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ABSTRACT

A field trial was conducted in the 1991 wet season
on the Research Farm of the Institute for Agricultural
Research, Samaru, Zaria (11° 11'N, 7 38'E, 658m above
mean sea-level) located in the northern Guinea savanna
ecological zone of Nigeria. The objective was to
determine the effects of nitrogen and phosphorus on
the productivity of maize and groundnut in mixture.

Five levels of nitrogen (0, 40, 80, 120 and
160 kg N/ha) laid out in mainplots and three levels of
phosphorus (0, 26.4, 52.8 kg P/ha) in subplots were
tested on the maize/groundnut mixture in all possible
combinations in a split-plot design. Application of
40 kg N/ha significantly increased maize shelling
percentage, stover yield, cob diameter, LAl at 13 WAPR
plant and ear heights. Whereas application of 80 kg N/ha
remarkably increased maize grain yield, 1000-grain
weight and further increased stover yield and. cob
diameter. Maize kernel depth, cob length and. cob
number per plant increased with N level up to 80 kg N/ha.
However application of 80 kg N/ha significantly reduced
the number of days to 50% silking. Application of
26.4kgP/ha significantly increased maize stover yield,
LAl at 13 V/AP, but resulted in shorter days to 50%
silking. Increasing P level to 52.8 kg P/ha appreciably
increased maize 1000-grain weight, cob diameter, plant
and ear heights and further increased stover yield, but

reduced days to 50% tasseling, However maize grain yield
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bel | i ng percentage, cob nunber per plant;, cob |ength,
kernel depth, LAl at 10 WAP and percentage of | odged
plants did not respond to P application.

Application of nitrogen to maize in the
m xture indirectly depressed groundnut pod and kernel
yields, ' Haulmyield and nunber of mature pods per
Plant, were significantly reduced by the application
of 40-120 kg N ha. The groundnut LAl at 10 and 13
WAP were also renarkably reduced by the application
of 120 kg N ha. However nitrogen application had
no significant effect on groundnut shelling percentage,
100- kernel wei ght, nunber of inmmature pods per plant,
pl ant height and days to 60% flowering. Application
of phosphorus did not affect groundnut except the LAl
at 10 WAP that increased.

The highest LER of 1.35 and the highest cross
returns less fertilizer cost was obtained from the
application of 160 kg Nha + 26.4 kg P/ha. Neverthel ess
application of 80 kg/ha + 0 kg Phn was the | owest
conbined levels of N and P that gave significant
increase in LER H ghest return per Nairn invested
on fertilizer was obtained from the application
of 40 kg Nh awth out phosphorus, followed by
80 kg Nha + 0 kg PPha. Qven the condition of this
study where there was appreciable soil P and
considering the financial constraints of the snall
scale farnmers who grow their crops nostly in m xture,
application of 80 kg Nha without P is npbst prom sing

for the productivity of maize/ groundnut m xture.
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Chapter 1

INTRODUCTION

The bulk of food production in the Nigerian
savanna is contributed by the small scale-~farmers
who grow crop mostly in mixtures. HNevertheless,
past research efforts have been concentrated on
gole cropping resulting in lack of available
recommended practices for mixed cropas.

Maige production has gained ground ameng farmers
of the savanna zones of Nigeria where it is grown in
mixture with other crops like groundnut and other
legumes (Ologunde, 198%, 1987), Since efforts to
encourage farmers in the ecology to shift from mixed
cropping to sole cropping has been a futile attempt
(Abalu and D'silva, 1978) it is imperative to
develop relevant tochnologies to cater for the crop
mixtures.

Nitrogen and phosphorus are the two major
nutrients limiting crop production in the savanna of
Nigeria (Mokwunye, 1979), There isg similarily In the
phogphiorus reguirement of maize and groundoul
(Bnwezor et al,, 1989) but great disparity exists in
their nitrogen requirement, As a cereal, maize
favourably responds to application of nitrogen for
optimum grain production (Berger, 1962) whereas
groundnut being a legume is able to meet its nitrogen
requirement through symbiotic fixation, However high
nitrogen may restrict nodulation (Mengel and Kirby,

1978) and consequently reduce kernel yield, Therefore



nitrogen application to maize/groundnut mixture should
be done judiciously such that the high nitrosen
requirement of maige ig catered for withoul detrimenl
to kernel vroduction of groundnut,

There is paucity of information on the combined
effects of nitrogen and phosphorus fertilizers on maize
and groundnut mixture in the Nigerian gavanna, Thigs
study was therefore conductel Lo determine the cffecis
of nitrogen and phogphorus on the productivity of moize

and groundnut in mixture,



Chapter 2

LITERATURE REVIRW

Most of the West-African savanna soils especially
those north of latitude 7°N are low in organic matter
end clay content which is mainly kmolinitic (Jones,
1974; Lombin, 1981), Consequently the soils are
poorly buffered and rapidly lose their fertility
under continuous cultivation, Therefore adequate
fertilizer application is necesgary in the eccology
for a sustained crop yield where continuocus eropping

is practised.

2¢1« Effect of Nitrogen Application on Maize

Maize production is limited by nlirogen deficicncy
more often than by any other nutrient element
(Berger, 1962; Ologunde, 1983%; Mbagwu, 1990), In a
multi-locational study in the southern Guinea savanna
of Nigeria, Agbede et al, (1991) reported that 90 and
120 kg N/ha gave the highest maize grain yield at
three and five sites respectively., Al another
location in the same ecology, Ologunde and Qgunlela
(1984) obtained the highest grain yield with 120 kg f/ha.
Similar response was observed in the forest zone of
Higeria (Esechie, 1987) in Italy {(Manino et al., 1990)
and in the northern Guinea savanna of Nigeria
(Ologunde, 1983%), At Tangzania Uriyo et al. (1977)

reported linear increase in maize yield with increasing
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' nitrdéen rates ﬁp fo 12O kg N/ha. Pos&tive nialze
yield response to increasing nitrogen rates
up to 150 kg N/ha has been reported by Sharma {1973)
and Lucas (1986)., Nitrogen was also reported to
increase 1000-grain weight and ears per plant of
meize (Sharma, 1973; Prasad and Singh, 1990).
Similarly nitrogen appllication was observed to
increase maize ear length (Prusty et al., 1987;
Prasad and Singh, 1990). Increase in plant and ear
height of maize as a result of nitrogen application was
recorded by Al-Rudha and Al-Yournis (1578).
) t;w Several workers reported that higher nitrogen |
rate favoured early silking (Glover, 1953; e
4. Sharma, 1973; Al-Rudha and Al-Younis, 1978;

Gangwer and Kalra, 1988; Prasad and S8ingh, 1990), 1In T

contrast Ologunde and Ogunlela (198L) and Qlogunde and
Ogunlela (1985) observed that higher nitrogen rates
delayed silking, Thompson and Troeh (1978} remarked
that plant must have N before it can synihesize cells,
and that severe shortage of nitrogen could halt the
process of growth and reproduction, Similarly

Millar et al. (1958) reported that ample supply of
nitrogen during the early growth stage of the plant
may stimulate growth and result in earlier maturity,
but that ' excess nitrogen throughout the growlng
seagson of plent frequently prolongs the growth p lod.
Therefore it appears that severe shoritage or excess

supply of nitrogen could delay silking in maize,



2.2 Effect of Phoaphorugs Application on Malze

The rate of phosphorus to be applied to maize crop
for optimum ylelds depends on the phosphorus sorpllion
capacity of the soil (Enwezor, 1979) ns soils wilh

higher sorption capacity require high level of I’
fertillzation when they are P deflcient, Furthommore,
under conditions of low phorphorus bulfering capncily
and low inherent phosphorus, it is beneficial Lo apply
large initial dose of phosphorus to the seil to bulld
up the phosphorus adequately to sustain good yield for
some years (Yost et al., 1979; Anonymous, 19080).
AdepoJu (1991) observed that application of 13,1 kg P/ha
conslstenlly gave oplimum molze yleld in o Lrial
conducted in southern Nigeria., Where I’ levelrs have
been bullt up under continuous cullivation 17.06 kg P/ha
was reported to be gufficient for oplimum malze
production in the Nigerian savanna (Mokwunye, 1979).

In a study conducted in India by Devarajan and
Rajagopal (1978) 22kg P/ha was observed to be optimum
for maize yield, Osiname (1979) reported ipcrecse Iin
maize yield with increasing phosphorus level up to

80kg P/ha in the forest zone of Nigeria. Glover (1953)
found that higher soil phosphorus resulted in earlier

tasseling and silking in maize,



2¢% Effecl of Nitrogen ippllenlion on Growndnul

Most legumes under optimum pgrowth condibion: sweh
o hiph pH '\('{—-H.'j), hipgh ferbillty level and ¢cipght shisobial
glrains meet their nitrogen requirement through
oymbiotic fixation (Ofori, 197%). Consequenlly
nitrogen applicgtion on such goils is unnecessary,
Gingh and Balasubramanian (19713) recommended
application of 5 to 10 kg N/ha Lo proundnul nu slarler
dose on poor pandy solles, Similarly Lt hag been
reported that groundnut yield could be inereased by
the application of 10 to 20 kg N/ha (Chesney, 19753
Ofori, 1975; Venkateswarlu and Nath, 1989;
Mahalle et al,, 1991). Jana et al., (1990) oboerved
that application of about 20 kg N/ha to grounduul did
not only produce the highest ecocnomic reburns bulb
increagsed the number of pods per plant, kernelp per
pod and 100-kernel weight, DBhuiya and Chondhurcy (1974)
observed that application of nitrogen inecreascd prolein

content but decreased oil content of pgroundnnl,

2.4 Effect of Fhopphorus Applicalion on

iroundnut
Phosphorug plays a key role in the physiologicnl
process of root production, nodulalion and N:,-.l'i.-tul,iun
in groundnut (Sanker et al,, 1984). Chesney (1975)
and Jain and Dikehlt (1987) reported that proundnutb

vield increased with increasing phosphorus level up



Lo 13.2 kg P/ha.  lowever FPatll el anl. (1979), 10l
and garan (1968), leddy and Gici (19849) obpeeved o
silmilar increase up Lo 17.6 kg P/ha, Kayode (1977)
Tound the optimum T level for mroundnul produciion

In the foreml zone of Nlgerlia Lo be bolweeon |4,

and 19,8 kg P/ha,  In Lhe Nigerian pavanna applicablon

of 2%.76 kg P/ha hag been recomsended For pronndoul

production (Enwezor et al., 1939),

Phogphorus has been found to increase ;proundnul
100=kerncl welght, number of podas per pliml cud
number of kerncls per pod (ratil et al., 19793

Jana et al,, 1990) and also the sced oll and prolein

content (Kayode, 19873 lal and Saran 1988),

2.5 Lffect of Nitropmen Appllention on

Maize/Groundnut mixture

Literature is scanty on the effecl of nitro en
application on malze and groundnul mix Lure, o an
intererop of legume and pon-legume, Lhe legnmne obiain
nost of its nitrogen requirement by symbiolic
fixation, (Trenbath, 1976), The non-lepgume beneUibs
more from the nitrogen application, In puch o mixlure
there is a reduced compotition for soil nitropren
(Black, 1968; gearle et al,, 1981). Studliecs condue ted
in the Nigerian pavanna showed that nitrogen application
significantly increaged malize yleld 1n maize snd

pgroundnut mixture (Ologunde, 1987%; Anonymonu:s, 19834)



bult ghowed no marked elfect on Lha yiebd of pronndonl,
Hlowever, maize or groundnut In nixture have beon
obgerved to show no regponpe to applicd N an a repull
of the high status of the natlive soil N ol Augtralia

(Searle ot al., 1981).

7«6 Planting Conflpuratbion

A pludy carrled out in the northorn Guinen
gpavanna on the planting configuration of malze in
nixture with groundnut showed that alternate single
ridges performaed beal compared Lo wlilhin rowa and

alternate double rows arrangement (Anonymous, 1991),
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Chapter 3
Ma'teR1ALS AND METHODS

3,1 Experimental site

The study wos conducted in 1991 wuet season
on the farm of the Institute for Apricultursl
Resesrch, Ssmoru f14% 1?',?0 28'E) in the northern
Guines ssvanna ecolojrical zone of Nireria,
The rsinfall palttern in bLthe area 1s unimodal with
its peak in the month of Aupust, Haing in the rea
usually start by the middle of May and often end
about the first week of October (Kousl and Knsbe, 1972),
The distribution of rainfall during the year of the

experiment is presented in appendix 1.

3,2 Soil gompling and Analysis

The soil of the experimentsl ares wous sampled
at 15 different points using tubulanr super, on Lhe
day of the first fertilizer spplication., "he colleoled
samples were bulked snd air-dried. Yhe composilie
sample was then thoroughly mixed snd sieved usiags 2um
mesh sieve before carrying out the physico-shenical
gnalysis of the soil. The result of the analysis is

presented in appendix 2.
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3.3 Ireatments and Experimentsl Design

The experiment consisted of 17 treatments which
were a sole crop of malze (var. TZBSR-W) fertillized
at the rate of 120 kg N/ha and 26.l. k¢ P/ha as well as
sole groundnut (var. RRB) given 23.8 kg P/ha. The
remaining 15 trestments comprising the mixture received
five levels of nitrogen (0, L0, 80, 120, 160kg N/ha)
combined in a factorial with three levels of
phosphorus (0, 26,4, 52.8 kg P/ha) and lald out in
split-plot design with nitrogen in main plot and
phogphorus in sub-plot,Fertilizers were applied by
side placement according to the rate for esch
treatment, Single superphosphate was used to supply
phosphorus at 2 WAP to both maize and groundnut in all
plots, However nitrogen was applied only to maize in
the form of urea in equal split dosage at 2 and © WAP,
The gross and net plots were eight and four rows
respectively ridged 90cm apart. Both gross snd net
plots were bm long giving plot sizes of 36m2 and 10m2

respectively,

3.4 Crop Establishment and Management

The experimental slte was ploughed once, hurrowed
twice and ridged before planting. Both malze and
groundnut were planted on 24 June, 1991, but groundnut

vwas replanted about two weeks later as a result of
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peor germination. The maize and groundnut were both
planted in alternate single ridges in the mixture,

In both the mixture and sole cropping intro-row
spaclng was 20cm on the ridges. Maize was thinned
1o two plants per stand in the mixture and one plant
per stand in the scle crop at 2 weeks after planling
(WAP) to maintain required sole crop density.
Groundnut which was planted at two sceds per hill was
not thinned. The pleots were hog weeded at 2, 6 und

8 wAP, Esch crop was harvested after attaining Llbe

stage of physiological maturity,

3.5 Data Collection on Maize

15,1 Plant heipht of mailze

The helghts of ten malze plants were taken per
plot at 12 WAP., The measurement was made Ifrom the

ground level to the tip of the plant.

3.5.2 Days 1o BO¥% tasseling in maize

Days to S0% tasseling in maize was determined
a3 number of days from planting to the time that S0%

of maize plants in the net plot have tasseled.

3.5.3 Days to 50% silking in malze

Days to 50% silking in maize was calculated as
number of days from planting to the time that 50%

of malze plants in that net plot silked.
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3.5.4 LAI of majize

The (LAI) of maize at 10 and 13 WAP were determined
-using two plants at each sampling from each plot. The
product of the length and breadth of the widest portion
of every leaf of the twe plants were summed up and
maltiplied by 0,76 to get the leaf area for each plot,
The factor 0,76 was obtained as the ratio of the
estimated area of the leaf outline on graph paper to .
that of the product of its length and breadth at the
widest portion., (McKee, 1964). The leaf area index
was calculated by dividing the leaf area of the two

plants by the ground area occupied by the two plants, -

3.5.5, Ear height of maize

At harvest helght from ground level to the first
ear insertion was faken for ten maize plants in each

plet to give the ear helght of maize.

3.5.6 Lodging of majze plant

At harvest the number of maize plants that lodged
in each net plot was teken and expressed as percentage

of the number of maize plants in the plot,

3.5.7 Number of cobs per plant

Number of maize cobs per plant was the ratio of
number of harvested cobs from each net plot to the

number of malze plants in the plot.
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3.,5.8 Cob length

The cobs from each plot were arranged according to
their length and ten were systematically sawpled and

their length measured,

3,5.9 (Cob diameter

The diameter of ten systematically sampled cobgo

were taken per plot,

3.5.10 Kernel depth

Diameter of ten cobs were taken belorc and aftcr
shelling, The difference between each measurement

was divided by two to pive the kernel deptih,

3+.5011 Grain yield of maize

The cobs of each net plot were shelled, wei;hed

and converted to yield per hectare,

%e9«12 Shelling percentage of maigze

The shelling per cent of maize for each plot was
calculated as follows:

Shelling per cent (%) = CGrain weight aflcr shelling x 100
Cob weipght (befoi¢ shelling)

345417 1020=-grain weight of wdigze

After shelling, 1000 grains were counicd from por

plot and weighed,
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3.5,y Btover vield of maize

| The weight of ten sun-dried meaize stover from -
each plot was taken. This was wultiplied by number
of maize plants in the plot divided by ten and then

converted to yield per hectare.

3.6 Data Collection on Groundnut

1.6.1 Plant height of Groundnut

The heights of ten groundmut plants were taken
per plot at 12 WAP, The measurement was done from the

ground level to the tip of the plant.

3.6.2 LAI of Groundnut

The leaf area index {LAIL) of groundnut ot 10 and
13 WAP was determined using two plants at each sampling
from each plot, The leaves from the two plants were |
removed, piled up and ran through with a cork borer of
1 cm diameter., The number of complete disks formed
were counted, The disks and the remaining leaf parts
were oven-dried at about 70°C for about 24 hours in
seperate envelopes and weighed. The leaf area was
calculated from the relationship of the average welght
of the leaf disks to the total leaf weight (McKee, 1964)
and the LAI calculated as followss

LA = a_+.b
=&~ xd
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Where LA = Leaf area (cmz)

a = dry weight of oven-dried leaf disks (p)

b = Weight of the remaining oven-dried leaf
parts (g)

¢ = Mean dry weight of leaf diclks

d = Disk area (cm?)

LAI = LA
y
Where y = Ground area occupied by the two plunts.

3.6,3 Days to S50% flowering in groundnut

Days to 50% flowering in groundnut was number
of days from planting to the time that S0% of plants

in the net plot have flowered,

3.6.4 Number of mature pods per plont

At harvest, a sample of ten groundnut plants was
taken from each plot and the number of mature pods
were counted, The mean of the count gave the pods per

plant,

3.6.5 Number of immature pods per plant

The number of immature peds and pegs were
counted from a sample of ten groundnub plani: {rom
each plot at harvest., The mean gave the number of

immature pods per plant,
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3.6,6 Pod yield of groundnut

The weight of dry groundnut pods from each net

plot was measured and converted to yield per hectare,

34647 Shelling percentage of groundnut

After drying of tﬂgzggzundnut pods two handfulls
of the pods were taken from the yield of each plot
and weighed before and after shelling. The shelling
percentage was determined as follows:

Shelling per cent (%) = Kernel welght (shelled)

pod welght (unshelled). 100
3.6.8 Kernel yield of groundnut
Kernel yield of groundnut was weiphl of pods from

each net plot multiplied by its s.elling percenlage

and then converted to yield per hectare,

3.06.,9 100=-kernel weight of groundnut

After shelling 100 kernels were counted from the

yield of each plot and welghed,

3,6.,10 Haulm yield of groundnut

Ten sun-dried haulms of groundnut from each plot
were weighed, The weight was multiplied by number of
groundnut plants in the plot divided by ten and then

converted to yield per hectare.
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3.7. Lend Equivzlent Ratio

Land equivalent ratio (LER) was used to ascertain
the yleld advantage of the mixture over sole cropping,
The LER for both crops were summed to get the combined

LER. The LER was computed as follows:
Maize LER = Grain yield of maize in mixture
Grain yleld of sole malize

Groundnut LER = Kernel yield of groundnut in mixLure
Kernel yield of sole groundnut

ombined IER = IER moize + IER' groundnut

3.8, Economic Returns

The returns of each crop was based on its retail price
at Samaru local market at harvest in 19Y91. The gross
returns less fertilizer cost was calculated as the
combined returns of the two crops minus the cost of
fertilizer in the same local market at the time of

planting.

3.9 Statistical Analysis

Data collected were subjected to analysis of
variance and the treatment means were compared using
Duncan Multiple Range Test (DMRT) at Ui level of
probability. Although the treatments were laid out
in split-plot design for the mixtures, it was neccessary
to use Randomized complete Block Design (RCEBD) for the

analysis involving the sole crops. This was because
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the sole crops were not part of the split-plot lay
out, but were ohly grown alongside of ecach replication.
Correlation was run for yield and yield attributes of

both crops.
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Chapler 4
RESULTS

4.1 Grain Yield, Shelling Tercenlape,

1000-pgrain welpght and Slover Yield

of Maize

ftelel. Grain yield of malze
Nitrogen applied at 40kg N/ha had no nipnificant

effect on maize grain yield (Table 1). lHowever
lnereasing the N level to 80 kg N/ha cipnificantiy
inereased the grain yield . While a forlher vine Lo
120 and 160 kg N/ha no longer had significanl ellecct
on the grain yield., There was no gignificant effect
of P or its interaction with N on the grain yield of
maize,

As expected sole maize outyielded all treatments
of the mixture that received less than 120 kg N/ha
including those without P at 120 and 160 kg li/ha and
that fertilized with 26,4 kg P/ha at 120 kg lN/ha,
However it was statistically at par with the treatment
that received 120 kg N/ha + 52,8 kg P/ha and thoge
fertilized with P at 160 kg N/ha,

4.1.2 Shelling percentage of maize

Application of 40 kg N/ha significantly ralsed
the shelling percentage of maize (Table 1) but higher
nitrogen level did not significantly imwprove tLhe

shelling percentage, The main effect of phosphorus
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Table 13 Influence of uitrogen and phoo horuo o 1llod Lo
maige (92BSR=-W) in mixture with jwovnung (.in)
on grain yield, shelling percentars, jou'-groin
weight and stover yileld of noine ot Jo.xun, 1991
wet season,

Treatmnnt Grain Shelling -:i-l-:}-(': " - : ‘.f;':*l
yield percentoseweirhit(8) " yiolad
(gt /ha) * (vzi/ha)*
Nitzosen (g N/ua)
0 205b 754950 151440 1270¢
40 768b T6.%0a 148, cab 2632b
8O 1477a 71762 157 122 3155ab
120 1628a T7.21a 161.2a All4a
160 1695a T€.50a 165,14 328%ab
59 a4 216,7% 0,581 6,95 260,7
Phogrliorus (kg P/ha)
0 1094 76,68 148,06h 2461¢c
26,4 1138 76,07 151.2b 28%1Db
5246 1279 T64%4 158,22 35242
Sk & 80.% 04564 2edD 1149
ng ns
Interachion
INXP ns ne ne ns

- — e e — —

#llcans followed by the samc 1011:.{!1‘(0) in n.:".‘:]!‘ 't.'t::.ln-:nl;
group are not sipmificantly diiferent ot 5o level of
probability using DILT,

ns = ot sipnificant at 5/ level of probabllity,
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Gt -
. Table 2¢: Graln yield of maize (TZBSR-W) in mixture with
: groundnut (RRB) under different N and P rotes
applied to maize and sole crop al Samaru, 199
wet season,

Maize treatment Grain yiéld (lr:;r,'/—h:':):_m"
¥ P |
j.;;¥(RQ/ha) (ki /ha) AR o
o - '_" '_ *3_:f¥ | fff' 19%e
o ' . 52.8 o 2oz .
o 0 o0 B2%cde
20 264 ) ':_ | ' _ : 633de |
40 2.8 . B4Tcde |
80 g }f:_ o o ’ 1567 be E )5 
80 26,4 | 1220bcd
80 52.8 o " 1644bc
120 o 14m:be
120 P64 . ;.“I '1 16H10he
120 528 - 1791
160 0 I 1402bed
160 26.4 R 165%ab
160 52,8 o " . 1823ab
Gole maize (checlk)## .'_ ” 2557 a
(124 kell + 26.4 kg P/ha)
SE & - . 2526

i

#Means followed by the same letter(s) in a CDl?W@ are got
significantly different at 5% level of probability using
DFRT,
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and its interactlion with nitrogen had no significant

influence on the shelling percentage of maize, | _

dele? The 1000—gréin wéighf of.maize

. The 1@0~grain weight of maize did not vespond to
the application of 40 kp N/ha (Table 1). IHowever h  
application of 80 to 160 kg W/ha gave a significanti}ﬁ
higher 1000-grain weight than the no nitropen
Itreatmant.x The 40 to 160 kg levels were statistically
gimilar, Aplicetion of 26.4 kg P/ha had no appregiable
effect on the 1000~grain weight of maize, Nevewtheless
jnereasing the P level to 52,8 kg ©/ha resulicd jin a |
plenificantly higher 1000-grain weight than at O and
2644 kg P/ha, Vo pignificant effect of nitrosen and
phosphorus interaction was observed on the 1000=-prain

welght of maize,

du.1e4  Btover yield of maize

. Stover yield of malze was significantly increased';

by the application of 40 kg N/ha (Lable 1). Anong

Lhe higher N rates, only application ol 120 kg H/ha
gave further increase in stover yileld, The nitrogen
levels from 80 to 160 kg N were statistically ai par,
There was progresslve increase in malze ptover yleld
with inereasing P levels from O to 52,9 kg P/ha. The
interaction effect of I and P on stover yield was not

significant,
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42 Number of Cobs por plont, tob Leopth, Cob

diameler and Kernel Depth of llaizoe

44241, Number of cobg per plant

Number of maize cobs per plant Increaped wilh
inereasing nitropgen ratea from O to 20 kg N/ha
(rable %) subsequent increase in nllrogen level dld
not significantly affect the number of cobs per plant,
The main effect of P and the inferaction ellect of I
and P on the number of cobs per plant were notl

gignificant,

Ba Pl Cob length of maige

Cob length of maize increased with Increasing
nitrogen levels from 0 to 80 kg N/ha (Table 3).
Turther increase in N level had no marked increase on
cob length, There was no significant effect of
phosphorus or its interaction with N on maize cob

length,

4.2+5 Cob diameter of maize

Nitrogen application remarkably increaged cob
diameter of maize when N rate was increased from O
to 40 kg N/ha (Table 7). Raising the N level lo
80 kg W/ha gave no further increase in cob diameter,
Although the 120 and 160 kg N/ha treatments gove
comparsble cob diameter to 80 kg N/ha, yel they

oroduced significantly larger cob diamcter thin O and
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Table 3: Effects of nitrogen and phosphorus applied to
maize (TZBSR-W) in mixture with groundnut (RRB)
on number of maize cobs per plant, cob length,
cob diameter and kernel depth at Samaru, 1999
wet season,

. . e w S————————— -

Treatment Number Cob Cob Kernel
of cobs length diameter depth
per (cm)* (mm)* (tom) *
%lant
no)*

Nitrogen (kg N/ha)

0 0.26¢c T«2%¢c 29,2%c 5.13¢
40 0.52b 9.13b 34 45b 6.140
80 0.75a 10,722 37.22ab 6,634
120 O.T4a 11.11a 36:.T7a 6,902
160 0.7%a 11.46a 39 578 .05
SE o+ 0,049 0.3%%9 0.245 0,240
Phosphorus (kg P/ha)
0 0.58 9,66 510920 6.26
26.4 0,60 9.7 35430 045
52,8 0,62 10,47% 374 30a 6.40
SE + 0,029 0,28 0.5%7 0.168
ns ng ns
Interaction
NX P ns ns ns ns

*lleans followed by the same letter(s) in each lreatment
group are not significantly different at 5 level of
probability using DFMRY.

ns = Not significant at 5% level of probability.
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40 kg N levels, Application of 26.4 kg P/ha gave
similar cob diameter to no phosphorus treatwent,
Nevertheless application of %2,8 kg P/ha gave a
significantly larger cob diameter than both O and
26,4 kg P rates, The N and P interaction hal uo

significant effect on the cob diameter of maize,

4.2.4 Yernel depth of maize

Kernel depth of wailge increased with increasing
nitrogen level from O ito 80 kg N/ha (Table 3).
Subsequent increage in N level did not significantly .
affect kernel depth, Phopphorus application and its
interaction with N had no significant eflect cn the
kernel depth of maize,

4,3 Plant Height, Bar Height and _—-af Area

Index of Maize

4431 Plant height of maize

Application of 40 kg N/ha resulted in a
significantly taller maige plants at 12 WAP compared
@u 0 kg N rate (Table 4), Further increase in N
level had no significant effect on the plant height,
Application of 26,4 kg P/ha had no gignificani effect
on maize plant height., Ilowever raising the I leovel
10 52,8 kg P/ha resulied in a significantly taller
maize plants than no phosphorus treatwent but
gtatistleally at par with 26,4 kg P rate, Nitrogen
and phosphorus interaction had no significant effect

on mailze plant height,
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Table 4: Influence of nitrogen and phoscphorus applicd to
maige (TZBSR-W) in mixture with groundnut (LURB)
on maize plant and ear height and leaf area
indice (LAI) at Samaru, 1991 wet season,

Treatmnent Plant ht., Ear ht. LAT at 1AL at
' _ at 12 WAP at harvest 10 WAP* 13 WAl
(cm})* (om)*

Nitrogen (kg N/ha)

0 105,%b | 44,80 1e1Th 0,67b
20 . 16%3a 65.1a 1.56ab 1,35a
80 .-'- 176,0a 71,82 1.83ab  1,%6a
120 179.%a  69.8a 1.85ab 1,558
160 ' ' 169, 31 65, %a 2.0%a 1.43a
S8+ 7,55 3,42 0,215 0.124
Phogphorus (kg P/ha)
o 150,96 58.1b 1,60 1,0%b
26.4 161,8ab 62 , 8b 1534 1.478
52.8 166,9%9a 69,08 1.°1% 1.57a
SE + 3,97 1.86 0.1%3 0,102
ne
Interaction
NX P | ns us ng ng

.*Means followed by the smame letter(s) in eaqh_trcatment
group are not significantly Aifferent at 5% level of
probability usging DMRT.

nis = Not significant at 5% level of probability,
WAPe Weeks after planting.
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4e%42 Bar heipght of maize at harvest

EBar height of waize at harvest responded to the
application of 40 kg N/ha (Table 4)., Subsequent
increase In N level had no significant effect on the
ear height, Application of 26,4 kg P/ha did not
affect.the ear height of maize, However increasing
P level to 52,8 kg P/ha remarkably increascd the ear
height., "The interaction effect of nitrozen and

phogphorus were not significant on the ecar height of

naize,

4e%e% Leaf Area Index (LAI) of maize at 10 WAP
Increasing nitrogen level from 0 to 120 kg Ii/ha

had not marked effect on maize LAT at 10 ¢ (Qable 4).

However application of 160 kg N/ha gave & ignificantly
higher LAI than 0 nitrogen treatment but o tipgtically

similar LAI to the remaining N rates, The main effect

of P and the interaction effect of N and ¥ on LAL at

10 WAP were not significant,

4.,%.4 Leaf Area Index (LAI) of maize at 13 WAP

Significant increage in the LAI of maize at
13 WAP was only observed when N level was increased
from O to 40 kg N/na (Table 4). Further increase in
N level did not significantly influence the LAT.
Tnereasing P level from O to 2604 kg I'/ha significantly
raised the LAI at 13 WAP, Subsequent increase in P
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level had no aignificant effect on the LAL, MNitrogen
interaction with phosphorus had no marked effect on

the TAT at 13 WAP,

4,4 Déys ﬁoIBO Per oéhf.Tasseling,.Silking

and Percentage of Lodged plantg of Malige

4a.4.1 Days fﬁqéO% tagseling in maige

Nitrogen application had no significant effect
on the number of days to %0 per gent tasseling in
malze (Table 5). Application of 26.4 kg P/ha had no
aignificant effect on number of days to 50 tasseling,.
However further rise in P level to 52.8 kg !/ha
resulted in earlier tasseling in maize than no
phosphorus treatment, but similar time of tasseling
with 26,4 kg P rate, Nitrogen and phosphorus
interaction had no significant effect on the time of

tagseling.

4.4,2 Days to 50% sllking in maigze

Nitrogen appliecation had no signiflcant eflecct
on days to 50y silking in maize when N level was
increaged from O to 40 kg N/ha (Table 5). However
increasing N rate to 80 kg H/ha resulted in earlier
silking than no nitrogen treatment. Nevertheles:
the 80 kg N rate had similar time of silking with the
remaining N rates, Application of 26.4 kg P/ha

o
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Table 5: Bffects of nitrogen and phosphorus applied to
' - maize (TZBSR-W) in mixture with groundnut (LRE)
on deys to 50 percent tasseling snd silking and
percentage lodged plants at Samaru, 1991 wet

;o season,

Treatment

Bays to 50 Days to 50 Percentage

percent- ©  percent lodred plant
tasseling silking at harvest*
{(days)* (days)* '
Hitrogen (kg N/ha)
¢ 70.50 82.07a 4244
40 69.17 T77.58ab 5140
80 69.17 74,830 4247
120 70,00 ’75.35b 32 ¢ 8
160 70,17 76.8%b 12,9
5B % 0. 918 1.40 6. 40
_ ) ns ng
Fhosphorus (kﬁ P/ha) | _
| 0 70.45a 79.5% 3945
26,4 69,85ab 77.00h 45,2
2.8 69,100 T5.7Chb 44 .2
SE & 0.3%85 0.522 2465
ns
Interacﬁion
RXPT ns nsg ns

JR———

— R ]

#*Means followed by the same letter(s) in each treatment
group are not significantly different at 5% level of
probability using DMRT,

. ns = Not significant at 5% level of pro

bability.
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resulted in shorter days to 50 per cent gilking than
no phogphorus treatment, Inereasing I' level 1o
%248 kg P/ha had no significant effect on the Lime
of silking, Nitrogen and phosphorus interaction had

no appreciable effect on the time of silking,

4ode3 Percentage of lodged maize plants at harvest

Nitrogen application had no significant effect
on the percentage of lodged maize plants at harvest
(rable 5)s Similarly the main effect of I’ and the
interaction of N and P had no marked effect on (he

percentage lodged plants at harvest,

4,5 Pod and Kernel Yields, Shelling lercentage

and 100-kernel weight of (roundnut

4.5.1 Pod yield of groundnut

The plots where no nitrogen was applicd Lo malze
gave a significantly higher pod yield of groundnnt
than where N application was made (Table 6). All
pPlots where the maize received nitrogen gave pod
yields that were gtatistically at par, There was no
glpgnificant effect of P or its interaciion wilh Il on

the pod yield of groundnut,

4,542 Kernel Yield of groundnut

Application of 40 to 160 kg N/ha to maize ©  'he
mixture significantly depresed the kernel yield

groundnut (Table 6), Phosphorus application had i
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Table 6: Influence of nitrogen and phosphorus applied to
maize (TZBSR-W) in mixture with groundnut (RRB)
on pod and kernel yields, shelling percentage
and 100-kernel weight of the groundnut at Samaru,
1991 wet season,

Treatment Kernel Fod Shelling 100~
yield yield percentage® Kernel
(kg/ha)* (kg/ha)* weiﬁht

Nitrogen (kg N/ha)

0 391a 54 9a 71,28 36,10

40 305b 4273%b 72,08 35,71

80 290b 3293b 3.05 30,83

120 302b 414b 715,10 3C.21

160 324D 447b 72.46 3770
SE & 24,8 32,08 0.945 1,013

na ng

Phogpherug (kg P/ha)

0 216 4736 T2.61 35487
26.4 %29 452 72N 36,74
5248 32% 445 T2.74 36494
SE 4 1244 17.48 0.732 0,359
ng ng na ns
Interaction
NX P ns ns ng ns

¥Means followed by the same letter(s) in each treatuent
group are not significantly different at 5% Jevel of
probability using DIMRT,

ns = Not significant at 5% level of probability.
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marked effect on the kernel yield, gimilarly effect °
of N and P interaction on the kernel yield was not
significant., gole groundnut gave a signilicantly _
higher yield than any of‘the geoundnut yield in the
mixtures (Table T).

debe3 Shelling pereentapge of groundnut

Shelling percentage of groundnut did not
respond to the application of N to maize in the
mixture (Table 6}, Siwilarly application of
phosphorus and the interaction of N and I showed no
plgnificant effect on the shelling percentoge of

groundnut,

debed The 100-kernel weight of groundnut

The 100-kernel weight of groundnut was not
gignificantly affected by the application of nitrogen
Lo maige in the mixture (Table 6)., pSimilar trend was
observed with the application of phosphorus, The
interaction of N and P also had no marked effect on

the 100-kernel weight of groundnut,

4.6 Haulm Yieid; Number of Mabture and -

Tmmature Pods per plant and Days

to 50 per cent Plowering in Groundvug

446,1 Haulm yield of groundnut

Application of 40 to 120 kg N/ha Lo maigze In the

nixture significantly depressed the haulm yicld of
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Table 7: Kernel yield of groundnut (RRD) in mixture with
maize (1ZBSR-W) under different ¥ and I rates
applied to maize and sole crop at Samaru, 1991
wet season,

Treatment Kernel yield (kg/ha)*
N P
Gea/ha)  (ig/na
0 0 580be
0 26.4 %70bc
0 52.8 422b
40 0 281c
40 2644 315be
40 52.8 %318be
80 0 277¢c
80 26.4 309¢
€0 $2.8 285¢
120 0 306¢
120 26.4 328be
120 2.8 2T4c
160 0 %336be
160 2644 %321be
160 52,8 316be
Sole groundnut (check)#** 5662
(23.76 kg P/ha)
SE4 32 e
*Means followed by the same letter(s) in a coluun arce not

gipnificantly fifferent at 5% level of probabillity vui o
DIRT.
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proundnut (Table 8), While the 160 kgr N/ha pove
haulm yield that was statistically at par with all
that of other treatments, Phoagdhorus application had
no appreciable effect on the haulm yield, Similarly
Il and P interaction had no gignificant effect on the
haulm yield,

4,6,2 Number of mature pods per plant of groundnut

There was a signiflcant decrease in number of
mature pods per plant of groundnut at harvesl when
40 kg N/ha was applied to maize in the mixturec
(Table 8), Further increase in N level ghowed no
marked effect on the pod number, However Lhe
160 kg N/ha treatment gave similar number of pods Lo
that of no nitrogen treatment, Main =ffect of
phosphorus and the interaction effect of M and P

wvere not significant on number of wmature podg.

4,6, Number of Immature Pods per Flont of Groundnut

Nitrogen applied to maize in the mixture did not
effect number of immature pods per plant of groundnut
(Table 8), Siwmilarly application of phosphorus and
the interaction of N and P had no significant effect

on the number of immalture pods.
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Table 8: Haulm yield, number of mature and lwmalure pods
per plant and days to 50 per cent llowering of
groundnut (RRB) in mixture with waizc (LZ2BSR=\)
under different N and T rates applied to maige
at Samaru, 1991 wet season,

———— e ww w = e —

Treatment Haulm Humber Number bays to
ield of mature of 50 per
kg/ha)* peds per immature cent

plant at pods per flovering

harveat plant, (dara)*
(no)* (no)*
Nitrogen (kg N/ha)
0 755a 15,08a 11.08 3% 02
40 266b 11.08b 11.42 234715
80 269b 11.420 1032 33607
120 269b 11420 10.92 735458
160 %08ab 1%.75ab 11.00 35,58
SE 26,7 0.825 0,858 0,194
’ ns ns
Phogphorus (kg P/ha)
0 %06 1247715 11.80 55450
26,4 282 12,60 10,80 33095
528 29% 12,30 10.90 33605
SE + 17.9 0.654 0.548 0,185
ne ns ns ns
Interaction
NX 7P ns ns ns ng
*leans followed by the same letter(s) in each li ent

proup are not significantly different at 575 level
probabllity using DMRT,

ns = Not significant at 5% level of probabllily.



36

L.6,4 Days to 50% flowering in groundnui

Days te 50% flowering in groundnut wag notb
significantly affected by the application of nltropen
to maize in the mixture (Table 8), Similar trend was
observed with the application of phosphorus, The |
interaction of W and P also had no appreciable effect

on the time of flowering in groundnut,

4.7 Plant Height and Leaf Area Index (LAT)

of Groundnul

4,71 Flant Heicht of groundnut at 12 HAP

Groundnut plent height at 12 WAF was not
significantly influenced by the application of
nitrogen to maige in the mixture (Table 9), Nain
effect of phosphorus and the interaction eifect of -

N and P had no marked effect on the plant helght,

4,742 Leaf ares index (LAI) of growmdnut at 10 WAP

Application of 40 kg N/ha Yo maize in the mixiure
had no remarkable effeci on groundnult LAT at 10 WAD
(table 9), However application of 80 and 120 kg N/ha
gave a significantly lower LAI than no nitrogen
treatment, but gave similar LAT to that of 160 kgN -
rate, Application of 26.4 kg P/ha geve couparable
LAI at 10 WAP to that of no phosphorus. However
higher rate of 52.8 kg P/ha gave a significantly
higher LAT than no phosphorus treatment but statistically
et par with 26,4 kg P rate, Interaction eflect of I

end ¥ on LAL at 10 WAP was not gignifici—*
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Table 9: PFPlant height and leaf area indice (LAL) of
proundnul (RRB) in mixtbture wilh moize (9410 0=l)
under Alfferent N sd 1T pabtes aoplied Lo vnise
ab Samaru, 1991 wel sesaon,

Treatment Plant height ©LA1 al LA1 at
al 12 WAY 10 WADPX 1% WAPH
(cm)*

—

Hitropgen (kg N/ha)

0 39,5 0.'11n 0, 50a
10 40,1 0,5ab C.%51a
80 #041 0,49 O.,28ab

120 41,6 0,510 Uy

160 42,2 0.54ab 0,274l

GB o+ 1454 0,054 0,025
ng

Ihophorua (kg P/ha)

0 59,9 0,500 {1y 50
26,4 40,8 0,580 0.7
52.8 41.4 0,Gbn 0.9
OE 4 O.51 0,047 0,07

ne L i

Inlerac tilon

HX P no nn it

*ieane followed by Lhe pame lelber(s) in cach Leeatoent
proup are not significantly dilferent al 5% level of
probablility uweing DMRT,

nny = Not mignificant at 5% level of probabillity.
WAP= Weekn after planting.
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4.7.% Leaf Arca Index {(LAI) of pgroundnut at 1% UAD

Groundnut LAI at 13 WAP wag not esignificomtily
affected by the application of 40 end 80 kg i/ha 1o
maize in the mixture (Table 9), Increasing K rale lo
120 kg N/ha gave a gignificantly higher LAI than no
nitrogen treatmwent but similar to all the other N
rates, Main effect of phosphorug and N and P

interaction were not significant on LAL at 15 WAL,

4,8 Correlation

&+8:1 Association among maige characlersg

The relationships between maize yield and yield
components are shown in Table 10, Maize yield was
positively correlated with 1000-grain weight, shelling
percentage, length and diameter of cob, kernel depth,
number of cobs per plant, stover yield LAI ati 10 and
1% WAP (r=0,6496, 0,5470, 0.83%83, 0,7595, 0,8353,
0,762%, 0,5286, 0,5073 respectively), but negutively
related with days to 50% tasseling and silking
(=0,7103, ~0.4656 respectively), With the exception
of days to 50% tasseling and silking, all the olher
characters were positively related to each obher bul
negatively related to the time of tasseling and
silking, However days to 50% tasseling and silling

were positively related to each other.
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41.8,2 Angocinllon awong groundnul ehorne berg

The relationship bebween pgroundnul charaeler
and yield attributes are presented in 7able 11, '“The

result has shown that groundnub kernel yield woo

ponitively aspociated with pod mnd haulm yicldan,
AL b 10 and 1% WAP and number of malLore pods per
plant (r = 0,9912, 0.5695, 0.4411, 00,2792, 0,626%,

respectively). The 100-kernel weighl wan

positively agsociated with groundnut chellin |
percentage (r = 0,5486), sSimllarly, pod yield wna
pooltively correlated wilh number of malure poda

per plant, haulm yield and LAL at 10 and 15 WAL

(r = 0,6381, 0,5855, 0,4189, 0,2902, respectively).
Groundnut haulwm yield was positively correlated with
number of pods per plant (r = 0,507%) but negatively

correlated to number of days to 50% {lowering

{r = ""00 3804) ™

4.9 Land Equivalent Ration (LER)

The data on land equivalent ratio (LER) are
shown in Table 12. PFertilizer application to mixtures
at the rate of 160 kg N/ha + 26,4 kg P/ha, 160 I l/ha
+ 52.8 kg P/ha and 120 kg N/ha + 52,8 kg P/ha cesulted
in maize LER comparable toc that of gole mwaize,
Groundnut LER was significantly higher for gole
groundnut than any of the fertilizer combinations ir

the mixtureg,
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Table 123 Land equivalent ratio {(LER) of maize (TZBSR-W)
and groundnut (RRB) grown in mixture at
different nitrogen and phosphorus rates at
Samaru, 1991 wet season.

Treatment Maize Groundnut Combined

(LER) (LER) (LER)
N F
(kg /ha) (kg /ha)

0 0 0.07e 0, 69bc 0,76f

0 26.h | 0,17de 0,67bcd C, 8lid-f

0 52.8 0.12e - 0.76b 0.88ef
L0 0 0. 33cde 0.50cd 0,83ef
e 26,0 0.2%de 0.56¢d 0.81ef
ho 52.8 0. 34cde  C,56ed 0, 90bf
80 0 0.61bc 0.48d 1.09a~1
80 26.1 O.148bcd  0.55¢d 1.03a=-£
80 52.8 0.6hLbc 0.5%cd T.15a~e *
120 0 0.59bc  0.55cd 1.1ka~e
120 26,4t 0.65bc  0.5B8bcd 1.23a~c
120 52,8 0.72ab 0, 49cd 1.21a~d
160 0 0,58be 0,60bcd 1,18a-e
160 26.h 0.78ab 0.57bed 1.35a
160 52.8 0.73ab 0. 56cd 1,2%9ab
Sole maize 1;00a - 1.00a-1
Sole groundnut - 1.00a 1.00a=-1L
SE # 0.100 0.059 . .11 !

*Means followed by the same letter in a column are not
significantly different at 5% level of probability using
DMRT. -
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The regult from the combined ILER showed that all
the fertiliger combinations had LER Comparable to
thoge of the sole crops, while 160 kg N/ha 4+
26,1 kg P/ha gave the highest value of 1,35, The
combined LER for all the fertilizer treatments of
00 to 160 g N/ha with various P combinations were
couparable to the highest obtained in the trial,
Application of 120 kg N/ha resulted in higher combined

TR than corresponding P levels without nitrogen,

4,10 Econonic Returns

The estimated returns for each of the treatments
as enlerprise are presented in Table 13, Revenue
generated from sole maize was comparable to that from
maize of the best three treatments in the mixtures;
which are 160 kg N/ha + 26,4 kg P/ha, 160 kg N/ha +
52 .8 kg P/ha and 120 kg N/ha + 52,8 kg P/ha, lowever
il rave a significantly higher revenue than that of
the ren = treatments in the mixtures, Revenue
obtained from sole groundnut was considerably higher
Lhien that rom groundnut from any of the treatments
in the mixtares, Highest combined revenue was
oblained Trom 160 kg W/ha combined with 26,4 kg P/ha,
‘criilizer application of 80 to 160 kg N/ha gave
comparable combined revenue to sole maize, Application
of 40 kg N/ha without P gave a significantly higher

returns per Naira cost of fertilizer than any of the
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Lroatments, The highest returns less fertilizer cost
vas realised from 160 kg N/ha + 26,4 kg P/ha, However
the returns was similar to that of both sole crops,
nixtures fertiliged with 80 to 160 kg N/ha and that
treated with 40kg N/ha without P, Groundniit haulm

wan not costed in the study,
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Chapter 5
5.1 Effects of Nitrogen on Maoize and Groundnut

Mgize yield and yield components responded
positively to nitropen applicntion. The sirnificont;
effect of nitrogen on the maize charnctors (eroin
yield, shelling percentage, 1000 ~ prain welrbt,
stover yield, number of cobs, lenrth and dirmetep
of cob, kernel depth, plant and enr heirhi, LAl gud
days to 50 per cent silking) con be attrilubed Lo
the low inherent total nitrogen content o the soil
(0.04% nitropen) which is below critical leve!
where response to nitrogen is expected according lo
the classification of soil fertility by Tnwezor el nl,
(1989).

Despite the low level of native nitroren of
the s0il, maize shelling percentsre, 100 - ~roin
weight, plsnt and ear heights, Lil snd days to 50%
silking did not respond to pitropen applicstion
higher than 40.kg N/ha. However high N rates
incressed grain and stover yields, number of cobs,
kernel depth, length snd dismeter of cob., 'This may
be due to low C:N ratio (19:1). AL norrow C:N ratlio
there is less immobilization of added nitroren by
soil microbes. Consequently there is peenbor
aveilability of added N for plant uptake. 'lherefore
under such conditions high nitrogen dose is not

required to effect significant response in plomt
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characters, Whereas under conditions of high C:N
ratio high dosage of nitrogen is needed to cater for
the amount to be immobillized by microbes and thay
required for plant productivity before gignificant
regponae to niitrogen application can be observed,
Grain yield of maize only increased with the
application of 80 kg N/ha, while stover yield was
increased by the application of 40 kg N/ha, The
Tack of response of malge grain yield to the low
nitrogen rate of 40 kg N/ha could be that the
dosage lag not high enough to sustain the crop
through vegetative stage and effect aignificant
response in grain yield, Application of nitrogen dose
higher than 40 kg N/ha was probably sufficient for
both vegetative and grain production to allow for
significant response in grain yield, The lack of
pignificant response of maize grain yleld to N rates
higher than 80 kg N/ha implies that the optimum N
level for maige grain production in the maige and
proundnut mixture has been attained, This ia
conslstent with results from the southern Guinea
pavannad of  Nigeria where maize grain yleld in a
mailze and groundnut mixture did not respond to
nitrogen level higher than 90 kg N/ha (Anonymous, 1984).
In contrast Searle et al., (1981) in Australia, did not

ohserve significant reasponse in malge grain yield to
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nitroren application in maize/groundnut mixture. The
obperved differences in the response to N could be
sttribnted to variation in the native N status of the
diflerent soils, as the soil of the study in
juglralia vas consldered to be sufficient in I,

"he positive effect of nitrogen application on
maize ghelling percentapge and 1000-grain weight
indicobe that nitrogen is essential for the
produelion of large sized grains (Mengel and Kirby ,
197¢)s  "his confirms the works of Ologunde and
Ogunlela (1984) and Prasad and Singh (1990) who
observed that nitrogen inereased 1000-grain weight of
maize.

The increase in maige:cob length and diameter,
kernel depth and number of cobs per plant with N
application observed in this trial agrees with the
findings of Prusty et al., (1987), and Prasad and
Singh (1990) who earlier reported similar observations
wvith 1 application to maize, It shows that nitrogen
application enhances cob bearing and production of
large sized cobs,

"he taller plants and higher ears obtained with
nitrogen avplication confirms the report of Al-Rudha
ind Al=Younig (1978) and Mengel and Kirby (1978) who
obocrved that nitrogen application inereased maize

plant heipht, Such responae is to be expected since
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N deficiency results in stunted plant (Ishizuka, 1971).
Inveriably maize plant and ear heights are closely
associated, The pogitive effect of N on maize LAI at
both 10 'and 1% WAP indicates that nitrogen is
important for the production of large sized leaves

and hence in increasing the photosynthetic capacity

of the leaves which could result in greater

production of assimilates for grain and vegetotive
production,

Nitrogen application reduced the days to 50,
agilking in maize, There are conflicting reports on
the effect of nitrogen on the silking time of wolze.
Ologunde et al. (1985) observed that nitrogen increasel
days to 50% silking, However other workers
(sharma, 1973; Al-Rudha and Al-Younis, 1978; Gangwar
and Kalra, 1988; Prasad and Singh, 1990) reported that
nitrogen application resulted in earlier gilking in
maize., The conflicting results may be atbtributed to
variation in the N gtatus of the different soils,
Black (1968) reported that application of 45 kg li/ha
resulted in earlier maturity where maize was
markedly deficient in N, ne further rcmarked that
when N is slightly deficient it had no effect on
earlinesg to maturity. 1%t is posgible that in the
present study insufficient available nitrogen for the
upe of maize at the low nitrogen level wizhl have

adversely affected the production of reprodvctlive



50

cells, According to Thompson and Troeh (1973) vlant
muat have adequate N before it can synthesize new
cells and that shortage of nitrogen could halti the
process of growth and reproduction, Also
Ishizuka (1971) remarked that shortage of nitrogen
inhibits cell division, resulting in slow emergence
of silk, On the other hand, nitrogen application
delays silking leading to late maturity (I1illar et al,,
1958).

Groundnut only responded to the application of
40 kg N/ha to maize in the mixture ligher nitrogen
rates had no further effect on groundnut characters
except for LAI at 10 and 1% WAP which responded to
the application of 120 kg N/ha, Nitroren depressed
both pod and kernel ylelds of groundnut, Thic
agrees with the report of Searle et al. (1931) who
observed that nitrogen depregsed groundnut yicld in
a maize/groundnut mixture, Since in this studiy,
maige and groundnut were planted on ceperate ridges
and that nitrogen was only applied to waize, Lhe
effect of nitrogen application was notl direcl on
groundnut, The observed effect is probably due to
the indirect effect of N in fostering vegetative
growth of maize plants resulting in the shading ofl
groundnut plant in the lower canopy. This explaing
why the no nitrogen treatment which had the lcas?i
maize LAI outyielded the nitrogen fertilized irealments.

The shading effect was probably respongible for

the apparent depression of groundnut kernel, pod and
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haulm ylelds, number of pods per plani, LAI at 10 and
13 WAP to nitrogen application, Therefore the
reduction of photosynthesls at the lower canopy aé a
result of the shading is the likely cause of
depression in the above-mentioned groundnut

characters when N was applied to maize in the mjixture.

5.2 EBEffects of phosphorus on mgize and
| Groundnut
MHong the yield components of maize P application
only significantly affected 1000-grain weight and cob
diemeter of maize. According to Mengel and Kirby (1978)
the amount of P fertilizer required by a crop depends
on the level of P in the soil sclution and the P
buffering capacity of the soil, Therelfore the ldck of
response of maize grain yield and most yield
attributes to P application is probably due to the
medium level of P (10.77 ppm) in the soil of the
experimental slite. The positive response of TO0U~grain
weight and cob diameter of maize to P applicaltion
indicates that phosphorus 1s essential for the
inprovement of the size of maize grains and c¢obs.
This agrees with the remarks made by Mengel and Kirby
(1978) that phosphorus principally affects the
development of grain,
The general response in the maize growth chor  .ers

to P application shows ihat mailze growth characters gave
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greater response to P than yield characters in tiis
&tudy. The significant response of stover yield,
plant and ear heights of maize to the application of
P show that phosphorus application improves the size
and height of maize plants, The positive effect of
F on stover and plant height should be expected
since P deficiency results in thin and stunted plants
(Mengel and Kirby, 1978; Thompson and Troeh, 1978).
It therefore confirms that P is essential for cell
division (Millar et al., 1958), thereby playing
significant role in increasing plant size and height.

The effect of P on maize LAI at 10 and 13 waP implies

that P is essential for the production of larpe size
maize leaves thereby confering better photecaynihetic
capacity.

Effect of phosphorus application on groundnmut
was only observed on LAI at 10 wAP, This general
lack of response of groundnut characters to F implies
that the P level in the soil of the trial site wus

sufficient to meet the P reguirement of groundnut,

5.3 Yield advantage of Maize/Croundnul

mixture as affected by Nitrogen and

Fhosphorus Application

The combined LER for the mixtures and sole
crops of maize and groundnut did not show any

significant yield advantage of growing the crops in
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mixture compared to the sole crops. Tt meons %hot
irrespective of the fertilizer combinagtions spplied
to the mixtures, prowinyg cither malze or proundnut
s sole with recommended N aond P of 120 - 20,4
kg/he (N, P) wvnd 23%.8 ke Y/ha for wnize and
groundnut respectively is as rood .u sny of Lie

mixtures. However furmers consider sole cropi.in::

a8 being risky., "This lack of observed yield :ivunlare

despite high level of N and I' fertilizstion cun be
sttributed to the high LER of groundnut in the

mixtures even when no fertilizer was applied.

However among the mixtures application of &O I
without phosphorus asppears Lo be sufficient.
S5e% Economic retnrns of maize/pround mixture

The combined revenue has shown thal similsye
revenue can be reglised from sole maize ns Lhe L of
the best in the mixtures, snd better returns Lthan
that of the mixtures without nitroren feriiliver
snd combinations of 40 kg N/ha with P 56 0 gnd
26,4 kg/hs., However revenue obtaincd from scle
rroundnut was sipgnificantly lower thon that or the
mixtures that reczived 120 snd 160 Lo H/ha wilh
exception of those that were not fertilized wiih I,
The differences between bLhe revenue ,enerstion
capacity of the sole crops can be aliributed to the
high yield of maize than groundnut,

Considering the prross returns, applicotion of

80 kg N/hs without P rave the opbtimun retumns,

I/ha
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However in view of the continuous incresse in the
cost of fertilizer und its scsrcity over the

past decade, il is pertinent to include Lhe cost
of fertilizer in sssescinge the profilsbility of
the accrued revenue from the producc, Since it
is the most important variable cost ror the

production of the mixture especially for the small

scale fgrmers, 'This catepory of faruers whose
crop production is mainly in mixtures don't
have the strony finsncial base to fool the hiprh
fertilizer cost that roes with hiph fertilizer
dosage to crops cven if it is more profitable,

In this respect the lertilizer rate that pives o

high returns per Nairs invested on fortilizer may
be more impressive to such formers. ‘The hichest
returns per Naira invested on fertilizer was obbained
from the application of 40 k¢ N/ha +ilLhout 4
followed by 80 kg N/ha without Po 'he comined 1t
has shown that application of 80 lg* li/ha + 0 ke /ha
was the lowest fertilizer combinstion that rave
comparable value to the highest Liolte Thercfore
considering the economic returns, the combined 1Ll
and the medium level of availsble soil phosphorus
in this study, application of 80 ki N/ha without
phosphorus uppears Lo be wosl impres:ive for the

maize/ecroundnut mixture.

5«5 Implicotion of soil anslviicsl daots

Soil anaslyticnl data showed the potassium
level of the soil of the triasl site to be 0,09

meq/100p of soil, Thig is below the uriticsl level

of 0.20 mea/100¢ of s0il according Lo soll
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classification by Enwezor el gl. (1989)., [Potassium
deficiency leads to poor cob formation

(Millar EE E&" 1958), It was not possible for the
trisl to receive s blanket applicobion of potossium
due to non = avsilability. Perbaps this was
responsible for the low maize yield reported in

this trisl,
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Chapter 6

SUMMARY AND CONCLUSICON

The field trial was conducted in the 1991 wel
season on the farm of the Institute for Agricultural
lesearch, Samaru (11° 11N, 7° 38'E) in the northern
Guinea savanna ecological zone of Niperia.

Five levels of nitrogen (0, 1,0, 80, 120, 160 kg
N/ha) end three rates of phosphorus (0, 26.);, “2.0
kg P/ha) which were the main plots and sub-plots
treatments respectively were applied in various
possible combinations and replicated four times. In
each replicate sole maize and sole groundnut were
srown for yield comparison.

Applied nitrogen had significant effect on maize
vield and yield attributes Viz,, shelling percentage,
1000-grain weight, length and diameter of cob, kernel
depth and number of cobs per plant, Maize grain
yield was significantly increased when level of applied
nitrogen reached 80 kg N/ha, Further increase in N
had no significant effect on maize yield. HNumber of
cobs per plant, cob length and kernel depth increased
significantly with increasing nitrogen level up to
B0 kg N/ha., However marked increase in maize shelling
percentage and growth characters such as plant and
ear heights, and leaf area index were only obgerv.

when N level was raised from O to LO kg N/ha,



o7

Phosphorus significantly increased maize
1000=-grain weight, cob diameter, plant and eazr Leights
when applied at 52.8 kg P/ha, Stover yield increased
with increasing phosphorus rate up to 52,0 kg P/ha,
Nitrogen and phosphorus interaction had no
significant effect on any of the maize parameters.

Nitrogen application to meize in the mixture
resulted in depression of both pods and kernel vields
of groundnut probably due to the shading coused by
vigorous maize plants, Phosphorus only increased
groundnut LAI at 10 WAP., Nitrogen and phosphorus
interaction had no significant effect on any of the
groundnut characters.

Maize grain yield was positively correlaled
with 1000-grain weight, shelling percentage, length
and diameter of cobs, kernel depth, number of cobs per
plant, stover yield and LAI at 10 and 13 WAP, but
negatively related with days to 50% tasseling and
silking. Kernel yield of groundnut was positively
associated with pod, and haulm yieldssLAl al 10 and 13
WAP and number of mature pods per plant.

The highest combined LER of 1.3% was oblained
from the application of 160 kg N/ha + 206.l} kg P/ha,
However none of the fertilizer combinations in the
mixture gave higher LER than each of the sole crops

Application of 4O kg N/ha without phosphorus pave L
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highest returns per Vaira invested on ferlilizer,
followed by 80 X 11/ha 4+ 0 kg 1'/ha. Furthermore
application of 80 kg N/La + 0 kg P/ha was the lowesl
fertilizer combination that effected sipnificant
increased in combined IR, Therefore considering tle
LR, economic returns and the medium level of native
goil P in the present study application of 80 kg l/lLa
without phogphorus appears to be sufficient for the

productivity of maize/groundnut mixture,
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Appesdix 13 Hainfoll distrioution in Samaru for the year 1991 (mm)

Jun, Feb. Mor, Apr. May June July Aug, Sept. Oct, Nov. Dec,

Hays

110 11,0 l|,2.0 22.1 71.0 56.9 20,0 28.7

11=20 Wie7 0.7 6301 7.5 22,7 103.2 25,1

21= 91 2841 137.9 57.4 95.9 168,9 6.1

Tot l hh.r{ 4I|7-B 21‘3'0 87-0 189;6 329.0 51.2 28.7

Sources retcorolopgienl Unit, Indtitute for Apricultural Research, Samary

dorla ’ l]’.;"-ll B
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Appendix 2: Thysicochemical propertiea of the
0~20 cm depth of the soil at the

gxperimental site.

Physlcal property Value
sand (%) . o 51
silt (%) - o | 40
clay (%) | | 9

Textural Class _ Sandy loauw

Ghémical nroperty

pH (1,0) | 5.7
pH {G,01M Ca012) : ' 5.1
Organic carbon (%) ' 0.4
‘Total nitrogen (%) 0.04

Available phosphorus (ppm)(Bray ~ 1) 10,77

Calcium meq/100g of soil _ 0.01
Potassium Meq/100g of soil 0.09
Magnesium Meq/100g of soil 0.39
Sodium Meq/100g of soil _ . 0.10

CEC Meq/100g of soil - 5.2
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