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ABSTRACT
Until recenlly, breeding progrsms in Africa placed little cmphasis

on grain quality improvement. Consequenlly, some farmers have not

adopled 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 mats L.l grain quality paramelers. In 1993 and 1994' live

maize cultivars under four N levels (0, 3{),60, and 120 kg ha-r) were

evalueted ut Zar,a (lf' 11' N), northern Nigeria, on a Plinthustalf

(fine-loemy isohyperthermic). Increasing N levels increased grain

yield, kernel weight, and grain protein quadratically for all the culli'

vars. The hybrid 8814-27 had the highest grein yield and kernel weight

of 5.3 Mg ha-r and ?'6.62 mg kernel-r, respecliYely. Average grain

protein yield per unit ar€a was not signilicantly dilferent among culti-

vars in both years. At 30 ro 60 kg N ha-r, lhe cultivars 86M-27 and.

TZPB-SR had a grerter percentage oflloalers, than the other cultivars

in both years, reflecting a grealer proportion of floury endosperm.

indicating that they would be best for lraditional dry milling, where

the whole grain is ground to produce flour. Also, at 30 lo 60 kg N

ha-r, SPL and TZB-SR had s relatively low Percenltge of floaters

and high test weights of over Ell kg m 3 in 1993 and 778 kg m r in

1994, snd should give high yields of grits when processed. 
'l'hus' 

both

cultivars hlve high value for industriel dry milling. Results showed

that the choice of cultivar and N level may alfect grain quality and

they should be considered in producing maize for dry milling purposes.

fN Annrcn, maize is a major staple food crop. It is
I eaten fresh on the cob or the grains are processed

and A. E. Okoruwa

into different products for a wide varicty of traditional
and industrial end uses. It is also valued as fecd for
l ivestock.

Yie ld potent ia l  is  h igh (7-8 Mg ha 
' ' )  

in  the moist
savanna because of favorable environmelltal corrdit ions
(Kassam et al.. 1975). Maize has become the most impor'-
tant cereal crop grown in this zone. Breeding efforts tcr
develop h igh y ie ld ing,  d isease and pest  res is tant  var ie-
ties of maize have encouraged wide adoption of maize
by farmers, resulting in substantial increases in nrl izc
production and productivity (Badu-Apraku et al., 1995).

Until recently, however, breeding programs in Africa
have placed litt le emphasis on grain quality improve-
nrent in terms of processing and nutrit ional properties.
In some cases. improved high yielding varieties havc
not been adopted by farmers because they lack the
desired quality characteristics for proccssing and some
end uses (Th6 et  a l . .  1989:  Badu-Apraku et  a l . ,  1995'1.

The qualitv of traditional or commercial maize prod-
ucts dcpends on certain endosperm characteristics.
Thcse include chemical properties such as protein. oil.
: iugars, and starch content, and physical propcrties. in-
cluding test weight, percentage of f loaters, dry mill inu
vietd (% grits;, and kernel size. Large varietal differ"
cnccs have been observed in some of lhese quality char-
:rcteristics (Sabata and Mason, 1992; Kling and Okor-
i rwa,  1994;  Okoruwa,  1997).

Nitrocen ferti l ization is an important agronomic prac-
tice lor maize production in the West African m,rist
savanna. Maize cultivars differ in grain vield responst:

Ahbrrv iat ions:  GPC. grai r r  orotc in concentrat ion.
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Table 1. Characleristics of cultivars used for studv in 1993 and
r994.f

Table.3. Grain yield, kernel weight, and grain protein of five
maize cullivars,1993 and 1994.

Cullivar Type Color Texture Grain prolein

TZB.SR
EV8728-SR
87TZPB.SR
SPL
864+27

Open-pollinated
Open-pollinated
0pen-pollinated
Open-pollinated
Single-cross hybrid

White
Yellow
White
White
Yellow

Scmi llinl
Semi dent
Dent
Dent
Flint

Cultivar
Grain
yield

Kernel
weighl Concenlrslion Yield

TZA.SR
EV8728-SR
ETTZPB.SR
SPL
KU-27
SE

Mg ha I mgAernel
4,7 2ZS4
5.1 26.52
4.8 26.9L
4.9 24.53
5.3 26.62
0.19 0.-53

g k g '
79.1
E2.l
79.6
82.6
75.6

1.53

kg ha- '
390
429
395
423
415
2t.l

to N fert i l izat ion (Kl ing et a1.,7997: Oikeh et a1.,1997).
Studies conducted in the USA have shown that in-
creased soi l  N levels increased kernel density and grain
protein content of corn and decreased kernel breakase
susceptibi l i ty (dry mil l ing parameters) (Bauer and Cir-
ter. 1986; Sabata and Mason, 1992). Lit t le information
is avai lable on the inf luence of N iert i l izer appl icat ion
on maize grain qual i ty in developing countr ies where
maize is used primari ly for human consumption.

The objective of this srudy was to determine the ef-
fects of N fert i l izer appl icat ion on quali ty parametcrs
of f ive maize cult ivars grown in the West Afr ican
mois t  savanna.

MATERIALS AND METHODS

A field study was conductcd at the cxperimcntal farm of
the Inst i tute for Agriculrural Research ( lAR), Zaria Niqeri;r
( l l '  1 l '  N . ; r l r i r u d e  o f  6 , t { r  m ) .  i n  t h c  1 9 9 3  a n c l  I 9 9 4  g . o * i n g
T_a.sgnr.Four intproved. lare maruring (120_d) maize cult ivari .
EVIJ728-SR. Mokw,a STI-ZPB-SR. SpL (semiprol i f ic. fronr
CIMMYT, Mexico). 8644-27 (hvbrid), and TZB-SR, a wiclelv
{ rown open-  po l l ina tcd ,  la te  matur ing  cu l t i var  deve loped a i
I ITA were grown with N applicarion levels of 0. 30, 6it ,  and
120 kg  ha- r .  Cu l t i vars  a re  descr ibed in  Tab le  L  Thc  s tudv  was
conducted on a well  drained and moderatety acid 1pH in
waler 5.2) loamy soi l ,  classif ied as l ine loamy. isohypert i iermic
I ' � l inth^ustalf  with organic matter content ol - i . I  g kg rr 

and total
N ol 0.54 g kg-,.  Metcorological data *.." .6l l"ct"d during
thc study period.

The treatmcnts were arranged as a spl i t_plot in a random_
ized complete block design. with four repl i iat ions in the f irst
ycar and f ive in the sccond year. Nitrogen levels were the
main^plots Qt 5 by 6 nr) and cult ivars r. iere the subplots ((;
by.-5.25 m) Each subplot consisted of seven maize r idges 6 m
in  length  and 0 .75  m apar t .

i'Averaged across N levels and yearu.

The cult ivars wcre planted early in the season on 2g May
1993 anC 16 June 1994. Plant populat ion was -5.1 -tJ3 rr lants
ha- ' .  Basa l  app l i ca t ion  o f  26kg P ha- r .50  kg  K ha  i ,  an i l
I  kgZn ha-'r  was applied based on standard soi l  test values.
Nitrogen was applied at 2 wk after planting as calcium ammo-
nium nitrate containine 27% N. The highest N level of 120
kg h1 '  was applicd in two squal spl i ts at 2 and .5 wk after
planting to minimize potential leaching losses (Enwezor et al. ,
19tt9). Weed control was done bv hand.

Two inlerior rows were hand harvested for grain yield.
Samples from each plot were col lected for determination of
grain yield, yield components, grain moisture content, srain
pr'otcin content, test weight, and percentage of f loarers. drain
moisture was detcrmined using a Dickey-John grain moisture
meter (Dickcy-John Co., Auburn, IL). Grain Vi,. lds *c.e co._
rected to a 150 g kg"r moisture basis. Kernel weisht was
determined by counting and weighing 1000 kerncls, ind ex-
pressed as grams per 100 kernels.

Grain N content was determined by using an autoanalyzer
(Technicon Auto Analyzer I I) .  Grain prot6in concentrarron
(GPC) was reporred as N X 6.25 on diy weight basis. Grain
pro.tein 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 cmr of grain with moisture "on,"nt alnong
samples ranging from 140 to 150 g kg-'  (Kikuchi et at. ,  19g2i
Floatat ion test, a measure of kernel hardness (an indireit
estimate of horny/floury endosperm ratio), was done by plac-
ing 50 randomly selected kernels in a 200 mL solut ion of
NaNO,.of spe cif ic gr.avity of 1.275 (Wischer, l96l).  The num_
ber of kernels that f loat was calculated as a percentage of
the total.

Table 2. Significancc of ear' N-fertilization level, cultivar, and inleractions on test weight, percent floaters, grain protein, lfi)-kernelof maize in 1993 and l99rl.fwcight, and grain

Tesl Percent Grain Protein u^--^r
S.::{:g,.g1t NDF- t DF wcight noarers Concentration 

Kernet crrin

Year | . ^.--................-.......-.-----Ni,rosen(N) " ,i 'i:!i 13:31 .B:Bl .B:Bl lll .ffi1Nr (r) QD 0.26 <o.or <0.01 <0.01 <0.01 <r.01No ill izri o.sn 0.s3 <0.01 <0.01 <{f.'r <0.01N x yeur 3 u 0.32 fii 0.s6 o.A oA2 o.s0Culrivar (C) 4 Il <0.01 <0.01 <0,01 0.16 <0.01 0.0SN x C e llr 0.40 0.16 0.62 0.E8 0.3{, 0.72c x year 4 ri 0.06 <o.or 0.09 0.42 0.12 0.2sN x C x Year n lfl 0.02 <0.01 0.7g 0,72 0.21 0,43Mineral N (kg ha ') in 0 to 90
cm soif deprh (covariare) l llr 0.5E 0.2r 0.42 <0.01 <0.01 <0.0I

;i|.ij lt"t 
Likelihood vulue trt;t 

o 
l0gg 

^ r0l0 . 1?1s 704 23s6l '7 tl.9 8.4 195 8.4 15.9

ll;lifi lii jiHff ::[:tffif '.'']:i;f;:1i""-;"il1['"X?'"i*t;*g

Probabilitv levet of F

g Subscript L, linear, and subscript d, quadratic.
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Statist ical analyses were conducted using the mixed model
procedure with the restr icted maximum l ikel ihood method
(REML) for variance components estimates (SAS Insti tute,
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 part i t ioned into l inear 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 -bl2c, 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 covarlate.

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 7994 (91.0 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.ln 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-r in 1993 and 4.5 Mg h2-t in 1994. The
lower yield 1n t994 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, 19tt6), 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 ferti l izer 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-r, which may be attributed to
its low kernel weight of 22.54 mg kernel-r (Table 3).
Increased kernel weight has been associated with de-
creased kernel breakage susceptibility, the potential for
kernel fragmentation during mill ing (Bauer and Car-
ter, 1986).

Grain yield increased quadratically as N ferti l izer lev-
els increased, with yield peaking (6.6 Mg ha-r) at 109
kg N hn-t (Fig. 1a). Kernel weight gave a response
pattern similar to grain yield (Fig. 1b). Grain yield re-
sponse to N was dependent on the init ial mineral N in
the soil profi le (Table 2).

Grain Protein

Cultivar X N interactions were not observed for grain
protein yield and concentration (data not presented).

0 30 60 90 120

NITROGEN LEVELS (kg ha -1)

Fig. 1. Influence of N level on (a) grain yield, (b) kernel weight, and
(c) grein protein concenlration in 1993 and 1994. Esch value is
averaged across cultivars and years.

Averaged across cultivars and years, GPC rcsponses to
N were quadratic (Fig. 1c). 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 10olo lower in 7994, when less rainfall oc-
curred during the grain filling period, than in 1993.
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Fig.2, Influence of N level on tesl weights among five cultivars in 1993 and 1994. Predicted regression equations rre, for 1993: TZB-SR, f :
806.4 + 0.29N - 0.0019N:, R2:0.71; EvE728-sR, y:80E.9 - 0.3N + 0.0022N2,R2 = 0.50;TZPB-SR, Y = 786.5 0.12N + 0.0016Nr,
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7 8 3 . 8 + 0 3 0 N - 0 . 0 0 2 8 N 2 , R r = 0 . 3 1 ; E V 8 7 2 8 - S R , Y = 7 5 8 . 4 + 0 . 2 8 N - 0 . 0 0 8 E N 2 , R 1  = 0 . 7 3 ; T Z P B - S R , y = 7 6 1 . 2 - 0 . 6 2 N - 0 . 0 0 4 7 N 2 ,
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Averaged across N levels and years, GPC was highest
in SPL (Table 3). 

'fhe 
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-l
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 l ivestock feed, since the grain protein yield
per unit area did not vary among cultivars.

Dry Mitling 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 8644-21 gave significantly lower
test weights than the other cultivars only in 1993 (Fig.
2). Test weight for most cultivars was highest at i20 kg
N ha-r in 1993, but in 1994 this trend was not consistent,
and the highest test weight of 800 kg rp-: was obtaincd
by TZB-SR at 60 kg N ha-'. The hybrid 8644-27 showed
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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 f loaters of most cultivars
decreased with increased N levels from 0 to 60 kg N
ha r, with l itt le change with further increases in N. The
percentage of floaters of TZPB-SR was relatively high at
all N levels. ln1994,8644-27 and TZPB-SR maintained a
relatively high percentage of f loaters 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 t<r
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 fertil ity 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



both parameters as previously reported by Kling and
Okoruwa (1994) and Okoruwa (1,99'l).

High test weights of SPL and TZB-SR. indicate that
a smaller volume of the grain is ;equired 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-r, SPL and TZB-SR should therefore, have
high value for industrial dry mill ing. But, for the tradi-
tional dry mill ing process where the whole grain is
ground to produce flour, cultivars with a high percen(age
of floaters such as 8644-21 (hybrid) and TZPB-SR
grown at 30 to 60 kg N ha*', wil l 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 f loat-
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 f l intier cultivars,
with increased horny endosperm relative to floury endo-
sperm (low percentage of f loaters) could increase the
grain protcin content, because the horny endosperm has
a thick protein matrix (Watson, 1984).

CONCLUSIONS
This study indicates the significant role of N ferti l iza-

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, 8644-21 (hy-
brid) had the highest grain yield of 5.3 Mg ha-r. 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-r have high value for industrial dry
milling, whereas the softer cultivars 8644-27 andTZPB-
SR grown at 30 to 60 kg N ha-r may be preferred for
traditional dry mill ing. Interactions of cultivars and N
for grain quality parameters should be considered by
maize producers and processors in Africa.
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