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RESPONSE OF MAIZE GRAIN YIELDS TO RATES AND SPLIT APPLICATIONS OF
NITROGEN AND NPK COMBINATIONS IN THE SOUTHERN GUINEA SAVANNA OF
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Running title - Maize yields response to rates and split application of fertilizer

ABSTRACY

Do field experiments viere comducied on the same field ar Minna, sovthern Guine SEVRNG o
ecolugical zone fo investigate the response of maize grain vields 1o different rares and splie
applications of n trogen and NPK combinations, 7 he twe experiments had o split plot desisn fitted
W0 a randomized complete block with three replicates. The main plots in the fwo EXPEFIMCHTS Were
the levels ar 30, 60, 99 and 120 kg ha-1 N and NPK. The subplos vere the three methods of splir

applications, single, tvice and thiee times. The soil af the site has inherent medivam fortilite status,
- There swas ne respoise of graia vields io nitro gen ferdiiization. Application of frdi dose af nitrogen ar
Planting iime gove significanly (P<4.05) igher grain vield than three split applications. Geain
yield of 4374 kg ha-Twas obtained Wil the application of 90 kg N ha-lin fudi while 5448 Kg f-
Dwas obtuined with 94 kg NeP-K ha-Iwhich was significantly (P<.(. 05} higher than 3323 and 2906
kg fra-d prociuced by application of 3t} and 60 kg NPK ha-1respecti vely. The rate of 90 kg N -
fxeems w be the ORUBRIN O maize in the soil. Conmparatively higher grain yvields were produses BRIy
NPK combinations than witrogen aloae suggeshing thai swize respond more (o nitrogen wiih

adeguaie suppiv of nhos oltaris and potassivs,
¢4 7478

Key words: Maize, yields, Nirates, NPK. split application

INTRODUCTION in 1989, Thus, maize which was traditionally

EXOWn as a subsisience crop in small plots in

Maize (Zea mays L.) is one-of the most home gardens has been transtormed into a
important cereal crops in Nigeria. The commercial and profitable crop i the
importance of maize in human diet, livestock farming svstems of the different agro
feed and as raw materials for industrics has ecological zones of Nigeria. Per capital
wereased rapidly in the Jast two o three maze conswnption has been reported to he
decades (Fakorede ot al.,, 2003). The growing at the rate of 0.3 9 annually
increased imporiance is such fhat inasurvey between 1983 to 1992 in West Africa

of farmers in 27 villages studied in northern {Adesinaetal., 1999},
Nigeria by Smith et al. {1993), maize has
evolved as a major food crop inn 33 % of the Maize has a high and relatively rapid

v

villages in 1970 to a major food crop in 96 9 nutrient requirement and the hi cher the
and a major cash crop in 70'% of the villages yield; the more nutrients are exported from

108
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the fieid. A grain yvield of 1 t ha-~1 led to the
remnoval of 25, 6 and 15 kg ha-1 of NPK
respectively from the field while a grain
vield of 7 t ha-1 resulted in the export of 128,
20 and 37 kg ha-1 of NPK respectively from
the ficld {(Sanchez, 1976). The high yiclding
wnproved maize varieties and hybnids that
are cultivated by farmers nowadays will,
therefore, vesult in high export of nuirients
from the soil, There will therefore be the
need for adequate fertilization of the crops to
enable them attain their yield potentials. The
inherently low fertility status of savanna
soils (Tian et al., 1993) suggests that the soil
inherent nutrients supply will not be
adequate for high maize yield and external
inputs of nutrients will be required. The
current {ertilizer recommendation for maize
in the Nigerian savanna is 120-60-60 kg N,
P205 and K20 (NPK) ha-1 respectively
{Balasubramanian et al., 1978}, though a
Inpwer rate of 80 kg N ha- | has been proposed
{(Uvovbisereetal,, 1990).

The timing of fertilizer application depends
on the soil, climate, nuirients and crop
{Tisdale et al., 1993). This is governed by
basic considerations of making the nutrient
available when the plant needs it and
avoiding cxcess availability of nutrients
especially of N, before and after the principal
period of plant uptake {Brady and Weil.
1999}

The general recommendstion of time of
application of fertilizer nutrients in the
savanna ecology of Nigeria is the supply of
full dose of recornmended phosphorus (P)
and potassium (K) and half or one-third 6f N
at planting time and the remaining N at4 10 6
weeks after planting (WAP). Some studies
have however, found no beneficial effect of
split apphication of N on maize grain yield in
the savanna. Remisopn {1 980) found that spht
apphication of 80 kg N ha-1 i equal doses at
planting and at six WAP was of no advantage
over single application of the same amount

109

of N in the savanna of Nigena. In the sam
savanna, Balasubramenian and Singh
{1982), reported no significant difference
maize vields with full and split
applications.

The twice application of N are tied to period
of high N demand by the crop. But the majze
plants have a third growth period, between
seven to eleven WAP which coincides with
the tasselling growth stage when there is
high demand for N (Tisdale etal., 1993}, The
supply of N at this growth stage may also
have a significant effect on the grain yield of
nyaize. '

I
332
~

N

In light of the aforementioned discussion.
the objectives of this study was therefore
conducted to determine the effects of
different rates of N, P, and K as supplicd by
fertilizer sources and the split application of
these nutrients based on the physiological
growth stages of maize as it affects grain
yield of maixe mn the southern Guinea
savanna of Nigeria.

MATERIALS AND METHODS

Experimental Site Characteristics

The study was part of a long-term fertilizer
trial established in 2008 at the Teaching and
Research Farm of the School of Agriculture
and Agricultural Technology of the Federal
University of Technology. Minna (90 41" N:
6t 31° E; Southern Gunea Savannag
Ecology}. Leng-term mean annual rainfall at
the experimental site s [200 mm. Rainfall
pattern is mono-modal with the rainy season
starting 1 April or May aond ending m
October. Monthly rainfall during the period
of study is shown ia Table . The soil of the
site is an Alfisot {USDA) with sandy clay
loam surface soil texture. The field was left
faltow for over five years prior to this study.
The fallow vegetation consisted mainly of
weeds, Tridax procumbens. Calopogonium
muconides, Bracharia deflexa and Digitaria
horizontalis.
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Experimental Design and Treatments
The two experiments (1 and 2) were

condocted on the sawe field. Experiment 1
had twelve treatments consisting of four
levels of N, 30, 60, 90 and 120 kg N ha-t
supplied by urea fertilizer with each lovel
applied in three ways (once all applied at 3

weeks after planiing {(WAP), twice - half

applied at 3 WAP and the remaining half at
HO-11 leaves growth stage of the plant and
thrice one-third applied at 3 WAP, one-third
applied at 10-11 leaves growih stage and the
remaining apphed at tasselling growth stage
of the plant). Experiment 2 also had twelve
treatments made ap of 20, 60, 90 and 120 kg
NPK ha-1 supplied by NPK, 15: 15: 15
compound fertihizer and each level applied
the same way as in Experiment §.

The two experiments had the same control
{no fertilizer application). The treatments
designation and description for Experiment
I and 2 are shown in Tables 3 and 4
repectively, The two experiments had a split
plot design fitted to a randomized complete
block (RCB) with three replicaies. The main

plot freatments were the different levels of

the nuatrients and the subplots were the three
methods of application. The field was
divided into three blocks with each block
representing a replicate of the main plots
which measured 42 mx 30 m with a stripof 3
m separating them. The subplofs were
randomized within each main block to give a
total of 75 experimental plots. The size ofthe
subplot was 4.5 m x 6 ni (27 m2) separated
from one anciher by an alley of I m.

Land Preparation and Crop Management

The field was cleared manually of existing
vegetation, mechanically ploughed and
harrow;d Ridging was done wmanually.
Mairze variety, Oba-98, was planted on 12
July, wsing 3 seeds hill-l at interplant
spacing of SO cm and 75 com inter-row
spacing. The seedlings were thinned to 2
seeds hill-l 2 WAP to give a total plant

116

population of 53,000 plants ha-1. The plots
receiving fertilizer application had their
application at the appropriate times by single
bai d about S cm deep. made along the 1 dge,

5 to 10 cm away from the plant stands. The
feﬁi}izers were incorporated. Weeds were
controlled manually with hoe when
necessary. Al p}mf; were remolded at the
m\sellmgz stage in place of last weeding as
commonly practiced in the area.

SOILSAMPLINGANDANALYSIS

At the initiation of the study, before land
preparation, fen core soil samples were
collected from five poiats along two
diagonal transects on the field and bulked
together toc form a composite sample for
analysis. Analyses were carried out using
standard procedurc as described by
Anderson and Ingram {1993). Brietly.
particle size distribution was by Bouyoucos
hydrometer method. Soil reaction was
determined potentiometrically in |: 2.5 soil
to 0.01 M CaCl2 suspension with the glass
electrode pH meter. Organic carbon was
determined by the wet dichromate oxidation
method. Exchangeable bases were
determined by extraction with neutral IN
NH40OAc. Potassium was determined with
flame photometer while calcium (Ca) and
magnesian (Mg) were determined using the
atomic absorption spectrophotometer.

Available P was extracted by the Bray P |

method. The P concentration in the extract
was determined colorimetrically using the
spectronic 70 spectronic meter, Total N wasg
determined by the Kjeldahl digestion
method, -

YIELD AMNALYSIS

Maize grain yield analysis was carried out by
harvesting maize ears in the two central rows
leaving owt border plants at both ends (net
plot4 9m’), dried, shetfed and w eighed.
Statistical <Xn¢dys.1>
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Analysis of vanance (ANOVA) was carried
out using the GLM Procedure of SAS {(SAS
Inst,, 20003, Means separation was done
using Least Significant Difference (LSD).

RESULTSAND DISCUSSION

Initial Seil Properties

The initial properties of the soil are shown in
Table 2. The texture of the soil was sandy
clay loam with moderaiely high amount of
clay particles. The clay particles moderately
high amount may inhibit leaching in the soil
and hence the soil may not respond to split
application of nitrogen (N). The soil was
slightly acidic and low in organic carbon
{7.46 _g kg-13. The soil total N and
exchangeable magnesinm (Mg} were high,
while the value of available phosphoras (P).

S

exchangeable calcium (Ca)} and potassium
{K) were medium i the soil (Kparmwang et
al., 2001). The soil is adeqguate in available P
for maize cropping {(Adecoye and Agboola,
1984; Aune and Lal, 1997). The inherently
medium fertility status of the soil may be due
to the long period of fallow of the soil. This
might have accounted for low response to
gpphicd nutients by crops growing in the
soil.

Response to Different Rates and Split
Application of Nitrogen

The effect of N rates o maize grain yigld
was not significant (P>0.05) (Table 35). The
highest yield of 2912 kg ha-1 was obtained
with application of {20 kg N ha-1. The lack
of response to N may be partly attributed to
the high soil total N content (5.11 g kp-1).
Another reason could be due to the non-
application of P and K. Several studies have
reported  that response to N s osually
obtained with adeqguate fortilization with P
and K (Odedina, 2003; Uyovbisere et al.,
200(). The resulis scem to confirm the
assertion by Uyovbisere et al., (2000} that
the current recommended rate of 120 Kg N
ha~1 may not be the most economical.

i1t

There was response to splitapplication ot N.
The single application of the full doss of N
resulted in a grain yield of 3646 kg ha-1,
which was significantly {(P<0.05} higher
thanthe yicld of 1904 kg ha-1 obtained when
N was applied in equal doses three times
{Tabie 5). These resuits were consistent with
those of Remison {1980} and
Balasubramanian and Singh {1982} whao
reported that sphit application of N in equal
does has no advaniage over single
application. Areport by 1AR (1978}, showed
that split application of N three times has no
additional yield advantage over two split
applications. N is a mobile nutrient in the soil
and subject 1o rapid leaching from the soil
and this is why its split application is
recommmended so as to synchronize its
supply with the period of greatest damnand by
maize and to minimize i3 loss by leaching
{Brady and Weil, 1999}, Rut the seil of the
study site has a moderately high amount of
clay particles which will minimize leaching
of N from the soil thereby not allowing smuch
of the applied N to be lost when applied in
single dose at planting fime. This way be
another reason why the single application
had higher grain yield then the three split
applications and slightly higher yield than
the twa spitt applications.

The effectof different levels of N, Pand K on
grain yield was significant {P<0.05). The
highest grain yield of 5448 kg ha-1 was
obtained with the combination of 90 kg each
of N,P and K ha-1 (Table 6). The lowest
vield of 2906 kg ha-Iwhich was
significantly {(P<0.05} lower than other
combinations was obtained with the 60 kg
cach of N, P and K ha-1. The relatively high
yield of 3323 kg ha-1 obtained at 30 kg each
of N, P and K ha-1 seems to indicate a high
efficiency of N, P and K nase at their low
levels of application. Therefore, the current
recommernded rate 0f 1 20-60-60 kg N, P2 O35
and K20 (NPK) in the Nigeria Savuanna
{Balasubrarnantan et al., 1978} may not be
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considered optimum  with all factors
considered. The results were also. an
wdication that N requirement by maize can
be substantially reduced when K and P are
apphed in adequate amounts. Similar
observation has been made by Odedina
{20085).

There was no response to the split
application of the N, P and K nutrients. The
two times split application gave the highest
grain yield of 4292 kg ha-1, which was not
significantly (P>0.05) different from single
and three split applications { Table 6). Spitt
application of K has been reported to have no
significant effect on the grain vield of maize
at Mokwa in the same southern Guinea
savanna {1AR, 19783, The results confirmed
the general recommendation of application
of full dose of P and K at planting in the
savanna of Nigeria.

Interaction of Levels and Split Application
of Nitrogen on Grain Yield

The interactive effects of the levels and split
applications of N on grain vicld of maize are

e

shown in Table 7. Grain vield was relatively
high, 3833 kg ha-1 where no N fertilizer was
applied. The reason for this result could be
due to the high total N and medium content
of P and K in the soil. The soil available Pis
adequate for maize cropping (Adeoye and
Agboela, 1984; Aune and Lal, 19973, Trials
conducted at Mokwa showed no response by
maize to K application (NCRI, 1987). The
highest yield of 4574 kg ha-1 was obtained
when the 90 kg N ha-1 was applied once
without splitting. This is similar to the 80 kg
N ha-1 economic optimum proposed by
Uyovbisere et al., (1990) for the savanna of
Nigeria.

in most cases, the three times split
application gave the lowest grain yield
confirming the appropriafeness of the
seneral recommendation  of two split
ipplications of N for the savanna zone. The

application 6f 30 kg N ha-1 once and 60kg N
ha-1 in two split applications gave relatively
high  yield of 3945 and 3834 kg hal
respectively. These results indicate that at
low levels of N application as practiced by
mujority of farmers, split application of N
nily not be necessary. Bot with moderate
rate of 60 kg Nha-1. split application (twice)
may be more appropriate :
Interaction of Levels and Split Application
of NPK on Grain Yield

The interactive effects of the levels and split
application of NPK on grain yield of maize
are shown in Table 8. Grain vields obtained
ranged from 2182 10 6796 kg ha-1. These
values were higher than the range of 1040 to
3850 kg ha-1 reported by Odedina (2003) in
the huomid southern part of N igeria. The
savanna zones of Nigeria have beén reported

o be the most suitable arcas for maize

tJagtap, 1995) and yield potential is high
comipared to the humid environment
{Kassametal., 1975).

The highest grain vield of 6796 kg ha-1 was
obtained with two split applications 0 90 kg
NPK ha-1 which was more than 54 % hi gher
than the yield obtained with similar
application of 120 kg NPK ha-1. Similar
observation has been made by Odedina
(2005} who opined that high application of K
is inappropriate and may lead to imbalance
nutrition in the crop. The high rate 6of N and
K which were in excess amounts might have
been leached by attendant high ramfall
during the second application of the
fertilizer.

Al all levels of application, the two split
applications gave consistently higher grain
yield then the single or three sphit
applications except at 120 kg N level, This is
conirary io the general recommendation of
application of full dose ot Pand K at once but
agrees with the general recomimendation for
Ninthe savanna zone.
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Comparatively, the apph ation of NPK
irrespective of the split application gave
higher grain yield than the application of N
alone (Tables 7 and 8} Thesc rosults are
consistent with the findings of other workers
that the application of these nutrients, N, P
and K are important for enhanced vield of
maize in Nigeria {Adediran and Ranjoko,
2003; Akintunde et al, 2000: Qdedina,
2005) and response to N by maize is higher
with adequate fertilization with P and K
{Uyovhisereetal., 2000).

CONCLUSIONS

The conciusions from this study were that,
response to N by maize is enhanced by
adequate fertilization with P and K. Spiit
applications of N, Pand K vwo tines in egual
doses will lead 10 greater productivity of
naize crop, but split applications will not
enhance grain yield at lower than 650 kg N ha-
1. Three split applications of NPK will not
result in any significant yield advantage. The
rate of about 90k« N ha-1 is the optimuni ruie
for the maize crop. It is recommended that
this study be conducted over jong
experimental  period 1o bave definintve
conclusions.
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Table 1. Monthly rainfall during the period of study in 2083,

Month Rainfal Gnm)
January 0.0
February 0.0
March 0.0
April 2514
May 97.6
June 66.1
July 216.2
Aungust A00.6
Séptember 264.2.
October 100.1
November 0.0
December 0.0
Total LORG,6

Table 2. Selected physical and chemical properties of the soil before land preparation.

Properties Valus
Sand (gkg™) 640
Silt (gkg™) 90
Clay (gke™) 270
Textural class Sandy clay loam
pH (Cacly) 3.5
Organic Carban (gkg™') 7,46
Total Nitrogen (gkg ) 511
Bray PI (gkg™) 11
Exchangeable Ca cmo 1kg™) 240
Exchangeable Mg cmo Ii—;g,"f’_’} 1.18
Exchangeable Mg cmo Ike™) 0.26
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Table3. Treatment designation and description of Experiment 1

S/Ng Treatment designation Treatment description
i Al 30kgNha™ Applied Once
2 A2y 30kgNha Applied Twice
3 A3z 30kgNha' Applied Three
4 Bl 60kgNha' Applied Once
s B260 6()ng113'1 Applied Twice
6 B3 60kgNha' Applied Three
7 Cilog 90keNha™' Applied Once

8 Clanp 90kpNha™' Applied Twice
9 C3a5 90kgN ha'! Applied Three
10 Dl 120kgNha' Applied Once
11 D215 120keNha™ Applied Twice
i D310 i 20keNha” Applied Three

A, B, C, D-represent Urea fertitizer.

Fabled. Treatment designation and description of Experiment 2

S/Ne Treatment designation Treatment description
1 Elsp 30kgNPKha " Applied Once
2 E23 - 30kgN PKha"} Applied Twice
3 E330 30kgNPKha ' Applied Three
4 : Flge 60k gNNPKlm‘i.A pplied Once
R F260 60kgN I?Kha"j Applied Twice
6 340 60kgNPKha' i; Applied Three
5 Gl 90.ng1’le3-,: Applied Once
8 G2 90kgNPKha™ Applied Twice
g G3op 90kgNPKha” Applied Three
10 HiL 120kgNPKha Applied Once
i H21, 120kgNPKha ' Applied Twice
12 M3l 1 2('{&:,(:'{,'?\“P§'»‘Zha'I Applied Three

iia
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Table 5. Effects of different rates and split application of nitrogen on the grain vield of maize.

Tretmenmt 0 = a8 Grain yield (Kgha™y
N fevels (Kg N ha 'y (N) -

30 , 2454a
60 2830a
90 ' 25864
120 2912a
LSD 1434
Significance NS
Number of Applications (A) :
Once 3606a
Twice 2598ab
Thrice 1904b
LSD [242
Significance 2

Means followed by the same letter(s) are statistically similar at P<0.05
* Signiticant at P<0.Q5
NS Not signilicant

Table 6. Effects of different rate and split application of nitregen, phosphorus and potassinm
on the grain yield of maize.

_Treatment Grain yield (Kgha )
NPK levels (Kg N ha™') ()
30 3323b
a0 2906b
90 5448a
120 3644ab
LSD 1897
Significance %
Number of Applications (N)
Once 3715a
Twice ' 292a
Thrice 3484a
LSD 1643
Significance 7 *

Means followed by the same letter (s) are statistically
similar at P< 0.05

* Significant at P<0.05

NE Not significant
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‘able 7. lateractive respomse of maire grain yield (Kg ha-1) to different rates and split
appiication ofnitrogen,

Application rate (kg NPK ha'' Split Application

R o Onge 1 Twice Thrice Mean
0 3833 | ' [
30 3845 1574 1933 2484
60 245 3834 2202 2830
90 4574 1813 1370 25R6
120 3453 3170 2111 2911
Mean 3607 2598 1904

1172

LSD 2485

Table R Interactive response of maize grain yvield (Kg ha-1) to different rates and split
application of NPR compeound fertilizer.

Application rate (kg NPK ha'') Sphit Application
Once Twice Thrice Mean

§) 833
30 2944 3303 992 29590
60 2592 3044 2182 2906
STE R , 4623 6796 4926 5448
120 _ 3700 4125 4106 3644
Mean 3465 4292 3484

1350
LSD 3286
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