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ABSTRACT

A field experinment was conducted at Samaru farm of the
Institute for Agricultural Research in 1990 and 1992 wet
seasons with the objective of studying the effect of N and P
on the yield and yield components of maize and rice under
m xed cropping.

Factorial conbinations of four levels of N (0, 60,120 and
180kgN/ ha) and three levels of P (0, 13.2 and 26. 4kgP/ ha)
were laid out in a randomi sed conplete block design with four
replications.

The results revealed that the grain yield of maize and
rice were significantly influenced by N and P. In 1990, maize
grain yield increased significantly upto 13.2kgP/ ha at
0 and 60kgN/ ha. There was no effect of P at 120 and 180kgN ha.
For rice, grain yield at 0 and 60kgN ha was not influenced by
P whereas, application of 26.4kgP/ ha significantly increased
grain yield at 120 and | 80kgN/ ha. In 1992 application of
13. 2kgP/ ha at each level of N significantly increased maize
and rice grain yields. The highest grain yields were obtained
at 120kgN/ ha with 13.2kgP/ ha suggesting that this fertilizer

rate could be recommended for the m xture.

Yield components of maize such as cobs per square netre
increased significantly with levels of N and P but there were;
no signifleant changes in shelling percentage and hundred
grain wei ght of maize. The number of panicles per square
metre, number of tillers per plant and number of filled grains
por panicle were the yield conmponents of rice that responded to

Increased N and P. While threshing percentage and thousand

grain weight were not affected. Ot her plant characters of



both crops which were positively influenced by N and P were
LAI, plant height and plant dry matter.
There was highly significant and positive correlation
bet ween mai ze grain yield and yield conponent such as
cobs per square metre (r = 0.586, r = 0.558) in 1990 and
1992 respectively. In rice however, grain yield was found
to be significantly and positively associated with
components of yield such as panicles per square netre
(r= 0.915, r = 0.910) and number of tillers per plant
(r = 0.851, r = O.850) in 1990 and 1992 respectively.
Percent crude protein in plant |eaves at maturity
increased with the application of N alone but not with P.
While percent P in leaves was significantly increased with

both N and P.

Percent N in the soil at Crop maturity increased
significantly with N upto 180kgN ha but was not affected
by P. Simlarly P content in soil was significantly and

positively influenced by P but not with N application
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CHAPTER 1

INTRODUCTION

Mixed cropping, the system of growing two or more

crop species simultancously on the same piece of land
at the same time is persistent among small scale farme
(Andrews and Kassam, 19763 Willey, 1979)}.

Growing crops in mixtures was a world-wide
practice before the advent of mechanised agriculture,
In U,S.A for example, Thatcher (1925) reported that
57% of the soyabean hecterage in Ohio State was grown
mixed with maize. Similarily, between 1923 and 1926,
about 60% of the soyabean grown in Tllinois State waa 
also mixed with maize (Hackleman et al., 1928). The
practice however has now virtually disappeared in the
mor¢ doeveloped countries of Burope and America mainly
to mechanisation but it remains the dominant cropping
system in the cdoeveloping countries of the tropics and
sub~{lropics including Nigeria (Norman, 1974). In the
surveys conducted in the former Zaria Province of Nige

Norman (1974 and 1975) revealed that, about 82% of

Irs

due

ria,

the land grown to crops was under mixed cropping system

because of the numercus advantages associated with

this aystem,

Some of the advantapes derived from mixed cropping

by peasant farmers include precautions against
uncertainty and income stability {Abalu, 1977), total
productivity per unit area is increased (Rahat ana |
Singh, 1979) and a reduction of pest and diseasc

infestations (Anon; 1977).



2

ProduclLion of maize in the savanna areas of Nigeria is
expanding, Apart from the fact that, the savamma enviromment
hos proved! suit:ble lfor the produciion of the crop, major
reasons for popularising maize as a grain crop in these
arens where sorghum and millet are normally grown include
its higher vields of about two or three times than the
average cexperimental yield of sorghum and millet, Yields
of about & - 10 tons/lla have been oblained for maize as
against 4 - 5Lon5/ha for improved millet and long-season
sorphum (Kowal and Kassam, 1978). Maize ears are protected
by husk against insecl and bird damage,

Both maize and rice have become important in the Nigerian
goal for food sufficiency (Olu and Adepetu, 1984) and mixed
cropping involving cereal/cereal continues to be dominant
and important system in mnorthern Nigeria (Fisher, 1979).

Recent work on maize/rice mixture showed that alternating
one ridge of maize with five rows of rice proved promising
in producing component crop yidlds that are comparable

to sole crop of maize and rice (Anon, 1990) but, no

extonsive studies have been conducted on rates of fertilizers.
on maize/rice mixture in this ecological zone, Fammers
therefore rely on rates of fertilizers meant for sole crops,
This neecessitates the studies on nitrogen and phosphorus
levels that give maximum yield and efficiencies in the

inter-crop system,



This study was therefore undertaken toim

(1)

(i1)

determine the effect of nitrogen and phosphorus
on the yield and yield components of maize/rice

mixtures

determine the effect of N and P on the contents
of nitrogen and phosphorus in the leaves of wmaize and
rice and the residual status of N and I in the

s0il at crop maturity,



CHAPTER 2

2.0 LITERATURE REVIEW

241 Effect of nitrogen and phosphorus on

maize/rice mixture.

Information is wvery scanty on nitrogen and
phosphorus for cereal/cereal mixture especially
maize/rice mixture in the northern Guinea Savanna
ecological zone of Nigeria, in contrast to sole

maize and sole rice,

Moura and Lodi (1983] avaluated inter-—cropping
maize with rice in relation to grain yield and land
use, Using both traditional and the recommended
practices, they observed that, increasing levels
up to 120kegN/ha and phosphorus upto £OkgP205/ha
increased maize and rice grain yields significantly

in pure stands and in the inter-crop respectively,

In another trial on the effect of plant
arranéement and levels of fertilizer application,
grain yield of scle rice as well as the inter«crop
increased significantly with increasing levels of

nitrogen upto 120kgN/ha (Anon, 1986),

2;2 Effect of nitrogen and phosphorus

on sole maize,

2.2.,1 Lffect of nitrogen on sole maize,

Increasing levels of nitrogen increases grain

yield-but may not have significant effect on some



5

plant characters, Reyes et al; (1972) observed that
plant height of maize was not affected when levels

of nitrogen was increased from O - 200kgN/ha, In
separate experiments, Paranbhakaran et al., (1973) andt
Ologunde, (1974} observed significant increases in grain
yield of maize upto 120ng/ha but further increases after
thias level mever showed any significant increase in
grain yield.

In the savanna ecological zone of Nigeria, 65ngfha
applied to maize could give high yields, however, with
hybrid maize the rate should be doubled (Jomnes, 1974),
The optimum nitrogen rate was observed to be 120kgN/ha
ﬁhen a study was carried out by Balasubramania and
Mokwunye {1976) where grain yield of maize was rather.
depressed at 180kgN/ha,

Jobim (1976) observed increase in maize grain yield
from 2,7tons/ha to h,5tons/ha when N was increased from
60 - 100kgN/ha. Increasing nitrogen from O - 15kgN/ha
did not shbow any significant increase in grain yield
but when it was increased above this level {0 - 15kxgN/ha),
significant higher grain yields were obtained, El-sharkey
(1976) working with two levels of mitrogen (70 and 140kgN/ha)
in Libya, found the least grain yield from plots with

70kgN/ha application,



Generally, increasing levels of nitrogen
application to maize results in corresponding
increases in grain vield to a maximum after which
further increases in nitrogen may not give a
corresponding signiiicant yield increase, Roy
and Singh {1984) and Ologunde and fPgunlela (1985)
obhserved a significant ineregse in grain vield of
maize only upto 120kgN/ha after which there was no

significant increase in vield,

2;2;2 Effect of phosphorus on scle maize

Increasing levels of phosphorus applied to
maize.in the presence of nitrogen increases grain
yield and some attributesy of yield gignificantly
(Lonhard=-Bory and Nemeth, 1989). Leafl area index
in particular was observed to increase by 18 - 24% :'

when phosphorus was increased from O - GOkgPEOB/ha.

A linear respomnse to phoasphorus application
and a highly significant and positive interaction
 was observed when McPhilips (1989) applied two
levels of phosphorus (32.5 and 65kgP205/ha) and
three levels of nitrogen (78, 136 and 190kgN/ha)

to maize,

Sun et al; (1989) studied the effect of
nitrogen and phosphorus on the extent of lodging and
yield of maize and observed that,lodging in plots

where nitrogen was applied alone was 58 .8B% as against



56.4% in plots with both nitrogen and phosphorus
applied. On the other hand, on phosphoius applied
plots with no nitrogen, the lodging was as low as
43;8% but grain yield was significantly higher in

nitrogen or phosphoruas alone than in the checks,

2;3 Effect of nitropgen and phosphorus on

sole rice

2.3.1 Effect of nitromen on sole rice.

Differmnt rates of mitrogen have variable effect
on rice yield and yield components, Chang (1968)
observed that although increase in grain yvield was
obtained when rates of nitrogen increased from zero
upto IBSng/ha, the effect on a 1000 grain weight
was not significant., Saisong et al (1970) @ noted
that the effect of nitrogen application on yield
components differ from character to character, The
most important characters to be affected were concluded
to be the number of panicles per metre square

followed by the number of filled grains per panible.

With proper management such as good watel supply,
fraquent weeding and pest and disease control, high
grain yield of about 4.8tons/ha was obtained with
heavy nitrogen applications to rice (Tanaka, 1970},

Tt was also noticed that periods at which nitrogen
produces its fTertllising effect on Tice are mainly the
early growth stage and panicle initiation stage and

this makes split application more efficient {Chang, 1976).,



Different varietics of rice respond differently |
to nifrogen. In a trial involving thrde varieties
of rice and four levels of nitrogen (0, 40, 80 and
120kgN/ha), it was observed that ITA 235 grain yield
decreased with increasing levels of nitrogen,

Fare 15 remained constant but ITA 117 increased
with nitrogen levels upto 180kgN/ha after which

ne significant grain yield was observed (Knon. 1979).

Grain yield, number of tillers per plant and
number of panicles per unit area of rice were
observed to increase linearly with increasing lavels
of nitrogen (Nossa and Vergara, 1980), The increaée
in panicle number and tilless when levels of nitrogen
wore Iincreased has also been reported (Anon, 1983),
The grain yield and tiller number cof early maturing
ITA 257 dincreased as rate increased uptoa 180kgN/ha,
The percent lodged plants in the same experiment

was higher in the higher levels (90 and 120kgN/ha)

and moderate (26%) at lower rates (30kgN/ha).

Balasubramanian(1984) observed an increase
in plant height, number of panicles per hill and
grain yield at 120kgN/ha when urea (46%N) was applied
50% at sowing, 25% at tillering and the last 259 |
at'panicle initiation, Tncreasing levels of
nitrogen above 180kgN/ha however increased number
of tillers, grains per unit area but lodging was

also significantly increased (Munda, 1989).



2.3.2 Lffect of phosphorus on sole rice,

Comparing niitrogen and Phosphorus in a series
of experiments, Walker (1972) observed a significa;t
incresse in grain yield only when phosphorus was
applied and worked info the soil on Plots with :

the highest level of nitrogen (180xeN/ha) .,

The relationship between grain yield and number
of panicles per metre square and the amount of
Phosphorus applied was highly significant and

positive (Matsushina, 1976),

Varieties of rice with longer and wider leaf
sheaths are more responsive to phosphorus when
nitrogen is not lacking than varieties with shorter
and narrower leaf sheaths (Lee and Bin, 1988) » Sharma
and Miltra (1989) obtained paddy yviclds of about
4.3tons/ha for Jaya (wider leaf Sheaths) as agninst
3.5tons/ha for Ratra cultivar (narrow leaf sheaths)

when 90kgP205 was applied,

2.4 The importance and availability of

g;trogen and phsophorus and their

effect on nitrogen and phosphorus

in the soil,

Nitrogen and phosphorus are both essential
for plant growth and deficiency of either will
limit plants growth, Results obtained by Nye (1952)

under savanna conditions in northern Ghana sugrested

e
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that the interactions between nitrogen and phosphorus
would be high and positive where the effect of
individual elements in the soil were high, An
adequate supply of phosphorus tended to counteract.
the delay in maturity caused by excess nitrogen

application (Eguchi et al, 1958),

Nitrogen is directly inveolved in phosphorus
metabolism and the amount of nitregen required by
plant in the s0il depends to some extent on the
" level of available phosphorus {Grunes 1959)}. Nitrogen
is a constituentof chlorophyll, plant proteins and
amine acids, Addition of nitrogen to the soil
alds the synihesis of these compounds which in
turn aid plant growth while poor development and
stunted growth are pronounced signs of nitrogen
starvation., The growth of plant was found to be
highly correlated to the amount of nitrogen absorbed
(Casser and Williams, 1967).
| Brady (1974) observed that nitrogen tends
primarily to encourage above ground vegetative
growth and 1inparts to leaves green colour (chlorophyll)
for photosynthesis. FExcess nitrogen in the sodil
however leads to luxury uptake by plants with
resultant vegetative growth while its difficiency
was observed to cause the yellowing of feliage and

poor grain yields (Asher and Lee, 1981).,
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In a series of experiments over threce years
on the nitrogen content of the s0il, Stabetorp and 3
Lyngstad (1988) observed higher significant residual

amounts of nitrogen from plots with 160kgN/ha than
that with 120kgN/ha,

Although the amount of total phosphorus in an
average soil compares favourably with that of other
minerals, its availability to plants is very low
(Pierre et al; 1974). This is because most of the
phosphorus present in the soil easily reverts to less
available forms but its availability and efficiency

18 observed to be enhanced if the nitrogen status .. .
of the soil is not very low (Brady, 1974)., He further
idontified early flowvering, seed formation, crop
maturation and the strength of cereals to be some
of the functions of phosphorus while bluish-geeen
to purple tints on older leaves are apparent

phosphorus deficiency.

A high supply of s0il phosphorus results in a
low percentage of phosphorus from fertilizer, On
the other hand under conditions where phosphorus in
the scil is very deficient %hbmpgiﬁﬁikiﬁﬁSdbﬁB}ﬁ§“i
- ®Fem fertilizer will be high and at the same time,.
high grain yield and dry matter responses would

be expected but contrary to this, no yield rasponsé

would be observed (Anon 1984),
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Phosphorus application to soils increases
available phosphorus several times as it was shown
by Ivanov and Dimitrov (1989) that the available
phosphorus status was lower at 120kgP205/ha than at
180kgP205/ha plots after crop maturity, Long term
annual apﬁlication of phosphorus in the soil was
also studied by Gondron and Goh (1989). The results
revoaled that increases in soil in-organic and
organic phosphorus occureed in response to continued

phosphoius addition although in~organic phosphorus

decreased with time following cessation of phosphorus

fertilizer application,

2.5 Effect of nitrogen and phosphorus

on the contents of nitrogen and -

in crop plants,

The contents of nitrogen and phosphorus H@in crop
planté vary according to the supply of nitrogen and
phosphorus to the plant, genetic characteristics
of the crop planting rate and weather conditions
Pierre et al; (1974)., They observed least efficient
way of application of fertilizer when it was
hroadcasted and left on the surface of the soil,

When field and plant tissue tests were conducted
for nitrogen and phosphorus in Sudan, Osman gt al;
(1977) noted that rice did not respond to phosphorus
as nitrogen, As early as the seedling stage, there
was an optimum accumuilation in the leaf blade
of 1300ppm of nitrogen but the accumulation of

phosphorus was not significant,

L
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.Nitrogen uptake by maize is observed to
increase with incfeasing levels of nitrogen, Jokelé
and Randall (1989) observed significant nitrogen
uptake by maize in USA upto the highest rate of

225kgN/ha application,

Crop plants however make good use af phosphbrué.
more at vigorous vegetative growth stage, It was
therefore concluded that maximum utilization of
phosphorus resulting to higher grain yvield and dry |
matter would be obtalined when phosphorus is applied

before 30 days after planting (Seartz and Sterges,

1965) .

f

A positive interaction of nitrogen and
phosphorus was observed whon Bayo (1979) conducied
two separate experiments on Paddy field fertilization,
Inereasing the rates of phosphorus upto 90kgP205/ha:

increased the uptake of phosphorus significantly,

When maize was grown in pots of podzottic seil
increasing phosphorus levels uptoc 768mgP/pot was
observed by Zia, {1988) to increase tissue concentration
t0o a maximum corresponding to the highest rate of

phosphorus.
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CHAPTER 3.

3.0 MATERTALS AND METHODS

Je1 Experimental Location

A field trial was conducted at the Institute for
Agricultural Research farm, Samaru {11° 11'N8, 07° 38'E,
680m above sea level) in the northern Guinea Savanna
ecologlical zone of Nigeria during 1990 and 1992 wet seaéons.
Rainfall, evapo=transpiration data for 1990 and 1992 axre

shown in appendices A and B,

3.2 Treatments and DIxperimental Desipgn

The treatments were composed of all possible
combinations of four levels of nitrogen (0, 60, 120 and
180kgN/ha) and three levels of phosphorus (0, 13.2 and
26 UkgP/ha) in a randomised complete block desipn with
four replications, The gross plet size was h0.5M2

(8.1 x 5;0M2) and a net plot size of 27..01%2 (5.0M x 5.,4M ),

33 Land Preparation

The site was disc=ploughed and ridged at 90cm apaff
by a tractor mounted ridger, Every other ridge was then
flattened, levelled and raked to a fine tilith, A composite
soil sample was taken at random by means of soil auger for
physio-~chemical properties determination (Appendix C),

This was done hefore planting in both years,
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3.4 Planting and Planting Materials

Maize (cv: TZBSR) a late maturing variety
(120 days), resistant to streak with white grains
(Anon, 1975) and rice (cv: ITA 257) an early maturing
variety (90 - 100 days), blast resistant and low

ahattering (Anon, 1981) were used in this trial,

Maize was planted on the 18th June, 1990 and
30th June, 1992 respectively at 1.8m by ¢,2m, Thia
was thinned to two plants per hill two weseks after

planting to maintain a population of 554555 plants

per hectare,.

Rice on the other hand was planited on the 19th,
June 1990 and 2nd July, 1992 respectively at six
seeds per hill at 30cm by 30cm which was also later
thinned to two plants per hill to meet a population Qf

- .2R2,222 plants per hectare,

There was one ridge of maize altermating five

rows df rice on flat,

3.5 PFertilizer application

Fettilizor application was by band placemcent
with half the amount of urea (as source of nitrogen)
applied two weeks after planting and the second
dose seven weeks after planting., Single superphosphate
served as the source of phosphorus and thia was applied

as a single dose at two weeks after planting and

covered with soil,
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3.6 Weoed control

Five heoe=weeding operations were carried out
at two, four, six, nine and twelve weeks after

planting,

3.7 Harvesting

Maize was harvested by hand on the 15th
Cctober, 1990 gnd 215t October 1992 respectively
while rice was harvested using a sickle on the

6th October, 1990 and Tth Qctober, 1992 respectively,

3.8,0 Data Collection

3.8.1 Plani shoot height

Five plants each were chosen at randoem outside
thé net plot for both maize and rice and their
heights determined by measuring from ground 1eve1-f
to the last leaf ar tassel or panicle respectively,
the average height per plant of maize and rice
was then recorded per plot, This was done at

30, 60 ahd 90 days after planting,.

3,8,2 Plant dry matter.

The five plants each of maize and rice used
for height determination above {3.,8,1) were cut
at ground level and ovemn dried and the average

dry weight per plant determined on a sensitive
balance in the laboratory also at 30, 60 and 90 days

after planting.
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34843 Leaf arca index (LAI) at maturity

An area of one tquoarve metre was taken in each
plot feor leaf area index for maize and rice separately.
The length and breandth of maize and rice ¢f each leaf
of five randomly selccted maize and rice plants were
measured and multipiied by a factor of 0.8 for maize
and 0,7 for rice respectively (Watson 1952). The leaf
areas were then averaged per plant of maize and rice and
multiplicd by the number of each crop plants in the

J8quare metra}(1m2), The tolal leaf areas per each

plant weres then divided by the land area of oné;

square metre,

F.8,4 Number of days to 50% tasselling of maize

and 50% panicle initiation in rice,

Number of days from planting to when maize and
rice attained 50% tassels and 50% panicles respectively

were recorded,

1.8.,5 Ear height

Five maize plants per plot were used for ear
heirht determination. The height " was taken from the
ground level to the node at which the top most ear

was attaclied and average height per ear recorded,.
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These plants were tagred and subsequently used for
cob length, ear diameter, cob diameter and kernel

depth determinations,

3.846 Number of cobs of maize por square metre,

The number of cobs in each net plot was

counted prior to harvest and converted to per metre

basis,.

3e847- Number of panicles of rice per Saquare metre

The number of panicles harvested from each

net plot was physically counted and recorded during

harvesting.

J.88 Cob length of maize.

The length of five cobs harvested from the
five plants used for ear height determination (3.8, 5)

were mensured and average length per cob recorded,

3.8.9 tar diameter of maize

The diameter per every ear from the cobs used
for cob length above (3.8.8) was taken and average

diamcter recorded to represent ear dimmeter,

FeBa4 10 Cob diameter of maize

After shelling the five ears measured for ear
diameter above (3.8.8) their cob diameters were also

measured and average per cob recorded,

3.8, 11 Kernel depth of maize

Kernel depth was obtained by substracting the cob

diameter from the ear diameter found above,
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3.8,172 Numbur of tillers per rice_glant.

The number of tillers produced per plant of
rice was counted, This was done by counting the

mumber of plants per hill at random for five hills

and the a¥%erage per hill recorded,

3.8.13 Shelling percentage of maize,

The shelling percentage of maize was calculated

as follows:~

Shelling percentage (%)

= Grain weight after shelling x 100
cob weight (unshelled)

i

3.8, 14 Thresbing percentage of rice

Thréshing percentage (%)

= Grain weight after thremhing x 100
panicle weight (unthreshed)

3.845 Number of filled grains per panicle

and percentage unfilled grains,

The number of filled grains and percentage
unfilied grains were determined by a method devised

by Gomez (1972) as follows:=

(1) Number of filled groins; -

= £ x W+ w
W P

(i1) Percentage unfilled grainsj

gU-l-u x 100
ﬂﬁxw)/w + U + u




20

Wheret

P number of all panicles per. squére metre

]

£ = filled grains from two main rice plants (not

tillers) harvested from one Squmare metre

u = the number of unfilled grains from the two

main plants,

w = the weight of filled grains from the two
main plants above

U = the number of unfilled grains from the reéf
of the plants in the square metre

W = The weight of filled grains from the Square

metre . area,

3¢84.76 Grain weight
Graif samples of maize and rice were collected
from euach net plot and hundred grain weight of

maize and thousand grain weight of rice were taken

respectively,

3.8.17 Graiu yield
The harvested cobs of maize and paniclesl
of riée from the net plots were shelled and
threshed respectively, sun dried and winnowed.,
The grains werc then weighed before converting Gﬂch_

érop yield into per hectare basis,
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3.8.18 Nutrient analvsis

Contents of nitrogen and phosﬁhorus ﬁéré
determined in all the leaves of maize and rice at
maturityland their residue 1in the 80il also determined
after crop maturity by Soil Science Department of the
Facul bty of Agriculture, Ahmadu Bello University, Zaria.
g

Percent N in leaves of maize and rice was converted

into crude protein content by multiplying by 6.25,

J3.8.1% Data analysis

Analysis of variance was done to test the
treatment effect for significance using F~test as -
described by Cox and Cochran {1967), The effect of“.w
nitrogen and phosphorus and their interactions were
compared using LSD and DMRT at 5% level of probability
respectively. -

A simple correlation was also done for some
selected characters of boih maize and rice separately

to test their degree of association,
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CHAPTEER 4
L,0 RESULTS

4ol Effect of N and P levels on grain vield, shelling

percentape, number of cobs per. square metre and
100-corain weipht of maize.,

b,1.,1 Grain vield of maize

Maize grain vield increased significantlf in both
years as lovels of nitrogen increased (Table 1)}, In
1990 however, the increase in grain yield of maize was
significant upto the highest level of mnitrogen
(180kgN/ha) while in 1992, yield advantage boyond
120kgN/ha was not significant,

The effect of phosphorus levels on maize yield
showed that, there was no significant lncrease in grain
vield of wmaize beyvond 13 .2kgP/ha in both years (Table 1),

There was interaction of nitrogen and phosphorus
on maize grain yield with increasing levels of N and P
in both years (Tlables 2 and 3). In 1990, at N levels {j

. i
of O and 60kaN/ha there was a significant decreasing
effect on grain vield as levels of phosphorus increased
while at 120 and 180ng/ha there was no significant
effact on grain vield observed with increasing phosphorus
levels (Table 2). On the other hand, at all the levels
of phosphorus; increasing levels of nitrogen significantly

influenced grain yiecld to the highest loevel of nitrogen.
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Table 1: Effect of N and P on maize grain yield (ke/ha)*
shelling percentage (%)%, cobs per square metre and
hundred grain weipght’ (1990 and 1992).
Grain yield  Shelling Cobs (No/M°)  100-grain vseight
“(kg/ha) percent {&)
Treatmonbs 1990 1992 1992 1990 1992 1990 1992
anoVOls(kg/hal . o -
0 _ 185d 590c 76,00 6.,58b  3,21b 21,60 33,14¢
60 3053¢ 3167b 76,04 T.58a  T.71a 22.28 15,70¢
120 3267b h827a 76,56 B,17a 7.93a 22,28 19,060
180 hWo63a. 4B35a 76,00 B.75a B8,38a 2241 0,972
SE + 4i 38 0,61 0.33 0.32 0,54 0451
Lsp (0,05) 133 114 NS 0.98 0,96 INBf ?- 1.53

P-lovels (kgfhal

0 2829L  2834b  75.85  6,94c  6,68b 21.97 18,12
13.2 2986a  3130a  76.14%  7.63b  7.84a 23,48  17.95
26,0 30B%a  3100a 76,47 8,75 B.21a 21.35 1%.60
SE. + 239 38 0,53 0,32 0.30 041 0.22
LSD (0,05) 116 113 NS 0,96 0.92 1.20 NS

Interaction

N x P *¥ *¥ NS % *% N3 .; NS

+ For a factor, means followed by similar laetter "in s column are

not statistically significant at 5% level of probability (L:D),

* Significant at 5% level of probability
%% Significant at 1% level of probability

NS = Not significant,
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Table 2: Interaction of N and P levels on grain yield 3
(kg/ha)+ of maize (1990),
Phosphorus (kg/ha)
N-(tkg/ha) ) ©13.2 | 26,4
0 : 303e 4854 ' 6664
60 . 2786c 3162b - "~ 3211b
120 3209b 3228b 3362b
180 K018a 4068a 4102a

+ Means followed by similar letter in both row and column

are not significantly different at 5% level of probability
{DMRT), '

Table 3: Interaction of N and P levels on the grain yield
(ke/ha)” of maize (1992).

Phosphorus (ke/ha)

N-{kg/ha) 0 132 26,4
Y 5373 8704 363k
. 60 2667h 3630% | 3204g
120 : hihiq 6093a 3944%e
180 36891 5926hb 4889c

+ Means followed by similar letter in both row and column

are not significantly different at 5% level of probability
{DMRT). o
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In 1992 however, at all the levels of nitrogeﬁ,
grain yiold of maize increased upto 13.2kgP/ha and
decreased significantly in ench case with further
increases (Table 3). Similarily, at all the levels of.
phospliorus increasing levels of nitrogen significantly
influenced grain yield in ench case upto 120kgN/ha with
the highest grain yield obtaincd when nltrogen and

phosphorus increased upto 120kgN/ha and 13.2kgP/ha

rospectively,

4.1,2 Shelling percentage of maize.

Result obtained in 1992 on maize shelling percentage
(the only year the variable was taken) revealed that,
neither increasing levels of nitrogen, phosphorus nor
their intergctions significantly influenced the shelling

percentage of maize (Table 1),

Galed Number of cobs per sguare metre,

Number of cobs per square metre increased
significantly as the level eof nitrogen increased but
only upto 60kgN/ha in both years {Table 1),

In 1990, phosphorus significantly influenced
the number of cobs per square metre to the highest
lovel of phosphorus (26.4kgP/ha) while in 1992, increase
in the number of cobs per sgquare metre beyond 13.2kegP/ha

was not significant {Table 1}.

In 1990 the interaction of nitrogen and phosphorus
on c¢ob number showed that, at all the levels of

nitrogen except at 180kgN/ha there was no significant -
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influence on cob number wvith incrensing levels of
phosphorus, lowever at 180kgN/ha, cob number increased
when phosphorus level increased to 13,2kgP/ha beyond
which there was no significant effect (Table 4),

Except at the highest level of phosphorus, where
cob number increased significantly upto 60kgN/ha,
increasing levels of nitrogen upto 120kgN/ha had no

significant influence on cob number at the other

levels of phosphorus,

However in 1992, increasing level of nitrogen
sigmificantly influenced cob number at 13.2kgPlha and
26, ikg/ha but not at plots without phosphorus (Table 5),.
While with increasing level of phosphorus, cob number

was only significantly influenced at 60kgN/ha,

hoetodh llundred grain weipht of maize.

flundred grain weight of maize was not significantly
affected by levels of nitrogen in 1990 but in 1992,
there was a significant increase in hundred grain weight
upto 180kgN/ha with 60kgN/ha at par with the plots without
nitrogen (Table 1),

In both years, increasing lcvels of phosphorus
had no significant influence on hundred grain weight
on maize (Table 1),

There was also no intergction of nitrogen and

phosphorus on hundred grain weight of maize in both years,
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Table b: Interaction of N and P levels on number of
cobs (No/M)}* of maize (1990).

Phosphorus {kg/ha)

N-(kg/ha) 0 13.2 26.4

0 : 6.00b 6.00b 7+ 50b
60 6.50b 8,00ab 8.25a
120 7. 75ab 7+ 75ab 9.005
180 7.50b 8.75a 10,004

+ Means followed by similar letter(s) in beoth row and

column are not significantly different at 5% level
of probability (DMRT).

Table 53 ITnteraction of N and P levels on the number
cobs (Ne/MZ)* (1992),

Phosphorus {(kg/ha)

N-(kg/ha) 0 13,2 26,4
o 7.00b 7 +C0b 8.75b
60 T.50b 9.00b 9.25a
120 8.75ab 8475ab 10,00a
180 ' 8.50ab | 9.75a 11,00a

+ Means followed by similar letter(s) im both row and
column are not significantly different at 5% level of
probability (DMRT).
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o2 Effect of N ond P on car height and leaf area

index of malwe at maturity,

h.2.1 Ear heipht of maize,

The results obtained in both years on ear height
showed that in 1990, ear height was influenced by
nitrogen level upto 120kgN/ha after which there was no
significant increase, while in 1992, there was rather
a signilicant docrease in ear height beyond 120kgN/ ha
{(Table 6),

In 1990 it was obscrved that, increasing level
of phosphorus did not significantly affect ear holght.
Contrary to this in 1992, there was a significant effgct
on ear height upto the highest level of phiesphorus
(‘rable 6).

There was no internction of nitrogen and phosphorus
on car heipht in 1990 but in 1992, the interaction ;f.ﬁ
and P, on ear height is presented in Table 7. Ear
heirht significuntly increased at all levels of
nitrogen upto the highest level of phosphoxrus oxcept
at the check, (without phosphotus) where the increment
was upto 13,2keP/ha, In a similar manner, ear height
was significantly influenced at all levels of phosphorus

with increunsiug levels of nitrogen,

h,2.2 Leafl arca index of maize

Loaf area index of maize was observed to be
positively influenced by levels of nitrogen in both

yvyeoars {(Tablae 6). Inecronsing nitrogen to ‘IBOIcngha snvea
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Table 6: Effect of N and P levels on the ear height (cm)’
and LAT of maize® (1990 and 1992).

Ear heirsht Leaf Area Index
Treatments 1990 1992 1990 1992
N-levels{kes/ha)
0 . 59,180 66,134 2.984 3,604
60 63.87p 87.63c 3.59¢ | 5+39c
120 | 73.12a 94 ,38a 3,62b 6433a
180 ‘ 81,.70a 89.56b h,3ha 5.52b
SE 4 _ 3.4 1.07 0.10 0,05
LSD (0.05) 9,05 3,06 | 0.28 O¢1l

P=levels (kgz/ha)

0 7h 78 77410 3,98b 4,92b

13.2 T2.76 83.,00b L ,58a 54368
26,4 70.85 92,86a h.65a_ 5¢35a
SE + 0,89 0.93 0,08 0,04
.SD {0.05) NS 2,65 0.25 0.12
Interaction

Nx?P NS * % . *#

+ For a factor, means followed by similar letier in a colurm

are not significantly different at 5% level of probability
(LsD).

¥*. Significant at 5% level of probability
¥% Significant at 1% level of probability

NS = Not significant.
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Table T: Internction effect of N and P levels

on
ear height of maize {cm)' {1992)
Phosphorus (kgz/ha)
N={kg/ha) 0 13,2 26,4
0 62.25 70,250 65,881
60 78,384  85.15c 99,38D
120 85.75¢ 88.,75¢ 108.,63a
180 83.28¢d 87.88¢c 9%.56b o

+Means Ffollowed by the similar letter(s) in both row

and column are net significantly different at

of prouability (DMRT).,

5% level
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corresponding signific nt increase in leaf area index
in 1990 but in 1992, there was a significant decrease
in leaf area index beyond 120kgN/ha,

The effect of phosphorus on leaf area index in
both years showed that inecreasing phosphorus level
beyond 13,2kgP/ha did not significantly affect the
variable (Table 6),

The resulls obtained in both years indicated
that there was a highly significant interaction effect
of nitrogen and phosphorus on leaf area index (Tnhlaa 8
and 9).

In 1990, at lower levels of nitrogen (0 and 60kgN/ha)
thereo was inler:ction effect on leaf area index with
incrensing levels of phosphorus, but at higher levels
of 120kuﬁ/hn and ISOng/ha, there was no interaction
effect obsorved ('l‘able 8). Increasing levels of nitrogen
on the other hand showed a significant influence on
leaf area index at every level of phosphorus upteo the
highest level of nitrogen,

On the contrary in 1992, there was no interaction
observed at the lower levels of nitrogen (0 and 60kgN/ha)
with inereasing levels of phosphorus (Table 9). However
at 120 and 180kgN/ha, there was a significant decrease
in leaf area index upto to 26,AkgP/ha with the values
at 13.2kgl/ha being at par with the check (without
phosplhiorus). Also at all the levels of phosphorus,
there was significant influence on leafl area index with
incre.sing lovels of nitrogen upto 120kgN/ha except at
26.kgl’/ha where positive response was observed

upto 180kgN/ha.
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Table &: Interaction effects of N and P levels an

LAI*  of maize at maturity (1990).

Phosphorus {kg/ha)

N-(kg/ha) o 13,2 26,4
o 2,17d 2 .94%c © 3.83b
60 2.82¢c 3.83b 4.13b
120 3.12b 3.58b : 4,15b
180 h.21a 4,36a 4,47a

+ Means followed by similar letter in both row and column

are not significantly different at 5% level of probability
(DMRT),

Tgble 9: Interaction effect of N and P levels on
| LATI Yof maize at maturity (1992).

Phosphorus (kg/ha)

N-({kg/ha) 0 13,2 20,4
0 ho39de 4,49de 2.93e
60 5.02d 5.06d 5.09d
120 64752 6.73a 5.51¢
180 4.51de © 5.17d  6.87a

+ Means followed by similar letter are not significantly
different at 5% level of probability (DMRT).
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4.3 Lffect of N and P on maize shoot height

at 30, 60 and 90 days after planting

Except at 30 days after planting where significant
increase in maize shoot heisht wus obsoerved when
nitrogen was increcased a level beyond the check, there
were significant taller maize planis upto 120kgN/ha at
60 and 90 days aftér planting in both years (Table 1G),

Maize shoot height was significantly influenced
by increasing level of phosphorus upto 26.4kgP/ha at
30 days after planting in both years {(Table 10), Howevexr
at 60 and 90 days after planting, there was no
significant efi’lect observed boyond 13.2kgP/ha in both
Yaars. | |

There was significant interaction on maize shoot
height at all the stages ol sampling in beth years
(Tables 11, 12, 13, 14, 15 and 16),

In 1990 at 30 DAP plots without phosphorus and
plots fertilized with 26.4kgP/ha had significant effect
on maiwze shoot hedipht only when nitrogen was raised a
level above the control {(without N) in each case with
hipgher maize shoot at 26,4kgP/ha than plots without
phosphorus (Table 11). While at 13.2kgP/ha, shoot
hetght responded positively upto 120kgN/ha, However
incrensing levels of phosphorus on the other hand, at
lower levels of nitrogen (0 and 60kgN/ha) showed
significant effect but at higher levels of nitrogen
(120 and 180kgN/ha) there was no significant increase

in shoot height beyond 13.2kgP/ha.
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At 30 DAP in 1992 there was significant effect
of phosphorus at all the levels cxecept at the eontrol
(OkgP/ha) with inereasing levels of nitrogen with the
tallest maize shoot height obtained at 60kgN/ha and
26 4kgP/ha respectively (Table 12)., On the contrary,

there was interaction effect at all the levels of

nitrogen except at 120kgN/ha with lovels of phosphorusa.
In 1990 at 60 DAY, maize at all levels of

phosphorus showed that there was interaction with levels

of nitrogen on maize shoot height (Table 13). Inereasing

leovels of phosphorus at all levels of nitrogen also

showed significant maize shoot height with significantly
taller shoot height at 180kgN/ha as phosphorus levels

increuased from 13,2 to 26,4kgP/ha than other levelg of

nitrogon, There was no interaction of N and P on maige
shoot heipght at plets without phosphorus fertilization
in 1992 at 60 DAP with lovels of nitrogen but plots with
13,2 and 26 4kpeP/ha showed significant effect only when
nitrogen was raised to 60kgN/ha (Tablc 14). Increasing
levels of phosphorus however positively affected maize
shoot height at all levels of N except at 180kgN/ha,
There was intoraction of phosphorus (at all
levels) on maizeo shoot height in 1990 at 90 DAP with
increasing levels of nitrogen (Table 15). Similarily

at all levels of nitrouen except at 180kgN/ha, there

was a significant increasing efi'ect on maize shoot height

with levels of phosphorus. In 1992 regardless of the
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level of phosphorus at 90 DAP there was interaction
on maize shoot height only when nitrogen level was
raised above the control (Table 16). While at lower
levels of nitrogen at 90 DAP showed interaction on
shoot beighty there was no effect at higher levels

(120 and 180kgN/ha)} as levels of phosphotus increased.
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Table 10: Effect of N and P levels on plant shoot height (cx)+
at 30, 60 and 90 DAP (1990 ana 1992),.

Plamt shoot heigsht

30 60 90
Treatments 1990 1992 1990 1992 1990 19;;
N=(kg/na |
0 ~ 27.38b 39.38b 1oh.55c 94,830  109.25¢ 184.83¢
60 39.56a A48,61a 145,00 183,17h 156.88b 27 53,85b
120 40,18 h7,63a 175,38a 188,58a  189,25a 2.7,00a
180 no.56a  46,89a 189,18a 198,08a  200,03a 24).,42a
SE 0.34 0.89 3495 4,88 4,63 3479
L$D (0.,05) 1.12 2.56 12.75 12,49 14,79 12,25
Pk /ba)

(4} 33.38¢c h1.95¢ 134,07 148,.81b 112,30b 21).25b
13.2 38,131 43.87b 157.852 169,06a 162,59a 222,6%9a
26 Jdis 99,.25a 51,052 167.16a 180.63a 171.65a 275.88a
SE + 0.33 0,78 3.82 3.76 3.73 3.68
LSD (0.,05) 1.02 2.22 12,37 12,16 12,14 11,95
Interanction

N x P %% % o % *%

+ For a factor, means followed by same letter in the simila: in

a columm are not significamtly at %% level of probability (LsSD).

Significant at 5% level of probability
*% Sdignificant at 1% level of probability,
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Table 11: TInteraction effect of N and P levels on maize
shoot hight (em)* at 30 DAP (1990).

Phosphorus (kg/ha)

N=(kg/ha) | 0 1342 26,4

o 25.88F 27.25¢ 29,00d
60 35,50¢ 41.18b 42,00a .
120 © 35.88c 41,70a 42,958 r
180 36.75¢ . 42,372 43.06a

+Means followed by similoar letter in both row and
column are not significantly different at 5% level of
probability using DMRT, ' '

Table 12: Interaction effect of N and P levels on
maize shoot height (cm) at 30 DaP (1992).

Phosphorus {kg/ha)

N-(kg/ha) 0 132 26,4

0 34,004 35.474 48 ,66b
60 - h4.94c  45.78be 55.12a
120 46.38bc - L46,75bc 49 .75b
180 1 42,50c b7 47D 50,69b

+Means followed by similar letter(s) in row and column

significantly different at 5% level of probability (DMRT).
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Teble 13: Interaction of N and P levels (kg/ba) on maize
shoot height (em)tat 60 DAP (1990).
Phosphorus (kg/ha)

N-(kg/ha) 0 13,2 26,4

] 77«13 114,13F 125,38

60 125.88e 142,634 166 .50¢

120 165,50¢ 175.13b 176.50b ¢ -
180 167.75¢ 200.25a -

199.53a

+Means followed by similar letter(s) in the same row and

column are not significantly different at 5% level
probability using DMRT, ' ' '

Teble 14: Interaction effect of N and P levels (kg/ha)
o on maize shoot height (em)*at 60 DAP (1992).
Phosphorus !kg(ha)

N~ {kg/ha) Q 1342 264

0 | 61,75d 105.75¢ 117.00¢
60 172,50b 181,75b 195,.25a
120 177.00b 186.50ab 202,25a
180 184,00ab 202,25a 208,00a

+ Means folliowed by similar letter(s) in the same row

and column are not significantly different at 5% level
of probability (DMRT), '
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Table 15: Interaction of N and P levels on maize shoot
height (cm)*at 90 DaP (1990),

Phosphorus (kg/ha)

Me{kg/ha) 0 13,2 26,4

) 83.38¢g 115.88¢ 128,506

60 144 ,38d 154.75d 171.50¢

120 149 .00d 177.50¢ 181,25b
205,38a

180 192.45ab R0OZ2,25a

+ Means followed by similar 1etter(s) in both the same
row and column are not significantly different at 5%
level of probability using DMRT, ' '

Table 16: Interaction of N and P levels on shoot height(cmf*
at 90 DAP (1992).

Phosphorus (kg/ha)

N-{kg/ha) ‘ 0 13,2 26,4

0 171.50¢ 185, 50¢ 200,50b
60 : " 205.,50b 221,50ab 251450a
120 228 ,50ab 241,502 | 241 ,00a

180 . 235.50ab 242 ,25a £252.50a

+ Means followed by similar letter(s) in both the same
row and column are not significantly different at 5%
level of probability using DMRT, '
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4,h Effect of N and I on maize dry matter at

30, 60 and 90 Days after planting,

At 30 and 90 DAP in both years, maize dry matter
was observed to increase significantly but not beyond
120kgN/ha, while at 60 DAP there was a signilicant
influence upto 180kgN/ha (Table 17},

The effect of phosphorus on dry matter of maize

in bothh years showed that at 30 and 90 DAP theore was

significant effect only when phosphorus level increased
upto 13.2kglP/ha while at 60 DAP significantly higher dry
matier was observed upto 26.4kgP/ha (Table 17),

At all the stages of sampling for dry matter in
both years, there was highly and significant effect
of nitrogen and phosphorus interaction on maize dry
matler (Tables 18, 19, 20, 21, 22 and 23).

The dinteraction of nitrogenh and phosphorus showéd
that at 30 DAP in 1990, all the levels of phosphorus
positively influenced plant dfy matter (Table 18).
Similarily, fthere was inferaction at all the levels of
nitrogen only when phosphorus level was raised to
13.2kgP/ha. In 1992, plots with no phosphorus eventhough
showed significnnt inerease in dry matter, it was not
consistent with levels of nitrogen, However plots
fertilised with 13.2 and 26.4kgP/ha showed a consistent
incrense in dry matter with the highest dry matter

obtained at 180kgN/ha (Table 19).
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In 1990 at 60 DAP there was interaction of
phosphorus with nitrogen at all lovels (Table 20),.
While increasing phosphorus level beyond 13,2kgP/ha did
net significantly alfect plant dry matter at all the. 
levels of nitrogen excopt at plots without nitrogen
(contrel), There wns alsc interaction of phosphorus in
1992 at 60 DAP with levels of nitrogen on maize dry - .
" matter (Table 21), The highest dry matter was achieved
at 180kgN/ha when phosphorus level was raised to
26 ,4%gP/ha, |

At the Tinal stage of éﬁmpling in 1990 [90 DAP)

at all the levels of nitrogen, there was observed a

significant increase in.dry matter with increasing levGié
of phosphorus upto 26,ikgP/ha excopt at 180kgN/ha where
beyond 13,2kgP/ha was not significant (Table 22). At
OkgP/ha and 26,4kgP/ha in 1992 there was positive
influence on dry matter upto 120kgN/ha while at
13.2keP/ha a rather decreasing effect was observed

beyond 60kgN/ha (Table 23).



Table 17:¢ Effect of N and P levels on the dry matter (g/plant)®
of maize at 30, 60 and 90 DAP {1990 and 1992) '

Days after planting

3Q 60 90
Treatments 1990 1992 1990 1992 1990 1992
N-!kgfha[

o 3.86c 2.28¢ 24,774 32,964 80.91c  77.98¢
60 7.02b  3.17b  59,58¢c 57.37¢  171.56b 198.86b
120 7.86a 3.75b 77.81b 64,50b 216,232 247.50a
180 789 3.5%b 103.95a 73.85a 228,.,72a 265,60a
SE # 0,08 0,22 0.63 0.70 9.19 9.23
LSD (0.,05) 0.25 0.64 1.38 2,10 27 .54 27469

P=(kg/he) | _ :
0 5.19b  2,36b 53,09¢c 48,01c  148,79b f?i;53b
13,2 Te12a 3.74a 66,88b 59,18b 193,00a 219,202
26,4 7.31a .Tha 79,61a 64,312 201,282 201,7t1a
SE + 0,07 0,22 0,61 0,61 9.16 9.06
LSD (0.,05) 0.21 0,65 134 1.73 27 47 27,18
Interaction :7 
N x P *e . »e *% *e .

+ For a factor, meanw followed by similar letter in a columm
are not significantly different at 5% level of probability,

%  Significant at 5% level of probability

%% Significant at 1% level of probability,



Table 18:

43

Interaction of N and ¥ levels on dry motter

(g/plant)! of maize plants at 30 DAP (1990),

Phospliorus (kg/ha)

N=(ke/ha) 0 13,2 - 26,4
o 3.50f 4,01 h,0T7e
60 h.804 7.87b : 8.08h
120 6.20c T«91b . 8.05b
180 6.30c , 8.67a 8.72a

+Means followed by similor letter(s) in both row and

column are not significantly different at 5% level of
probability using DMRT,

Table 19: Tntd8raction of N and P levels on dry matter

(g/plantf*of maize plants at 30 DAP (1992),
Phosphorus (kg/la )

N (ke z/ o ) 0 13,2 26,1

0 1.653 2,0hi _ 3.16d

60 2870 2.77¢ T 3.87b

120 242G9h 2.93e : 3.124d

180 2.6hg 3.22¢ 4.89a

+tMeans followed by similar letter({(s) in both row and

column are not significantly different at 5% level of
probability using DMRT,
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Table 20:

Interaction effects of N and P level on dry
+
matter (g/plant)of maize at 60 DAP (1990),
Phosphorus (kg/ha)

N-{ke/ha) 0 1322 26,4
O _ 13.14L R2.,8hk " 28.36)
60  53.624 57.65¢ ©  67.h8g
120 o ~ 6h.59g 77.8%¢ . 91,03c
180 B81.05d4 119,23a 120.5%a

+Means followed by similar letter in both row and column

are not significantly different at 5% level of probability
using DMRT,

Table 21: Interaction effect of N and P levels on dry
matter (g/plant)+of maize at 60 DAP {1992),

Phosphorus (kg/ha)

N-{kg/ha) 0 13.2 26,4

o 13,464 h3.618 -~ h1.80h
60 57.00e 61,07¢ . sh.0hc
120 | 56,92¢  60,57de . 76.81b
180 64 .67d | 71.49¢ - 85.40a

+Means followed by similar letter(s) in both row and
column are not significantly different at 5% level of
probability using DMRT.
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Table 223 Interoction effect of N and P levels on dry
- matter (g/plant)tof maize at 90 DAP (1990).

Phosphorus (kg/ha)

N~ (kg/ha} ) 13,2 26,1

o  73.43h 87.438 91.88f
60 | 134,068 165,924 214,72b
120 : 192,30g 204,49  2%1,96a
180 | 195.38bc  24k,22a 246,48

Means followed by similar letter(s) in both row and
column are not significantly different at 5% level of
probability using DMRT, '

Table 23: Internction effects of N and P levels on dry
‘ matter (g/plant) 'of maize at 90 DAP (1992),

FPhosphorus (kg/ha)

N-(kg/ha) 0 13,2 26,4

Q 82.92e 94 ,03e ' 57.63f
60 162,12¢c 316.96a - 264,60b
120 - 310,01a 173.38¢  313,.14ha
180 . 131.714d 292,61ab 171 JA4Te

+Means followed by similar letter(s) in both row and
column are not significantly different at 5% level of
probability using DMRT, ' N '
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4,5 Effect of N and T on cob length

car diameter, cob diamcter and

kernel depth of maize,

With the exception ol cob length which waw
sipnificantly influenced by levels of mitrogen upto

the hiphest level of 180kgi/ha, car diameter, cob

diameter and kernecl depth were all not affected by
lovel of mnitrogen (Table 24),

Increasing levels of phosphorus had no significant
effect on these variables (cob length, ear diameter,
cob diameter and kernel depth) in 1992 the only year

the variables were taken {Table 24),

&here was also no interac%ion affect of nitrogen

and phésphorus on these variables.,
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Table 24; Effect of N and P on the cob length+, ear diamoter’
cob diameter' and kernel depth+ of maize (1992), -

Cob length Ear diameter Cob -+ Kexrnel
(em) (cm) diameter depth
Treatments cm) (cm)

N=level {(kg/ha)

0 : 10,174 4,18 . 2.52 1.64
€0 14 ,52c b b1 | 2,66 1,68
120 15.90b 4.39 2,70 1.71
180 16,07a 4,53 2,70 1.68
SE + 0,34 0.06 . 0,06 = 0,05

LSD (0.05) 0,10 ~ NS _ - NS - NS

P-level (kz/ha)

0 14,09 14,36 2,58 - 1,70

13 .17 4,36 | 2,64 - 1,72
26 14,23 Gz 2072 1.68
 sB + 0,17 04,05 0,05 0,02

LsD (0.05) NS NS NS NS

Interaction . o

N x P NS NS Ks  Ns

+ For a factor, means followed by similar letter in a columm

are not statistically significant at 5% level of probability.
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L,6 Lffoct of M and P on percent iodﬁ;éd plant

and nunber of davs to 504 tassellins of maizo,

hebe1 Toercent lodred maize plants,

The resnlts obtained on percent lodged plants of
maize in boilh years showed that, neither increasing
levels of nitrogen, phospheoerus nor their intergctions

had eflf'ect on the number plants lodged prior to harvesting

(Tablo 25).

4,6.2 Number of doys to H0% tasselling in maize,

The mmber of days o tasselling significantly.d
increased with increasing levels of wnitrogen in 1990

with no significant difference between the number of

days to tasselling at 60 and 120kgN/ba (Table 25),
However in 1992, there was a significant effect on the
number of days to tasselling only when nitrogen increased
beyond 120kgN/ha. ..

The effect of plesphorus and the interaction of
nitrogen and phosphorus on the number of days lo

tasselling wans not significant (Table 25),
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Effect of N and P levels on the percent lodged

plant5+ and number of days to 50% tassalling+ of

maize (1990 and 1992),

Percent lodged

maize plants(%)

No of days to 50%

tasselling of maize

- 0

Treatments 1990 1992 1990 1992
Ne{ke/lhia . _ o
11.68 B 2,95 58,92¢ 63,75b
60 11.77 275 62,50b 63,00b
120 12.28 2462 63,25b 63,58b
180 12,41 2,62 66,08a 66,58a
SE + 0.48 0,18 0.69 0,58
LSD (0,05} NS ﬁs "1.98 | 1466
P={kpg/ha)
o 12,10 1.14 62,00 64,94
13.2 12,24 1.31 63,06 65,13
26 U4 11.96 2,07 63,00 65,13
SE + 0,49 0.15 0,78 - 0.50
Lsp (0,05) NS _" NS NS . NS
Interaction .
N x P NS NS NS NS

+ For a factor, means followed by same letter in a colum

are not statistically dirferent at 5% level of probability,

NS = Not

significant,
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4.7 Bffect of ¥ and ¥ on rice grain yield,

throshing percentagre, number of panicles

Per metre sguare and thousand prain wveight.

Le741l Grain yield of rices

Grain yiceld of rice was significantly influenced'._
by levels of nitrogen fertilization in both years
(Table 26}, ‘The application of nitrogen upto 180k gN/ha

in 1990 gave significant dincreanscs while iun 1992 thera

was no yield Tesponsc beyond 120kzN/ha,

There wad a significent increase in grain yield
of rice with phosphorus applicalion not beyond 13.2keP/ha
in both years (Table 206), | |

There was uno interaction of nitrogen and phosphorus
on rice grain yiold at O and 60kghN/ha levels of nitrogen
in 1990 {Table 27). On the contrary, at levels of |
120 and 180kgN/ha, there was observed interaction with
increasing levels of phosphorus, Similarily at OkgP/ha,
thore was no influence with inéreasing levels of o
nitrogen whilec at 13.2kgP/ha there was eficct when a
level was raised above the control (no nitrogen). At
26.HkgP/ha however, there was coriesponding aeffoct
upto the highest level of nitrogen. In 1992, at all

the levels of phosphorus except at 13.2kngha where
there was significant decrensing effect, there was no

effect beyong 120kgN/ha (Table 28).
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Effect of N and P levels on grain yield+, threshing
percent’ , panicles/M2* and 100 grain weight' of ri-e
(1990 and 1992),

Grain

Threshing Panicles(No/H?) 1000 g ain

(kg/hayiold percentage weight (g)
Treatments 1990 1992 1992 1990 1992 1990 1992
N=leovels (kg /ha)
0 Th2d 930c¢ 69,00 83.33d h2.,83d 29,98 30,16
60 1608¢ 1836b 69,77 122.75¢ 90.,00e¢ 30,03 30,61
120 1666b 2328a 69,23 133.92b 183.33b 30,06 30,63
180 2206a 2416a 69,81 168,75a 194,00a 30,02 30,24
SE + 6l 36 0.65 434 3495 0.52 0,54
LSD (0,05) 184 105 NS 13.87 12,92 NS NS
P=levels(kg/ha)
0 328c  1755b 70,13 109.81b 117.,13b 29,32 30,50
13.2 19494 1941a 68,64  130.00a 132,00 29,77 29,80
26,0 16546 1937a 69,58  141.,75a 133,50a 30,06 30,03
SE #+ 55 3h 0,56 h,16 3.65 0,50 0,52
LSD (0,05) 159 103 NS 13.35 11,85 NS NS
Internction
N x P * ¥ % NS *% e NS NS

+ For a factor, means followed by same letter in a columm are

not statistically significant at 5% of probability.

* Simmifiecant

at 5% level of probability

%% Sipnificant at 1% level of probability
NS = Not sigmificant,
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Table 27: Interaction of N and P level on grain
' vield (kg/ha)tor rice {1950).

Phosphorus (ke/ha)

N-(kg/ha) 0 13,2 26,4
o 715¢ T6e . 733¢
60 167Tbe L1796 1633b
120 ' _. 1234¢ .- 1679be™ - 1904b
180 1684bo 2181b o 27h9a

+ Means followed by similar letter(s) in the same row and
column are not significantly different at 5% (DMRT),

Table 28: Interaction of N and P levels on grain yield
' (ke/hal of rice {1992).

Phosphorus (kg/ha)

N-{kg/ha) 0 13,2 26,4
o 1013e - 8481 _ : 929e
60 | 16564 2152¢ 17024
120 | 2162¢c 2990a - 2112¢
180 2053¢ 2110 2205¢

+Means followed by similar letter in the same row
column are not significantly different at 5% level of
probability (DMRT),



53

The interaction of N and P on ricé grain yield alsa
showed that with incroeasing levels of phosphorus

there was intoraction only upto 13,2kgP/ha at all the

levels of nitrogen,

heTe2 Threshiug percentage of rice,

Threshing percentage was not affected by mneither
increasing levels of nitrogen, phosphorus nor their
interactions in 1992, the oply year the paorameter

was taken (Tablﬂ 26)-

4.7.3 Number of panicles per sguare meire,

The humboer of panicles was significantly influenced
by levels of nitiogen in a similar manner in both
years (Table 26), In each year there was a significént
response to nitrogen to the highest level of 180kgN/ha).

Increasing plhosphorus beyond 13.2kgP/ha had ne =
significant effect on panicle number per square metre
in both years {(Table 26),

There was interaction of nitrogen and phosphorus
on panicle number in both years (Tables 29 and 30).
In 1990 there was a significant effect on panicle
number at all the levels of phosphorus with increasing
levels of nitrogen {Table 29). On the other hand,
increusing levels of phosphorus resulted into
non-significant effect beyond 13.2kgP/ha at OkgN/ha and
120kgN/ha whilo at 180kgN/ha and 60kgN/ha the increase

was upto 26.4kgP/ha.
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Table 29: Interaction of N and P levels on the number
: of panicles/m2+(1990).

Phosphorus {kg/ha)

N-{(kg/ha) 0 13,2 26,4

0 . B 534001 97425e . 99.775e
60 106.25a 122,00d 140,00¢
120 : 120,254 138.50¢ ' 143.00¢
180 B 159,75b 162,25b o 80.25a

+ Means followed by similar letter(s) in the same row and

column are not significantly different at 5% (DMRT),

Table 302 Interaction effect of N and P levels on the
o
' number of panicle/m~ {1992},

Phosphorus (kg/ha)

N-(kg/ha) 0 13,2 26,4

o | 27.50] 56,00h 45,004
60 72.00g 108 .00e ~ 90,00f
120 180,00¢ 172,004 198,002

180 189,00b 192.00p _ 201,00a

+ Means followed by similar letter in the same row and
column are not significantly different at 5% level of
probability (DMRT), '
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The interaction of N and P on panicle number

in 1992 shoved that, increasing levels of nitregen

signifijc:ntly aftected panicle number at all the
levels of phosphorus. However, the highest phosphorum
level of 26,tkgP/ha had effect on the variable beyond

120kgN/ha (Table 30).

5e7«4 Thousand grain weight of rice,

There was no chango in 1000-geed weight with
changes in both nitrogen and phosphorus levels (Table 26),.
The interaction betwecen nitrogen and phosphorus on

1000«s50c:d weipght also did not attain any lovel of

significance.
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4,8 Lffect of N and P on LAL, percent lodged

plants, number of tillers per plant and

number of days_to 50% panicle initiation.

4,8.1 Lleaf area index (LAT) of rice,

Leaf area index was significantly influenced by
levels of nitrogen upto 180kgN/ha in 1990 but beyond
120kgN/ha in 1992 gave rather significantly lower leaf
area index (Table 31). e

Significantly higher lenf area index was ohserved
at the highest level of phosphorus (26.,4kgP/ha) in
1990 but incrensing phosphorus level above 13.2kgP/ha
in 1992 never gave significantlf lower leafl area index
(Table 31). o

The interactiom of nitrogen and phosphorus on leaf
area index of rice in 1990 showed that at levels of
0 and 13.2kgP/ha, phosphorus {0 and 13.2kgP/ha) there
was significunt influence only upto 120ng/ha while
at 26.4kgP/ha, significant increase was obscrved upto
180ng/ha. On the other hand, increasing levels of
phosphorus did not influence lecaf area index at all
lovels at nitrogen except at 180kgN/ha (Table 32).{"

Tn 1992, there was interuciion at all levels of
pheosphorus with increasing levels of nitrogen on LAL
(Table 33). There was egually interaction when

phosphorus increased at all levels of nitrogen.
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Table 31: Effect of N and P levels on LAI+, percent lodged plant (%)*

number of tillers per plant+ and number of days to 5C*
panicle initiation® of vice (1990 and 1992),

Lenf aren Percent lodged Number of Days to ranicle
index plants tillers/ initiatin
plant

Treatments 1990 1992 1990 1992 1990 1992 1990 192

N-leve]ﬂ(kgzhn!

0 1,404 1,404 1,00d 0,05 3.584 2,83a 68,83d 9.2%
6O 2.85c 2,10c 1,17¢c 0.19 5.83¢c U.75¢c 7T2.92c 71,00
120 3450 3.27a 1,78b 0,05  7.92b 9.42b Th,17b 1,42
180 h,36a 2,86b 1,98a 0,05 9.92a 10,752 76.,50a 0,00
SE + 0,04 0,035 0,02 0,04 042 0,42 0,55 0,62
LSD (0,05) 0,12 0,11 0,46 NS 1.20 1.21 1.58 NS

P=levels (ke /ha)

0 2.73c 2.07b 1,85 0.0k 6.50L 5.94b 72,000 7.63
13,2 2.,93b 2,Tha 1,67 0,08 7.13a 7. 4ha 7T3,12a 2,06
26,4 3,96a 2,76a 1,69 0,10 T.hka T.hlba Th,18a 1,06
SE + 0,0l 0.033 0,019 0,035 0,36 0,36 0,49 0454
LSD (0,05) 0,10 0,10 NS NS 1.0 1,04 1.37 NS

Internction

N x 1P *¥ ** NS NS * % 2 ** NS

+ For n factor, means followed by same letter in the same

treatiient group is not statistically different at 5% level
probability,.

*# Sipgnificant at 5% level, #*¥ Significant at 1% level

NS = Not signifixant,
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Table 32: Interaction of N and P levels on LAI of rice
at maturity (1990).

Phosphorus {kg/ha)
N=-(kg/ha) 0 13.2 26,4
O 1.05e 1.458 1.70e
60 2,75d 2,804 2,994
120 3.15¢ 3.30¢c 3.85¢
180 3.96¢ 4 .20b

4,91a

+ Means followed by similar letter(s) in the same row and

column are not significantly different at 5% .level ?

prebability,

Table 33: Interaction of N mnd P levels on LAT of rice
: at maturity (1992).

Phosphorus (kg/ha)

N-(kg/ha) 0 13,2 26,4

o 1.7¢8 1.13] 1.364

60 | 2,834 1.89¢ 1.58h

120 3.22c 4,822 2.57d
3.55b

180 2,534

2.51d0

+Means followed by similar letter(s) in the same row and

column are not significantly different at 5% level of

probability (DMRT).
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#.8,2 Percent lodged plants of rice,

The application of levels of nitrogen resulted
in significantly higher percent lodged rice planis up
to the highest level of nitregen in 1990 but in 1992,
there was no significant inercase observed (T:blc 31).

There was no change in tlhie percent lodpged rice

pPlants with changes in rhosphorus lovels in both years
(Table 31). The interaction between nitrogen and
phosphorus levels on percent lodged plants of rice was

also not significant in both yvears.

1,8,3 Numbcr of tillers per plant.

There wns a significant increasing number of

tillers produced by rice plants due to levels of

nitrogen application in both years (Table 31).

In both years however, increasing levels of
phosphorus application to rice beyond 13.2kgP/ha never
gave any significant influence on the number of tillers
produced per plant (Table 31).

In 1950, there was interaction of N and P oﬁj?
tiller number at O and 26,4kgP/ha only when N level
highetr than the control (no nitrogcn) wits raised; while

at 13.2kgl/ha, there was observed a significant increase
upto 180kgN/ha with no difference in the number of

tillers per plant at 60 and 120kgN/ha. There was no
interaction effect of nitrogen on number of tillers at
all locvels of nitrogen with increasing levels of

phosphorus except at 180kgN/ha (Table 34),
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Table 3%4: Interaction of N and P on the number of
tillers/plant*of rice (1990).

Phosphorus !kggha)

N~{kg/ha) 0 13,2 26,4

o 3.25¢  3.50¢ 3.50c
60 4 .50b 5.25b 5.50b
120 - 5.50b 5.75b 6.00b

180 | 6,25b 9.25a 10.75a

#-Means followed by similar(s) in the same row and column
are not significantly different at 5% level of '
probability using (DMRT), '

Table 35: Interaction effect of N and ' levels on the
number of tillers/plant+of rice {1992),

Phospherus_(kg/ha)

N-(kg/ha) 0 13,2 26,4

0 . 24,50¢ 3.00¢ 3.00c
60 4,25b : 5eR5b 4e750
120 7.50b C 9.,75a 11,00a
180 : 7.90b J 11.75a 11.00a

#Means followed by similar letter in the same row and
~ column are not significantly different at 5% level of
probability using DMRT,
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There was interaction at all levels of phosphorus

with N upto 120kgN/ha in 1992 (Table 35). On the
contrary, there was no interaction at the lower levels
of nitrogen with levels of phosphorus. At 120 and
180kgN/ha however, the interaction wns observed only
when phosphoris level increased above the control

(without phosphorus).,

48,4 Days to 50% panicle initiation.

The results obtained for the nmumber of days to
panicle initiation showed that, tLhe application of
nitrogen in 1990 significantly increased the number
of days to panicle initiation while in 1992, there
was no significant change observed (Table 31),

Changing levels of phospliorus application to rice
did not signilic ntly change the number of days to
panicle initiation in both years (Table 31).

There was observed intera¢tion of nitrogen and
phosphorus on number of days to panicle initiation in

1990 but not in 1992 (Table 36), There was a similar
trend of jnteraction on the number of days at all

levels of phosphorus with levels of nitrogen with each
level of P responding positively upto 180kgN/ha and
with no significant difference between days at 60keN/ha
and 120kgN/ha, HNowever with increasing levels of
phosphorus, there was no interaction at O, 60 and

130kg1-!/lln excepit at 120k N/ ha whore a change was observed

when phosphorus level increased from 13.2kgP/ha to

26 hkeP/hae
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Table 363 Interaction of N and P levels on the number

of days*tto panicle initiation (1990),

Phosphorus (kg/ha)
N={kg/ha) 0 1342 26,4
(o} 67.50c 68.25¢ 70.75¢
60 71.60b 73.50b 73.25b
120 73.50b 74 .00 75.00a
180 75.50a 76.75a 77.25a

+ Means followed by similar loetter in the same row and

column are not significantly different at 5% level of

probability using DMRT.
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h,9 Effcct of N and P on rice shoot

heipght at 30, 60 and 90 DAP

Rice shool height at all the stages of snmpling

in 1990 was significantly influenced by levels of

nitropgen upto 180kgN/ha (Table 37). However in 1992,
Lthe resvlis shoved a different trend of res);onse of
plant height to nitrogen, At 30 DAP, rice shoot height
increased significontly only when N level was raised

above tiwe check (without nitrogen) and reduced

significantly with further increases, At 60 DAP, rice
shoot height responded positively Lo nitrosen up to
180kgii/ha but vith no significant difference in plant
height betweoen G0 and 120kgN/ha, Sampling at 90 DAP,
it was observed Lhat, rice shool height did not attain
any lovel of significance when nitrogen wns raised
beyond 120kgN/ha,

The response of rice shoot heipbt to phosphorus

showed a similar significant increases at all the

stages of sampling upto 26.hkgP/hsu except at 90 DAP
in 1992 where no significance in shoot height was
observed (Table 37).

Interaction of N and P on rice shoot height was
observed at all the levels of pliosphorus with increasing
lovels of nitrogen at 30 DAY in 1990 (Table 38).
However tliere was no significant change observed on rice

shoot height with increasing levels of phosphorus

at N levels of O and 60kgN/ha . In 1992, there was
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Effects of N and P levels on rice sheot

hoight (em)? at 30, 60 and 30 DAP 1990 and 1992),

Days Aftoer Tlanting
30 60 90

Treatments 1990 1992 19590 1992 1990 1592
N-levels(lkg/ha)

o 20.70d  29.55¢ 56,424 57.50c 80.29d4  82,92c
60 | 33.50¢ B1.30a 7h.13¢c 81.25p 100.71c  101.85b
120 19.38b  35.58b 81.84b 81.,58b 103.,07b 113,00a
180 43,58a 36,79b 84,k9a 83,92a 106,03a 115,67a
SE + 0,69 0.80 0.83 0,07 0.90 1,09
Lshn {0,05) 1.99 2.29 2438 1.71 262 3.12
P=levels {ki/ha)

0 33.409¢ 33,08b Ti1.56c  69,.25¢ 93.,86c 102,19
13.2 6. 810 34.U3b ThTh 76.81b 98,33b 104,63
26,1 38,732 39.91a 76,653 82,13a 100,39a 103,25
SE + 0.5%  0.69 0,72 0,72 0,79 0,94
LSD {0.05) 1.72 1.98 2.06 1.66 2,27 NS
Interaction

N xP L3 *# *¥ * L& W

o —

+ Tor a factor, means followed by same letier(s} in a column,

are not statistically significant at %% level of probabillty,

sl

* Significant at 5%

* %

level of probability

Sippificant at 1% level of probability,
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Table 38: Interaction of N and P levels on rice shoot
height (cm} at 30 DAP (1990),

Phosphorus {kg/ha)

N-(ke/ha) 0 1342 26,4

o 26,886 28,50a 28.75¢
60 32.384d 33.50d 34,634
120 36.50d 40,25¢ 42 ,00¢
180 | 38.20b 45,00a h7.56a

+Means followed by similar letter in both row and cclumn

are not gsignificantly different at 5% level of probability
using DMRT, ’

Table 39: Interaction of N and P levels on rice shoot
+
height (cm) at 30 DAP (1992),

Phosphorus (kg/ha}

N-(kg/ha) o___ 13,2 26,4

0 25.,00d4 26,284 27.38b
60 | 38.63ab 41.25a k4 ,03a
120 35.38b 35.96b 36.,31ab
180 | 35.31b 35.13b k1.9%a

+Means followed by similar letter(s) in both row and _
column are not significantly different at 5% level of
probability using DMRT. '
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significant influencc on shoot height at all the levels
of phosphorus only when nitrogen was raised a level abovei
the check (without N) (Table 39}, At higher levels of
phosphorus (13,2 and 26,4kgP/ha) these changes in rice
shoot height did not attain any level of significance
upte the highest level of nitrogemn. In contrast, there
was interaction only at 0 and 180kgN/ha with levels af
phosphorus, |

There was interaction ef N and P on rice shoot
height at all the levels of phosphorus with levels of
nitrogen at 60 DAP in 1990 (Table 40), On the contrary,
significant effect of N on rice shoot height with
increasing levels of phosphorus was only at higher N levels
of 120 and 180kgN/ha. There was also significant changes
at all levels of phosphorus in 1992 with increasing levels
of nitrogen. At the highest level of phosphorus of
26 J4kgP /ha, significantly taller rice shoot than othéi
levels at 60 DAP was observed, Eventhough there was
interaction of N and P obhserved on shoot height at all
levels of phosphorus not beyond 13.,2kgP/ha at 180kgN/ha.

At 90 DAP in 1990, despite the fact that interaction
cbserved at all the levels of phosphorus with 1evel§ B
of nitrogen on rice shoot not upto the highest level of

nitrogen (Table 42}, At 13.2 and 26.4kgP/ha, there
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Table 40: Interaction of N and P level on rice shoot
hedight (cm)*at 60 DAP (1990),

Phosphorus (kg[ha)

N-(kg/ha) o 13,2 26,4

o " 5h,06e 56,67a 58.53e
60 | 72 ,46d Th 684 75+25d
120 | 79.63%¢ 81.38c 84,53b
180 ‘ 80,11b 85.6a 88,2a

+Mgans followed Ly similar 1etter(s) in the same row and

column are not significantly different at 5% level using
DMRT, o

Table #1: Interaction of N and P levels on rice shoot
height (em)™at 60 DAP (1992),

Phosphorus {kg/ha)

N-{kg/ha) 0 1342 26,4

o ' | 45,000 60,00d 67.50¢
60 76,25bc 81,50b 85.00a
120 ' 77« 50be 80,50b 86.75a
180 _ 78.25b 85.25a 88,.25a

+Means followed by similar letter(s) in the same row and
column are not significantly different at 5% level of
probability using DMRT, '
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Table 42: Interaction of N and P levels on rice shoot
height (em) "at 90 DAP (1990),

. Phosphorus (kg/ha)
N-(kg/ha) 0 13,2 26,4
0 | : 76 .50c 80.29c 81.09¢c
60 _ 94,33 - . 102,32eb 105.48a -
120 : 98,39b 104,21a 106,63a

180 103.25ab 106,48a 108,35a

+Means followed by similar letter(s) in the same row and
column are not significantly different at 5% level of
probability using DMRT, '

Table 43: Interaction of N and P levels on rice shoot
| height (em) at 90 pAP (1992),

Phosphorus (keg/ha)

Ne-(ke/ha) 0 13,2 2644

o |  T3.75¢ 88.50e 86,508

60 | 96,00d . 103,50¢ 106,00¢

120 121,00a 110,50b 107.50¢

180 118,002 116,00ab 113,00ab

+Means followed by similar letter(s) in the same row and
column are not significantly different at 5% level of
probability using DMRT. ' -
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was no interaclion on rice shoot hei;hi beyond
120kgN/ha, while ab checik (without phosphours), the
increase was significant only when nitrogen wns raised
upto 60kgNfha, There was no intersction of nitrogen

and phosphorus on rice shoot heirht at 0 and 180kgN/ha
with incressing levels of phosphorus, The internction

table of nitrojen and phosphorus on rice shoot height

at 90 DAP in 1992 is presented in Table 43,
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4,10 Effect ol N and P on rice dry matter

at 30, 60 and 90 DAR

There waa no influence obaervéd.on rice dry matter.
at 30 DAP in both years neither by increasing levels
of nitropen, phosphorus nor their interactions (Table 44).
Howaver at 60 and 90 DAP in both years, similar
significant increases in rice dry matier was observed
by increasing nitrogen level upto ISOKngha.

The change in rice dry matier was significant
at 60 and 90 DAP, in both years upto the highest lewval
of phosphorus (Table 44), |

The interacgion of nitrogen and phosphorus at 60 DAP
in 1990 showed that, change in rice dry matter at zero
level ¢f phosphorus did not exceed 60kgN/ha while at
13.2kgP/ha, rice dry matier increaséd significantly
upto 120kgN/ha but there was an inconsistent change at
26.4kegP/ha with increasing levels of nitrogen (Table 45).
There was also interaction of N and P at all levels of
nitrogen with increasing levels of phosphorus upto
6.4kagP/ha except at 120kgN/ha where there was no N
effect bevond 13.2kgP/ha, At 60 DAP in 199%)interaﬁtioﬁ
of nitrogen and phosphorus on rice dry matter was
observed at all levels of phosphorus with levels of
nitrogen and als¢ at all levels of nitrogen with

increasing levels of phosphorus (Table 46),
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Table 44: Effect of N and P levels on dry matter (g/piant]+
30, 60 and 90 DAP (1990 and 1992),

ays After Planting

30 60 90
Treatment 1990 1992 1990 1992 1950 1992
N=(kz/ha)

o 0,53 0.99 4,584 2,284 6,504 5e40d
60 1.33 1,18 9,5% 5,26c 14,77¢ 11,98¢ |
120 1,36 1,21 10,40b 6,93k 15.,42b 16,690 .
180 1,34 1.29 11,152 8,52a 18,53a 14,23a
SE + 0,32 0.19 0,04 0,035 0,23 0.24
Lsp (0,05) NS NS 0,11 0,10 0.66 0.69
P=(ko/ha)

0 0.95 1.10  7.52c h.88c 10,39 13,47¢
13,2 : 1.10 1.18 8.28b0 5.8hb 12,390 13,540
26,4 1.59 1.23 9.51a  6,54a 14,52a 14,07a
SE + 0.28 0,17 0,034 0,029 0,20 0,21
LSD {(0,05) NS NS 0,07 0,09 = 0,58 0,60
Interaction

N xP NS NS *% *¥¥* *% #*ak

4+ For a factor, means followed by same letter in a column

are not statistically different, at 5% level of probability,

#* Sipgnificant at 5% level of probability
#% Sipnificant at 1% level of probability
NS = Not significant,
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Table 45: Interaction of N and P levels on the day
' matter (g/plant) of rice dry matter at 60 DAP

(1990).
Phosphorus  (kg/ha)
N~{(kg/ha) 0 13,2 2644
o ¥,23bg L h9er % .98e
60 8.584 9.06¢ 11,444
120 _ 8.55d 9.50b 10.15b"
180 ' 8,70d | 10,05b 11.47a

+ Means followed by similar letter in both row and column

are not significantly different at 5% using DMRT.

Table 46; Interaction effects of N and P levels on the
' dry matter (g/plantf of rice dry matter at 60
DAP (1992).

Phosphorus (kg/ha)

N-(kg/ha ) ) 1342 2644
° 2,006cj 2.343 2.45h
60 2.82cg 5420bf 54780
120 5.17bf 7.09d 8.541
180 7.47c 8.7  9.60a

Means followed by similar letter(s) in both row and _
column ave not gignificantly different at 5% using DMRT, .



73

The interaction ﬁf nitrogeﬁ and phosphorus

at S0 LAY in 1990 showed that at all levels of':
phogphorus, rice dry matier significantly increased with
increasing levels of nitrogen (Table 47). At all the
lovels of nitrogen except the check, (without nitrogen)
there was interaction on rice dyy matter with levels of
phosphorus, 1In 1992, the interaction of nitrogen and
phoagpliorus on rice dry matter at 90 DAP presented in

Table 48 showed that at all the levels of nitrogen,
thefe was significant increasing effect on rice dry

matier with increasing levels of phosphorus.
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Table 47: Interaction effect of N and P levels on dry

+
matter (e/plant) of rice dry matter at 90 DAP

(1990},
L ' Phosphorus (kg/he)
N=(kg/ba) 0 13,2 26,k
o 5.95b8 6.25% 7.32f
60 o 12.23d 14,75¢ 115.55b
120 B 11.45e 16,45a 15.66b
180 B 11,92 12,20d  16.54a

HMeans followed by similar letter(s) in both row and

column are not significantly different at 5% level of

probability (DMRT).

Table 48: Interaction effect of N and P levels on dry
4.
: matter {g/plant)of rice at 90 DAP (1992).

Phosphorus (kg/ha)

N-(lgg/ha) 0 13.2 26,4
o 5.01h 6.76g s 654
60 | 13 .0be 14,254 8,63f
120 23,63b 9,06e 17.38¢
180 12,16d

B, .88e

21.65a

#Means followed by similar letter(s) in both row and

column are not significantly different at 5% level of

probability (DMRT).
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14,11 The effoct of N and P_on percent unfilled

grains and number of filled grains per

panicle of rice,

h411.1 Percent unfilled rice grains,

The effect of application of nitrogen on percent

unfilled grains of rice showed that, there was no

significant difference between the check (without nitregen)
and all the levels of nitrogen except at 180kgN/ha in
1990 (Table 49), In 1992, no significant change was

also observed on percent unfilled grains with

nitrogen application,

There was no change in the percent unfilled grains
observed when phosphorus was applied in 1990 but in

1992, there was a ‘significant increase in percent

unfilled grain upto 13.2kgP/ha beyond which there was
a significant reduction (Table 49),

There was interaction of nitrogen and phosphorus
on percent unfilled grains only in 1992 (Table 50),
Except at check, (without phosphorus) the other levels
of phosphorus showed that increasing levels of nitrogen

upto 120kgN/ha did hot affect percent unfilled grains

at plots with 13.2kgP/ha fertilization, while at the
highest level of phosphorus (26,4kgP/ha) percent
unfilled grains decreased significantly only when
nitrogen was raised a level above GOKEN/ha. There was
interaction of N and P observed on percent unfilled
grains at all levels of nitrogen except at check

(without nitrogen) with increasing levels of phosphorus,
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Table h9: The effects of N and P levels on percent (%)
unfillod grains (%)* and number of filled grains
per panicle’ of rice (1990 and 1992).

Percent unfilled Number of filled

grains (%) grains/panicle
Treatments 1990 1992 ___1990 ' 1992
N=levels(lkgz/ha)
0 | ' 12,79b 19,38 52.68b 33.47b
60 - 14,80Db 19,13 66,90a 39.45a
120 13.66b 18,18 63,09a 37.60a
180 © 20,02a 18,13 49,496 14,90¢
SE + | 0.5 0,55 1,45  0.88
LSD (0.,05) 1.29 -~ NS B ; 4,19 | 2,62
P-levels {ke/ha) | | _
0 | 16,82 17 .40c¢ 56,28b 31.25b
1342 15,05 20,80a 6549%%4a 3h.75a
26,4 14,99 18.67b 51.92c 23.05¢
SE 4 0,43 - 0,48 1,26 0,76
LsSp (0,05) NS 1.42 3463 2.24
Interaction
N x P NS * %% | %%

4+ PFor a factor, means followed by similar letter in a

column are not statistically significant at 5% level
probability,

NS = WNot significant
# = Significant at 5% level of probability
* %

It

Significant at 1% level of probability.
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Table 50: Interaction of N and P levels on percent (%) *
. unfilled grains of rice at maturity (1992).

Phosphorus level (ka/ha)

N-levels{kg/ha) 0 1362 -~ 2644
o " 22,64 20,50a 18.01ab
60 - 15,00d 23.98a 18 ,40ab
120 ' 17.41¢ :! 20,72a 16.41¢
180 14,544 18,00 21.85a

+ Means followed by similar letter(s) in the same row
and celumn are not significantly different at 5% level

of probability (DMRT).
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he11,2 Number of filled grains per panicle,

The observation made on the number of filled
grains per panicle as afiected by nitrogen application
in both years was similar (Table 49). Increasing

nitrogen level beyond 120kgN/ha significantly reduced

the number of filled pgrains per panicle while there

was no significant difterence in filled grains per
panicle between 60 and 120kgN/ha in both years,

Phosphorus level beyond 13.2kgP/ha reduced the
number of filled grains per panicle significantly
in both years (Table 49).

The interaction of nitrogen and phosphorus on the
number of filled grains in 1990 revealed that at all
levels of phosphorus; incrensing nitrogen beyond
60kgN/ha attained no level of significance while upto
180kgN/ha rather reduced filled grains significantly
(Table 51),

There was significant effect on filled grains
per panicle at all levels of nitrogen except the check

(witlmnt nitrogeu) with levels of phosphorus, In 1992

while the highest level of phosphorus rather decreased
filled grains significantly with levels of N, there was
an increase upto 60kgiN/ha at O and 13.,2kgP/ha (Table 52),
Similar;ly at all levels of nitrogen filled grains

were signilicantly reduced except at 180kgN/ha

where no interaction was obsorved with levels of P,
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Table 51:; Interaction of N and P levéls on the number

- of filled grains/pani.cle +(‘I 990) -

Phosphorus lovels (kﬁ{ha)

N~levels(ke/ha) 0 132 26,4
o | 41,01d 43,644 43 .40d
66 72.29a 69.79a 58,600
120 _ - 69.34a 69.91a 57.90b

_ 180- ho 41a | 52,32¢ 47.60c

+ Means followed by similar letter(s) in both row and
¢olumn arc not significantly different at 5% level of
probability (DMRT), | o

Table 52: Interactlion effaect of N and P levels on the
number of filled grains panicle*(1992),

Phosphorus lavels (kg/ha)

N=levels{kg/ha) 0 13,2 26,4
0 . 37.81b 25.92¢ 36.69b
60 © 50,01a - 39.42b 28.92¢
120 _ - 21,124 16.450 15.240

180 16,090 . 17.25e 14.37e

+Means followed by similar letter(s) in both row and
column arg mnot significantly different at 5% level of
probability (DMRT). ' '
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4412 Effect of N and P on Crude Protein

content and percent phosphorus in the

leaves of maize and rice at maturity,

%,12.,1 Crude Protein content in maize leaves at maturity,

The application of nitrogen significantly influenced
crude protein content in maize leaves only when it was raised
upto 120kegN/ha in both years (Table 53),

. There was no significant effect on crude”protein iﬁ
.ﬁaize leaves with the application of phosphorus in both years
(Table 53). | |
- In 1990, the interaction of nitfbgen and phosﬁhofﬁs
on the crude protein in maize leaves showed similar
significant increasing crude protein content at all P levela
with levels of nitrogen while there wéélno interactiﬁn
observed at all levels of nitrogen with levels of phosphorus
(Table 54). In 1992 however, there was significant and
pdsitiVa change in crude protein in maize leaves at all
levels of phosphorus with increasing levels of nitrogen but
only upto 120kgN/ha {(Table 55). On the other hand, except
at 120 and 180kgN/bha where there was no interéctidﬁ.oﬁserved”.
other nitrogen levels showed significant increasing effect

with levels of phosphorus,

hoe12,2 Crude protein content in rice leaves at maturity,

In 1990, ithe effecti of application of nitrogen on
erude protein content in rice leaves was observed upto
120ngfha while in 1992, only when a level above the

check (without nitrngon) was applied »(I.'.I.‘able 53)".
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Table 531t

Effect of N and ' levels on percent ovude protein (%)+

and percent phosphorus (%)+ in moize and rice leavos at

maturity (1990 and 1992),

Tercent crude protein (%) Pereent P (%

Maize leaves Rice leaves Mailze leaves Rice leaves
Troatments 1990 1992 1990 1992 1990 1992 1990 _ 1992
B{kg/ha),

0 7.38b 9,88b  5.56c 5,31b  0,21b 0.16z 0.17c 0.17b
60 - 11,06 9,941 11,25b 8,38  0,21bh 0,15hb 0,17b 0.17b
120 15,2 13.75a 16,38a .9,38a 0,232 0,15b 0,16b 0,23a
180 | 17.31a 16,632 17,50a 9,885 0.24a 0.21a 0,1Ba 0,23a
SE”: 2,25 1,38 1.19 1,00 0,00 0,003 0,004 0,N04
Lsp (0,05) 6,00 3k 3400 3,00 0,010 0,11 0,011 0,011
E-{kg/ha) .

0 _ 13,81 13,19 12.4bhe¢ 9,06 0.20c D.17b 0.165' 0, 15¢
13.2 14,673 1204 16,50a 8.75 0.24 0,18a 0,18b 0,21a
26,.h 15,13 12.25 13,00b 8,94 0,26n 0.,18a 0.,21a 0,19b
8B + 1.93 1.37 1,00  0.94 0,003 0,003 0,003 0.003
Lsp{0,05) NS NS 2.9% NS 0,010 0,010 0,011 0,011
- Interaction |

N x P * * **. R * 5% | * % * ¥ L)

+ For a fnector, means followed by similar letter(s) in a colvmn

are not statistically significant at 5% level of probability,

* Signi Ciennt at 5% level of probability .

#%  Sipnificant at 1% level of probability,
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Table 54: Interaction of N and P on percent crude protein

content (%)% in maize leaves at maturity (1990).
Phosphorus (kg/ha)

N~ (ks/ha) 0 13,2 26,4

0 8.44d 7.81d T.38d

60 10.31¢ 11.13¢ 11.81¢c

120 14,06b 16,00b 16.31b

180 22 ha - 23, ,44a 24 ,94a

+ Means followed by similar letter(s) in both row and

column are not significantly different at 5% level of
probability (DMRT). '

Table 55:

Interaction effects of N and P on percent crude

protein content (%)' in maize leaves at maturity

(1992).,

Phosphorus (kg/ha)

N-{lkg/ha ) 0 13,2 26,4

0 11.63b "10,25b 7.694
60 11.81b 8.31d 9.63¢
120 16.13a 13.81a 17.50a
180 19.50a 16.19a 16.25a

+ Means followed by similar letter in both row and

column are not significantly different at 5% level of
probability (DMRT). '
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Crude protein content in rice leaves in 1990 incréased.
significantly with increasing levels of phospheorus upto
13.,2kgP/ha and reduced with further increases of phosphorus
(Table 53), There was however no influence. of phosphorus
OBSETV@d on tﬁe crude protein content in leaves of rice in 1992,

There was interaction of N and P on crude protein
centent in the leaves of rice at all levels of phosphorus with
levels of nitrogen only upto 120kgN/ha in 1990 (Table 56),
Howover there was no interaction observed on crude protein
content in rice at all levels of nitrogen with levels of
phosphorus, TInteraction of N and P was also observed in i§92
at all lavels.of phospherus only when nitrogen was raised a
level above the check (Table 57), No interaction was
observed when all nitregen levels were considered against.

inecreasing phosphorus levels,

4;12.3 Percent of phosphorus in maize leaves at maturity,

The percent phosphorus in maize leaves significantly
increascd only when nitrogen level was'féised upto 120kgN/ha
in 1990 while in 1992 significant difference in percent
phosphorus was recorded only at a level ahove 120kgi/ha (Table 53).
With phosphorus application however, there was no
significant difference in percent phosphorus in maize leaves
between the check (without phosphorus) and 13.2kgP/ha in
1990 but increasing phosphorus a level above the check in
1992 resulted in significantly higher percent phosphorus in
maize leaves {Table 53). The interaction of nitrogen.

and phosphorus on percent phoephorus in maiwme leaves are

presented in Tables 58 and 59,
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"Table 56

Interaction of N and P levels on percent crude
protein content (%)% in rice leaves at maturity
(1990). |
Phosphorus (kg/ha)
N-(Xg/ha} ) 13,2 26,4
0 6.13¢c 5.88¢ . 5.56¢
60 10.560b 11.310 : 12,00b
120 16,81a 16,19a C. 16,94
180 16,00a 17.50a 18 ,06a

+ Means followed by similar letter(s) in both row and

column are not significantly different at 5% level of
probability (DMRT). |

Table 57: Interaction of N and P levels on percent'crﬁde

protein content (%)% 4in rice leaves at maturity

(1992).
Phosphorus (kg/ha)
N-~{kg/ha) 0 1342 26,4
0 6.19b 5.06b L ,75b
60 | 9.56a  7.81a " 7.9%4a
120 10.56a 11.81a  11.63a
180 10.00a | 10,38 9.25a

+ Means followed by similar letter(s) in the same row
column are not significantly different at 5% level on
probability using (DMRT).
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Ya12.4 Percent phosphorus in rice leaves at maturity

The results obtained on the percent phosphoruw
in ricé leaves in both vears showed a similar trend
{Table 53), There was significant positive influence of
nitrogen on tﬁe percent phosphorus in rice leaves only':a"
when nitrogen was increased upto 180kgN/ha in both yeara}

There was also significant increase in percent

phosphorua in rice leaves upto the highest lévél of
phosphorus (26,4kgP/ha) in 1990 but in 1992, the

percent phosphorus increased significantly only upto
13.2kgP/ha and reduced drastically with further increases
of phosphorus (Table 53).

There was positive and significant effect of

nitrogen and phosphorus interaction on percent phoesphorus

in rice leaves in both years (Tables 60 and 61),
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Table 58: Interaction of N and P levels on percent(%)’

phosphorus in maize leaves at maturity (1990),

Phosphotus (kr/ha)

N—(ke/ha) o 13,2 26,4
o 0.20¢c 0,23b . D.21bc
60 0.19d  0.23b |  0.24b
120  0.20¢ 0.25a  0.25a
180 - 0.209h¢ 0.25a 0.25a

+ Means followed by similar letter in both rew and column

are not significantly different at 5% level of probability
using DMRT, '

1

. I+ -
Table 59: Internction of N and P levels on percent(%)
) phosphorus in malze leaves at maturity (1992).

Phosphorus (kg/ha)

N={ksr/ha) ¢! 13,2 26,4

o 0.09i 0.2kc 0,026
60 - 0,21d O.11h . 0,141
120 0,13« 0.28a 0.19%e
180 0.1% 0.250 . 0,26b

+Means followed by similar letter in both row and
columm are not significantly different at 5% level
of probability using DMRT, -
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Table 60: Interaction effects of N and P levels on

percent (‘,ﬁﬁ)+ phosphorus in leaves of rice
at maturity (1990),

Phosphorus ‘ kg[ ha)

N=(kg/ha) 0 13,2 26,4

0 0,14d 0.,17b 0.20a
60 0.15¢c 0.15¢ 0.19a
120 0,14d 0.17b 0.18b
180 0,20a 0.12d 0.21a

Means followed by similar letter(s) in both row and
column not significantly different at 5% level of
probability using DMRT,

Table 61: Interaction effect of N and P levels on parcent(*)?
phosphorus in leaves of rice at maturity (1992),

Phosphorus (kg/ha)

N-(kg/ha) 0 13,2 26,4

0 0.16be 0.22a 0.18b
60 0.15b 0.12d 0.17b
120 0.15be 0.17b O.1k4be
180 0.21a 0.,20a 0,22a

Means followed by similar letter(s) in both row and
column are not significantly different at 5% level of
proability using DMRT,
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h,13 Effcct of N and P on_pgfcent nitrogen

and content of phosphorus in the soil

at crop maturity,

4%,13.1 Porxcent N in the soil at crop maturity.,

Percent nitrogen in the soil al crop maturitylﬁaa
significantly increased with increasing level of nitrogen
 _app1ication in 1990 (Table 62). In 1992 however, there
" was a positive influeﬁce on per&énf nitrogen in the soil

~with nitrogens application but with no significant

~difference between 60 and 120kgN/ha.

In Loth years increasing levels of phosphorus had
no effect on effect on percent nitrogen in the soil
(Table 62).
Thore was also no interaction pf_N and ©-on tbe percent

N at crop maturity in both years,

4,13,2 Content of phosphorus in the soil at crop maturitye.

No significant effect was observed on the content
of phesphorus in the soil with the application of levels
of nitrogen in both years (Table 62).

Howover the application of levels of phosphorus
resulted in corresponding significant increase in the
' :content of phosphorus in the soil upto 26 4kegP/ha in
both years (Table 62)s |

The jnteraction of mitrogen and phoEphofué on the
content of pheosphorus in the soil in both years are

presented in Table 63 and 6h,
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Table 62: Effect of N and I' levels on the percent
“nitrogen and content of phosphorus in the

803l aft8r maturity (1990 and 1992},

Percentage nitrogen (%)Y in the Phosphorus content (ppm)¥
sgil after crop maturity : in the so0il the soil the
gso0il at c¢rop maturity,

1990 1992 1990 1992
N~ {kg/ha |
0 0,021d 0,030¢ 10.69 | 9.75
60 0.02%c 0,051 1044 9.50
120 0.039b 0.052b 10,89 10,06
180 0.058a 0,062a . 10,99 9,10
SE + 0,004 0,005 - 0.19 ' 0,18
LSD (0.05)0,012 0,015 N8 B NS
P-(kg/na) | _
0 0,035 0,050 8.86c  6.%560
13.2 0,036 0,059 10.82b - 8,85b
R6 4 0,038 0,05 © 11.83a . 10.89%
SE + 0,07 - 0,004 0,17 0,10
Lsr{o.05) NS NS | 041 - 0,45
intexaction _
N x P NS : NS . ot *%

+ For a factor means followed by similar letter in the

same group of treatments are not significantly different
at 5% level of probability.

* Significant at 5% level of probability
*% Significant at 1% level cof probability
NS = Not significant,



"Table 63;

%0

Interaction effect of N and P levels percent
phosphorus (%)% in the soil at crop maturity
(1990).
Phosphorus {ke/ha)
Ne (ke /ha) 4 13,2 2G4
0 9.45¢ 10,36b 10.29b
60 7.16c 11.32a 12.84a
120 11.275 9430¢ 12,115
180 T+58c 10430¢

12118

+ Means followed by similar letter(s) in both row and

column are not significantly different at 5% level of
probability using DMRT,

Table 64: Interaction effect of N and P level on
percont phosphorus (%) in the soil at crop
maturity for 1992, a :

Phosphorus {kg/ha)

N=(kgz/ha) 0 13,2 264

0 T+32bc 10,40a 8.53b

60 54074 9.68b 10.75a

120 10.47a 9.58b 10.11a

180 11,37a 9.58b 10,18a

+ Means followed by similar letter(s) in both row and

colum are not significantly different at 3% level of
probabitity (DMRT). ' -
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hellt Assoclation among plant characters,

4o14,1 Correlation among plant claractors of maize.

Observations made on the correlation between maiie
grain yvield and plant characters of maize in both years
were similar (Tables 6% and 66), Maize grain yicld was
highly associnted with leaf area index, number of cobs

per sqguare meter hundred grain weight and stand count

at harvest, Other maize characters that were highly,

significant and positively correlated with grain yield

were plant dry matLef at 90 DAP, plant shoot height:at

90 DAP, percent nitrogen in the soil and percent nitrogen
in maize leaves al maturity in both years. However, some
of the plant characters such  as content of phosyhorué in 

the soil was not significant and percent lodged plant

was negatively associated with grain yield of maize.

Also, number of cebs per square metre was found

" to bo significantly and positively correlated with stand
count, hundred grain weight, leaf area index, percent

‘nitrogen in soil and in leaves of maize in both years,
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helh,2 Corsclation among plant characters of rice,

In both ycars, eciucept thousand grain’ weight
of rice and content of phosphorus in the 50il, all the
characters selected were all highly significant and
positively correlated with grain yield of rice (Table 67

and 68). The number of panicles per square metre was

also observed to be higlily associated with percont
nitrogen in the soil and in rice leaves at maturity,

leaf arca index, number of tillers per plant and
Phosphorus content in the soil in both years, Numbor of

tillers too per plant of rice was found to he highly
significantly correlated with leaf ares index, percent
nitrogen in the s0il and in the leaves in rice Plant

but wns not significantly associated with thousand grain

. weight of rice,
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CIHAPTUR 5

5 DISCUSSION

51 Effect of N and I’ on grain yield,
Selel, liaize grain yicld,

Maize grain yicldresponded to N and P upto 120kgN/ha
and 13,2kgP/ha respectively with yield depres=ing from
further increascs execopl in 1990 when it responded to N
u to 120kgN/ba., This is similar Lo the findings of
Dolasubramanian and Mokwunye (If)?(:) who observed

increase in grain yicld of maize with increased lovel of

-y

N upto 120kgk/ha with yield depressing with further

increases to 180kgN/ha, Ologunde and Ogunlela (1984)
reported that, the opltimum N rate for maize lies between
100 and 150kgh/ha with yield depressing beyond 150kgN/ha,
While Lonhard-Bony and Nemeth (1989) and McPhilips (1989)
found significantly higher grain yields of maize at

13.2kgP/ha thian at lower or hi: her rates of P,

Dele? Rice grain yield,

Rice grain yiecld increased significantly with N
upto 180kgi/ha in 1990 but in 1992 there wias no yield
advantogre beyond 120kgN/ha while 13,21/ ha was  the
optimum rate of T in both years,

Number of panicles per square metre, number of
filled grains per panicle and number of tillers per
plant increasod significantly with levels of N and P,

Saisong ot als (1970) identificd these characters to

be the three most important chargeters affected by N and P,



It could therefore be explained that the significant £

increase of grain yield of rvice with levels of N and P
was probably due to Ltheir positive effect on these

characters, This coufirms the findings of Nossa and

Vergara (1980) that, the significant increase in grain

yield in three upland varieties of rice was due to the

increases of these characters with N and 1,
The optimum rates of N and F for maize and rice

production in mixture was observed to be 120kgN/ha and
13.2kgP/ha respectively., The much higher N response

upto 180kgN/ha by both maize and rice in 1990 than in
1992 could be attributed in part to the very low level

of N revealed from soil test (0.021%) before planting,

5.2 Other plant characters

H5e2s1 Ear heipght of maize

The increase in ear height with levels of N and P

was much expected since N enhances above ground vegatative
growth and phosphorus is not lacking for vigorouy root
development to support plants in position (Garga et al; 1978).

This is in accordance with the findings of Mohammoed

et al., (1978) that ear height increased significantly

with the application of levels of N and P,
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5.R+2 Davs to 50% tasselling of maize

Number of days to tasselling increased significantly
with levels of N but not with P, This i3 because N is
known to delay the plant from reaching reproductive phase
due to increased vegetative growth but P counteracts this
delay (Eguchi et al; 1958). This confirms the reportsl
macde by Rathore et alj (1976) that, the number of days to

tasselling inereansed significantly with N alone but was

not affected by the addition of P,

H5e2e3 Plant shoot height,

There were significant increases in both éaiﬁe and
rice shoot height with N and P since these are known to be
among the most essential nutrient elements or plants
growth and development (Drady, 1974). This observationqbn
plant height agrees with Garga et al; (1978) who found
significant increased plant height with N and P but
disagrees with Reyes et al.,, (1972) who found no significant

inerease in plant height with N upto 200kgN/ha,

5.2.,4 Plant dry matter.

Maize and rice dry matter increased significantly
with levels of N and I' at all stages of sampling except
at 30 DAP when no siynificant increase was observed in rice,
Rice rcots have been found not to be well developed to

utilise the available soil nutrients effectively before 30 DAP
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(Brady, IQ?“). This is in agreement with the findings

of Chang (1976) that, N produces its foitilisinc effect

on rice plant not earlier than 30 DAP,

5e265 Grain weight.

There was no significant increase in hundred
grain wveight of maize and thousand grain weight of rice
with levels of N and P, This result is in accordance with
that of Chang (1968) and Matsushina (1976) who identified
grain weight as one of the most important components of

yield but no significant increase was observed with levels

of N and P,

5¢2.6 Percent lodged plants

There were no significant increascs in percent
lodged plants of maize and rice exeept in 1990 when there
was significant increase in this character for rice with

N alone but not with P,

The high level of P in the soil could have been

the cause of the no significant increase in lodging percen ,

Brady (197%) noted that P gives strength to cereals and

therefore prevents them from lodging. This agrees with
the findings of Bguchi ot al; (1958) that, lodging which
is one of Lthe effects of excess N is counteracted by

adequate supply of P, Sun et al,, (1989) also found

higher percent lodging of plants from plots with higher
levels of N without P than from plots with both N and P

corresponding to 58.8% and 43,6% respectively.
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5.2.7 Shellinz percentage

Shelling percentage was
This confirms the findings of Agboola and Kayode (1981) 8
that the application of N and P had no effect on ahelliné
percentage. Bui disagrees with that of Ologunde and
Ogunlela (1984) who reported significant increasea with
lower rates of N and decreased at higher rates, Horrocks
and Zuber (1970) however concluded that different response
of N and P observed on shelling percentage could be

attributed to the method used, location, cultivar and

cultural practices,

54248 Leaf area index: (LAI):

There were significant increases in leaf area
indices of maize and rice with N upte 120kgN/ha in 1992
after which there was a significant reduction with further
incrcases, This is consistent with the observation by

El-Hattab et al (1980) that, leaf area index of maize

2y

increased upto a point after which it reduced with further

increases of N,

5¢3 The offect of N and P on crude protein

content and percent B in leaves of maize

and rice at maturity,

The significant increase in crude protein content
and percent P in leaves with N application and the increase

in percent P with P application was much expected, This is
because N in excess of plant requiliremont lends fto luxury

uptake of it by plants (Asher and Lee 1975), while the

increase in percent P agrees with Terman et al (1977) who
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reported increase in percent P with the applicafion of N
rates, Such increase in P uptake on addition of N however
wag observed by Duncan and Ohhrogge (1958) to be attributed
to the increase in root growth in volums of fertilised *
soil, Many workers including Ologunde (1974), Kalia (1975),
Osman et al (1977) and Bayo (1979) found similar
significant increases in crude protein content plants with
N application, Similarily Castro and Gomez (1990) also
found percent P in Yeaves to be higheyxr from plots with _
applied P than in leaves from plots without P fertilization,

Bt Effect of N and P on the contents of N

and P in the soil after crop maturity.

Increasing N levels significantly increased the

percent N in the soil but had no effect on P content.
S8imilarily, increasing levels of P also increased the
content of P but net percent N, The significant increase
in content of a particular element applied to soil isa
prabably due toe the fact that not all the amount can be

taken up by plants due to leaching,

When the nutrients reguirements of plants are met
any further incfeases to the soil might be left unabsorbed,
This might have probably been the case in this trial
considering the 1992 soil analysis of 0.,038% N and the
high available P in both years with the level of N and P

applied, This agrees with 8tabetorp and Lyngstad (1988)
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who reported significant.. lower percent N in plots with
120kgN/ha than in plots with 180k¢zN/ha, Also, Ivanov
and Dimitrov (1989) reported significnntly and unecessarily

higher residual contents of P in the soil from plots

with 180kgP,0./ha than from plots with 120kgP905/hn

respectively,

5¢5 Correlutépu_gtudiqg

High pesitive correlation was observed between

maize grain yiceld and mmber of cobs per square metre,

leaf area index,dry matier and maize shoot height, Similarily,
number of panicl: s per square metre, leaf area index of

ricey, number of tillers per plant, rice shoot height

and rice dry matter were found to be significantly and

positively associatoed with rice grain yield, This

therefore indicates that, an increase in each of the
above characters of maize and rice will lead to total

increase in grain yield of these crops,

The significant and positive corrglation between
N and F in leaves of maize and rice and their respective
grain yields in this study confirms the findings of Peck

et al.(1969) and Walker and Peck (1974) that, there were
highly significant correlation coefficients between grain

yield of maize and the percent N and content of P in leaves,
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CHAPTER 6,
6. SUMMARY AND CONCLUSTON

A field experiment was conducted on Samaru Farm of
the Institute for Agricultural Research, (11° 11'n, 07° 38tE,
680m ahove sea level) in the morthern Guinea Savanna during
the 1950 and 1992 wet seasons to investigate the effect
on N and P on the yield and yield compwents of maize
and rTice in mixture, o

There were twelve treatments obtained by factorial
combinations of four levels of N {0, 60, 120 and 180keN /ha )
and three levels of T (0, 13,2 and 26,hkg/ha) laid out in
a fandomised complete block design with four replications,

The varieties of maize and rice used were TZIBSR
(late maturing, streak resistant with white grains) and.
ITA 257 (early maturing, blast resistant and low shattering)
respectively,

Urea (46%N) was used as the source of nitrogen wﬁile
single superphosphate (7.86%P) provided phosphorus,

The optimum rates of N and P for maize and rice grain
yield production was observed to be 120kgN/ha and
13.2kaP/ha respectively,

Yield cowmponents of maize such as cobs per sguare
metre increased significantly with levels of N and P, while
shelling percentage was not affected by either of the
elements, Hundred grain weight increased signilicantly

with only N in 1992 but not with P,
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Other plant characters of maize which wore found to
respond to N and | included plant he irtht, plant dry matter
and leaf area index, [owover, cob length increased
simificontly with N but not with I’y Bar diameter, cob
diameter and kernel depth were nll not affected by either
N or ¥,

Humber of paniecles per square metre, number of filled
grains per panicle and number of tillers produced per plant
were the yineld ecomponents of rice which res;onded to both
N and P, Threshing percentase and thousand grain wveirsht
of rice were however not influenced by N and P,

Riece plant chnrncters vhich respondad to N and I in
the experiment are plant height, plant dry matter and
leaf area index, DPercent lodged rice plants and days to
507 panicle initiation vere si:mi fieantly influenced by
N alone in 1990 bhulb not by P,

Tnerensing levels of M sipnificantl increased the
percent erude protein upto 120knﬂ/ha and P content upto
180k;N/ha in both mnize and rice leaves,

Levels of I' did not affected perceni. crude protein in
both crop leaves ecxcept in rice in 1990 Imt P content
inerensed significantly upto 26.4%ksP/ha,

Percent N in the soil increased significantly upto
180k /ha with N applieation but P content was not
affected, while P appliention also increnscd P content

significantly but had no efifect on percent N,
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There was hiphly significant and positive
correlation belween maize grain yield and maize plant
characters such as cobs per square metre (r=,586, r=,558)

and leaf area index at maturity (r=.715, r=.515) in 1990
and 1992 respectively,

Grain yield of rice was found to be significantly

and positively associated with rice plant chara€ters

such as number of panicles per square metre (r=.,915,

r=,910) number of tillers per plant (r=.851, r=.,850)

and leaf area index of rice at maturity (r=.960, r=.,930)
in 1990 and 1992 respectively,

Based on these findings, 120kgN/ha and 13.2kgP/ba
which are the recommended rates of N and P for maize

production in this ecological zone, are also adequate

for maizd and rice production in mixture,
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Appendix A: Total rainfall, maximum and minimum temperature
relative humidity and sunshine hourxrs at ten days

intervals during the period of the experiment
at Samaru in 1990, s -

Months Days Total rainfall Max. Min. Rel, Sunshine
_ . . (mm), ' % +°c humidity hourse
{s).

June  11=-20 14,2 L 31e1 21,1 79,0 7,64

’ 21-30  73.2  28.8 19.3 81.2 6.14

July 1-10  67.8 - 29.4 20,93 78.9 6.52

U 49.20  8h.6 28,2  21.5 B1.2 4,86
21-31 69.5 28.5 21,9 81,0 6.2
11=-20 44,7 28,4 19,3 84,3 6,6
21=-31 1010 29,9 19.8 78.3 Telt

Septs 1-10 54.6 | 30.0  19.4  78.1  8.37
11-20 14,7 - 30.3 19.7 7h.6 6,58
21-30  18.1 - 31.4 19,8 75.0 8.12

oct, 1-10 = 32,3 20,6  T1.7  7.88
11-20 -~ 32.5 18,9  59.6 6,98

21=31 n 32.7 17.8 510 10,19

Sourcae: Samaru meteorological station,.
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Appendix B: Total rainfall, maximum and minimum temperature
relative humidity and sunshine hours at ten days

intervals during the period of the experiment at
Samaru in 1992, |

Months Days Total rainfall Max. Min. Rel, ?unshine
(mm) +°c £°c humidgky hours
June 21430 29,20 . 30.5 20,7  72.0 6.08
July 1=10 7h,0 28,7 19,5 67.3 6,04
11-20  130.9 28,1 17.9 82,4 6,69
21-31 38 .4 31.3 22,0 Th o5 Tel5
August 1-10 150,.8 27.8 19.8 . 68,3 5,28
21-31  80.4  29.8  21.8 83.3 5.59
Sept, 1-10 72,9 28.6 17,9 81,6 5431
| 11-20 124,2 29,0 19.3 63.5 1,65
21.31 32,6 30,8 19.5 T35 0.0
Oct, 1-10 3t 59,8 18,8 5l 42 8.41
11-20 35.2 3145 19.4 S51.1 e 50
21=-31 Nii 353 16,7 2.7 10,40

Source: Samaru meteorological station,



Appendix C: Physic—~chemical analysis of soil at

S

experiment site, Samaru,

Seasons

1990 1992
Physical piroperties . _
Sand (%) | 56,5 39
silt (%) 36,7 | 48
Clay (%) | | 6.8 14
S0il textural class Sandy loam Loam
Chemical properties
Soil pll in water . s.3 b o
Soil pH in 0,01M CaCl, - hey 42
Organic carbon (%) ' 0.9 o 0.5
Total nitrogen (%) S 0,021 s 0,038
Available phosphorus (ppm) 23,18 :-  15,68
deiﬁﬁ{(meq/100g s0il) o.,104 - 0,22
Patassium (meq/100g soil) 0.09 . 0,28
Caleium (meq/100g soil) | 0,749 324
Magnesium (meg/100 seoil) : 0,309 1.07

Cation exchange capacity (CEC) |
{meq/100g of soil) 1.5 ' 6.80
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