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Nitrogen Fertilizer Management Effects on Maize Grain Quality
in the West African Moist Savanna
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ABSTRACT

Until recently, breeding programs in Africa placed little emphasis
on grain quality improvement. Consequently, some farmers have not
adopted improved high yielding varieties because they lacked desired
quality characteristics for processing and other end uses. We con-
ducted this study to determine the effects of N application on some
maize (Zea mays L.) grain quality parameters. In 1993 and 1994, five
maize cultivars under four N levels (0, 30, 60, and 120 kg ha~') were
evaluated at Zaria (11° 11’ N), northern Nigeria, on a Plinthustaif
(fine-loamy isohyperthermic). Increasing N levels increased grain
yield, kernel weight, and grain protein quadratically for all the culti-
vars. The hybrid 8644-27 had the highest grain yield and kernel weight
of 5.3 Mg ha~' and 26.62 mg kernel™), respectively. Average grain
protein yield per unit area was not significantly different among culti-
vars in both years. At 30 to 60 kg N ha~’, the cultivars 8644-27 and
TZPB-SR had a greater percentage of floaters, than the other cultivars
in both years, reflecting a greater proportion of floury endosperm,
indicating that they would be best for traditional dry milling, where
the whole grain is ground to produce flour. Also, at 30 to 60 kg N
ha~!, SPL and TZB-SR had a relatively low percentage of floaters
and high test weights of over 811 kg m * in 1993 and 778 kg m " in
1994, and should give high yields of grits when processed. Thus, both
cultivars have high value for industrial dry milling. Results showed
that the choice of cultivar and N level may affect grain quality and
they should be considered in producing maize for dry milling purposes.

IN AFRICA, maize is a major staple food crop. 1t is
eaten fresh on the cob or the grains are processed
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into different products for a wide varicty of traditional
and industrial end uses. It is also valued as fecd for
livestock.

Yield potential is high (7-8 Mg ha ') in the moist
savanna because of favorable environmental conditions
(Kassam et al., 1975). Maize has become the mostimpor-
tant cereal crop grown in this zone. Breeding efforts to
develop high yielding, disease and pest resistant varie-
ties of maize have encouraged wide adoption of maize
by farmers, resulting in substantial increases in maize
production and productivity (Badu-Apraku et al., 1995).

Until recently, however, breeding programs in Africa
have placed little emphasis on grain quality improve-
ment in terms of processing and nutritional properties.
In some cases. improved high yielding varieties have
not been adopted by farmers because they lack the
desired quality characteristics for processing and some
end uses (Thé et al., 1989; Badu-Apraku et al., 1995).

The quality of traditional or commercial maize prod-
ucts depends on certain endosperm characteristics.
These include chemical properties such as protein, oil.
sugars, and starch content, and physical properties. in-
cluding test weight, percentage of floaters, dry milling
vield (% grits), and kernel size. Large varietal differ-
¢nces have been observed in some of these quality char-
acteristics (Sabata and Mason, 1992; Kling and Okor-
awa, 1994; Okoruwa, 1997).

Nitrogen fertilization is an important agronomic prac-
tice for maize production in the West African moist
savanna. Maize cultivars differ in grain yield response

Ahbreviations: GPC, grain protein conceniration.
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Table 1. Characteristics of cultivars used for study in 1993 and
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Table 3. Grain yield, kernel weight, and grain protein of five

1994.+ maize cultivars, 1993 and 1994.

. Grain protein
Cultivar Type Color Texture Grain Kernel P :
TZB-SR Open-pollinated White Semi flint Cultivar yield weight Concentration Yield
EV8728-SR Open-pollinated Yellow Semi dent ) ) _
87TZPB-SR Open-pollinated White Dent Mgha'!  mg/kernel g kg kg ha
SPL Open-pollinated White Dent ng';'gRSR g'll' gé.g; ggi 323

Single- s hybrid Yellow Flint EV8728- . . .
ahas oy 87TZPB-SR 4.8 2691 79.6 395
. . . SPL 4.9 24,53 82.6 423
to N fertilization (Kling et al., 1997; Oikeh et al., 1997). $644-27 53 26.62 756 415
Studies conducted in the USA have shown that in- SE 0.19 0.53 153 21.1

creased soil N levels increased kernel density and grain
protein content of corn and decreased kernel breakage
susceptibility (dry milling parameters) (Bauer and Car-
ter, 1986; Sabata and Mason, 1992). Little information
is available on the influence of N fertilizer application
on maize grain quality in developing countries where
maize is used primarily for human consumption.

The objective of this study was to determine the ef-
fects of N fertilizer application on quality parameters
of five maize cultivars grown in the West African
moist savanna.

MATERIALS AND METHODS

A field study was conducted at the experimental farm of
the Institute for Agricultural Research (IAR), Zaria Nigeria
(117 117 N, altitude of 686 m), in the 1993 and 1994 growing
seasons. Four improved. late maturing (120-d) maize cultivars.
EVE728-SR. Mokwa 87TZPB-SR. SPL (semiprolific, from
CIMMYT, Mexico). 8644-27 (hybrid), and TZB-SR, a widely
grown open- pollinated, late maturing cultivar developed at
HTA were grown with N application levels of 0, 30. 60), and
120 kg ha™'. Cultivars are described in Table 1. The study was
conducted on a weli drained and moderately acid (pH in
water 5.2) loamy sotl, classified as fine loamy, isohyperthermic
Plinthustalf with organic matter content of 5.1 g kg 'and total
N of .54 g kg™'. Meteoroalogical data were collected during
the study period.

The treatments were arranged as a split-plot in a random-
ized complete block design. with four replications in the first
year and five in the second year. Nitrogen levels were the
main plots (31.5 by 6 m) and cultivars were the subplots (6
by 5.25 m). Each subplot consisted of seven maize ridges 6 m
in length and 0.75 m apart.

T Averaged across N levels and years.

The cultivars were planted early in the season on 28 May
1993 and 16 June 1994. Plant population was 53 333 plants
ha™'. Basal application of 26 kg P ha™'. 50 kg K ha ', and
1 kg Zn ha™' was applied based on standard soil test values.
Nitrogen was applied at 2 wk after planting as calcium ammo-
nium nitrate containing 27% N. The highest N level of 120
kg ha™' was applicd in two cqual splits at 2 and 5 wk after
planting to minimize potential leaching losses (Enwezor ct al.,
1989). Weed control was done by hand.

Two interior rows were hand harvested for grain yield.
Samples from each plot were collected for determination of
grain yield, yield components, grain moisture content, grain
protein content, test weight, and percentage of floaters. Grain
moisture was detcrmined using a Dickey-John grain moisture
meter (Dickey-John Co., Auburn, IL). Grain yields were cor-
rected to a 150 g kg™' moisture basis. Kernel weight was
determined by counting and weighing 1000 kernels, and ex-
pressed as grams per 100 kernels.

Grain N content was determined by using an autoanalyzer
{Technicon Auto Analyzer II). Grain protein concentration
(GPC) was reported as N X 6.25 on dry weight basis. Grain
protein yield per unit area was obtained as a product of GPC
and grain yield per unit area.

Test weight, a measure of kernel bulk density, was obtained
by weighing 110 cm*® of grain with moisture content among
samples ranging from 140 to 150 g kg ™' (Kikuchi et al., 1982).
Floatation test, a measure of kernel hardness (an indirect
estimate of horny/floury endosperm ratio), was done by plac-
ing 50 randomly selected kernels in a 200 mL solution of
NaNO; of specific gravity of 1.275 (Wischer, 1961). The num-
ber of kernels that float was calculated as a percentage of
the total.

Table 2. Significance of year, N-fertilization level, cultivar, and interactions on test weight, percent floaters, grain protein, 100-kernel

weight, and grain yield of maize in 1993 and 1994.7

Probability level of F

Grain protein

Test Percent Kernel Grain
Source of variationz NDF DDF weight floaters Concentration Yield weight yield
Year 1 7 <0.01 <0.01 0.01 0.01 <0.01 0.02
Nitrogen (N) 3 21 0.27 <0.m <0.01 <0.01 <0.01 <0.01
1l 1 21 0.26 <0.01 <0.01 <0.01 <0.01 <0.01
No (1) 2n 0.58 0.53 <0.01 <0.01 <0.01 <0.01
N X Year 3 21 0.37 0.61 0.56 0.24 0.42 0.50
Cuttivar (C) 4 111 <0.01 <0.01 <0.01 0.16 <0.01 0.05
NxC 12 111 0.40 0.16 0.62 0.88 0.30 0.72
C X Year 4 111 0.06 <0.01 0.09 0.42 0.12 0.25
N x € X Year 12 111 0.02 <0.01 0.79 0.72 0.21 0.43
Mineral N (kg ha!) in 0 to 90
em soil depth (covariate) 1 111 0.58 0.21 0.42 <0.01 <0.01 <0.01
=2 Res Log Likelihood value 1215 1086 1010 1715 704 2356
CV (%) 1.7 119 8.4 19.5 84 15.9

1 Probability levels are for test of fixed effects. NDF

covariance parameter for block X year,

¥ Subscript L, linear, and subseript Q,

= Numerator degrees of freedom for fi
block X N levels X year, and residuals.
quadratic.

xed effects. DDF = Denominator degrees of freedom of
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Statistical analyses were conducted using the mixed model
procedure with the restricted maximum likelihood method
(REML) for variance components estimates (SAS Institute,
1992). The covariance parameter for block X year was used
to test year effects, and block X N levels X year was used to
test N fertilizer treatment effects and interactions of N levels
with year. The pooled residual error term was used to test
cultivar effects and interactions. Effect of N fertilizer level
was partitioned into linear and quadratic components and
regressions were calculated for effects significant at the 0.05
level of probability. Responses of higher-degree polynomials
were not considered to have much practical value. Nitrogen
level for maximum grain yield was calculated with —b/2c¢, from
differentiation of the regression equation. The initial mineral
N level in the 0- to 90-cm soil profile of the plots was used
as a covariate.

RESULTS AND DISCUSSION
Weather

Long-term mean annual rainfall for the Zaria area is
1100 mm. Less than normal rainfall occurred in 1993
(1050 mm) and in 1994 (910 mm). In 1993, 1038 mm of
rain occurred during the growing season, with 132, 156,
269, 301, and 180 mm in May, June, July, August, and
September, respectively. In 1994, the rainfall during the
growing season was 769 mm, with 232, 169, 216, 83, and
69 mm in May, June, July, August, and September,
respectively. The monthly air temperatures during the
growing season were similar in both years, dropping
slightly from 28°C in May to 25°C in October.

Grain Yield

Grain yield averaged across cultivars and N levels
was 5.4 Mg ha™'in 1993 and 4.5 Mg ha™' in 1994. The
lower yield in 1994 may be associated with low rainfall
during the grain filling period. This could have influ-
enced kernel endosperm starch and protein assimilation
(Hardter et al., 1982; Bauer and Carter, 1986), resulting
in low response to N, particularly under N stress in 1994.
No treatment interactions were found for grain yield
(Table 2). Other studies for N fertilizer conducted in
West African soils have also shown no cultivar X N
interaction on grain yield (Kling et al., 1997). The rea-
sons for this are not known.

Averaged across years and N, TZB-SR, a widely
grown cultivar in the savanna of Nigeria, had the lowest
grain yield of 4.7 Mg ha~!, which may be attributed to
its low kernel weight of 22.54 mg kernel™' (Table 3).
Increased kernel weight has been associated with de-
creased kernel breakage susceptibility, the potential for
kernel fragmentation during milling (Bauer and Car-
ter, 1986).

Grain yield increased quadratically as N fertilizer lev-
els increased, with yield peaking (6.6 Mg ha™') at 109
kg N ha~! (Fig. 1a). Kernel weight gave a response
pattern similar to grain yield (Fig. 1b). Grain yield re-
sponse to N was dependent on the initial mineral N in
the soil profile (Table 2).

Grain Protein

Cultivar X N interactions were not observed for grain
protein yield and concentration (data not presented).
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Fig. 1. Influence of N level on (a) grain yield, (b) kernel weight, and
(¢) grain protein concentration in 1993 and 1994. Each value is
averaged across cultivars and years.

Averaged across cultivars and years, GPC responses to
N were quadratic (Fig. 1¢). Grain protein yield followed
the same trend as GPC (data not presented). The in-
crease in GPC with increase in N levels was consistent
with the findings of Pierre et al. (1977), Kniep and Ma-
son (1991), and Sabata and Mason (1992, 1995). Kniep
and Mason (1991), and Sabata and Mason (1992) re-
ported cultivar X N interactions for grain protein in
one season only, indicating seasonal differences in grain
protein response to N. In our study, the GPC of the
cultivars was 10% lower in 1994, when less rainfall oc-
curred during the grain filling period, than in 1993.
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Fig. 2, Influence of N level on test weights among five cultivars in 1993 and 1994. Predicted regression equations are, for 1993: TZB-SR, Y =
806.4 + 0.29N — 0.0019N?, R* = 0.71; EV8728-SR, Y = 808.9 — 0.3N + 0.0022N?, R* = 0.50; TZPB-SR, Y = 786.5 — 0.12N + 0.0016N?,
R? = 0.96; SPL, Y = 812.7 + 0.04N + 0.0006N’, R? = 0.84; 8644-27, Y = 787 + 0.5IN — 0.0024N?, R* = (.98, and for 1994: TZB-SR, Y =
783.8 + 0.30N — 0.0028N?, R* = 0.31; EV8728-SR, Y = 758.4 + 0.28N — 0.0088N?, R? = 0.73; TZPB-SR, Y = 761.2 — 0.62N — 0.0047N?,
R? = 0.85; SPL, Y = 773.1 + 0.29N — 0.0029N?, R? = 0.89; 8644-27, Y = 768.3 — 0.27N + 0.0015N%, R* = 0.22.

Averaged across N levels and years, GPC was highest
in SPL (Table 3). The hybrid 8644-27 had the lowest
GPC, although it had the highest grain yield, supporting
the findings of Kniep and Mason (1991) that GPC was
negatively associated with grain yield. The grain protein
yield per unit area however, was not significantly differ-
ent among cultivars, ranging from 390 to 429 kg ha™!
in both years (Table 3). Thus, the cultivars translocated
similar quantities of N to the grain, and differences in
grain N concentration may be attributed to differences
in starch production among cultivars.

Grain protein content would influence the amount of
protein supplement needed for livestock rations. In the
present study, any of the cultivars would be suitable for

inclusion in livestock feed, since the grain protein yield
per unit area did not vary among cultivars.

Dry Milling Quality Parameters

Analyses of test weights and percentage of floaters
across years indicated occurrence of a cultivar X N X
year interaction (Table 2). Under N stress (zero-N con-
trol), TZPB-SR and 8644-27 gave significantly lower
test weights than the other cultivars only in 1993 (Fig.
2). Test weight for most cultivars was highest at 120 kg
N ha~!in 1993, but in 1994 this trend was not consistent,
and the highest test weight of 800 kg m~? was obtaincd
by TZB-SR at 60 kg N ha~!. The hybrid 8644-27 showed
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Fig. 3. Influence of N level on the percentage of floaters among five cultivars in 1993 and 1994, Predicted regression equations are, for 1993:
TZB-SR, Y = 87.75 — 0.34N + 0.0023N’, R? = 0.54; EV8728-SR, Y = 90.28 — 0.3N + 0.0017N’, R* = 0.51; TZPB-SR, Y = 92.7 — 0.19N +
0.0015N?, R? = 0.37; SPL, Y = 89.3 — 0.36N + 0.0017N?, R? = 0.96; 8644-27, Y = 97.9 — 0.42N — 0.0021N’, R? = (.71, and for 1994: TZB-
SR, Y = 64.1 — 0.38N + 0.0016N?, R? = 0.61; EV8728-SR, Y = 72.86 — 0.4N + 0.0017N’, R* = 0.91; TZPB-SR, Y = 66.6 + 546N — 0.058N’,
R? = 0.48; SPL, Y = 62.9 — 0.27N + 0.0014N? R* = 0.99; 8644-27, Y = 759 + 8.9N — 0.0014N’, R* = 0.97.

an increased test weight with increased N in both years.
TZPB-SR had relatively low test weights, with a mini-
mum at intermediate N levels, while TZB-SR had high
test weight with maximum at intermediate N levels in
both years.

In 1993, the percentage of floaters of most cultivars
decreased with increased N levels from 0 to 60 kg N
ha~', with little change with further increases in N. The
percentage of floaters of TZPB-SR was relatively high at
all N levels. In 1994, 8644-27 and TZPB-SR maintained a
relatively high percentage of floaters with increased N
levels. In contrast, all other cultivars showed marked

decrease in the percentage of floaters with increased N
levels (Fig. 3). Based on these results, it is not possible
to make a general recommendation of the N level to
achieve a desired dry milling quality, because results
may be specific for each variety and growing cnvi-
ronment.

Our results support those of Hamilton et al. (1951),
and Bauer and Carter (1986) that maize produced under
high fertility gave higher corneous (horny)/floury kernel
endosperm ratio (i.e., lower percentage of floaters and
higher test weights) than that grown under low soil
fertility. Differences among cultivars were observed for



OIKEH ET AL.: NITROGEN EFFECTS ON MAIZE GRAIN QUALITY IN AFRICAN SAVANNAS 1061

both parameters as previously reported by Kling and
Okoruwa (1994) and Okoruwa (1997).

High test weights of SPL and TZB-SR indicate that
a smaller volume of the grain is required for transporta-
tion per unit weight, and that a higher yield of grits can
be obtained compared to cultivars with low test weights
and a high percentage of floaters. When grown at 30 to
60 kg N ha™!, SPL and TZB-SR should therefore, have
high value for industrial dry milling. But, for the tradi-
tional dry milling process where the whole grain is
ground to produce flour, cultivars with a high percentage
of floaters such as 8644-27 (hybrid) and TZPB-SR
grown at 30 to 60 kg N ha™!, will be preferred.

Low test weights could reflect a low proportion of
horny endosperm (softer grain type) or poor starch de-
position during grain filling due to unfavorable environ-
mental conditions. This might explain the quadratic re-
sponse of test weight to N for some cultivars.

The SPL was among the lowest in percentage of float-
ers although it ranked highest in GPC in both years.
Negative correlations between these traits have been
reported previously (Monokarkumar et al., 1978; IITA,
1991). This implies that selecting for flintier cultivars,
with increased horny endosperm relative to floury endo-
sperm (low percentage of floaters) could increase the
grain protcin content, because the horny endosperm has
a thick protetn matrix (Watson, 1984).

CONCLUSIONS

This study indicates the significant role of N fertiliza-
tion in improving maize grain yield and quality in the
moist savanna. In both years, increasing N levels in-
creased grain yield and GPC quadratically for all the
cultivars. Among the improved cultivars, 8644-27 (hy-
brid) had the highest grain yield of 5.3 Mg ha~'. Average
grain protein yield per unit area was not significantly
different among cultivars. SPL and TZB-SR grown at
30 to 60 kg N ha~' have high value for industrial dry
milling, whereas the softer cultivars 8644-27 and TZPB-
SR grown at 30 to 60 kg N ha~' may be preferred for
traditional dry milling. Interactions of cultivars and N
for grain quality parameters should be considered by
maize producers and processors in Africa.
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