13). The difference between
22kg P/ha;and 44 kg P/ha in terms of their influence on leaf
area/plant was significant at 6 WAT in 1991, and 1993 and at
all periods of sampling in 1992.

The leaf area regressed significantly at every increment
of plant density from 20,000 plants/ha to 60,000 plants/ha at
all the periods in 1991 (Table 11). The same trend was
observed ﬁt 4 and 6 WAT in 1992 and 1993 {(Tables 12 and 13
respectively). There was no significant difference in leaf
area between the various densities at 8 and 10 WAT in 1992,
At the same period in 1993, 20,000 plants/ha was significantly
superior to 40,000 and 60,000 plants/ha in terms of leaf area.
The two higher densities were however similar in their leaf

area production.
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Table 11.'E£fect of nitrogen and phosphorus levels and plant
density on leaf area/plant (cm’) at various
| sampling periods, in 1991.

" Leaf area (cm'/plant)

Treatment
4 WAT 6 WAT 8 WAT 10 WAT
Nitrogen(Kg N/ha) .
0 937.75 e 1883.75 4 2736.25 e  2457.00e
80 1443.75 @ 2901.25 ¢ 3313.75 4 3355.00d
160 1815.00 ¢ 3685.00 b 4001.25 ¢ 4193.75¢
240 2255,00 b 4345.00 a 4592.50 b  4565.00Db
320 2392.50 a 4482.50 a 5018.75 a 4950.00a
SE+ 39.875 82.500 149.875 126.5000
EhQSPhQIUE.LKQAE/hal
0 1622.50 b 3190.00 c 3712.50 b 3685.00 b
22 1801.25 a 3478.75 b 4015.00 a 3973.75 a
44 1870.00 a 3698.75 a 4070.00 a 4056.25 a
SEt . 30.250 63.250 115.90 97.624
plant density (plants/ha)
20,000 2610.00 a  4972.50 a 5827.50 a 5760.00 a
40,000 1361.25 b 2700.00 b 3183.75 b 3116.25 b
60,000 | 1117.50 ¢  2197.50 ¢ 2370.00 c 2385.00c
SE+ . 28.875 53.625 95,375 82.312
Interactions
N XP NS NS NS NS
N XD ' NS NS NS NS
PXD NS NS NS NS
NXPXD NS NS NS NS

Means in 2 column of any set of treatments followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.
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Table 12. Effect of nitrogen and phosphorous levels and plant
" density on leaf area/plant (cm‘) at various
sampling periods, in 1992.

Treatment ~ " Leaf area (cm'/plant)
4 WAT 6 WAT 8 WAT 10 WAT

S e ——————————

e e e e

Nitrogen(Kg N/ha)

0 426.25 e 797.50 e 1553.75 e  1361.25 e

80 976.00 4 1402.50 4 3355.00 4  2956.25 d
160  1155.00 ¢ 2310.00 ¢ 4138.75 c  3643.75 C
240 1430.00 b 2970.00 b 5060.00 b  4441.25 b
320 . 1636.25 a 3080.00 a 5692.50 a  5005.00 a
SEt 27.500 41.250 82.500 68.750
Phosphorus (kg P/ha)

0 1058.75 ¢  1815.00 ¢ 3355.00 ¢ 2956.25 ¢
22 1113.75 b 2090.00 b 3932.50 b 3465.00 b
44 1196.25 a  2255.00 a 4235.00 a 3726.25 a

SEt 17.875 33.000 68.750 55.00

plant density (plants/ha)

20,000 | 1530.00 a  2250.00 a 3172.50 2520.00
40,000 922.90 b 1732.50 b 3262.50 2868.75
60,000 712.50 ¢ 1552.50 ¢ 3270.00 2970.00
SE+ | 20.625 38.500 72.875 169.625
Interactions

NXP NS NS NS NS

N XD NS NS NS NS
PXD NS NS NS NS
NXPXD NS NS NS NS

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.
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Table 13. Effect of nitrogen and phosphorus levels and plant
density on leaf area/plant (cm‘) at various
sampling periods, in 1993.

Treatment | Leaf are (cm/plant)
| 4 WAT 6 WAT 8 WAT 10 WAT

R e e e S e e e e e e e e —

Nitrogen(Kg N/ha)

0 | 440.00 e 811.25 e 1500.00 e 1341.25 »
80 - 811.25d 1498.75 d 2777.50 d 2117.50 4
160 1003.75 ¢ 1856.25 ¢ 3437.50 ¢ 2612.50 ¢
240 . 1320.00 b 2447.50 b 4523.75 b 3437.50 b
320 1608.75 a 2970.00 a 5486.25 a 4166.25 a
SEt | 38.500 71.500 132.00 100.375
Phosphorus (kg P/ha)

0 976.25 b 1801.25 ¢ 3313.75 Db 2516.25 b
22 1058.75 a 1952.50 b 3616.25 a 2750.00 a
44 1113.75 A 2062.50 a 3822.50 a 2901.25 a
SEt | 30.250 56.375 104.500 79.750

Plant density (plants/ha)

20,000 : 1395.00 a 2362.50 a 3442.50 a 2520.00 a
40,000 | 832.50 b 1541.25 b 2846.25 b 2160.,00 b
60,000 | 690.00 c 1350.00 ¢ 2812.50 b 2167.50 b
SE+ : 20.625 38.500 71.750 55.250
Interactions

N XP NS NS NS NS

N XD NS NS NS NS

P XD NS NS NS NS

NXPXD NS NS NE NS

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.
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4.1.9 ~ Leaf area index

The effect of nitrogen and phosphorus levels and plant
density and their interaction on leaf area index at different
periods ;n 1991 - 1993 is shown on Tables 14, 15, 16 and 17.

Gen@rally, leaf area index increased from transplanting
peaked at 8 WAT and declined at 10 WAT. However application
of 160 klg N/ha and the plant density of 60,000 plants/ha in
1991, exhibited a different trend in that wunder such
treatments, leaf area index (LAI) increased even at 10 WAT.

In i991 LAI increased with nitrogen application from 0 kg
N/ha to 320 kg N/ha at 4 and 10 WAT (Table 14). At 6 and 8
WAT si#nificant increases were obtained up to 240 kg N/ha
Except fpr LAI at 6 WAT in 1992 where 240 kg N/ha and 320 kg
N/ha wefe similar, each additional N level signifiantly
incraa;eﬁ LAI up to the highest level in 1992 and 93.

Leaf area index was also significantly affected by
applied phosphorus in all the years. 1In 1991 the two rates
increased LAI compared with the control throughout the period
under tést, although there was no significant difference
between the two rates except at 6 WAT when 44 kg increased
P/ha had an edge in LAI over 22 kg P/ha. In 1992, there was
a linear&increase with each increment in P. However, in 1993,
LAI from plots supplied with 22 kg P/ha were statistically
comparable with those without P and those given 44 kg P/ha at
4, 6 and_B WAT, although the difference between 44 kg P/ha and
0 kg P/ha was significant. At 10 WAT the two rates of applied

P were similar and resulted in signifciantly higher LAI



60

compared with the control.

The: three plant densities tested were significantly
different in terms of LAI in the three years of study. There
was a progressive increase in LAI with increase in plant

density from 20,000 plants/ha to 60,000 plants/ha in all the

years.
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Table 14. Leaf area Index as influenced by nitrogen and
phosphorus levels and plant density at different
periods in 1991.

Treatment Leaf area index
4 WAT 6 WAT 8 WAT 10 WAT
Nitrogen(Kg N/ha)

0 | 0.68 e 1.37 & 1.99 d 1.80 e

80 1.05d 2.11 ¢ 2.41 c 2.44 d
160 1:32 @ 2.68 b 2.91 b 3.:05 ¢
240 1.62 b 3.16 a 3.34 a 3.32 a
320 1.74 a 3.26 a 3.65 a 3.60 a
SE+ 0.029 0.060 0.109 0.092
Phosphotus (kg P/ha)

0 1.18 b 2.32 ¢© 2.70 b 2.68 b
22 1.31 & 2.53 b 2.92 a 2.89 a
44 1.36 a 2.69 a 2.96 a 2.95 a
SEL 0.022 0.046 0.084 0.071

Plant density (plants/ha)

20,000 1.16 ¢ 2.21 ¢ 2.59 ¢ 2.56 ¢
40,000 1.21 b 2.40 b 2.83 b 2.17 B

60,000 1.49 a 2.97 a 3.16 a 3.18 a
SEt 0.021 0.039 0.037 0.037

Interactions

N X P NS NS NS NS

N XD NS NS NS X

PXD NS NS NS NS

NXPXD NS NS NS NS

Means in a column of any set of treatments followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.

X Interaction significant at 5% significance level

NS Interaction not significant even at 5% level significance.
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A significant interaction between N levels and plant
density?was recorded on LAI at 10 WAT in 1991 (Table 15).
There was a significant increase 1n LAI as density was
increased at all N levels except in control 160 and 320kg N/ha
in which the difference between 20 and 40,000 plants/ha was
not significant. When the densities were looked at various N
levels, there was an increase in the LAI in all cases except
160 and 240 kg N/ha under 20,000 plants and 240 and 320 kg
both in 40 and 60,000 plants. Maximum leaf area index was
obtained when a combination of 60,000 plants ha and 320 kg
N/ha was used. Minimum leaf area index was recorded whenr no
nitrogen (0 kg N/ha) was used at a density of 20,000 plants/
ha. ‘

Table 15. Interaction between nitrogen and plant density on
leaf area index at 10 WAT in 1991.

_ ‘Leaf area index

Treatment
Plant density (Plants/ha)
20,000 40,000 60,000
Nitrogen(KgN/ha)

0 _ 1.58 g 1.75 ¢ 2.07 f
80 2.08 £ 2.44 e 2.79 4
160 2.80 d 2.95 d 3.39 be
240 2.85 d 3.35 ¢ 3.82 a
320 3.51 b 3.46 bc 3.85 a

SE+ 0.084

Means followed by wunlike alphabet(s) are significantly
different at 5% significance level using DMRT,
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Table 16  Leaf area Index as influenced by nitrogen and
phosphorus levels and plant density at different

' periods in 1992.

Treatment Leaf area index_

4 WAT 6 WAT 8 WAT 10 WAT

— e ——— —————— ————————— - —— —

Nitroge n_(;._ Kg N/ha)

0 0.31 e 0.58 d 1.13 e 0.99 e
80 0.71 d 1.02 © 2.44 d 2.15 d
160 0.84 ¢ 1.68 b 3.01 ¢ 2.65 ¢
240 1.04 b 2.16 a 3.68 b 3.27 b
320 1.19 a 2.24 a 4.14 a 3.64 a
SEt 0.016 0.030 0.056 0.050

Phosphorus (kg P/ha)

0 0.77 ¢ 1.32 ¢ 2.44 ¢ z2.1% e
22 ! 0.81 b 1.52 b 2.86 b 2.52 b
44 ' 0.87 a 1.64 a 3.08 a 2.71 a
SEt 0.013 0.024 0.045 0.040

Plant density (plants/ha)

20,000 0.68 ¢ 1.00 ¢ 1.41 ¢ 1
40,000 0.82 b 1.54 b 2.90 b 2
60,000 0.95 a 2.07 a 4.36 a 3
SEt 0.015 0.028 0.053 0
Inte tions

NXP NS NS NS NS
NXD NS NS NS NS
P XD NS NS NS NS
NXPXD NS NS NS NS

.26
.55 b

.96 a

.047

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%

significance level using DMRT.
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Table 17 Leaf area Index as influenced by nitrogen and
phosphorus levels and plant density at different

periods in 1993.

Treatméﬁf

Leaf area index
4 WAT 6 WAT 8 WAT 10 WAT
Nitrogen(Kg N/ha)

0 i 0.32 e 0.59 e 1.09 e 0.83 e
80 0.59 d 1.09 4 2.024d 1.54 d
160 0.73 ¢ 1.38 o 2.50 ¢ 1.90 ¢
240 0.96 ¢ 1,78 b 3.29 b 2.50 b
320 1.17 a 2.16 a 3.99 a 3.03 a
SE+ 0.028 0.052 0.096 0.077

Phosphorus (kg P/ha)

0 0.71 b 1.31 b 2.41 b 1.87 b
22 0.77 ab 1.42ab  2.63ab 2.00 a
44 0.81 a 1.50 a 2.78 a 2.11 a
SE+ 0.022 0.041 0.076 0.058

Plant density (plants/ha)

20,000 | 0.62 ¢ 1.05 ¢  1.53 ¢ 1.12 ¢
40,000 0.74 b 1.37 b 2.53 b 1.92 b
60,000 0.92 a 1.80 a 3.75 a 2.89 a
SE+ 0.015 0.028 0.052 0.040
Interactions

N X P NS NS NS NS

N XD NS NS NS NS
PXD NS NS NS NS
NXPXD NS NS NS NS

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%

significance level using DMRT.
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4.1.10 ILga__g;gg_;g;;g

The éffect of nitrogen and phosporus levels and plant
density on leaf area ratio in 1991, 1992 and 1993 is shown in
Tables 18, 19 and 20 respectively. Leaf are ratio (LAR)
increasedifrom transplanting but then peaked at 6 WAT after
which it aeclined.

The effect of applied nitrogen on leaf area ratio was not
significaht in the three years and at all periods. However
there is a trend of a slight increase up to 160 kg N/ha and
there after the LAR decreased.

Phoséhorus application also did not significantly
influence;LAR throughout the study. There was no definite
trend of increase or decrease LAR due to phosphorous.

Transplanting pepper at 20,000 plants/ha resulted in
significantly higher LAR values at all periods in 1991 and
also at 4 and 6 WAT in 1993. LAR was not significantly
affected when plant density was further increased to 60,000
plants/ha from 40,000 plants/ha in all the years. At 8 WAT in
1992 LAR was decreased when 20,000 plants/ha was used compared
with higher densities. At other periods in 1992 and also at
8 and 10 WAT in 1992 there was no significant difference in
LAR between the three densities tested.

There was no significant interaction between the factors

on LAR in the years of study.
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Table 18 'Leaf area ratio (cmzlg) as affected by nitrogen and
phosphorus levels and plant density at different
periods in 1993,

eaf area ratio (cm‘/q)

Treatment . _ar
, 4 WAT 6 WAT 8 WAT 10 WAT

Nitrogen(Kg N/ha) - -

0 117.25 125.64 109.44 82,50

80 144.40 138.14 122.74 83.88
160 165.00 153.54 117.68 80.00
240 161.07 155.18 90.06 60.07
320 125.95 140.09 79.67 52.22
SE+ 22.134 16.001 15.000 14.781
Phosphorus (kg P/ha)

0 | 147.55 145.00 112.52 65.80

22 , 138.54 144.96 96.60 64.10

44 143.85 142.27 92.93 64.38

SE+ 17.318 14.126 13.003 11.313
Plant density (plants/ha)
20,000 186.43 a 191.93 a 135.53 a 88.62 a
40,000 104.69 b 112.50 b 77.66 b 50.26 b
60,000 101.64 b 104.67 b 65.82 b 44.17 b
SE% _ 15.212 11.200 10.500 10.000
Interactions
NXP f NS NS NS NS
NXD ' NS NS NS NS
PXD NS NS NS NS
NXPXD NS NS NS NS

|

Means within a column of any set of treatment followed by
different alphabet{s) are signifcantly different at 5%
significance level using DMRT.



67

Table 19 Leaf area ratio (cmzfg) as influenced by nitrogen
and phosphorus levels and plant density at various
sampling periods in 1992,

_ Leaf area ratio (cm'/q)

Treatment S
4 WAT 6 WAT 8 WAT 10 WAT
Nitrogen{Kg N/ha)

0 85.20 72.55 70.64 46.93
80 139.43 93,53 81.83 70.38
160 128.33 121.58 84.47 71.45
240 102.14 102.41 72.29 56.94
320 : 96.24 88,00 72.06 53.24
SE+ 23.348 19.314 11.520 10.488

Phosphorus (kg P/ha)

0 ' 105,90 86.43 76.25 51.86
22 - 92.83 72.07 68.98 56.80
44 | 92.00 77.76 73.02 60.10
SE+ _ 20.000 16.212 8.314 8.001

|
Plant density (plants/ha)
20,000 109,29 75.00 53.78 b 39.38
40,000 75.92 59.76 57.25 ab 47.82
60,000 71.30 77.65 7%.76 a 56.04
SE+ 19.146 15.000 8.000 6.315
Interactions
NXP NS NS NS NS
NXD NS NS NS NS
PXD NS NS NS NS
NXPXD NS NS NS NS

Means in a column of any set of treatments followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.
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Leaf area ratio (cmzfg) as influenced by nitrogen
and phosphorus levels and plant density at various
sampling periods in 1993.
Treatment T T Leaf area ratio (cm'/q)
: 4 WAT 6 WAT 8 WAT 10 WAT
Nitrogen(Kg N/ha)

0 85.27 81.10 78.9% 43.88

80 101.38 93.69 92.60 49,26
160 ' 100.40 97.68 95,50 56,25
240 94.29 94.15 92.33 49.11
320 89.39 87.35 85.72 45.75
SEt 9.912 8.760 6.776 5.317
Phosphorus (kg P/ha)

0 | 97.60 90.05 89.54 47.47
22 96.27 93.00 90.40 48,25
44 92.83 93.77 91.02 48.35
SE+ 8.060 7152 6.513 4.120

P_lant_den_sj.ﬁxinl ants/ha)

20,000 116.25 a 107.41 a 83.95 42.71
40,000 75.64 b 73.38 b 72.97 38.57
60,000 69.00 b 67.50 b 76.03 40.91
SE+ 7.000 7.000 6.110 3.281
Interactions

N XP NS NS NS NS

N XD NS NS NS NS
PXD NS NS NS NS
NXPXD NS NS NS NS

Means in a column of any set of treatments followed by

different alphabet(s) are
significance level using DMRT.

significantly different at 5%
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4.1.11 Relative growth rate

Tables 21, 22 and 23 show the effect of nitrogen and
phosphotus levels and plant density on relative growth rate in
1991, 1992 and 1993 respectively. In 1991, N levels
significantly increased RGR only at 10 WAT compared with
control; 80 kg N/ha and 240 at 6 WAT; 80 and 160 kg N/ha at
8 WAT #ere comparable in RGR. 320 kg N/ha was lower than
other lgvels at 6 WAT but comparable to 240 at 8 WAT and to
240 and 160 kg N/ha at 10 WAT. Application of 160 kg N/ha
resulted in highest RGR at 6 WAT in 1992. At 8 WAT 160 was
comparaﬁle to 80 kg N/ha and higher than 240 and 320 kg N/ha
in RGR thch were at par. At 10 WAT each level of N increased
RGR significantly except 80 kg N/ha which was comparable with
the confrol. In 1993, RGR was significantly affected by N
levels only at 6 WAT where application of 80 kg N/ha resulted
in the highest RGR compared with other levels. 240 and 320 kg
N/ha were similar and significantly lower than 160 kg N/ha and
the control in RGR. 160 kg N/ha also resulted in lower RGR
compared with the control, The difference between the N
levels was not significant at 8 and 10 WAT.

The application of 22 and 44 kg P/ha resulted in higher
RGR at 8 and 10 WAT respectively in 1991. The difference
between 0 and 44, and 22 was not significant at 8 and 10 WAT
respectively. There was no difference between the P levels on
RGR at & WAT. Applied P at 22 kg P/ha significantly yielded
superior RGR values, compared with the control at 8 and 10 WAT

in 1992. 22 and 44 at 8 and 10 WAT, 0 and 44 kg P/ha at 8 WAT
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were however similar. The levels were also similar at 6 WAT,
In 1993 P levels affected RGR only at 6 WAT where 22 kg P/ha
out yielded the other levels which were at par.

Refative growth rate significantly decreased when plants
were trénsplanted at 20,000 plants/ha compared with other
densityilevels which were at par at 6 WAT in 1991. However,
in 1992,Ltransplanting at 20,000 plants/ha was comparable to
40,000 piants/ha at 6 WAT. RGR in 1991 at 8 and 10 WAT, 8 WAT
in 1992 ;nd throughout 1993 was not significantly affected by
plant density treatments.

Interaction between the factors was not significant on

RGR in dll the years.
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Table 21. Relative growth rate (g/g/day) as influenced by
! nitrogen andphosphorus levels and plant density
| at various sampling periocds in 1991.

—_— ——— s S ———— —_

Treatment Relative growth rate (g/g/day)
: 6 WAT 8 WAT 10 WAT
Nitrogen(Kg N/ha)

0 ' 0.31 b 0.20 b 0.09 ¢

80 0.35 ab 0.20 b 0.14 b
160 0.37 a 0.21 b 0.19 a
240 0.33 ab 0.30 a 0.20 a
320 | 0.25 ¢ 0.34 a 0.20 a
SE+ | 0.017 0.013 0.014
Phogphorous (kg P/ha)

o 0.35 0.20 b 0.19 b
22 | 0.37 0.28 a 0.22 b
44 : 0.35 0.23 b 0.26 a
SEt | 0.015 0.011 0.012

Blinsdﬁéngity_{plantsibal

20,000 0.31 b 0.25 0.21
40,000 | 0.35 a 0.25 0.21
60,000 | 0.35 a 0.27 0.20
SE+ | 0.010 0.009 0.009
Interactions

NXP | NS NS NS NS
NXD | NS NS NS NS
PXD NS NS NS NS
NXPXD NS NS NS NS

Means in a column of any set of treatments followed by
different alphabet(s) are significantly different at 5%
signifi¢ance level usingy DMRT.
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Table 22 Relative growth rate (g/g/day) as influenced by
nitrogen and phosphorus levels and plant density at
various sampling periods in 1992,
Treatment Relativefd}o#thf&ateé:(g/g}dayjiv
6 WAT 8 WAT 10 WAT

Nitrogen(Kg N/ha)

0 0.38 b 0.35 ¢ 0.01 d
80 0.39 b 0.50 a 0.01 d
160 0.75 a 0.50 a 0.02 ¢
240 0.36 b 0.44 b 0.07 b
320 0.36 b 0.41 b 0.08 a
SEx 0.019 0.016 0.002
Phosphorus (kg P/ha)

0 0.37 0.34 b 0.02 b
22 0.40 0.38 a 0.03 a
44 0.40 0.36 ab 0.03 a
SE+ 0.018 0.013 0.002

Plant density (plants/ha)

20,000 0.42 a 0.33 0.04 a
40,000 0.40 a 0.34 0.03 b
60,000 0.35 b 0.35 0.01 c
SEt 0.016 0.012 0.001
Interactions

NXP NS NS NS NS

N XD NE NS NS NS

P XD NE NS NS NS
NXPXD NS NS NS NS

Means 1in a column of any set of treatments followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.
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rable 23 Relative growth rate (g/g/day) as influenced Dby
‘nitrogen and phosphorus levels and plant density at
various sampling periods in 1993.

e e ——

Relative growth rate (g/g/day)

Treatment
6 WAT 8 WAT 10 WAT

Nitrogen(Kg N/ha)

0 0.34 b 0.31 0.16
80 0.35 a 0. 32 0.18
160 0.32 ¢ 0.32 0.18
240 0.31 4 032 0.18
320 0.31d 0.32 0,18
SEt ' 0.018 0.012 0.014
Phosphorus (kg P/ha)

0 0.32 ab 0.31 0.17
22 D.35% a 0.32 0.18
44 0.30 b 0.32 0.18
SEt 0.016 0.015 0.012

Plan;_dansipy_(plantglnﬂl

20,000 0.30 0.31 0.18
40,000 0.32 0.31 0.18
60,000 0.30 0.31 0.18
SEX 0.016 0.001 0.001
Interactions

N XP NS NS NS NS

N XD NS NS NS NS

P XD NS NS NG NS
NXPXD NS NS N& NS

Means in 'a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.
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4.1.12 Net asgimilation rate

The effect of nitrogen and phosphorus levels and plant
density on net assimilation rate is presented in Tables 24, 25
and 26 fo} 1991, 1992 and 1993 respectively.

Applied nitrogen significantly affected net assimilation
rate only at 10 WAT in 1991 and 1992 where application of 320
kg N/ha resulted in the higher NAR compared with other levels.
N levels below 240 kg N/ha did not significantly increase NAR
over the control in 1992.

Net assimilation rate was not significantly influenced by
phosphorus application in all the years.

Significantly higher NAR was obtained at 8 and 10 WAT in
1991 as a result of planting at a density of 60,000 plants/ha
compared with less dense populations which were at par
statistically. In contrast, transplanting at 20,000 plants/ha
resulted in significantly higher NAR compared with higher
densities:which were similar at 10 WAT in 1992. At other
periods in 1991 and 1992 and throughout 1993 no significant
difference was observed in NAR due to the densities tested.

There was no significant interaction between the factors

on NAR in all the years.
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Table 24 Net assimilation rate (g/ch/day) as influenced by
nitrogen and phosphorus levels and plant density
at various sampling periods in 1991.
Treatment Net éésimilﬁtion_rate_{g[cm%dgxl
6 WAT 8 WAT 10 WAT

Nitrogen(Kg N/ha)

1] 0.002 0.002 0.001 b
80 0.003 0.002 0.002 ab
160 0.002 0.002 0.002 ab
240 0.002 0.003 0.003 ab
320 0.002 0.004 0.004 a
SE+ 0.0007 0,0008 0.0001
Phosphorus (kg P/ha)

0 0.002 0.001 0.003

22 0D.003 0.002 0.003

44 0.002 0.002 0,004

SE+ 0.0008 0.0008 0.0001
Plant density (plants/ha)
20,000 0.002 0.001 b 0.002 b
40,000 0.003 0.003 ab 0.004 ab
60,000 0.003 0.004 a 0.005 a
SE+ 0D.0007 0,0008 0.009
Interactions
NXP NS NS NS NG
N XD NS NS NS NS
P XD NS NS NE NS
NXPXD NS NS NS NS

Means 1in a column of any set of treatment followed by
different alphabet{(s) are significantly different at 5%
significance level using DMRT.
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Table 25 Net assimilation rate (g/cmzfday) as influenced by
nitrogen and phosphorus levels and plant density
at various sampling periods in 1992,

Treatment Net assimilation rgte?ig/cnﬁ[dailﬂ_
6 WAT 8 WAT 10 WAT

Nitrogen(Kg N/ha)

0 | 0.004 0.005 0.0001 ¢
80 : 0.005 0.006 0.0002 c
160 0.006 0.006 0.0003 ¢
240 0.004 D.006 0.0010 b
320 0D.004 0.006 0.0020 a
SE+ 0.001 0.001 0.0002
Phosphorus (kg P/ha)

0 0.004 0.004 0.0004
22 0.006 0.006 0.0005
44 0.005 0.005 0.0005
SEx 0.0009 0.0008 0.0003

Plant density (plants/ha)

20,000 0.006 0.006 0.0010a
40,000 0.007 0.006 0.0006 b
60,000 0.005 0.004 0.0002 b
SE#+ 0.0008 0.002 0.0002
Interactions

NXP NS NS NS NS

NXD NS NS NS NS

PXD NS NE NS NS

NXPXD NS NS NG NS

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.
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Table 26. Net assimilation rate (g/cmz/day) as influenced
' by nitrogen and phosphorus levels and plant
density at various sampling periods in 1993.

Treatment ~  Net assimilation rate (g/cm’/day)
6 WAT 8 WAT 10 WAT

Nitrogen(Kg N/ha)

0 0.004 0.004 0.004

80 - 0.004 0.003 0.004
160 = 0.003 0.003 0.004
240 | 0.003 0.003 0.004
320 : 0.004 0.004 0.004
SE+ 0.002 0.002 0.001
Phosphorus (kg P/ha)

0 ' 0.003 0.003 0.004
22 0.004 0.003 0.004
44 0.003 0.003 0.004
SE+ 0.002 0.002 0.001

Plant density (plants/ha)

20,000 0.003 0.003 0.004
40,000 0.004 0.004 0.005
60,000 0.004 0.005 0.004
SE+ 0.002 0.002 0.001
Interactions

NXP NS NS NS NS
NXD NS NS NS NS
PXD NS NS NS NS
NXPXD NS NS NS NS

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.



and Phosphorus Levels.
4:.2.% Nitrogen

Table 27 shows the effect of nitrogen and phosphorus

levels on nitrogen concentration in shoot in 1992 and 1993.
Generally lower values of N were recorded at 12 WAT compared
with N content at 8 WAT in shoot, At 8 WAt application of 320
kg N/hairesulted in the higher concentration of N.
N concentration with 240 kg N/ha was however similar to that
of 320 kg N/ha in 1993, when 240 kg N/ha and the lower rates
were statistically same in their N content but significantly
higher than the control. In 1992 the difference in N
concentﬁationuwas also not significant when N rate was doubled
from 80 kg N/ha to 160 kg N/ha. At 12 WAT applied N at 160 kg
N/ha waé superior to all other Jlevels of N in terms of N
concentration of shoot in both years. N at 320 kg N/ha was
comparable to the control and significantly lower than other
N levels in both years.

Applied P had a significant effect on N concentration
Maximum N concentration was attained on application of 22 kg
P/ha at 8WAT in 1993 and in both years at 12 WAT. The two
rates of applied P were however similar in their N content at
8 WAT whéreas at 12 WAT 0 kg P/ha was significantly similar to

44 kg P/ha in both years.
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Table 27. Nitrogen concentration in shoot (%) as affected by
nitrogen and phosphorus levels at different periods
in 1992 and 1993.

B e = i

~ Nitrogen concentration in shoot (%)

Treatment
8 WAT — .12 WAT
1992 _ 1993 1992 1993
Nitrogen (kg N/ha)

0 2.94 a 2.50 ¢ 2.10 b 2.07 ¢

80 | 4.07 b 4.00 b 2.47 a 2.40 b
160 ; 3.96 b 4.00 b 2.53 a 2.60 a
240 3.56 ¢ 4.14 ab 2.38 a 2.35b
320 4.41 a 4.30 a 2.15 b 2.20 ¢
SE% 0.071 0.073 0.050 0.048
Phosphorus (kg P/ha)

0 3.85 3.60 b 2.25 b 2.20 b
22 | 3.80 3.90 a 2.52 a 2.50 a
44 | 3.72 3.87 a 2.20b 2,30 b
SE: | 0.055 0.056 0.038 0.044

Interaction
NXP XX NS XX NS

— e —— ————— e o it S e g ey - SR - S — ———

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance levels using DMRT.
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A highly significant interaction between NxP levels was
observed on N concentration in shoot at 8 and 12 WAT in 1992
(Table 28). When nitrogen was not applied (0 kg N/ha) the
different P levels did not significantly differ in their N
contentjat 8 WAT. The same trend was observed when the
highest rate of N (320 kg N/ha) was used. However, at low
rates of N (80 kg N/ha), application of 44 kg P/ha yielded
maximum N content in shoot. At 12 WAT, applied P at 44 kg P/

ha yielded maximum N content in shoot at 160kg N/ha.

Table 28 Nitrogen concentration in shoot (%) as affected by
' nitrogen and phosphorus interaction at different
periods in 1992.

e ———————————————————————

Treatment "N concentration in short (%)
’ 8 wATr 12 WAT _

—— . ———— i  — —— —  ——  — ——— i ————— i —————— —— ——— ————

Phosphorus (Kg P/ha)

Nitrogen (Kg N/ha)

0 2.94fg 2.26 g 3.12efg 1.75 f 2.80 bc 1.75 §
80 4.00 bec 3.69d4 4.51a 2.59 cd 2.66 ¢ 2.17 e
160 4.10 bc 4.33 b 3.45 de 2.24 de 2.24 de 3.10 a
240 3.644 3.87cd 3.16 ef 2.94b 2.03 e 2.17 e
320 4.55 a 4.3%5ab 4.34ab 1.75f 2.87 b 1.82 f{
SE+ 0.124 0.086

Means within a week followed by different alphabet(s) are
significantly different at 1% significance levels using
DMRT.
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4.2.2 Phosphorus

Phosphorus concentration in shoot was increased
significantly by adding 160 kg N/ha in both years at 8 WAT and
at 12 WAT in 1993 (Table 29). The rate was however comparable
to the control at 8 WAT in 1992, to the control and 80 kg N/ha
at 8 WAT in 1993 and to higher levels of N at 12 WAT in the
same year. At 12 WAT in 1992 0 kg N/ha and 320 kg N/ha
significantly resulted in the highest concentration of P in
shoot. Applied N at 80 and 160 kg N/ha however increased P
concentration significantly compared with 240 kg N/ha although
the two rates were at par with 0 kg N/ha.

Application of 22 kg P/ha resulted in significantly low
P concentration at 12 WAT in 1992 compared with other levels.
Increasing P 1level to 44 kg P/ha produced the highest
concentration of P in shoot in the two years tested. The
highest rate was however comparable to the control in shoot P
concentration at 8 WAT and 12 WAT in 1992.

Thefa was a highly significant NxP interaction on shoot
P concentration at 8 and 12 WAT in 1992 (Table 30). Highest
P concentration was realised on application of 320 kg N/ha in
the absence of applied P. The lowest P concentration resulted
on a combined application of 240 kg N/ha and 44 kg P/ha at 8
WAT. At:12 WAT the trend was reversed on application of 320
kg N/ha in the absence of P resulted in the lowest p
concentration while maximum P concentration was

obtained at combined 160 kg N/ha and 44 kg P/ha.
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Table 29.Phosphorus concentration in shoot (%) as affected
by nitrogen and phosphorus levels at different
- periods in 1992 and 1993.

Treatment Phosphorus concentration in shoot (%)

8 WAT 12 WAT
IS N——— || (e | . . 1992 1993
Nitrogen (kg N/ha)

0 - 0.43 a 0.37 ab 0.25 ab 0.25 b
80 0.34 b 0.39 ab 0.22 b 0.24 b
160 D.45 a 0.43 a 0.23 b 0.30 a
240 ' 0.38 b 0.35 b 0.18 ¢ 0.27 ab
320 ' 0.34 b 0.35 b 0.29a 0.24 Db
SE+ 0.019 0.020 0.013 0.014

Phosphorus (kg P/ha)

0 1 0.38 ab 0.37 0.25 a 0.23 b
22 ; 0.36 b 0.34 0.20 b 0.26ab
44 0.42 a 0.40 0.26 a 0.28 a
SEt 0.015 0.014 0.010 0.010

Interaction
NXP XX NS XX NS

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance levels using DMRT.

Table 30 Interaction between nitrogen and phosphorus on
phosphorus concentration in shoot (%) at 8 and 12
WAT in 1992,

—— e —— et it

Treatment P concentration in shoot (%)
' — 8 WAT 12 WAT

Phosphorus (Kg P/ha) -
0 22 44 0 22 44

Nitrogen (Kg KN/ha)
0 0.20def 0.27bcd 0.29bc 0.40bcd 0.42bc  0.47ab

80 ' 0.22c¢~-f 0.21def 0.24b-e 0.34cde 0.34cde 0.34cde
160 0.16f 0.24b-~e 0.31b 0.31de 0.50ab 0.53a
240 0.24b-e 0.16f 0.15¢ 0.31de 0.41bcd 0.41bcd
320 0.42a 0.17ef 0.27bcd 0.28e 0.33cde 0.41bcd
SEt 0.023 0.033

- Interaction Means within a week followed by different
alphabet(s) are significantly different at 1%
significance level using DMRT,
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2.3 Potassium

Application of 240 kg N/ha significantly increased shoot
K at 8 WAT in both years (Table 31). The rate was however
comparable to 160 kg N/ha in 1993 when all the N levels were
similar statistically. Applied N up to 160 kg N/ha did not
raise K concentration significantly compared with lower levels
but the three levels were less than 320 kg N/ha at 8 WAT in
1992. At 12 WAT there was no significant difference in K
concentraﬁion between the various N levels.

Lowest K concentration in shoot was obtained on addition
of 22 kg Pfha compared with other levels which were similar at
8 WAT in Loth years. At 12 WAT there was no significant
difference in K concentration between the various P levels in
both years;

Potassium concentration in shoot was not affected
significantly by the interacticn between N and P levels in
both years.

4.2.4 Calcium

Neither nitrogen levels nor phosphorus rates had any
significant influence on calcium concentration in shoot 1in
both years (Table 32}.

Interaction between the two nutrients also did not
significantiy affect calcium concentration in the two years of

study.
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Table 31: Potassium concentration in shoot (%) as
influenced by nitrogen and phosphorus
levels at 8 and 12WAT 1992 and 1993.

—————— — — . ————— e —— e —— i —— —— ————— T T — — —— . ———
T  ————— T S -
- ———— T ———— s -

—————— i ————————— — ————— o o o o ot T T ——— ———— T ——

Nitrogen (kgN/ha)

0 2.84c 2.78b 2.84 2.20
| 80 2.82c 2.85h 2.34 2.30
160 2.74¢ 2.90ab 2.45 2.34
240 3.58a 3.03a 2.7 2.40
320 3.32b 2.81b 3.04 2.25
SE+ 0.072 0.062 0.255 0.061
thaphgéys+jxgﬁihal
o 3.26a 2.91a 2.61 2.26
22 2.71b 2.75b 2.86 2,30
44 3.22a 2.91a 2.37 2.30
SE+ 0.055 0.048 0.253 0.054
lggﬂgaggﬁqn
NXP NS NS NS NS

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at
5% significance level using DMRT.
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Table 32: Calcium concentration in shoot (%) as
affected by nitrogen and phosphorus leve':
at 8 and 12WAT in 1992 and 1993.

—— —— A — T —————— T — o —— —— . ————

——— i ——— s ————————— i — o ———— ————— —— i —— - — i ——— -

NiLxgghnnlkgﬂ[ha)

0 0.70 0.67 0.52 0.50
80 0.79 0.62 0.65 0.70
160 0.98 0.79 0.76 0.67
240 1.05 0.77 0.80 0.63
320 1.00 0.71 0.80 0.62
~ SEt 0.352 0.250 0.266 0.230
Ehggaﬁgxugﬁlxgzibgl
0 0.80 0.80 0.60 0.60
[ 22 1.00 0.70 0.80 0.68
44 1.00 0.63 0.78 0.54
SE+ 0.273 0.248 0.211 0.220
Interaction
; NXP NS NS NS NS

————— T —— T — i ———— o ———

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.
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4.2.5 Magnesium

The tendency to maximum concentration of magnesium in
shoot was on application of 240kg N/ha in both years (Table
33). The difference between the various N levels was however
not significant.

Application of P tended to depress Mg concentration
compared'with the control. Like N however, no significant
difference was observed in Mg concentration due to various P
levels.

There was no significant interaction between N and P
levels on magnesium concentration in the years tested.

Table 33: Magnesium concentration in shoot (%) as affected

by nitrogen and phosphorus levels at 8 and 12WAT
in 1992 and 1993, Samaru.

o ek . T 7 o T 7

Treatment Magnesium concentration in shoot (%)

—— e ——— S S -

T — o —— i — T — o —

Nitrogen (Kg N/ha)

L0 0.73 0.74 0.46 0.40
. 80 0.76 0.71 0.50 0.46
160 0.97 0.93 0.60 0.56
240 1.04 1.02 0.63 0.58
1320 0.91 0.89 0.59 0.54
SE+ 0.120 0.110 0.096 0.080
Phosphorus Kg P/ha}
0 0.94 0.97 0.58 0.55
22 0.93 0.85 0.56 0.51
44 0.80 0.75 0.53 0.45
‘SE+ 0.115 0.100 0.082 0.061
Interaction

—— i —— T e . o ot o o o ————— ———————
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4.3 &f;I_ect of Nitrogen and Phosphorous Levels on Nutrient

Concentration in Fruits.

Table 34 shows the effect of N and P levels on nutrient
concentration in fruits at 14WAT in 1992. Each incremental N
level significantly increased N concentration in fruits up to
240Kg ﬁ/ha after which it declined at 320kg N/ha to a value
less than that at 160kg N/ha. Maximum N concentration in
fruits was obtained on addition of 22kg P/ha. Increasing the
P to #4kg P/ha decreased N concentration significantly
comparéd with Okg P/ha.

With the exception of 320Kg N/ha all the nitrogen levels
significantly increased P concentration in fruits compared
with OKg N/ha. The effect of P levels on P concentration in
fruits was not significant.

Concentrations of potassium, calcium and magnesium in
fruit #ere not significantly affected by N levels.
Concenﬁration in fruits was however decreased on application
of 22Kg P/ha compared with other P levels which were
significantly similar in their K concentration. Both calcium

and magnesium concentration were not influenced by P levels.
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Table 34: Nutrient concentration (%) in pepper fruits at
14WAT as affected by nitrogen and phosphorus
levels in 1992.

g g ———————— e e

Treatment Nutrient concentration in fruit (%)

o —— ————— ——t  ——— —— —

- — S W

Nitrogen (Kg N/ha)

0 2.13e 0.354  3.09  0.08 0.12
80 2.244 0.46ab 3.17  0.09  0.12
?60 2.33b 0.48a  3.26  0.09  0.11
240 2.37a 0.44abe 3.22  0.10  0.12
320 2.31¢c 0.38¢cd  3.12  0.17  0.11
SE+ 0.002 0.017  0.069 0.040 0.009

Phosphorus (Kg P/ha)

10 2.31b 0.43 3.24a 0.09 0.12

$22 2.32a 0.40 J.06h 0.14 0.23

?44 2.21c 0.43 J.22a 0.09 0.12

SE+ 0.001 0.013 0.053 0.031 0.008
Interaction

NXP k& Kk K% NS NS

———————————————————— T —————— ————— — T ——— - - — . - — -

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.
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The concentrations of N, P and K in iruits were affected
significantly at 1% level by an interaction between N and P
(Table 35). Maximum N and P concentrations were attained on
application of 160Kg N/ha in the absence of P and P at 22Kg
P/ha res?ectively. The lowest N and P contents were alsc at
the same N level of OKg N/ha but at different P levels of 0
OKg P/haiand 44kg P/ha respectively. When different P levels
were compared at the same N level it was discovered that
except at 160Kg N/ha when N concentration declined with
increasing P levels, at other levels of N highest
concentration of N was obtained at 22kg P/ha. Maximum K
concentration in fruits was obtained at a combined 240kg N/ha
and 22kq§P/ha whilst the lowest K concentration resulted from
80kg N/h? in the absence of applied P.
4.4 Nu;;ien;“Up;akg_ﬁg_ngluenggd_Qx_ﬁitrogenvﬁng

Phosphorous Level

The uptake of various nutrients tested in this study as
influenced by nitrogen and phosphorus levels 1s shown in Table
36. |

Nitfcgen application significantly affected the uptake of
N and Cé and the maximum uptake was reached at 160kg N/ha
after which it decreased. Phosphorus, potassium and magnesium
uptake were not affected by applied N.
Application of P levels increased N and Ca uptake
signific&ntly compared with the control. However application
upto 44Ky P/ha decreased N and Ca uptake compared with 22Kg
P/ha. P uptake was significantly increased only when 44Kg

P/ha was applied compared with the control. There was no
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significant difference between 0 and 22 in terms of P uptake.
The uptake of p was also similar between 22 and 44kg P/ha.
The difference in the uptake of potassium and magnesium was
not significant the various P levels,

There was a highly significant interaction between N and
P levels on the uptake of N and Ca (Table 37). When various
N lavels;were compared at similar P/level; it was found that
N uptakeéincreased with N levels in the absence of fertilizer
P up to 240kg N/ha whereas on application of 22kg P/ha N
uptake iﬁcreased upto 160kg N/ha after which it declined. N
uptake iﬁcreased with increasing P levels up to 44kg P/ha only
when 80k$ N/ha was applied. At other levels of N maximum N
uptake Gas reached at 22kg P/ha declining thereafter.
Similarl§ Ca uptake increased with increasing in N levels
significSntly increased Ca uptake when 22kg P/ha was applied,
at other levels of P Ca uptake was increased up to 160kg N/ha

only.



[}
1
]

9

!
!
|
+
|

Table 35. Nitrogen xiphosphorus interaction as it affected nutrient
concentration (1) in pepper fruits at L4WAT in 1592.

Treatnent ‘ Nutrient Concentration 1n fruit (1)

N P I

Phosphorus {Kg Prha) |

Ritrogen [Rg K/ha)

) CoaNg 18 22h 0.0k 0.8 0.1 2.5Me 3.Dicde 3.3be
3 A 245 2400 O4be 050 OdShe 275 L4b 3.3
10 18 23lg 2.0 Ol 0.57a 045 3.56b  3.00cde 3.20cde
0 LN 2Sh 22b DAtk Odihe 0.8 DS L#a 12tk
) LIk LM e 0% 034 0lbc JHb Dot 230
sa 1 0.003 0.028 0.118

' e ————

Neans within & nutridt folloued by different alphabet{s) are significantly differant at
1% significance level using DNRY.
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Table 36: Nutrient uptake (g/plant) as influenced by
nitrogen and phosphorus levels at 12WAT in
1993, Samaru.

———————————— T —————— i ———— ——————————— i ———— -
————— ————

—— . B T - M . S S S . -

0 7.45e 0.86 9.31 2.324 2.53
80 10.09b 0.95 10.26 2.28a 2.76
160 12.64a 1.17 8.15 3.61a 4.15
140 9.86cC 0.89 6.72 3.32b  4.37
320 9.71d 1.22 13.64 3.13¢ 3.88
SEt 0.27 0.130 3.56 0.050 0.813
Phosphorus (Kg P/ha)
0 6.00c 0.70b 6.81 2.18¢c 2.66
22 12.79a 1.04ab 9.63 3.62a 4.36
44 11.07b 1.31a 12.40 3.00b 3.60
SE+ 0.021 0.125 3.00 0.038 0.700
Interaction
NXP * K NS NS % NS

————————— T — o o i, o i i i i i o i o i o e

Means ih a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
signifiance level using DMRT.

Table 37# Interaction between Nitrogen and phosphorous
; on nutrient uptake (g/plant) at 12WAT
| in 19%3, Samaru.

T —————— — T — T — T ———— T ——— — T — A ——— i —— -

- D S S S s S S S I S e e S A T S S T . T A

Phosphorus (Kg P/ha)

0 22 44 0 22 44
Nitrogen (kg N/ha)
0 3.76n 11.76f 6£.83L 1.51h 2.84e 2.57f

80 5.23m 10.77h  14.28b 1.53h 2.43f 2.89e

160 | 7.50k 16.53a 13.89c¢ 3.35d 4.24b 3.244

240 8.387 12.168e 9,031 2.42f 4.94a 2.60f

320 5.13m 12.714  11.30g 2.08g 3.66c 3.66¢C

SE+ 0.046

e e e T

Means within a nutrient followed by different alphabet(s)
are' significantly different at 1% significance level
using DMRT.
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4.5 Yield Components as affected by Nitrogen and_

Phosphorus Levels and Plant Density
4.5.1 Number of days to 50% flowering

FiQure 7 shows the effect of nitrogen and phosphorous
levels aﬁd plant density on number of days to 50% flowering in
the three years of study.

Nuﬁber of days to 50% flowering decreased significantly
on application of N up to 160Kg N/ha compared with other
levels in 1991 (Figure 7A). It took 50% of the plants more
days to:reach anthesis when N was increased to 240 and 320Kg
N/ha. 1In 1992 application of 160 Kg N/ha resulted in faster
flowering compared with other levels. More days were taken to
reach 50% flowering when no N was applied and alsoc on
application of 320Kg N/ha compared with other N levels. 80
and 240 were significantly comparable in days to 50%
floweriﬁg. A similar trend was observed in 1953.

Fléwering was early on application of 44Kg P/ha in 1991
and 199# (Fig. 7B) 0 and 22Kg P/ha were similar. Difference
was not significant in 1993.

There was also no significant difference in the number of
days to 50% flowering due to the various plant densities
tested in the three years. (Fig. 7c).

There was also no significance interaction between any of

|
the factors on number of days to 50% flowering.



-

T TRRLEERERL -
RN -
[EEEREEEREREL < &

-

ritl

ke
ﬁﬁﬁﬂa I
Fhmmwmmauaﬂﬂwd

Hamamﬁﬁrmmm#u“m
EEEEEET ERRkE
=ﬂ=m=a=5=====

.l.

rrﬁamHHMﬂrwrm

wwmeﬁmﬁmnrﬁrwmm

FRERD TR -
rnmnmwumwwaﬁsm
mmmmm

4

Bl iha

CERERELBEEEEL
eEETETRELERT! :
RS ;
_,H% b

;ﬁﬂﬁﬂhﬁhaﬁﬁﬁﬂ

ﬂﬂﬁﬂﬂ%ﬁ_rﬁﬁiﬁb

wﬁmﬁﬁﬁﬂﬂﬁﬁaﬂ i
pETEERBEEETE -

ETEREE EEFEEL]
HEELES pEERERR!
(ERENERER!
CREEGERREL
E%

Ty



95

4.5.2 Number of days to maturity

Nuﬁber of days to maturity decreased with lower levels
of N compared with Okg N/ha in 1991 (Fig. 8A). Higher rates
of N (240 and 320kg N/ha) however delayed maturity
significantly compared with lower levels. In 1992 and 1993,
fruit maﬁurity was significantly delayed in plants without N
and thos§ given 80Kg N/ha. Earlier maturity was realised in
1993 by 520Kg N/ha compared with other levels.

Fruits matured earlier when P was applied in 1992 and
1993. (Fig. 8B) whereas fruit maturity was not significantly
affected:by applied P and 1991.

The.various plant densities tested did not result in any
signific?nt difference in fruit maturity (Fig. 8c).
Interaction between the N, P levels and plant density was not
significant of number of days to maturity.

4.5.3 Fruit length
'Longer fruits were obtained with each increment in N
levels up to 320Kg N/ha in all the years (Figure 9A).

Apglied P only increased fruit length when 44 kg P/ha was
applied in 1991 (Figure 9B). The difference between 22 and
44kg P/ha was however not significant. In other years applied
P did not significantly affect the length of fruits.

Fruit length was also not significantly affected by the
three plant densities although there is tendency to shorter
fruits with increasing plant density in the three years of

study (Figure 9C). Interaction was not significant.
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4.5.4 Fruit diameter

Nitrogen levels affected fruit diameter in very much the
same manner it affected fruit length. Each N level increased
fruit diameter significantly up to 320Kg N/ha in all the years
{Figure 1QA).

Fruiﬂ diameter did not significantly differ as a result
of phosphorus application in the three years tested (Figure
10B). There was however a tendency of increase in the
diameter of fruits from 0 to 44Kg P/ha. The trend was similar
in the years tested.

Plant density levels have not significantly affected
fruit diameter in all the years {(Figure 10C). Fruit diameter
however tended to be lower at high density. There was no
significan; interaction between the factors on fruit diameter
in the thrée years tested.

4.5.5 Number of fruits per plant

Fruitlproduction*was stepped up with nitrogen application
up to 240kg N/ha after which it declined with the addition of
320kg N/ha in 1991 and 1992 though not significantly (Table
38). In 1991 all the nitrogen rates were at per and
significantly yielded more than 0Kg N/ha except 320Kg N/ha.
Significantly same number of fruits were recorded when N rate
was increased to 320 Kg N/ha from 240 Kg N/ha in 1992 and
1993.

High rate of P significantly yielded more fruits compared

were lower levels in 1992 and 1993 (Table 38).
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Fruit production when 22Kg P/ha was applied did not differ
with that obtained when no P was added. 1In 1991 there was no
significant response to P in terms of fruit production.

As plant density increased from 20,000 plants/ha to
40,000 plants/ha and the 60,000 plants/ha, number of fruits
produced significantly reduced in 1992 and 1993 (Table 38).
Fruit production in 1991 showed a similar trend though however
the difference in 1991 did not attain the level of
significance.

A significant interaction between nitrogen levels and
plant density was observed in 1992 and 1993 {Table 39). When
the same plant density was considered under different N levels
in 1992, it was discovered that addition of N significantly
increased 'fruit production up to 240Ka N/ha at 60,000
plants/ha Yith a significant decline at 320Kg N/ha, at other
plant densities the decline was not significant, Similarly
when ;plant densities were compared at same N levels, number
of fruits per plant significantly differ hetween the plant
densities only when 320Kg N/ha was applied., At other lavels
of N, the difference in fruit production between some of the
densities was not significant. In 1993, maximum fruit
production;was obtained at the lowest density on application
of 320Kg N/ha whilst planting at 40,000 plants/ha when no N
was added yielded the fewest fruits. Number of fruits/plant
was also iniluanced by a significant interaction between N and
P levels in 1993 (Table 40). More fruits were produced at the

highest level of both nutrients whereas when no nutrient was
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applied the production of fruits was lowest.

rable 38. pffect of Nitrogen and phosphorus levels and
plant density on number of fruits/plant.

_..__..._...-.-..-...__..._._.-.- ....-_.-_.-....-.-.-—__.._..._ .-_-_._..-.-._.—.—.-._._-_...-_.-.._..--.._.-—---

_.-_._-_..-.—.-..-.-...---—-.-..-...—.——-.—.-.--.—.—__

.‘_._._...............,..,____.__.____._._.......______‘__......__.__.,_.___.._._..._...._...._.....--...-.._...__._..._

0 9.30b 5.18d 5.28d
60 21.09a 12.02c¢ 10.63¢C
160 21.20a 15.72b 15.34Db
240 21.60a 20.89%a 18.82a
320 15.80ab 20.54a 19.85a
SEL 2.899 0.438 0.337

phosphorus (Kg p/ha)

0 17.50 13.51b 13.09¢
22 18.40 14.95b 13.76b
44 17 .2C 16.15a 15.09a
SEX 2.249 0.339 0.185

plant density (Plants[ha)

20,000 21.80 16.22a 15.42a
40,000 15.90 14.99b 14.19b
650,000 15.80 13.40c 12.33¢
SE% 2.079 9.125 0.1319
Ingg;aq}ion
NXP NS NS X
NXD NS X X
PXD NS NS NS
NXPAD NS NS NS

Means in 2 column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT .
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rable 39. Number of £ruits/plant as affected b
plant density interaction in 1992 and

- -..-...-.-..-...--.__..-.--.-_--._

-

.......-‘_.—_.-.-..-_-.-_-..-.—.—...-.-_...-.—.-...--.. - —

20,000 40,000 60,000 20,000 40,000

Hitrogen (Ka N/ha)
\
0 5.9873 5.203 4.35k 5.969 5.20 h

80 12.93gh 12.10hi 11.021 11.86e 10.66f

160 17.28def 16.14§ 13.749 17.64c 15.89d

240 21.99ab 20.94bC 19.73¢C 18.91bc 18.43bC

320 22.92a 20.56bC 18.15d 21.75a 19.77b

e o s =

.

--..-...-.-__.-.-.....,..-_..-.-..-.-.—...

.__..-_.-.-..-.-.-_.-..-—-—.-

Y Nitrogen X
1993

...-..-...-.-.--
......-.---.--.-

...-—..-.-.---.-

5.67gh

9,36f

12.48e
18.11c

18.02¢c

.-.----.-_..—.-.-

Means followed by aifferent alphabet(s) within 2 year are

jfferent at 5% significance level usind PMRT .
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Table 40. Number of {ruits/plant as af fected by Nitrogen X
phosphorus interaction in 1993.

_._._.-_.....-‘_—__..- —..-—..—.-....-.....—.._.____-—__—__..__.-————-

Treatment Number of fruits/plant
phosphorus (Kg p/ha)
22 44
Nitrogen (Kg N/ha)
0 5,501 5.561 5.771
80 9,00h 9,98h 12.90g
160 14.39€ 15.18ef 16.44de
240 18.39f 18.09bc 18.64bc
370 18.85bc 19.99ab 20.70a

SEL 0.414

- e e - — e ——— o ——

Mean: follpwnt ;?ﬂaiffo—eai_éi;gﬁhetts) are siﬁni}icantly
different at g significance level using DMRT .
4.5.6 Number of ceeds/fruit

Table' 41 shows the effect of nitrogen and phosphorus
levels and;plant densilty on number of gseeds/fruit in all the
years of sﬁudy.

Signiiicantly more seeds/fruits were obtained with
increasingln levels up to 320kg N/ha in 1992 and 1993. In
1991 significant increase Was obtained upto to 240Kg N/ha
only. 0 and g0Kg N/ha and p0 and 160Kg N/ha yielded similar
seeds per fruit in 1991.

Application of phosphorus significantly depressed seed
production{compared with OKg P/ha in 1992 and 1993. There was
no significant difference in seed production /fruit | tween
the three plant densities in 1991.

Iinteraction of factors on seed production/fruit Wi not

significant in all the years.
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4.5.7 Number of seeds/plant

Bach increment in N level significantly increased
seeds/plant in 1992 and 1993 (Table 42). In 1991, maximum
seeds/plant was obtained on addition of 240Kg N/ha after which
it declined at 320Kg N/ha. 80Kg N/ha was comparable to 0, 160
and 320Kg N/ha in seeds/plant in 1991.

Applied P did not significantly affect the number of
seeds produced per plant in all the years (Table 42).

Similarly planting density had no significant effect

number cf seeds per plant throughout the period of study.
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rable 41. Nnumber of seedsliruit as inf luenced py Nitrogen
and phosphorus levels and plant density.

--..-..-.—.---.-...---..-...---~—-...---.-.—-..-—-—-

__._..—.—.-_-_....-_..-_-_..-._.—--——-..-..-.-.-..—.—.—-_..--.--

_.-_.-_.-.-.-...-..-..--..-—_.-_—.._..--______._._.-_.._.-_-.-.-..-.-..-.--,.....-.——--.---._.—.——--.-.--—-.p-.——

0 87.00c 86.50e 84.90e
- 80 122.00bC 122.104 122.404
160 144.00b 145.10c¢ 145.20¢
240 292.00a 202.80Db 200.10b
320 246.06a 245.80a 249.00a
SEt 19.094 5.014 5.250

Phq&phngg_LKg p/ha)

0 225.00 172.00a 171.90a
22 157.00 155.30b 154.70b
44 154.00 154.10b 154.40b
SEt 31.820 3.883 4.074

Pl@np,dgnﬂitx“LPlan$§/ha1

20,000 212.00 161.20 159.20

40,000 162.00 160.90 162.90

60,000 162.00 159.30 198.80
SEt 31.825 1.88 1.920

NXP NS NS NS
NXD ND NS NS
PXD NS NS NS
NXPXD NS NS NS

__._..-_.——---—.-_.--.-..-------——-—---.--..-——..-..---.—---—.———.-—.--——-—--—--—————

Means in @ column ©Of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT .
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Table 42. Number of seads/plant as influenced py nitrogen
and phosphorus levels and plant density.

_.-.-..-....-_-......—-.-.—......-.—.-.——-...--.-.-.-—

.......-....-__,_.._._

.......___._.._.....-..-—-.-.-—_

Nitxoggn.iKg_N/ha)

0 814.00c 704.00e 632.00e
80 1806.00bC 1457.004 1290.00d
160 3074.00b 2278.00c 2221.00¢
240 6340.00a 3602.00b 1638.00Db
320 3312.00Db 5037.00a 4850.00a
SEL 606.080 118.740 113.930

phosphorus (Kd p/ha)

0 2855.00 2624 .00 2628.00
22 2843.00 2521.00 2541.00
44 3510.00 2703.00 2409.00
SEX 469.448 2.008 88.260

Plﬁnxﬂggngity_(Rlanls/néj

20,000 3346.00 2635.00 2569.00
40,000 3203.00 2637.00 2656.00
60,000 3699.00 2575.00 2354.00
SEt 509.409 36.067 108.883
Interactions
NXP NS NS NS
NXD NS NS NS
PXD NS NS NS
NXPXD NS NS NS

_..-—-.-_..-_-..—_.—-.-—.-_..--—..-.———-—.—-v—__-—.--.-—-—.—-—-..-.—.-.--..-—_..--.-..--_p-..-_..

Means in a column of any get of treatment followed by

different alphabet(s) are Blgnificantly different at 5%
level using DMRT.
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4.6 Influence of Nitrogen and Phosphorus Levels and
plant density on the yield of pepper

4.6.1 Fresh fruit yield/plant

The effect of nitrogen and phosphorus levels and plant
density on fresh fruit yield is presented in Table 43.

All the N levels yielded higher than the control. Within
N levels 240kg N/ha produced higher yield than all the N
levels which were significantly at par in 1991. The vyield
response during both 92 and 493 was very similar, control
vielded lowest, the difference betwean 80 and 160Kg N/ha being
at par was significantly lower than 240 and 320Kg N/ha which
were statistically same,

Application of P resulted in superior yields compared
with O0Kg P/ha only in 1991. In other years there was no
signifiCAnt difference between the P levels in fresh fruit
yield/plant.

Fresh fruit vyield/plant was also not significantly
affected by variation in plant density in the three years of
study.

There was no significant interaction between the three

factors on fresh fruit vield/plant in all the years.
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Table 43.E Fresh fruit yield (g/plant) as influanced by

| nitrogen and phosphorus levels and plant density.

L |

- --.-.-.-.-.-....-.--......-.---.-—.--—.-.-.....-....-.—...--—

Treatment presh fruit yield (g/plant)

__.-.-..-_.-_-..--_....-._

..-.---....--.....—...-

..____..-—..-._...-_...—.-.—_- -.-.-.--._.-.-_.—_....-...._...-__-...-_..--.-_-_._-.-.-.-.-.-.-.-..-_..._.—..-._..__--

0 120.00c 66.70C $2.10cC

80 239.00b 118.50b 109.00b
160 256.20Db 159.50b 126.50b
240 371.00a 220.50a 201.90a
320; 269.00b 254.50a 211.00a
SEt 30.623 15.652 14.059

Phosghorqgﬂ(xg p/ha)

0| 186 .00D 139.10 129.20
22 | 278.00a 178.90 154.30
A4 | 289.00a 173.90 149.40
SEE 23.692 14.385 13.140

Plan;_deugity_{Plants[ha)

20,000 269.00 174.110 146.10

40,000 249.00 164 .60 149.00

60,000 239.00 152.90 132.80

SE+ 19.307 12.171 12.235
Inte_r,_act';;_m

NP NS NS NS

NXD NS NS NS

PXD NS NS NS

NXPXD NS NS NS

- w,-.-..-..-.-.-.-.-.-_._..-.-.——__...-....—.-__.-.....—..--_._.-_...-.-_....-.-.-....-.-_._.-.-.-..-—.-.-, —

Means 1in @ column of any gset of treatment followed by
different alphabet(s) are significantly aifferent at 5%
significance level using DMRT .
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4.6.2 Fresh fruit yield/ha

Table 44 shows the affect of nitrogen and phosphorous
levels and plant density on fresh fruit yield/ha.

Significant increases in yield were obtained up to 240Kkg
N/ha in 1992 and 1993. All the applied N levels resulted in
comparable yield that was superior to that obtained when no N
was added in 1991. Application of 80kg N/ha also resulted in
comparable yields to both 0 and 160kg N/ha although 160kg N/ha
significantly out yielded Okg N/ha in 1992 and 1993.

Applied P significantly increased yield/ha in all the
years althouah there was no significant difference between 22
and 44kg P/ha.

Transplanting at 60,000 plants/ha significantly out
yielded other plant densities in the three years studied.
Fresh ffuit yield resulting from 40,000 plants/ha was
comparablé to that from 20,000 plants/ha in 1991. In
successive years, 40,000 plants/ha out vyielded 20,000
plants/ha.

A significant interaction between N and P was recorded on
fresh fruit yield/ha in 1992 (Table 45). When different plant
densities were compared at the same level of nitrogen it was
discovered that when nitrogen was given at the rate of 320 Kg
N/ha, 60,000 out yielded 20,000 plants/ha. At other levels of
N, there was no difference between the densities tested.
Fresh fruit yield/ha also responded to an interaction between
plant density and phosphorous levels (Table 46). Highest

vield was obtained when 44Kg P/ha was applied at a density of
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60,000 plants/ha. At lower densities application of 44ka/ha
depressed the yield compared with 22kg P/ha.
4,6.3 Dry fruit yield/plant.

Nitrogen and phosphorus application and variation in
plant dénsity significantly influenced dry fruit yield per
plant (Table 47.).

In 1991 applied nitrogen significantly out yielded Okg
N/ha although the four rates of nitrogen were comparable. 1In
1992 and 1993 increase in N rate resulted in yield increase
upto 240kg N/ha which is comparable statistically with 320kg
N/ha in dry fruit yield,.

Phasphorus application resulted in superior vyield
compared with Okg P/ha in all the years. The two P rates were
at par in the three years of study.

Transplanting at 20,000 plants/ha yielded dry fruits that
were superior to 60,000 plants/ha in 1992 and 1993. VYields
from 40,000 plants/ha plots were comparable to other densities
in 1992 but superior to 60,000 plants/ha in 1993. The three
densities yielded comparable dry fruits in 1991.

Interaction between the three factors was also not significant

and fruit yield in the three years of study.
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Table 44. Fresh fruit yield (tons/ha) as influenced by
nitrogen and phosphorus levels and plant density.

—— T — ——  — — ———— i —— T —— =~ — o — — i ——————— ————— — - -

Treatment Fresh fruit yield (tons/ha)

-

- ————— i ——— — g N — T ——————

Nitrogen {(Kg N/ha)

0 4.80b 2.30c 2.16¢
80 9.51a 4,.60bc 4.13bc
160 10.43a 6.24b 4.92b
240 11.80a 9.77a 8.05a
320 10.88a 10.07a 8.40a
SEX 0.979 0.8258 0.756
Phosphorus {Kg P/ha)
0 7.05b 4.82b 4.14b
22 10.45a 7.43a 6.46a
44 10.95a 7.00a 6.05a
SEL 0.75%9 0.676 0.632
Plant density (Plants/ha)
20,000 5.88h 3.49c 2.89¢c
40,000 7.95b 6.58b 5.80b
60,000 14.63a 9.17a 8.00a
SE% 0.731 0.650 0.561
Interactions
NXP 5 * NS
NXD NS NS NS
PXD NS x NS
NXPXD NS NS NS

o S g s iy S A B S S b e Sl S S ), U S RS iy A S b G S S S S S U e S P Sy S Sy e . N S . Y S S S g A, Sy -

Means in a column of any set of treatment followed by
different alphabet(s) are significantly different at 5%
significance level using DMRT.
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(tons/ha) as influenced

rable 45. Fresh fruit yield
t by npitrogen % plant density 1D 1992.
Treatmant
. Fresh fruit yield (tons/ha}
Plan;LDengitY (Planta}hg)
i 20,000 40,000 60,000
Hitroﬁgn (Kg N/ha)
|
i 0 2.0049 2.39g 2.809
| 80 4.21ef 4.69de 4 .90cde
. 160 5.67cd 6.25cC 6.088¢C
1240 9,.89ab g.73ab q,69ab
320 9.41b 10.06ab 10.74a
| SEt 0.394
Means\followed by different alphabet(s) are significantly
dif[aqent at 5% significance level usindg DMRT .
(tonslha) as influenced
action in

h fruit yield

rable 46. Fres
! by plant density * phosp
2 in 1992
e
Treat@ent
| Fresh fruit yield ltonslha)
_____ L___,___-_,__-_#_,__-__._,-__,_-____,__-“_,_-____#_-__,
Phoanhorug,lﬂgﬁiha)
{ 0 22 A4
plant, density (plants/ha)
20,000 2.18f A.45e 3.85e
40,000 4.10e 8.6AC 7.02d4
60,000 8.20c 9,26b 10.13a
o3 0% 4 0.239
owed DY different alphabet{s} are slgnificantly
e level usind DMRT .

Means foll

daifferent at 5% significanc
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Table 47. pry fruit yield (g/plant) as influenced by
nitrogen and phosphorus levels and plant density.

-_ ....-_....-..-_..-..._.-..-,.—.‘.._

.-.__-.-..._.—p_.-.-.__-—._ s - - .-___....-.-_._.-.-_._—..-.

Treatment pry fruit yield {g/plant]

p—— -

JER—— — - ._..-_.-._.--—'-_._... _..-.‘_._.-—-.-—-_._.._..--..---_.—-----—_—

nitrogen (Kd N/ha)

0 38.60b 12.914d 10.68d
80 76.90a 38.15¢ 32.79¢c
160 82.30a 51.40Db 39.53b
240 97.80a 79.52a 68.53a
320 86.70a 81.85a 69.22a
SEX 7.306 2.810 1.262

phosphofu® (Kg p/ha)

0 19,90b 40.98b 33.690b
22 g0.40a 59,74a 50.55a
44 89.10a 57.58a 48.21a
SEx 5.665 2.402 1.021

plant density (Plants/ha)

20,000 81.80 56.15a 45.67a
40,000 76.90 572 .96ab 45.30a
60,000 70.80 49.19b 41.48b
SEE 4.880 0.983 0.699
Interactions
NXP NS NS NS
NXD NS NS NS
PXD NS NS NS
NXPXD NS NS NS

Means in @ column  of any set of treatment followed by
different alphabet(s} are ﬁignificantlv different at 5%
significance level using DMRT.

Interaction petween the three factors was also not
siqnificant in the three years of study.
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4.6.4 Dry fruit yield/ha

Dry fruit yield/ha was significantly affected by the
three factors studied in all the years. (Table 48).

A progressive increase in dry fruits was obtained with
each additional N level in 1992. 1In 1993 yield increases were
significant up to 240kg N/ha whilst in 1991 all the N rates
yielded comparable dry fruits that were superior to 0kg N/ha.

Maximum dry {ruits were obtained on adding 22Kg P/ha in
1992 an& 1993 followed by 44kg P/ha. 1In 1993 the two rates of
P significantly out yielded Okg P/ha though they were at par
in dry fruit yield/ha.

Highesr dry fruit vyield/ha was realised from 60,000
plants/ha plots followed by 40,000 plants/ha and lastly 20,000
plants/ha in 1992 and 1993. 1In 1991 the difference in yield
between 40,000 plants/ha and 20,000 plants/ha was not
significant.

An' interaction between nitrogen and plant density
significantly influenced dry fruit yield/ha in 1992 and 1993
{Table 49). Fach additional N level resulted in higher yield
when plants were grown at 40 and 60,000 plants/ha in 1992
whereas at 20,000 plants/ha comparable yields, were obtained
with most N rates. 1In 1993 increase in N rates significantly
raised the yield up to 240kg N/ha irrespective of plant
density. 1In each year maximum yield resulted from
60,000 plants/ha when 320kg N/ha was added whilst the lowest

yield was obtained from 20,000 plants/ha and Okg N/ha.



115

rable 48. DIY fruit yield (tons/ha) as influenced by ‘
nitrogen and phosphorus levels and plant density.
Treatment pry fruit yield (tons/ha)
1991 1992 1993
Nitrogen (Kd N/ha)
0 1.55b 0.88e 0.80c
80 3.04a 1.484 1.269b
160 3.41a 2.01c 1.56b
240 3.87a 2.70b 2.43a
320 3.48a 3.24a 2.63a
qEt 0.315 B 173 0.162
phosphorus (Ka p/ha)
0 2.30b 1.00c 0.92c
22 3.33a 2.94a 2.42a
44 3.58a 2.25b 1.90b
SEL 0,244 n0.161 0,155
plant density (PLantsfha)
20,000 1.93b 1.12c¢ 0.91c
40,000 2.59p 2.12b 1.82b
60,000 4.70a 2.94a 2.49a
SEX 0.246 0,153 0.146
Interaction
NXP NG NS NS
NAD NS * *
PXD NS NS NS
NXPXD NS NS NS
Means in a column of any set of treatment followed by
different alphabet(s) are signlflcantly different at 5%
significance level using DMRT .
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Table 49. Dry fruit yield (tons/ha) as influenced by
nitrogen x plant density interaction in 1992
and 1993.

— i —— i —— ] — i — —— . — i~ — = —— T ——— ————— T —— . — - —— - -
—— .~ —— A T — e ————

i ——— —— T — T — o —— o -

Plant density (Plants/ha)

20,000 40,000 60,000 20,000 40,000 60,000

Nitrogen

(Kg N/ha)

0 0.491 1, 00h 1.15gh 0.33h 1.00fqg 1.07f
80 0.83hi I.55fqg 2.07e 0.67gh 1.37ef 1.83d
160 1.10h 2.0%e 2.86¢d 0.813qg 1.59de 2.25¢
240 1.60f 2.70d 3.90b 1.39e 2.41bc 3.49%a
320 1.69f 3.20c¢ 4.74a 1.35%ef 2.71b 3.82a
SE+ 0,134

i - ———— i — ——— S W - — " —— T ——— . —— - — . —— . -~

Means followed by different alphabet(s) within a year are
significantly different at 5% significance level using DMRT.
4.6.5 Beed yield/plant

Table 50 shows the effect of nitrogen and phosphorous

levels and plant density on seed yield/plant in the three
years of study.
A significant yield increase was obtained with rising N levels
up to 320kg N/ha in 1992 and 1993. In 1991 yield increased
with addition of N up to 240kg N/ha after which it decreased
significantly at 320kg N/ha.

The effect of P addition on seed yield per plant was only
significant in 1993 where both rates of applied P resulted in
higher yield compared with Okg P/ha but without any
significant difference between them.

Seed yield from 20,000 plants/ha plants was significantly
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superior to that obtained from 60,000 plants/ha in the three
years. 40,000 plants/ha also out yielded 60,000 plants/ha in
1992 and 1993 but yielded less than 20,000 plants/ha in 1991
and 1992. There was no significant interaction between the
factors on seed yield/plant in the three years of test.
4.6.6. Seed yield/ha

All the three factors caused a sighificant response in
seed yield/ha {Table 51).

Nitrogen application caused a progressive rise in seed
yield up to 320kg N/ha in 1992 and 1993. 1n 1991 application
of 320kg N/ha resulted in yield reduction compared with 240kg
N/ha at ﬁhich maximum seed yield was attained.

Seed yield was increased by application of 44kg P/ha
compared;with lower levels which were at par in 1993. In
previous years the yield was not significantly influenced by
adding phosphorus to the soil.

Increase in population density also progressively
increased the yield significantly in 1992 and 1993. 1In 1691,
the yield obtained by transplanting at 20,000 plants/ha was
comparable to that obtained at 40,000 plants/ha.

Interaction between the factors did not significantly

influence seed yield/ha in the three years of study.
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Table 50. geed yield (g/plant) as influenced b

y nitrogen

and phosphorus levels and plant density.

.-.-...._...-—_.-.--

Treatment aeed yield (g/plant)
1991 1992 1993
Hitroqen_(ﬂg_ﬂ[ha}
0 4.934 4.,22e 3.78e
80 10.96¢C 8.724 7., 72d
160 18.63b 13.64cC 13.29cC
240 31.87a 21.64b 21.79b
220 20.47b 30.16a 28.96a
SR+ 1.943 0.718 0.678
phosphorus (Kg p/ha)
0 17.30 15.71 13.83b
22 17.23 15.31 15.16a
44 17 .99 16.19 16.34a
SRt 1.504 0.556 0.525
plant density (Plants[ha)
20,000 19.25a 16.98a 16.58a
40,000 16.66D 15.79b 15.84a
60,000 16.21b 14.26¢C 12.90b
SEt 1.01b 0.211 0.417
Interaction
NXP NS NS NS
NXD NS NS NS
PXD NS NS nS
NXPXD NS NS NS

__.__....._.-..__-.—..-.--..-.—.—.-.-.-..--.--.-—_.—.—-.—.-A-___......_.

Means in a column of any set of treatment

__.._...__..-._........-

followed DY

different alphabet{s) are significantly different at 5%

significance level using DMRT .
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Table 51. geed yield (kg/ha) as inf)uenced py nitrogen
and phosphorus levels and plant density.

__.-.,_..._...-.__‘-,._._._.___.___....,..-. - __.—--.-...-.-.--.-.-.-.-.-.-_‘.—.-_.._.-_ .-.-_..-__...._..-_..-—._.

_...-.-.--.-.-,.-.-..--...--_._.-_-.-.-.-.--_-..-—.-

__.......-_...-.-—_..._-.-_._-—,_......-.-—..-.-—.-..-.-,—.—.-.-...-_.- - _-....-,.-.--_....-.-.-.-_-.-.-..-.-_...__--...-..._.

nitrogen (Kd N/ha)

0 203.00d 164.30e 148.00e
80 446.00cC 320.904 299.004d
160 747.00b 527.90c¢ 511.00¢
240 1226.00a £49.70b 838.00b
320 762.00b 1167.10a 1107.00a
SEt 82.956 26.775 28,991

phosphorus (Kg p/ha)

0 6564 .00 610.00 542.00b
22 670.00 629.00 585.00b
44 697.00 578.80 615.00a
SEX 64.286 10.736 22.489

plant density (plants/ha)

20,000 428.00b 337.00c¢ 332.00c¢
40,000 555,00b 633.20b 636.00b
60,000 1048.004 n46.80a 774 .00a
SEX 44 .484 11.096 21.499
Interaction
NXP NS NS NS
NXD NS NS NS
PXD NS NS NS
NXPXD NS NS NS

o o g - .._._‘.-.-._.—,—-.__..-_.._._._...-_ i e —— ..-...,._.....-—.-»..-..-..-—..-.p.--

Means in a column oOf any set of treatment followed by
different alphabct(s] are signif1cantly different at 5%
significance level using DMRT .
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4.7 Regqression analysis

4,7.1 PFruit yield Vs. levels of nitrogen, phosphorus
and plant density

Several polynomial models were fitted to find the most
adequate model to explain the yield response to nitrogen
levels in the three years of study. Quadratic models were
found to give the best fit in 1991 and 1993 whereas the linear
model appeared to be adequate in 1992 (Fig. 11A). Pooled
observed yield for the three years also had a quadratic
relationship with nitrogen levels with maximum yield at N
level of 230Kg N/ha.

In 1991 {ruit yield progressed linearly with phosphorus
addition up to 44Kg P/ha (Fig. 11B). Pooled observed yield as
well as the predicted yield in 1992 and 1993 increased up to
25Kg P/ha after which the yield declined.

Fruit yield had a linear association with increasing
plant depsity in the three years of study and also with Pooled
observe& vield (Fig. 11C).

4.7.2 Seed yield/ha Vs. levels of nitrogen, phosphorous
and plant density

When seed yield was regressed on nitrogen levels, a
linear relationship was observed in 1931 and 1993 and also
with observed Pooled data (Fig. 12A). 1In 1992 the quadratic
component gave the best fit with maximum yield obtained at N

level of 170Ky N/ha.
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There was a regress in seed yield with addition of P up
to 20Kg P/ha after which the yield increased up to 44Kg P/ha
in 1992 (Fig. 12B). In 1991 the yield increased linearly with
P levels up to 44Kg P/ha. A quadratic fit was however
obtained in 1993 and also with Pooled observed data. 1In each
case maximum yield was attained at a P level of 25kg P/ha.
Predicted seed yield also responded linearly to increase in
plant deésity in the three years and so also does the pooled
observed;yield (Fig. 12C).

4.7.3 Fresh fruit yield/ha Vs. concentration of nitrogen
and phosphorus in shoot.

Fruit vyield was also regressed against nitrogen
concentrétinn in shoot (Fig. 13A). A linear relationship
between yield and N concentration was observed in both years.
The relationship regressed Jlinearly with increase in
phosphorus concentration in shoot in the two years.(Fig. 13B).
4.7.4 Nitrecgen concentration in shoot Vs. levels of

nitrogen and phosphorus

There was quadratic relationship between nitrogen
concentration in shoot with nitrogen levels in both years
(Fig., 14A). Maximum concentration of nitrogen were recorded
at 130 and 270Kg N/ha in 1992 and 1993 respectively.

Nitrogen concentration in shoot also had a quadratic
relationship with phosphorus levels in both years (Fig. 14B)
Nitrogen concentration decreased with addition of P up to 15

and 20Kg P/ha in 1992 and 1993 respectively.
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Nitrogen concentration in shoot (%)
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Fig.14 Regression of nitrogen concentration in shoot on nitrogen and phosphorus levels (Pooled for 8 and 12 wat)
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4.7.%5 Phosphorus concentration in shoot Vs levels of
nitrogen and phosphorus

Relationship between P concentration in shoot and N
levels was adequately explained by a regression equation in
hoth years (Fig. 15a). Lowest P concentration were recorded

at 80 and 120Kg N/ha in 1992 and 1993 respectively.
Phosphorus concentration reduced with P levels up to 20

and 23Kg P/ha in 1992 and 1993 respectively after which the

concentration rose (Fig. 15B),
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4.8 Correlations and Path coefficient Analysis
4.8.1 1991: Yield and yield component characters

Linear association as measured by the Pearson product
moment correlation coefficient or simply referred to as the
simple correlation coefficient was computed for various
parameters (Table 52). There was a positive and highly
significant correlation between [resh fruit yield/ha and dry
fruit yield/ha and per plant and seed yield/ha. Positive and
highly significant relationships were also observed for dry
fruit Viéld per plant Vs dry fruit yield/ha and seed
yield/plant; dry fruit yield Vs seed yield/ha; number of
seeds/plant Vs seed yield/plant and per hectare and finally
seed vyield/plant Vs seed yield/ha. However, number of
seeds/fruit was not significantly correlated with any
character}

Interrelationships of fresh fruit yield/ha with other
parameters were also studied (Fig. 16). Most of the
characters had a negative direct contribution towards fresh
fruit yield/ha except seed yield/ha.

Table 53 also shows the relative direct and indirect
contribution of different characters on fresh fruit yield/ha.
The indirect contribution of the characters to yield through
number of seeds/plant and seed yield/plant was negative but
low. However the indirect contributions of the characters

through seed yield/ha was positive and large.



fable 52. Katrix of t:olmlatien batween yield and some yield component Character in 1991,

|
1
- R

{Fresh fruit Dry fruit Ory fruit

Husber of

Kumber of Seed yield

iyield/ha  yield)  yield/ha seads/ Jplant/ha
| plant plant
!
1. Fresh fruit yield/na 1.000
| (1]
2. Dy fruit rieid{ph:lt 0.6 1.000
it L1
3. Dry fruit/ha i 0.%37 0,568 1.000
|
{. Kumber of mds;‘{milt 0.008 0.028 0.007 1.000
. + ' +
5. RNumber of seeds/plapt  0.34p 0.310 0.353 0.140 1.000
. i ] it 1] 113
b. Seed yield/plant 0.338 0.518 0,342 0.242 0.567  1.000
il 1 it " th i1
0.307 0.5 0.1m2 0431 01U

1,000

i
{

1. Seed yield/ha ; 0.513
|

* Siqnificant mmlatit{n at 5t level of significance

** Highly significant ed:rrelation at 14 level of significance

|
1l
1
|
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Table 53. The direct and indirect contributions of
different char 'ctere on fresh fruit yield
in 1991.

. — a- —— — — —— T —— i ———— ] — o —

Yield attributes Effect through

o — ] —— T —— o — -

Rumber Number Seed Seed Corre-

of seeds of seeds yield/ yield/ lation
Jfruit /plant plant ha with

yield
Number of seeds/fruit -0.86%9a - 0.018 -~ 0.023 0.917 0.008
Number of seeds/plant -0.122 -0.130 -0.010 0.609 0.348
Seed yield/plant -0.492 -0.031 -0.040 0.902 0.338
Seed yield/ha -0.628 -0.063 -0.007 1.267 0.573

a) Direct contributions underlined

4.8.2 1992; Growth, yis ind yield component characters
Table 54 shows tho various assoctiation between some
growth #nd vield characters in 1992, A positive and highly
significant linear correlation exist between plant height
total dry weight, leaf area index and other yield and yield
component characters. Number of branches/plant was not
associatéd with any character except plant height and number
of leaves/plant in which a positive significant and highly
significant correlations were recorded respectively.
Relationship between number of days to 50% flowering and other
characters was also not significant. However a significant
but negative association exist between days to maturity and

other growth and yield parameters.



'i, 1

|
Table 54, Matrix qﬁ correlation between S0B¢ qrouth and yield characters 1n 1992.

- _—--4-------.-_.._.---__--__..-.......---...—----._ —_— - PR

plant  Nomber of Nuaber of rotal  leaf Daysto Jays to
height  leaves branches 41y area N naturity
' yeight  index flovring

—————

e o o --—_.--.-----_—---—--.-.-- ——————— - ————— -_-.---.n--.--u----—-a—---—---.”--. -

plat heignt | 1000
| i
Jusber of leaves | 0.677 1.000
| ' "
jusber of branches | 0.3 0403 1.000
¢ i
total dry veight | 0809 0.9 0.004 1000
! 1] "
teaf Ares inds | 0773 o2 0 0760 1.000
Dajs to 500 flowering -0.1i6 Q8 A 019 009 1.000
% it L ] 113 i
ays to maturity | oqm dan AL 0700 0.6% 0097 1000
i it t 1" "
fruit leagth | 0307 o1 06 0T 0% -0.091 0815
i 3 i1 1] it
Prait diaseter | 0311 o0 0% 00 0987 .08 -0.748
1] ] 1" " L}
yusber of fruits | 0813 oy 0450 0.1 0.689 0.066 -0.7%8
! T i i T i
fresh fruit yield/plant 0.853 0.3% 0% 0.9 0.780 0088 TN
: " 1 ' o
Fresh fruit yield/ha  0.5H 0.3 .09 058 0.8 0.004 0.4
b i t i 1 i
dry fruit yield/plant  0.8%4 o ot oms 078 0.088 -0.77
| i 1" 1] L1}
Dry fruit yieldna|  0.5M g0 0 056 0.8l 0.104 0402
| " it th L3
yusber of seeds/fruit  0.788 0.1 Q0 oay ey 0.8 -0.59
1] i1 i (1]
Nusber of seeds/plant  0.8%2 gm0 0.0 078 0.204 -0.701
{ i it 1} 11
seed yield/plant | 0.8% 0.1 0033 080 0.78 0.204 -0.70
{ i i1 th 1
seed yieldha .64 .45 0.078  0.6%0  0.846 0.197 -0.508
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Interrelationships between fresh fruit yield/ha and some
growth characters is presented in Figure 17. The direct
contribution of all growth characters towards yield was
positive except that of plant height.

When the direct and indirect contributions were
partitioned (Table 55), it was discovered that it was only in
the case of indirect contribution through plant height that
negativé values were obtained. Most characters made their
greatest contribution to yield through total dry weight with
the nxcéption of number of branches/plant whigh contribute
more th;ouqh plant height and number of leaves/plant.

Similar to 1991 data there was a highly significant and
positive correlation between yield and yield component
charactgrs in 1992 (Table 56). Infact a perfect direct
associa?ion was recorded between fresh f{ruit yield/plant and
Ary {ru%t yield/plant.

The path analysis shows that both the mutual and direct
contributions to yield was positive (Fig. 18).

Indirect contributions of most parameters through fruit
diameter and number of seeds/plant was high and exceed
contribution through other attributes and in some cases even
direct contributions (Table 57). The total correlation with
yield for seed yield/plant and number of seeds/plant was

identical although each directly contributed differently.
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Table 55. The direct and indirect contributions of different
growth characters on fresh fruit yield in 1992.

— e .  — . — . — T . S S A W — S W e S T S S S -

—— o — ] — T

Plant Number Number Total Leaf

Total
corre-
lation
with
yield.
0.853
0.396
0.130

0.919

height leaves of dry area
bran- weight index
ches
Plant height -0.322a 0.181 0.030 0.769 0.19% '
Number of leaves -0.202 0.289 0.040 0.213 0.057
Number &f branches -0.107 0.128 0.090 0.004 0.015
Total dry weight ~0.267 0.066 0.004 0.928 0.192
Leaf/area index -0.249 0,065 0.00% 0,705 0,252

0,780

S —————————— T ———— T —— i —— —— i~ — T — ———  — ——————— —

{a) Direct effect underlined.
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Table 55. Matriz of correlation between yield and some yield component characters in 1932.

D U e e e A B0 4 0 T 0 S 08 0 e e i . ———

Fruit Fruit  So. of Fresh  Fresh Ory Dry Ko. of o of Seed yield
length diame- fruits/ fruit fruit fruit fruit seeds/ seeds/ [plant /ha
ter  plant vyield/ yield/ yield/ yield/ fruit plaat
plant  ha plant ha

A Essmms s st A SE e st an e A .. ——

Fruit length 1.000
i
frutt diaseter 0.846 1.000
11 i
Nusber of fruits/plant 0.872 0.891 1.000
1] it 11
Fresh fruit yield/plant 0.815 0.910 0.873 1.000
i it i i
Fresh fruit yield/ha 0499 0.913 0.429 0.608 1.000
i i 1 i T
Dry fruit yield/Plant 0615 0.911 0.873 1.000 0.607 1.000
it 1 i IE] e 1
Dry fruit yield/pha 0.4%% 0513 044 0.608 0.9%% 0.507 1.000
1 1" i 1 t e "
Nusber of seeds/fruit  0.724' 0.840 0.761 0.855 0.B15 0.8%5 0.615 1.000
t i i i i 1" " t
"% oseedsiplant 0797 0.893 0891 0.9 0.5 014 0.5 0357 1.00
tt bt t ht i it i i b
Seed yield/plant 0.7 0.893 0.8 051 0.3 0.914 0.5 0.958 0.9%9 1.000
24 t " " i L] " L1} i {3}

Seed yleld/ha 0.621 0.542 .59 0.687 0.911 0.686 0.911 D.810 0746 0.748 1.000

- mmm ame e cme e ————
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1
Table 57, The direct and indirect contributions of different

yield component characters on fresh fruit yield

in 1992.
Yield attributes Effect through
Fruit fruit Number Seed Number Total
length diame- of yield/ of corre-
ter fruits plant seeds lation
/plant /Plant Per with

plant vield
Fruit length 0.073a 0.333 0.037 0.168 0.203 0.815
Fruit di&meter 0.062 0.394 0.038 0.188 0.228 0.910
No. of fruits/plant 0.064 0.351 0.043 0.188 0.227 0.873
Seed yield/plant 0.058 0.352 0.038 0.211 0.255 0.914

No of seeds/plant 0.058 0.352 0.038 0.211 0.255 0.914

——— o — T — o T . T T — -

(a) Direct effect underlined.

4.8.3 1993: Growth yield and yield component characters

A highly significant correlation was observed between
plant height, number of branches, total dry weight, leaf area
index and days to maturity and other yield and yield component
characters in 1993 (Table 58). Associations with days to
maturity were negative throughout, Number of leaves/plant was
also neggtively correlated with other characters,

The path analysis showed considerable direct contribution
to yieldlonly by number of branches/plant (Fig. 19). The
direct céntribution as well as mutual association with other
characte;s in respect of number of leaves/plant was negative.

Ths:indirect contributions of characters through number

of leaves/plant and leaf area index is minimal but quite high
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in the cése of through number of branches/plant and total dry

weight (Table 59).

Aséociations between yield and yield component traits
were pogitive and highly significant (Table 60). A perfect
direct correlation was also recorded between fresh fruit
yield/piant and dry fruit yield/plant.

VGEY high direct contributions were observed for number
of sned% per plant and seed yield per plant (Fig. 20). Mutual
associations between the traits were all positive.

Indirect contribution of characters towards yield were
negativé through fruit diameter and number of seeds/plant

{(Table 61). F¥For all characters mazimum contributions to yield

were made indirectly through seed yield/plant and number of
fruits/plant.



| 0
i

fable 58. Matrix of orrelation between sowe groth and yield characters in 1933,
|

[ |
'

| -
{ Plant  Mo.of Mo.of Total [eaf Daygs Days to

-'. per  per dry
: height leaves branches weight area to 501 maturity
plant indes  {lower-
| ing
Plant height 5 1.000
Kuzber of lmes}plfnt 0048 1.000
(1}
Nusber of branches/plant 0.891 -0.020  1.000
| (1] it
Total dry weight | 0.39¢ -0.189 -0.37%6  1.000
i 1] i1 i
Leal area index | 0.500 -0.117 -0.799  0.747  1.000
! i1
Days to S0V flowering 0.0 -0.459 -0.131  0.0%9 ~0.131 1.000
{ " 1 1] 1§ it
Days to maturity | 0.697 -0.003 -D.65%  0.846 -0.585 0.075  1.000
! i i it " 1
fruit length ] 0.920 -0.164 -0.898  0.933 0.807 -0.014 -D.6A2
\ it i 111 " i
fruit dianeter ‘ 0.929 -0.023 -0.938 0,908 0.819 -0.13% -0.684
! 1" it it ) h
Number of fruits/plant  0.916 -0.049 -0.905 0850 0.731 -0.207 -0.685
' 113 th 1] 1" i
Prosh fruit yied/plant 0.872 -0.118 -0.903  0.834 0782 -0.018 -0.63)
" 1" i1 it 1 i
Fresh fruit yield/na 0.526 -0.29) -0.49%% 0511 0.775  0.088 DM
! " i it T "
Dry fruit yield/plast 0.872 -0.118 -0.%03  0.884 0.782 -D.018 -0.683
1] i i 1] (1]
Dry fruit yield/ha . 0.5 -0.291 -0.49T 0512 0777 0085 -0.415
" 1 i 5] 1
Number of mds!lnqt 0.8 -0.1%0 -0.83 0.842 0,779 0.122 -0.h48
| i it [13 (1] r
Number of seeds/plant 0.870 -0.121 -0.882 0,867 0.739 0.002 -0.87%
T " 1 i i
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Table 61. The direct and indirect contributions of
different yield component characters on fre: .
fruit yield in 1992 Eamaru.

Yield attributes Effect through

Fruit frnit Number Seed Numbher Total
length diame- of yield of corre-
ter fruits / seeds/ lation

/plant plant plant with yield

Fruit length 0.187a -0.350 0.827 -5.545 5.666 0.881
Fruit diameter 0.177 -0.370 0.860 -5.482 5.699 0.883

No. of fruits/ 0.167 -0.344 0.925 -5.571 5.699 0.877
Plant.

Seed yield/ 0.160 -0.319 0.811 -6.352 6.597 0.898
plant

No. of seeds/ 0.160 -0.319 0.798 -6.346 6.597 0.898
plant.

o e S —— — . —— — ————— - — — i — — ——— ——— — ——— ———

(a) Direct effect underlined.

4.8.4 Nutrient concentration and uptake

Table 62 shows the correlation between the concentrations
of various nutrients in shoot in 1992.

The concentration of N was highly correlated with that of
K and Mg negatively and positively respectively,
Concentration of N was also negatively correlated with that of
P though not significantly. Concentration of K was also
significantly and positively associated with that of Mg and P

concentration was not linearly related with the other

nutrients,
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In 1993, in addition to K and Mg, N ‘oncentration was
also linearly associated with that of Ca nd positively so0
{Table 63); K concentration was also correlated with that of
Mg and P, while (Ca was associated with Mg and 7.

Nitrogen uptake was strongly related with that of P, Ca
and Mg (Table 64). Uptake of P: was also correlated with that

of K, Ca and Mg. Ca and Mg were linearly associated in their

uptake by crop.

Table 62. Matrix of correlation between nutrient
concentration in shoot in 1992,

N P K Ca Mg
N 1.000
P -0.096 1.000
ok
K -0.619 0.154 1.000
ca 0.033 0.271 -0.197 1.000
* & *

Mg 0.423 0.140 0.302 0.028 1.000

i ——— T ——_— —————————————— = ———— - - -
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Table 63. Matrix of correlation between nutrient
concentration in shoot in 1992.

N ? P K Ca Mg
____________ e e m e m e m e e
N 1.000
P -0.118 1.000

**1 £ 3
K -0.509 0.621 1.000
* t *
Ca 0.333 0.360 -0.094 1.000
xx A .k
Mg 0.366 0.039 0,372 0.805 1.000
. P S G S S S N S N e S S A e S . A W e A = . S G S A R T A T S S ey S D A A an e

Table 64. Matrix of correlation coefficients between
uptake of various nutrient in 1993, Samaru.

N | p K Ca Mg
N 1.000 |
* ok :
p ~0.645 | 1.000
k| * ok
K ~0.268 0.716 1.000
* N ! & &
Ca 0.614 0.356 0.263 1.000
k& * % * &
Ma 0.703 0.385 0.003 0.799 1.000

— S e S S —— . ) ——— ——— N _—— T T — e W A s Wy D B i, e i T . W D W i S
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4.9 Economic Analysls
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y, = 158+1.64% 7 0.004%y
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Y, = 60242.49%, - 0.06x)

§
Where
Y, = predicted pepper seed yield (Ka/ha)
Xy é Nitrogen level
xP % phosphorous level
Opt imum réte, of nitrogen and phosphorus for fruit yield were
139.76 = 140kg N/ha and 24.56 = 25Kg P/ha respectively.

Optimum rates of nitrogen and phosphorus for seed yield were

202kg N/ha and 20.17kyg P/ha respectively.
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Table 65. Labour rates and costs in pepper production.

. (S ——————————— A e ]

Operation Labour Requiggd/ha Cost of laégdr/hafﬂl
Ploughing Mechanized 500.00
Harrowing} " 500.00
Ridging " 500.00
Transp]anfing 15 man-days 300.00
Fertilizer

application 11 man-days 220.00
Weeding 90 man days 1800.00
Re-ridging 20 man-days 400.00
Harvesting 30 man-days 600.00
 rotal 116 man-days 4820.00

(a) Based on eight-hour working day.
* Average for 1991-1993.

(b) Labour valued at N20.00/man-day.
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Table 66, Costs and returns from pepper production with various nitrosen and phosphorous
levels {Pooled data for 1991 to 1993,

..................................................

Treateent % Gross fert, fotal® et feturn/
! Pepper Cost Cost + Return Kaira lnvested
Value (M) (M)€®) pert. Cost on fertilizer

KW kg m§

0 0 6300001 - £600.00 -300g -

0 n '. 8310.00f 7100 TH15.00 1495.00¢ 1.0%3e
0 i i 9000.00f  1430.00  8150.00 850.00¢ 0.5%
] 0 ! 15,120.000  960.00 1680.00 1440.00¢ 1.753b
80 | 21,700.00bc 1675.00  B475.00 1305.00ab  7.%%
L)} i i?ﬂ.]iﬂ.&ﬂo& 2190.00 §210.00 11130.00bcd  4.45bcd
160 0 ‘ 16,830.00de 120,00  8720.00 8110.00de  4.72¢d
160 n ‘ 15,540.00ab  2635.00 9455.00 16085.00a §.10abe
160 " E,n.m.wabc 350.00  10190.00 133%0.002b  3.9%d
U0 0 {21,590.00& 2880.00  9700.00 11990.00bc  4.16cd
10 n EZ!,S?ﬂ.ﬂﬂab 3895.00  10435.00 14135.00ab 3.93cd
" i i?ﬁ,llﬂ.ﬂﬂih 4310.00  11170.00 13340.00ab 3,13cde
n 0 Elllﬂ.ﬂﬁt‘d J540.00  10580.00 §750.00cde  2,50de
Er un %‘T,BN.WJ {555.00  11415.00 15675.00a 3,44cde
n “ i;SESB.ﬂﬁa §1M0.00 12150.00 13500.00ab  2,56de
SBt 1}303.2“ - - 1072.19 1.049

Means in & column folloved by different alphabet(s) are significantly different
at 5% significance level bsing DNRT.

+ Cash value based on the retail price of NI8.00 per tiga. (¥3.00/kg) mid season.
(2) Witrogen costed at N140.00 per bag (¥12.13/kgh) and Phosphorus costed at
K130.00 per bag (X32.00/k¢P).

*Includes cost of seedlings at N5.00/100 seedlings and cost of labour.

?
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CHAPTER FIVE
5.0 DISCUSSION

5.1 EBEffect of Season

The crop performance as evidenced by the data on growth
parameters such as plant height, number of leaves and branches
per plant was much higher in 1991 than in the succeeding
years. Accumulation of dry matter was also much higher in
1991 than in the following years. This observation could be
attrihute¢ to the fact that in 1991, seedlings of about seven
weeks of age were transplanted oul to the field due to certain
logistic problems, whereas the seedlings transplanted out in
1992 and 1993 were of the recommended age (five weeks old),
Thus the geedlings in 1991 had already grown and had higher
initial biomass in terms of dry weight compared with those of
1992 and 1993. Blackman (1919) described plant growth as an
example of the operation of compound interest, The growth
increment in any period adds to the capital available for
subsequent growth. Leaf area, LAl and LAR were also much
higher in 1991 than in 1992 and 1993 which have about the same
LA, LAT and LAR. However, RGR and NAR recorded lower values
in 1991 than in 1992 and 1993. This is probably because when
the recording started, the crop in 1991 har already passed the
log period of growth. Although normal growth and dry weiuht
accumulation increased from transplanting, praked at 8WAT and
then dnclined at 10WAT for all the years, RGR declined at

6WAT. This further supports the fact that by the time
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recording started for the crop in 1991, the rate of growth had

already begun to decline.

Data on nutrient concentration were recorded in 1992 and
1993 Dhl? due to the fact that the samples in 1991 were
destroyaﬁ by rodents. There was very little difference
between the years in terms of nutrient concentration, since
the seedlings were transplanted out at the same age and the
period of sampling were constant for the two years, minimal
variatioﬁ should be expécted.

Consequent on transplanting over grown seedlings in 1991,
flowering was earlier in that year compared to other years.
However,ifruit maturity was delayed longer in 1991 than in
1992 and;1993. This could be due to the fact that the balance
between vegetative and reproductive growth was skewed towards
vegetati?e growth in 1991 hence the developing fruits had to
compaete with too much vegetative growth for assimilates
thereby }engthenjuu the time it took for fruits to fully
develop dnd mature. The delay in maturity in 1991 could well
be the re;son for longer and wider fruit in that year compared
with sucéeeding years. Number of fruits produced per plant
was also more in 1991 than in 1992 and 1993. Since plant
height and branch number were higher in 1991, more lci and
surface area was available for the development of fruit buds
in the c¢rop in 1991 than in the following years due to
sympodiai morpholoagy of pepper plant. More fruits with
superior length and diameter resulted in higher fruit and seed

yields in 1991 compared with succeeding years. However, there
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was a low response in yield to N levels in 1991 probably
because of the relatively high soil N in that year. Although
more rainfall was received in 1993 than in 1992 fruit and seed
yield werea much better in 1992 than in 1993. This might be
due to the longer wet season and better distribution of the

rains in 1992 than in 1993.

5.2 Response to nitrogen

Plané height, number of leaves and branches were
siqnifica#tly increased in pepper up to the highest rates at
later staées of growth in all the years. At the initial
stages of;growth there was no difference between the various
levels wh;le the high rates even reduced number of branches
and leaves at the initial stages of growth in 1992 and 1993.
At the tender stage, too much nitrogen may affect crop growth
through soluble salt injury as reported by Locascio et al.
(1981). Leaf stem and total dry weights were significantly
increased;with rising nitrogen up to 320kg N/ha. However, the
dry woights of bud, flower and fruits were increased up to
240kg N/ha only at 10WAT. Prior to 10WAT the plant was mostly
vegetative and the development of reproductive structure was
minimal. :Since nitrogenous compounds make up a significant
part of the total weight of plants, and since increase in
nitrogen %upply leads to utilization of carbohydrates to form
protoplasm and more cells, increased dry weights are quite in
consonance with increase in nitrogen application up to the

highest rate used in this study.



155

The jyield of reproductive structures were however,
obtained ﬁt a lower N level compared with vegetative parts.
Kraus and Kraybill (1918) recognized that high nitrogen plants
were unfruitful or excessively vegetative even though
conditions were favourable for carbohydrate synthesis. With
some redubtion in nitrogen supply, vegetative growth decreased
and fruiﬁfulness increased. Hence they concluded that, the
max imum yield of reproductive parts was obtained with a lower
supply o{ N than the yield of vegetative parts.

Leaé area per plant and leaf area index were similarly
increased with successive fertilizer dressings up to the
max imum réte of 320kg N/ha. This could be directly related to
increaseq leafyness with N application as was also reported by
Usman (19?0), Aliyu and Olarewaju (1994). LAR was however not
significéntly influenced by N application throughout the
period of study. In this study, both the assimilatory
materialé and the total plant material were significantly
affected by N addition. The non significant response in LAR
could be: due to the constancy in the changes of both
assimilatory and plant material with a unit increase in N.

Relative growth rate was also influenced by N levels.
Blackman g1919) used the term efficiency index to denote this
same conéept. Mineral nutrition impinges on ali phases of
plant grpwth as pointed out by Leopold (1980) and that
nutrientjdeficiency reduces growth in general and leaf area
expansioq in particular. The positive influence of N on RGR

might be_due to the increase in dry matter production with N
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application. NAR was only affected by N at 10WAT in 1991 and
1992.  Heath and Gregory (1938) reported that NAR was

relativeiy constant for a wide range of species. Watson
(1952) concluded that, although there were differences between
and within species in NAR, productivity was much more closely
related io the leaf area component of growth rate. The
variatioﬁ in NAR at 10WAT due to N in this study could
probablyibe as a result of increased chlorophyll content with
N 1avala; Chandrartna (1964) suggested that under heavy
fertilizér application were a dense foliage results and there
is a low quantity of light down in the canopy, the chlorophyll
content ﬁould be more important for total photosynthesis of
the popuiation than under less fertile conditions.

Nitrogen levels significantly affected the concentrations
of N in shoot and fruit and its uptake by the crop which could
indicate that the external N has a profound role in
influencing the internal N of the crop. Jones et al. (1964)
also reported significant increase in leaf N with N levels but
in contrast fruit N was not affected. Miller (1961) reported
occurrence of deficiency symptoms in plants having a total N
content of 1.26% or less in vegetative tissue whereas in this
study plants without fertilizer recorded not less than 2.07%
N in thei; vegetative tissue. The most plausible explanation
for this %ehaviour ¢could be because plants in this study were
able to 4xtract some appreciable amount of N from the soil
even in tLe absence of fertilizer N whilst Miller (1961) grew

his plant? in culture. Phosphorous concentration in shoot was

\



157

increaseh by N application. This is in contrast to the
findings of Jones et al. (1964) who reported a decrease in P
concentration with N levels. P concentration in fruit was
also increased by N levels but there was no significant
effect op P uptake due to N levels. The beneficial effect of
N levels on P concentration could probably be due to increased
solubiliﬁy and mobility of P and dry matter production with
additionr of N thus having a cumulative increase in P
concentrﬁtion. Potassium concentration was only affected by
N lavelé at BWAT a period which might have coincided with
active browth of the crop hence the increase 1in K
concentrétion. Neither K in fruit nor its uptake was however
improvedé‘. significantly by N levels. Similarly calcium and
magnesiuﬁ concentrations were not affected significantly by N
levels heither in the shoot nor 1in the fruit. The
concentr;tion of cations in most plant tissues, such as the
actively:functioning leaves and the fruits, has been reported
to be a characteristic of the crop and fairly independent of
the s0il or fertilization (Russel, 1973). Irrespective of
nutrient; concentrations were generally higher at 8WAT than at
12WAT. Allaway (1971) supported by Baldwin (1975) suggested
that in;reased growth over time may dilute the mineral
constitu§nts of plant tissues.

There was an elliptical response in number of days to 50%
flowering with N levels. Application of 160kg N/ha resulted

in the earliest anthesis by plants. Below and above this

amount anthesis was delayed. With the pepper, a crop
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|
classifi?d as day-neutral crop (Eguchi, et al. 1958), the
flower formation is much affected by nutritional factors.
With the:pepper, the flower bud were not differentiated unless
their growth reached a certain level thus the delay in
anthesis with plants receiving low or no N was caused by poor
growth.; Too much growth has also been reported to delay
anthasisl as a vresult of consumption of metabolites by
vegetative tissues (Locascio et al. (1981). The high rates
of N in this study appeared to have simulated enough
vegetati}e growth to delay flowering. A similar response to
N was alpo shown by days to maturity in 1991. 1In other years
applicatﬁon of N below 160kg N/ha delayed maturity of fruits
compared with high levels. This could probably be due to the
fact thai with low N the growth of the plant would be poor and
this coﬁld have a negative effect on flowering and eventual
fruit set. Fruit length and diameter were increased with N
additioﬁ up to the maximum rate of 320kg N/ha. This could be
directly related to the enhanced photosynthetic surface as a
resuit of N addition and to increased physiological activities
leading to more assimilates being produced and subsequently
used in rapid increase in fruit size.
Pepper has been reported to produce high percent of blossoms
on receiving high N levels when compared with low levels.
Such plants also exhibit longer leaf retention and lower
flower and fruit abortion thus leading to high fruit set and

fruit production (0Ozaki and Hamilton, 1954; Addicot and Lynch,

1955). Therefore the increase in number of fruits and seeds



159

in this study with increase in N levels could be adduced to
high flower production and increased fruit setting activity
stimulated by the nitrogen levels, The decline 1in these
parameteré in 1991 could be attributed to the fact that much
of the N was applied during active fruit setting in that year.
Due to the increase in fruit and seed number, fruit length and
diameter with N levels, fruit yield both fresh and dry and
seed yiel¢ were also increased. Data from Pooled analysis
over seasdn revealed that the optimum N level for seed yield
was 320kg N/ha whilst fruit yield was maximized at a lower
level of 240kg N/ha. Ozaki and Hamilton (1954) also related
increased.yield in pepper with N levels to increased fruit
setting a&tivity. This is further buttressed by the data on
fruit numﬂer which showed a reduction in fruit number when N
in excess bf 240kg N/ha was applied consequently reducing the
yield also in 1991. Decline in yield at high rate of N has
also been reported by Knavel (1977) 'O' Sullivan (1978}
Locascio et al. (1981). While others such as Maynard et al
(1962) Batal and Smittle (1981) noted a levelling off of yield
only at high levels of nitrogen. Soil types and rainfall
obtained during the growing season have also been cited as
some of the important factors causing variation in results
obtained by different workers.
$.3 Rgspénse_;p Phosphorus

Prodﬁction of leaves and branches were improved as a
result of phosphorus application. Plant height was also

increased% with phosphorus application. Application of

|
\
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phosphorpus also increased stem, leaf and total dry weights
comparedfwith the control, 1In all cases, increases were not
sustained by increasing the rate to 44kg P/ha. This
contradiéts the findings of Ozaki and Key (1966) who observed
incraasep in growth parameters with P levels up to 246.62kg
P/ha. Pﬁosphorous plays a fundamental role in a large number
of enzymic reactions that depend on phosphorylation. It is
thus ass;ntial for cell division and for the development of
menglematic tissue, hence its favourable effect on plant
growth. ' The external P requirement of most crops have been
found to be within a range of 0.01-0.4ppm P in solution (Fox,
1979). Excess of phosphate over the amount required by the
crop sometimes may result in reduction in vegetative growth
(Russel, 1973). However, since plants are relatively
inefficient users of P in the field (less than 20% of the
amount supplied as fertilizers is taken up) (Enwezor, et al,
1989), high rates of P has been used without any appreciable
reduction in growth in this study.

Leaf area and leaf area index were increased with each
level of P up to 44kg p/ha, Mitchell (1970) reportad that
application of P increased leaf area particularly in the early
stages of growth. The positive effect of applied P on LAI in
this study could be directly related toc increased leaf number
and Ieaf area. Bouma and Dowling (1966) have reported
reductio;m in leaf area expansion with phosphorous deficiency.
Leaf aréa ratio and net assimilation rate were not

statistically affected by application of P. Differences
|
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observed in growth analysis parameters were sometimes judged
significant whenever the differences in W and L or A (which
were used to derive the growth analysis parameters) were found
to be stgtistically significant. This indirect inference was
necessary because normal measures of statistical significance
are difficult, if not impossible, to obtain when derivatives
of the various growth equations are used to calculate growth
analysis;parameters {Clawson et al. 1986). RGR was however
incroaseﬁ by moderate application of P. This is largely due
to incréases in leafyness and leaf area. Bouma (1967)
reportedéthat under conditions of minimal phosphate (0.Z25ppm
in solution culture) reduced growth, was a consequence of
reduced ieaf growth.

Maximum concentration of N in both shoot and fruit and
its uptake by the crop were attained on application of 22kg
P/ha. Jones et al (1964) did not observe any difference in N
concentration due to P application. The decrease in N
concentration with the higher rate of P could be due to the
dilutioniof nutrient as a result of increased growth. Allaway
(1971) ﬁas suggested that increased growth resulting from
fertilizétion may dilute the mineral contents o¢f plant
tissues.f In contrast, application of 22kg P/ha resulted in
the lowest concentration of P compared with the control and
the high?r rate of application. Potassinm concentration was
also low+r on application of 22kg P/ha, the effect was however
only siq;ificant at 8WAT. Fawausi {(1972) similarly reported

that at the flowering and fruit set stages, application of P
|
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did not result in any significant difference in leaf P
content,§ and that K content in leaf was not affected
throughout by applied P. In this study neither the
concentrétion of Ca and Mg in shoot nor in the fruit was
affectediby applied P although Ca uptake was maximized at 22Kg
P/ha.

Experimental results reviewed by Epstein and Jefferies
(1964) énd Nielsen (1979) indicated that the level of
selectivfity in nutrient uptake, translocation and utilization
of nutrfents by plants are genetically controlled. It is
stressed that the efficiency by which a crop utilizes soil as
a source of nutrients is improved if genotypes with larger
root pe% unit of plant weight is developed. Through its
stimulatory role on root growth, P has enhanced the uptake of
more minérals than N in this study.

Phosphorous application has resulted in early flowering
in this study. Fruit maturity also elicit a comparable
response. An ample supply of phosphorous has been reported to
promote }apid development (Black, 1968). Yamashita and Goto
(1963) found that differentiation of the first flower Cluster
by plants took place at progressively earlier dates as the
supply of phosphorous increased. Because of the ifference in
the rate of development consequent on application of P, plants
deficieni in P matured late in this study compared with those
supplied with P. However, fruit length and diameter were
generall; not influenced by applied P although the high rate

resulted in longer fruits in 1991. Fruit production was not
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generally affected by P application. The response of crops to
P fertilization usually is greatest early in the season and
decreas?s gradually as maturity is approached (Black, 1968).
He thus inferred that the need for additional phosphorous is
greaterfin the early part of the growth cycle then in the
latter part. In this study applied P appeared to have
influen;ed vaegetative growth more than reproductive
structures. This is probably due to the fact that the P
supplied prior to transplanting the crop is adegquate to
produce the maximum growth of vegetative parts. Since the
availability of fertilizer P tends to decrease relative to
aVailabﬁlity of soil P as the season progresses, most of the
applied P might have been depleted during vegetative growth
with little left during fruit production to cause any
signifi%ant effect.

Seed production was however depressed by P application.
This could be related to the enhanced maturity as a result of
application of P. The delayed maturity in the absence of P
allowed for the production of more seeds. Although fruit
fresh yield/plant and seed yield/plant were not affected by
applied P, fruit and seed yield/ha were maximized at 22 and
44kg P/ha respectively. Increased seed yield up to the
maximum:rate in this study could be attributed to increases
obtained in both 1length and diameter of fruits with P
applicaiion. Fruit yield was however maximized at lower P
level of 22kg P/ha. Excess of phosphate over the amount

required by the crop sometimes depresses crop yield (Russell,
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1973). This has been attributed to the hastening of the
maturation processes and consequent reduction of vegetative

growth.

5.4 Regponse to Plant Density

Plént height and the production of leaves and branches
were depressed with a higher planting densities. These
results are in consonant with those reported by Silva and
Couto (1971), Mezhunts (1979). Yanateva and Elogin (1972)
attributed the adverse effect of high population density on
crop growth to photosynthetic insufficiency while Topoleski
(1967) regarded competition between plants for water and
nutrienﬁs to be the main cause of reduced growth in dense
canopieé of plants. The density of 40,000 plants/ha was
comparalf:inle to the other levels in the parameters stated above
which could probably indicate the population to be more
balanced than the others.

Leaf area per plant decreased while leaf area index
increased with increase in plant density up to the highest
density{ The decrease in leaf area/piant could also be
attribuéed to photosynthetic insufficiency and to competition
between?plants for growth factors while increase in LAI with
increasﬁng plant density is due to the presence of more plants
per are; hence more leaves per unit area. However, it is
pertinent to note that although LAI increased with plant

density, the dry weight and leaf area per plant decreased

which ce;':uld be the reason for the decrease in LAR with
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increasé in plant density. An inverse relationship has been
reportea between LAR and dry weights of aerial phytomass
(Williams and Joseph, 1976). Nichiporovich (1960) who
suggestéd that an optimal leaf area index is definable for
every eéonomic crop has also stated that; maximum LAI does not
always field maximum dry matter production. Both RGR and NAR
were inéreased with increase in plant density. Donald (1961)
has helé that denser stands, initially have more rapid growth,
because;they display more photosynthetic surface per unit area
of grouﬁd and thus synthesize more material., The increase in
NAR with increase in plant density in this study could also be
related to the LAI (Watson, 1952). Brougham (1956) also found
that both percentage of solar radiation interception and rate
of dry ﬁatter production increased with leaf area development
and approached a maximum at similar LAI.

Da}s to 50% flowering, days to maturity, fruit length and
diameter were not significantly affected by variations in
plant density in this study. However, there is a tendency to
delaye@ flowering while maturity was earlier with increase in
plant density. It has already been stated that pepper flowers
only after the growth has reached a certain level (Eguchi et
al., 1958). In this study poor crop growth was observed due
to high population density hence the delay in flowering. The
early maturity recorded could be due to the fact that stressed
piants iend to develop faster and reach maturity earlier than
unstressed plants. The early maturity observed in this study

with increased plant density could account for the smaller

!
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fruit Qroduced at high densities. Although seed production
was not affected by the densities tested, more fruits/plant
were obtained at lower plant densities and this could be
attrib#ted to reduced nutrients and light to plants under high
populaﬁion densities. Hicgher fruit number of lower densities
led to higher fruit and seed yield per plant compared with
high population density.

Iﬁspita of the fact that growth, fruit size and number
were décreased at high plant densities, fruit and seed yield
per hectare were significantly higher at higher densities
compared with low density. This could probably be due to the
fact that the increase in plant number more than compensated
for thé decrease in productivity per plant at high densities.
Higher%yield per ha at high densities could also be related to
LAI. Because higher densities display more photosynthetic
surface per unit are of ground, they synthesize more
assimiiates (Donald, 1961).

5.5 Interactions
5.5.1 Nitrogen x phosphorous interaction

At the highest rate of P (44kg P/ha) additional nitrogen
levels increased plant height and number of fruits upto the
maximum level of 320kg N/ha. This could mean that applied P
increased the plant response to high rates of nitrogen levels
unlike in the case of concentrations of N in both shoot and
fruit where maximum concentration was obtained only in the
absencé of fertilizer phosphorous. Moderate rates of both

nutrients seems to favour the concentration of P and K in
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fruit and the uptake of N and Ca.
5.5.2 Nutrients x plant density interaction

At high plant densities the response to added level,
increased up to the highest level of application in most
paramaﬂers. Mitchell (1970) similarly noted that as density
is increased the response to an added nutrient will continue
to a hi?her level of application. The implication of this is
that ad the fertility status of the s0il is improved, the
density required to give maximum yield will increase.
5.6 Regression Analysis

From the results of the regression analysis, fruit yield
was generally maximized at 230kg N/ha while 25kg P/ha appeared
adequate. Maximum concentration of N in shoot was found at a
range of 130 to 270kg N/ha. Since vyield had a linear
relationship with N content in shoot it could be deduced that
a rangeiot 130 to 270 would also be favourable to the yield.
In the;case of P concentration a range of 20 to 23 Kg P/ha
resulted in the lowest P content in shoot. As the vyield
linearly regressed with P concentration it can also be
inferreh that a range of 20 to 23kg P/ha is adequate. Macy
{1936) was among the first scientists to suggest a
relationship between the sufficiency of a nutrient and its
percanthge content in the plant. Relationship between
nutrienk supply and the chmical composition of the plant has
also been found useful in predicting fertilizer requirement of

crop by Emmert (1941); Ulrich (1952).

A consistent linear relationship was established between
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fruit iield and plant density.

Uﬁlike fruit yield, seed yield linearly increased with N
levelsgindicating the maximum N rate to be optimal for seed
producéion. Generally a range of 20-25kg P/ha seems
sufficﬁent for seed production. Predicted seed yield also
linearfv responded to plant density.

Afthough the yields of fruits and seeds were maximized at
the samp plant density and similar phosphorous levels, higher
nitrogen is generally required for seed production than for
fruit éroduction in this study.

5.7 Co.;rre_la_tion _and Path Coefficient /nalysis

Pdsitive and significant relationship was established
hatweeﬁ most of the characters indicating an interdependency
between these characters. As the plant increased in height
more nodes, are produced at which branches and leaves are
differentiated thus the positive direc! association between
them. The negative association between days to maturity and
other gfowth characters could probably e due to the fact that
as fru#ts develop in pepper normal growth and development is

slowed.?own. Bereny (1970) reported that as fruits enlarge on
the plant, vegetative growth and flower production are
inhibited. As the {ruits mature, vegetative growth, flowering
and fruit - setting again resume (Kato and Tanaka, 1971).
Agsociation between most growth parameters and yield and
yield cbmponents were also positive and significant indicating

such parameters to be important vyield determinants.

Relationship between yield and yield component characters also
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revealed length, diameter and number of fruit to be important
vield déterminants; this confirms the findings of Ado (1991),
Aliyu gﬁ al. (1991).

Thé path analysis showed that most of growth characters

|

considefed in this study made their greatest contribution to
yield tﬂrough total dry weight. This is due to the fact that
increased dry weight is virtually synonymous with increased
photosyﬁthetic surface and thus greater photosynthesis.

Yield component characters made their greatest indirect
contribution through.number of fruits and seeds/plant. The
low value of the residual in such cases could mean that the
characters that are most important to the yielding ability of
pepper have been considered in the study.
5.8 Eggnomic$Analysis

Paéper production without fertilizer application resulted
in a net loss as a result of high cost of labour charges.
Although application of 320kg N/ha and 22kg P/ha brought in
the laréest gross returns, higher net returns and returns per
naira invested on fertilizer were obtained with combinations
of 22kg ?/ha with 160kg N/ha and 80kg N/ha respectively. This
could be directly related to the increased cost of fertilizer
with high rates.
5.9 Opﬁjmumlhevgl_of Factors

Thére was a variation in the optimum level of nutrients
required by different components of the crop. Whereas total

dry matter was maximized at 320kg N/ha and 44kg P/ha fruit and

seed yield were optimum at 140kg N/ha and 25kg P/ha; and 202kg
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N/ha and 20kg P/ha respectively. Fruit yirld was optimised at
lower N ievel compared to the total dry matter because higher
nitrogen could cause reductions in fruit set especially if the
timing is wrong. In addition high rates of N are prone with
excessive vegetative growth which could result in the
diversioﬁ of assimilates for vegetative growth to the
detrimenﬁ of fruit production and development. Although
higher N levels were required for seed production compared
with fruit yield due to the higher value of seed, seed yield
was Optiﬁised at a lower P level than fruit vield. This
probably;was because high P could hasten maturity and hence
detract ?rom increased seed production.

in éontrast both fruit and seed yield were increased with
increasejin plant density up to the highest level of 60,000

plants/hi. This could be attributed to increased plants/area.
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SUMARY AND CONCLUSION

Three field experiments were carried out during the rainy
season of 1991-1993 at the research farm of the Institute for
Agricultural Research Station at Samaru (11°11'N07°38'E and
686m abo&a sea level) to study the effect of five nitrogen
levels (0,80,160,240 and 320kg N/ha), three phosphorus levels
(0,22 and 44kg P/ha) and three plant densities (20,000, 40,000
and 60,600 plants/ha). A split-plot design with three
replications was used. Data were collected on growth,
parametefs, dry weights which were subsequently used for
growth Analysis and also analysed chemically to ascertain
concentration of nutrient and their uptake, yield and yield
componen£ characters.

The data collected were statistically analysed. The
yields were further subjected to regression and economic
analysis and optimum levels were then calculated.

The results revealed significoant differences in plant
height, number of leaves and brancl -, leaf area and LAI due
to N levels. Aerial phytomass wa: significantly increased
with increment in N levels up to 3 kg N/ha. RGR, NAR were
also affected by N levels while LAR was not affected.
Concentr?tion of N, P and K were al influenced by N levels
while th§ concentration of Ca and Mu ' emained unresponsive to
levels o% N. Yield and yield component characters were also
significantly affected by nitrogen application.

Appiication of phosphorus similarly resulted in increase
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in most growth parameters such as plant height, number of
leaves and branches while aerial phytomass, leaf area and LAI
increaseﬁ upto the highest rate of 44kg P/ha. LAR, NAR were
however not affected significantly by applied P. concentration
of N, P and K in shoot were similarly affected by P
fertilization. Applied P also affected the fruit content of
N and K |and the uptake of N and Ca. Days to flowering and
maturitg' were shortened while seed production/fruit was
decreased by P levels. Number of seed/plant, the yield of
fruits ahd seeds/plant were not significantly affected by P
levels in two of the years tested. Fruit yield/ha was
increased as a result of P application while seed yield/ha was
affected in only one of the years studied.

Incfeasing plant density resulted in decreased dry
weights Qnd leaf area per plant while LAI, NAR, RGR were all
increased, Most yield component characters such as days to
flowering, maturity, fruit length and diameter were not
signific?ntly affected by the various plant density treatment.
Althoug& fruit and seed vyield/plant were decreased as the
density is increased, the total yield/ha was increased up to
60,000 piants/ha.

Significant interactions between the factors were
recorded?on most parameters like plant height stem dry weight,
concentr?tions of N and P in shoot, and fruit yield. The
result o; correlation analysis showed significant association
hetween Yirtually all the characters studied. The correlation

was also positive for most characters although days to
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flowering and maturity were negatively correlated with all
other characters. Path analysis revealed that indirect
contribu?ion of orowth characfers to yield was highest through
total dry weight. Yield component characters contributed more
through diameter and number of fruits.

Thi% study has shown that although biological yield was
increasaﬁ‘with nutrient levels up to the maximum rates tested,
economic_yield of fruits and seeds was optimum at 140kg N/ha,
25kg P/h? and 202kg N/ha, 20kg P/ha respectively. Maximum
biologicﬁl and economic yields were obtained at the density of
60,000 piants}ha. The nutrient concentration in plant tissue
has also:proved usceful in predicting the levels of N and P for
optimum %ield. Although most yield components were strongly
associatkd with the yield total dry weight, number and
diametar? of fruit and seed yield/plar’ were found to bhe
greatly involved in the contribution of other characters to
fruit aﬁd seed yield. They alsc made "he greatest direct
contribu#ion to the yield. Crop impr. rement programme oOr
agronomi# practires should therefore be geared towards

improving these traits with eventual impyr vement in the yield.
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APPENDIX I. §§mégy,ugiqpr9;9glpal_Qhrgxxg-;pnﬁ

| in 1991.
Month Rainfall Egigtiv?%?gmiditz Ai;m?amgﬁgfgg;e SUNSHINE

mm) Days Am Pm Min Max (Hrs)
3;;""6'6"""'6"""31‘3'“"IéfZ"""IE‘S"""EE‘E“B’1‘"”"
Feb. 0.0 0 20.4 22.9 1749 35.4 8.6
March 44.& 2 27.4 17.7 20.6 35.2 7.6
April 47.8 6 54.3 33.4 22.8 35.5 8.2
May 243.0 20 76.8 60.5 21.3 30.8 6.4
June 87.0 11 78.4 64.3 20.7 30.1 6.9
July 189.6 16 80.3 69.9 20.0 28.1 9.7
Aug. 329.0 18 84.0 72.5 19.7 27.9 9.0
sept. 51.2 10 72.8 58.8 20.0 31.3 8.1
oct. 28.7 2 66.0 40.0 18.3 32.0 8.5
Nov 0.0 0 20.8 9.3 12.9 31.6 8.9
Dec 0.0 0 21.1 16.3 12.6 28.6 Tl
};E;E"IEEZ"B”‘BE """"""""""""""""""""""""""""
i;;;""'""“"""“"“”;E‘6""""15?5""“15'2""‘51’5““3'3

-.--—.--——-—.-_--_.——_..-.-..-..-..-.._._._._._...-__..—.-...-_-.- .--.-——-.-———.—-—-.—.--....———.—..-.-.—-

Source: heteorological data at Institute for Agricultural
Research, Samaru, zaria.



138

APPENDIX 2. Samaru Meteorological Observations
in 1992.

Month Rainfall Relative Humidity HQL_I--pfrg_uxg SUNSHINE
(%) {("C)

{mm) Days Am Pm Min Max (Hrs)
Jan. | 0.0 o0  21.5  14.6  12.3  26.7 9.3
Feb 0.0 0 12.6 9.1 15.0 30.0 7
March 0.0 0 23.4 16.6 19.5 35.0 5.9
April  32.3 1 41,3 29.9 22.4 35.4 7.4
May 73.1 9 66.4 49.7 221 33.0 7.4
June 112.4 7 71.3 57.9 19.7 29.6 6.2
July  243.6 16 82.6 68.1 19.8 28.4 6.2
Aug.  287.3 16 83.0 74.8 20.2 29.5 4.9
Sept. 229.7 11 78.6 65.1 20.2 29.5 4.6
Oct 39.9 3 61.1 35.2 17.7 31.5 8.9
Nov 2.6 1 32.4 35.0 15.1 29.7 6.9
Dec 0.0 0 25.1 24.6 12,3 29.6 7.9

o  ——— — — —— i —— . T — - — " —————

———————— . ———— T ———— —— - o —_———  — o~ ———— ———————

Mean | 49.94 40.05 18.33 30.66 6.63

________ R A A A L S S N Rl
Source:! Meteorological data at Institute for Agricultural

Research, Samaru, Zaria.



APPENDIX 3. §gmg;g_ﬁg;e

Month Rainfall

(mm) Days
ey’ T
Feb. 6.0
March 0.0
April 8.3
May 113.6
June 155.8
July 269.0
Aug 300.8
gept. 181 8
oct. 32.4
Nov. 0.0
Dec. 0.0

..----.-...-.-——-_._..-___

source: Heteorological
Research, Samar

N.A.
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..-.-__..--_—._.-.-_-.—-.-.—.--_.-_.—_-..-__._..-__..-.--

in 1993.

Pm

onglggica;_qgﬁerxatignﬁ

h':_Tempqrq;y:e SUNSHINE
(

_-.-a_.._._-—-_—.--.-.-.--.-——_-.._..-...--—-—---_..-—-—---——-—--—

Relative Humidity
(%)
Am
0 23.6
0 19.5
0 31.5
4 42.7
12 62.9
9 72.7
12 78.4
16 81.8
12 76.7
3 63.1
0 N.A
0 31.3
68
48.7

L )
Min Max (Hrs)
2 11.6 26.3 4.0
3 14.6 31.8 N.A
7 18.2 34.4 N.A
f 23.5 36.5 N.A
8 22.0 37.8 8.2
3] 20.9 31.7 7.6
1 20.2 29.5 6.6
1 19.5 28.4 5.0
2 19.3 30.2 7.0
0 18.7 34.1 8.4
A 14.1 33.6 8.6
5 14.1 29.1 6.2
4 18.42 32.0 5.1

...—.-.—.-—.---.-..-.—.-—-.-——-—--..—.-—.—.--—-.--—..—...-—--——-——.-.--

Not available.

data at Institute for Agricultural
u, Zaria.
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_.__._..-.-_.-..__....-.--.-_.—..._...-..—_.-.-_._._-.-.....

..--.—.--.-_-_...-.....__...._._.....-_..-

_.__-_,_,__._...__,__,

Clay

silt

gand
TaxturalﬂClass

PH 1:2.5

Water

0.01 caCl

organic Carbon (%)
Availabl? phosphorous (ppm)
Total Hitrogen (%)
Exchangeable bases
(meq/100g s0il)

Ca

Mg

K

Na

c.B.C

Exchangeable acidity
{meq/lOOg ooy

.-..-.-....-.-..-—.—_-_._._...._...-..-..-.-_.-._._.__.......-_.-.-.-_.-.-.-.-.-.-

EhYsico—chemigg
at the site of

....--..-.—.-.-_._...-..-.,__—.-__...._.....-.-.-_..—..._...._- e ——————

46
40

Loam

5.40

4.20

0.60
8.064

0.056

0.16

3 p:operties of the 501l
the e;pe:imentsL_Samagph

-

.....-_.—.—.-—....-.-...——.-—-..-.—

1992 1993
10 12
42 44
48 44
Loam Loam
5.50 6.00
4.40 5.10
D.35 0.30
8.80 6.35
0.04 0.04
1.20 1.19
0.43 0.41
0,30 0.26
0.11 0.10
5.80 6.10
0.20 0.18

- .-.__..-—.-..-...__.._.....__...-_.—.-
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