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ABSTRACT

Two field experiments were conducted during the 1996 and 1998 cropping seasons to determine the effects of N stress
levels on the phenology and yield components of early maturing maize cultivars. Seven early maize cultivars were tested against
five N rates (0 30, 60,90 and 120 kg N ha™). The N stress levels significantly affected phenological traits ( days to 50% anthesis,
silking and maturity, anthesis-silking interval (ASl) and grain filling period) and yield components (shelling percent 1000 grain
weight and harvest index) measured. For all these traits, there were better performances at 90 and 120 kg N ha'. Days to 50%
anthesis decreased from 51 days at 0 kg N ha™' to 48 days at 120 kg N ha in 1996 season and from 54.5 to 46. 2 at the same N
levels in 1998 season. Maturity was delayed for 7.1 days at 0 kg N ha™' compared to 120 kg N ha' in 1998 season. Grain yield
increased with increased N rates with R2 values of 0.92 and 0.86 in 1996 and 1998 cropping seasons, respectively. The different

cultivars reacted differently to the N rates factors for both the phenological traits and yield components.

Such cultivars as

TZECOMP4C2 and TZECOMPSCS had the longest grain filling period in both seasons (43.2 and 34.8, respectively in 1998
season). In both seasons, EV89731-SR had the longest ASI. AC89DMRESRW and TZECOMP3C2 had the highest harvest index
in both seasons with the highest values of 40.8 and 39.6, respectively in 1996 season.
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INTRODUCTIObi

A primary factor affecting crop development is
temperature as modulated by other factors including
daylength, vernalization. heat and cold stresses, water and N
stresses (Hodges 1991). The earlier research work on maize
improvement was focused on better performance under
optimum ‘condition. Hence much of the studies on maize
development have been under optimum nitrogen conditions,
byt the influence of N stress on the development of maize as
expressed by-phenological stages, dry matter production and
grain yield still needs to be elucidated, especially with the
recently developed maize varieties. In recent times, research
focus on maize improvement has changed with emphasis on
stress conditions. This is due to the realization that as a result
of high poverty rates, farmers are often not able to afford the
optimum conditions for maize production. With the changed
focus in research, there is the need for more information on
the performance of maize varieties under different stress
factors. )

Nitrogen is one of the most dynamic nutrient
elements. It is usually the first limiting nutrient element as land
use intensifies (Kang, 1989). It is taken up in the highest
amount by crops (Dubei and Pessarakli, 1995) and its role in
plants cannot be easily substituted (FAQ, 1988). it is the most
important factor limiting crop growth and yield (Dubei and
Pessarakli, 1995). Increase in N supply within limits are
associated with increase in leaf area and weight, carboxylases
and chlorophyll content, all of which determine the
photosynthetic activity of the leaf and ultimately dry matter
production and allocation to the various organs of plant
(Hageman, 1986). Photosynthetic rate, leaf surface area and
sink size all inctease with increase in nitrogen levels (Aluko
and Fischer, 1987). According to Below et al. (1997),
physiological processes limiting yield differ according to the
level of N'in the soil. This was confirmed by Dass et al. (1997)
"~ who found that days to 50% anthesis, 50% silking and AS!
were reduced with N stress conditions. They reported up to 9
days delayed silking and increased ASI of 4 to 5 days and a
direct correlation between AS! and maize grain yield. Sibale

and Smith (1997) obtained a significant influence of N on
number of kernels per ear.

Yield of rnaize grain involves the integrated effect of a
large number of components and metabolic processes that act
with varying intensity throughout the plant's life cycle. Nitrogen’
is involved in the establishment and maintenance of
photosynthetic capacity, establishment of sink capacity (ear
and kernel initiation) as well as ensuing maximum number and
size of kernels (Hageman, 1986). Nitrogen plays a role in
determining yield by influencing dry matter accumulation and -
partitioning to various plant organs (Anderson and Schomburg,
1986). Squire (1990) reported that an increased dose of

nitrogen from 0 to 42gm 2 more than doubled the dry matter
of the plant, increased grain yield by about four folds and
harvest index by 1.5 times. He observed a shorter vegetative
phase with higher N application. He was of the view that the
large effect of N on grain yields which he noticed was the
result of both a ionger period of grain filling and more rapid dry
matter production as the level of N increased. He found that
the number of grains per cob Increased as N rates increased,
and increased mass per grain from 200 to 270 mg with higher
rates of N - a response attributed to the lengthening of the
grain-filling period (Squire, 1990). N stress is therefore an
important factor limiting maize growth and grain yield.

This work was therefore carried out to investigate the
effects of varying N stress leveis on phenology and grain yield
of early maturing maize cultivars that have been developed
under the tropical conditions.

MATERIALS AND METHODS

Field experiments were conducted during the 1996
and 1998 cropping seasons in Mokwa (latitude 9° 18' N and
longitude 5° 04' E in the southern guinea savanna ecological
zone of Nigeria. Mean monthly rainfall distribution, minimum
and maximum temperatures, and solar radiation of Mokwa
during the two seasons are presented in Table 1. The initial
soil physical and chemical characteristics of the site during the
two seasons are presented in Table 2. A split-plot design with
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four replications was adopted for the experlment The five N
rates used (0 30, 60,-90 and 120 kg N ha’ ') were assigned to
the main plots while maize cultivars (ACS0POOL16-DT,
ACBIDMRESRW, EV8731-SR, TZECOMP3C2,
TZECOMP4C2, TZECOMP5C5 and DMR-ESRY) were
assigned to the subplots. Each subplot was 5 m x 6 m with 8

rows per plot. in the first year, planting was done on 21% June
while in the second year, it was done on 4" July based on
when the rains were sufficient for planting The inter-row
spacing was 0.75 m while the inra-row spacing was 0.25 m,
thus the plant poputation was 53,333 plants ha |

Table 1. Rainfall distribution during the 1996 and 1998 cropping seasons in the site

1996 season

1998 season

Month SRAD TMAX  TMIN RAIN SRAD TMAX  TMIN RAIN

(KJ) (¢ (C)  (mm) _ (KJ) (*C) () _(mm)

January 14.3 356.2 169 30. 14.9 351 15.6 00
February 17.5 386 21.2 *'0.8 174 375 211 00
March 18.0 39.5 234 Qo0 17.9 38.3 239 00
: April 18.3 38.5 26.8 38.0 18.0 38.6 251 39.0
May 16.9 34.4 245 178.0 16.8 342 23.2 153.0
June 16.1 336 237 2300 15.1 32.4 22.4 334.0
July 12.9 316 235 #14.0 13.8 313 22.8 2030
August 12.5 30.5 236 2620 12.6 30.3 223 64 0
September 14.4 313 235 1515 151 314 214 3180
October 18.1 33.1 23.5 27.8 17.7 33.0 211 1170
November . 18.0 358 205 0.0 18.8 351 160 00
December 15.0 348 17.3 0.0 170 37.0 16.9 00

“SRAD = solar radiation, TMAX = maximum temperature and TMIN minimum temperature

Table 2. Pre-planting chemical and Lys:cal soxl characteristics of the site in 1996 and 1998 seasons

1996 1998
Properties 0-15¢cm 15-30 cm 0-15 cm 15-30 cm
pH (H20) : 5.01 5.00 4.50 4.30
Organic carbon (g kg B} 475 3.00 4.10 2.60
Total nitrogen (g kg ') - 038 0.26 0.35 0.25
C:N ratio 13.00 12.00 12.00 10 00
Available P (mg kg’ Y 7.44 1.04 1.80 2.00
Exchangeable Mg (cmol kg™") 0.50 035 030 0.20
Exchangeable K (cmol kg ) 0.40 045 0.20 .10
Exchangeable Ca (cmol kg Y 220 1.60 170 120
Exchangeable Na (cmol kg ' 0.30 0.30 0.40 0.30
Exchangeable Mn (cmol kg’ ) 0.10 0.10 0.20 0.10
Exchangeable a<:|d (cmol kg ™) 0.15 0.15 0.30 . 030
ECEC (cmol kg™') 3.55 2.85 2.90 2.10
Sand (%) 78.00 76.00 80.00 74.00
Silt (%) - 13.00 12.00 12.00 12.00
Clay (%) - 9.00 12.00 8.00 14.00

The N rates were applied in 2 eguat doses, one at 7
days after planting (DAP) and the other at 28 DAP. During the
first N application, P and K were applied at the rates of 26.22
and 49.80 kg ha'', respectively. ‘Dry matter accumulation was
determined at 14 days intervals from 3 weeks after planting till
maturity. Phenological data that were taken included days to
50% anthesis, days to 50% silking, anthesis-silking interval,
grain filling period, and days to 50% physiological maturity.

At maturity, the number of plants from the two middle
rows in each plot were counted and harvested (excluding two
plants at both ends of each row). The number of ears were
counted and weighed. Soon after harvesting, the ears were
shelled to determine the moisture content using a Dickey-John
moisture tester. The readings of the moisture tester were
converted to percentage moisture using a chart on the
moisture tester. )

Ten ears were randomly sampled per plot for the
determination of ear diameter and length using vernier calipers
(model Baty) and a measuring tape, respectively. The number
of rows per ear and the number of kernels per row were also
determined from each of the ten ears and the means obtained.
The ears were shelled and the grains and cobs weighed, after
which the grains were cleaned and 400 grains sub-sampled
and weighed using a top Ioadmg Mettler balance to determine
unit grain weight.

All the ears harvested were shelled and used for the
determination of grain yield. These were adjusted to 15%
moisture content using the values of the moisture content from

each plot. Shelling percentage was computed from the grain

., weight and cob while harvest index was computed from the

grain yield and the dry matter yield.

Statistical analysis

Data collected were subjected to analysis of variance
using the Mixed Model Procedure of Statistical Analysis
System (SAS) (1994) and means. were compared with LSD at
P=0.05

RESULTS

There were no significant N rates x cultivar
interactions for all the parameters, so only the results of the
main effects were presented.

Phenological traits

Days to 50% anthesis, days to 50% silking, anthesis-
silking interval and length of grain filling period varied
significantly among N rates at P<0.01 (Table 3) in both
seasons. However, days to maturity significantly differed at

. P<0.05 in 1998 season but not in 1996 season. There was a

decrease in days to 50% anthesis with increase n N rates
from 51 days at 0 kg N ha'' to 48 days at 120 kg N ha'in 1996
season and from 54 5.to 46.2 days at the same N levels n
1998. Similarly, days to 50% silking decreased with increase
in N levels from 60 days at O kg N ha' to 51 days at 90 kg N
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ha' in 1996 and the same trend was observed in 1998 The
60, 90, and 120 kg N ha™' were not significantly different at -
. P<0.01 for both seasons (Table 3). The same trend was
observed for anthesis-silking interval.

Grain filling period was longest at 90 and 120 kg N
ha ' with means of 31 days for both N rates in 1996, and 35.8
and 36.1 days for 90 and 120 kg N ha', respectively in 1998.

The shortest mean grain- ﬂlllng; period of 252 and 29.8 days
were obtained from 0 kg N ha ' in the two seasons. There was
a significant delay in maturlty of 1.5 days at 0 kg N ha''
compared to 120 kg N ha™' in 1996 and 7.1 days in the 1998
season. However, there was no difference between 120 kg N
ha”' and the other N rates except the 0 kg N ha' for both
seasons (Table 3).

Table 3: Phenological parameters of early maturing maize cultivars at five N rates in 1996 and 1998 planting seasons and
expressed in days.

Treatment DAT SILK DM ASI GFP
(days) (days)
N rates (k@aﬂ 1996 1998 1996 1998 1906 1098 1996 1998 1996 1998
0 51.0 54.5 59.6 616 845 851 8.6 70 252 298
30 489 53.4 54.9 55.7 829 836 5.9 50 28.0 31.3
60 486 525 52.3 527 824 84.0 37 27 301 339
90 48.2 47 4 514 515 83.1 84.1 30 26 312 358
120 48.2 46.2 518 513 83.0 84.1 35 20 31.2 36.1
Means 490 50.8 540 54 6 832 842 49 39 39 334
SED 0.76 0.37 1.90 0.27 0.37 0.30 0.41 0.13 0.65 0.31
Prob. of F 0.0t 0.01 0.01 0.01 ns 0.05 0.01 0.01 0.01 0.01
LSD 0.57 1.39 1.65 1.02 0.64 0.83 1.54 0.47 1.78 1.17
Cultivars
TZECOMPAC2 48.9 50.7 54.2 547 84.2 84.7 53 40 30.1 34.2
AC89DMRESRW 49.5 51.5 53.9 54 5 83.4 83.4 4.4 37 29.5 326
TZECOMP5CS 49.2 50.2 541 54 4 845 85.0 49 39 305 34.8
EV8731-SR 43 4 50.8 556 56.2 835 85.0 6.2 44 283 33.3
AC90POOL16-DT 48.6 51.8 52.5 53.5 816 84.3 38 37 29.1 319
TZECOMP3C2 485 50.2 52.9 53.5 826 83.5 4.4 4.0 297 33.8
DMR-ESRY 49.2 50.6 546 55.3 82.2 83.6 54 36 277 33.2
Means 49.0 50.8 54.0 546 83.1 842 49 3.9 293 334
SED 0.25 0.44 065 0.32 042 035 0.49 0.15 0.72 0.37
Prob. of F 0.01 ns 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.01
1.SD 0.67 1.64 1.95 1.21 1.0 1.31 1.82 0.56 21 1.38

DAT = Days to 50% anthesis, SILK = Days to 50% silking, DM = Days to maturity, AS| =

Anthesis-silking interval,

GRP = Grain filling period and ns = not significantly different at P=0.05. S.E.D. = Standard error of difference,

LSD = Least significant difference.

in 1996 season, the shortest period to 50% anthesis
among the cultivars was recorded from TZECOMP3C2 (48.5
days) and AC90POOL16-DT (48.6 days). In 1998 season
however, there were no significant differences (P<0.05) among
the cultivars for days to 50% anthesis. In both seasons,
TZECOMP3C2 and AC30POOL16-DT attained silking earliest
(62.5 and 52.9 days, respectively) while EV8731-SR and
DMR-ESRY were the last to attain silking stage (P<0.01).
DMR-ESRY and EV8731-SR had the shortest grain filling
period (28 days) in 1996 (P<0.01) while in the 1998,
AC90POOL16-DT had the shortest period (P<0.05). On the
other hand, TZECOMP4C2 and TZECOMPS5C5 had the
longest grain filling period in both seasons. AC90POOL16-DT
had the shortest anthesis-silking interval of 3.8 days (P<0.01)
in 1996 as compared to EV8731-SR, which had the longest
period (6.2 and 4.4 days) in both seasons. Days to maturity
was significantly different among the cultivars where
TZECOMP4C2 and TZECOMP5CS5 had longer period to
maturity in both seasons (P<0.01), while DMR-ESRY and
ACI0POOL16-DT on the other hand had the shortest period to
maturity in both seasons (Table 3)

Yield components

Among the yield components measured, ear diameter
(1998), ear length, number of rows per ear, number of kernels
per row, shelling percentage (1996) and HI (1998) significantly
increased with increased N rates-at P<0.01. The rest of the
traits  significantly increased at P<0.05 while shelling
percentage (1998) and HI (1998) followed the same trend but
were not significantly different at P<0.05 (Table 4). The
h:ghest ear diameter values were obtained from the 120 kg N
ha' in both seasons (43.2 cm and 39.9 cm, respectively) while
the lowest values were recorded from the 0 kg N ha™' (39.6 cm
and 33.9 cm, respectively). The 120 kg N ha™' had the highest
ear length in both seasons (13.1 and 11.5, respectively).

Number of kernels per row of harvested ears and the number
of kernels per row on the ears were highest at the 120 kg N ha’
The lowest shelling percentage were recorded from the 0 kg
N ha'' (83.8 and 83.5, respectively). In 1998, the lowest 1000
grain value was recorded from 0 kg N ha™ while the highest
value (221.1) was recorded at 120 kg N ha' in 1996, the
fowest Hl value was 32.4% (at 0 kg N ha') while the highest
value was 41.7 (at 90 kg N ha''). In 1998, the same trend was
observed as recorded in 1996, For most of the traits
measured, there were no differences observed between 60, 90
and 120 kg N ha™'. The lowest values of the yield components
measured were recorded from 0 kg N ha™'. This was followed
by the 30 kg N ha'. Except for she||mg percentage, the
means of all the yield components were lower in the 1998
season compared to means in the 1996 (Table 4). Grain yield
significantly (P<0.01) increased with increased N rates
although there were no significant differences between 90 and
120 kg N ha " in both seasons.

The cultivars varied significantly (P<0.01) for "ear
diameter in the 1996 (Table 4). In the 1998, there were no
significant differences observed among the early cultivars for
ear diameter, however, the same trend was observed as in
1996. AC90POOL16-DT, TZECOMP4C2 and
AC8I9DMRESRW had the highest ear - diameter
AC90PCOL16-DT had significantly lower ear length than the
rest of the cultivars in both seasons (P<0.01) while
TZECOMPS5CS5, TZECOMP3C2 and ACY90POOL16-DT had
the longest ears. TZECOMP3C2 and ACB9DMRESRW had
more number of rows per ear (greater than 14 in 1996 and
greater than 13 in 1998) at P<0.01. EV8731-SR and DMR-
ESRY on other hand had the lowest number of rows per ears
in both seasons.

In 1996 TZECOMPS5CS and AC89DMRESRW had
the highest number of kernels per row while in the 1998
TZECOMPR3C2 and TZECOMPSCS had significantly (P<0. 05)
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highest HI in both seasons (Table 4). TZECOMP3C2 and

AC89DMRESRW had the highest grain yield in both seasons
{P<0.05) while TZECOMP4C2 and ACS0POOL16-DT were

while

ACS0POOL16-DT

ACB9DMRESRW, AC90POOL16-DT and TZECOMP3C2 had

1996, the highest shelling percentage of 84.9 was recorded in
and

higher kernel number per row with means greater than 23. In

TZECOMP5CS5

among the cultivars that had the lowest grain yieid in both

seasons.

A

The response curve between grain yield and N rateg

was a linear relationship in both seasons (Figure 1). The R
values obtained were 0.93 and 0.86 for 1996 and 1998,

respectively.

In
d the lowest

in the 1998.
TZECOMPSCS had

both seasons, EV8731-SR and DMR-ESRY ha
shelling percentage. TZECOMP4C2 and

, respectively in the
- AC89DMRESRW and TZECOMP3C2 had the

the highest shelling percentage of about 85%
hest and lowest 1000-grain weight

two seasons.

the hig

qm!m 4: Yield and yield parameters of early maturing maize cuitivars at five N rates in the 1996 and 1998 planting seasons

Treatment

CDIA (cm) CLEN (cm) NRPC KPR SHLL 1000SW (g) " Hi (%) Grain yield (kg/ha)
N rates (kg ha') 1996 1098 1996 1998 1996 1998 1996 1998 1996 1998 1996 1998 1996 1998 1996 1998
0 386 339 103 74 133 1103 248 153 838 835 2406 1929 324 140 25004 4862
30 408 376 114 99 144 134 270 210 838 846 23786 2067 351 245 29505 13313
60 414 393 122 109 139 134 294 237 833 849 2411 2140 371 335 37866 20324
90 428 392 131 11.1 14.1 136 317 238 851 845 2660 2163 417 343 49796 22440
120 432 399 131 115 145 134 316 255 841 849 2553 2211 408 wm.N 49070 2276.4
Means 416 380 120 101 140 130 289 219 840 845 2481 2102 374 290 38248 16740
SED 039 100 048 038 024 042 112 189 045 036 88 315 230 256 103.83 15803
Prob. of F 005 001 001 001 005 001 001 001 001 ns 005 001 005 001 0O 0.01
'LSD 098 218 089 082 049 091 221 411 084 108 2779 1178 510 7.21 588.12 38642
Cultivars
TZECOMP4C2 424 382 113 100 136 129 283 225 842 848 2630 2247 310 274 36310 14859
AC89DMRESRW 418 383 123 100 143 133 306 215 839 853 2430 2083 408 312 40097 1856.3
TZECOMP5CS 410 374 129 106 143 128 307 231 849 850 237.0 1892 391 292 398136 16512
EV8731-SR 4185 372 120 98 136 127 278 213 831 839 2570 2032 356 313 35841 17849
AC90POOL16-DT 426 389 111 94 141 128 269 192 849 855 2550 2196 377 267 36657 14338
TZECOMP3C2 411 371 122 105 145 136 290 231 841 859 2400 2019 396 308 41784 18551
DMR-ESR 40.4 377 124 107 140 127 291 220 832 832 241.0 2146 376 264 37913 16512
Means 415 378 120 101 141 130 289 218 840 B848 2480 2102 374 280 38248 16740
SED 047 075 027 035 020 038 067 108 049 044 84 372 260 303 12286 186.98
Prob. of F 001 ns 001 001 001 ns 005 00t 00t 001 001 001 005 ns 0.05 0.05
LSD 155 150 105 070 077 076 197 215 133 165 1985 1394 604 853 52534 34517

CDIA = Ear diameter, CLEN = Ear length, NRPC = Number of rows per ear, KPR = Number of kernels per row,

SHLL = Shelling percentage, 1000SW = 1000 grain weight, HI = Harvest index and ns = not significantly different at P=0.05
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DISCUSSION

The delay in anthesis and maturity and the increased
tength of anthesis-silking interval at lower N rates suggests
that N stress, apart from delaying maize growth, also delays
maize development. This is contrary to the view of Coelho and
Date (1980) and Kiniry et al. {1983) who were of the view that
maize development is a function of temperature, radiation, day
length and water stress, but did not consider N stress as an
important factor in maize development. The longer delay in
silking and maturity noticed in 1998 could be due to the
additional stress introduced by drought spell experienced in
that planting season thus confirming the work of Coelho and
Dale (1980), Kiniry et al. (1983) and Shaw (1988) that water

. stress delays silking and maturity in maize. The water stress
might have caused the applied nitrogen not to be available to
the plants.
phenological traits in maize could be further complicated by
other stress factors that will inhibit N uptake and then lead to
poor performance of the crops Nitrogen interacts with other
factors to produce some effects on the phenological traits.
Therefore, in addressing the problem of stress in maize, N
should not be considered alone. The result agrees with the
report of Dass et a/. (1997) who found increased days to 50%
silking and ASI with N stress. They reported up to 9 days
delayed silking and increased ASI of 4 to 5 days with N stress.
The increase in ASI is an indication that fow N increases the
chances of having more abortions of the ears and spikelets
and thus having more barrenness and fewer grains per ear
(Edmeades et al., 1993). This leads to low grain yields as
there is reduction in number of grains per plant (Edmeades et
al., 1993). The result further shows that with higher N, there
will be more synchrony in floweting, thus reducing the rate of
barrenness during the grain filling period.

Length of grain filling period was increased by about
6 days at 90 and 120 kg N ha' (both seasons). This is in
agreement with the findings of Squire (1990) who also
obtained longer grain filling pericds with increased N rates.
Higher N application will result in longer grain filling periods
thus enabling the plants to have better filled grains and thus
higher grain yields. Also with less leaf senescence which
normally characterizes higher N, there could be more leaves
for energy capture and utilization at the grain filling stage.
Aluko and Fischer (19887) reported that the amount of light
intercepted and therefore the photosynthate produced by the
plant during flowering is the dominant factor determining final
kernel number. The results show that N hastens growth and
development and reduces maturity period. For most of the
traits, there was no advantage of 120 kg N ha' over 90 kg N
ha' indicating that for economic production of maize, 90 kg N
ha' could be appltied thus reducing the cost of fertilizer
application.  This shows that most of these cultivars can
perform well at a nitrogen level that is below the recommended
optimum in this region.

The earliest time taken by TZECOMP3C2 and
ACO0POOL16-DT to attain 50% anthesis and silking
compared to most other cultivars in both seasons suggests
that they may be good cultivars for areas with a short growing
period due to limited water supply. The earliest maturity and
the shortest AS! from AC30POOL16-DT and TZECOMP3C2
show that they could withstand the effects of N stress on
development more than the other cultivars. This shows that
under N and other stress factors it will pay to plant these
cultivars so as to escape some of the stress factors. Also
these cultivars have the tendency for less ear barrenness and
better grain filling. TZECOMP4C2, TZECOMP3C2 and
TZECOMPS5CS5 had the longest grain filling period compare to
the other cultivars showing that they have the tendency for
better energy capture and utilisation and better filled grains.

The significant increases in yield components with
increased N rates might be due to higher N uptake with higher
N rates which facilitated more photosynthetic activity and more
partitoning of dry matter to the ears (Lemcoff and toomis.
1986). Other studies by Ogunlela et a/ (1988) and Heuberger

This shows that the expression of some .

.

(1998) also showed differences in yield components with
higher N ievels in Mokwa. The differences noticed in the yield
components among different cuitivars show the higher yield
potentials of some cultivars. Heuberger (1998) also obtained
differences in yield components among cultivars. This might
be due to the varietal differences in N uptake. translocation.
photosynthesis and partitioning of dry matter.

With increased N stress, there were significant
reductions in yeld components such as ear diameter, ear
length, number of kernel rows per ear, kerneis per row, and
shelling percentage. This forms the basis for low yield under
low N situations. This agrees with the report of Lemcoff and
Loomis (1986) that variations in the supply of C and N
substrates affect the growth of plants and may lead to changes
in the components of grain yield such as grain weight and
number.

The increase in shelling percentage, 1000-grain
weight and HI with increased N rates, agrees. with the findings
of Hageman (1986) that N influences sink capacity in maize.
Squire (1990) also reported higher 1000-grain weight and Hli
with higher N. The vanability of HI with N rates and cultivars
agrees with the report of Tollenaar (1986) that dry matter
harvest index is influenced by both environmental and genetic
factors. Aluko and Fischer (1987) noted that low sink size
reduces Hl in tropical maize. They were of the view that both
dry matter production and assimilate allocation to the grains
affect Hl. The highest shelling percentage obtained from
TZECOMPSCS5 and TZECOMP3C2 shows that they were
more efficient in dry matter partiboning to the grains. It also
shows that they had less barfen ears and better grain filling
compared to other cultivars. The highest 1000-grain weight
obtained from TZECOMP4C2 and TZB-SR shows that they
have the biggest grains. The low grain yield at lower N
observed among the cultivars was earlier explained by Squire

- {1990) that when environmental constraints reduce the number

of reproductive units well below the potential size, the small
size of the resuiting sink itself limits the fraction of the dry
matter allocation to the structure (in this case grains). Under
such condition, partitioning factor is usually proportional to the
size of the sink Aluko and Fischer {(1987) also noted that
partitioning of assimilate depends on the sink size. The highest
grain yield obtained from TZECOMP3C2 and
AC89DMRESRW can be attributed the higher performance of
these cultivars in most of the yield components measured such
as ear diameter, ear length. number of rows per ear and
number of kernels per row

The linear response curve between grain yield and N
rates shows that there could be higher grain yield with higher
N rates. The high R? value shows that there is a high lineaf
association between grain yields and increasing N rates.
Elsewhere, Simonis (1988) also obtained a linear relationship
with N rates even beyond 120 kg N ha’. This shows that
there will be higher grain yield with higher N application. The
high slope shows that a slight change in N will result in a high
change in grain yield

CONCLUSIONS

In order to determine the effects of N stress factor on
the phenology and yieid components of early maturing maize
cultivars, seven early maize cultivars were tested against five
N rates. It was observed that the N stress levels significantly
affected all the phenological traits measured. Similarly, yield
components were also affected by N rates. For all these traits,
there were better performances at 90 and 120 kg N ha'
Similarly, the different cultivars reacted differently to the N
stress factors for both the phenological traits and yield
components. Such cultivars as TZECOMP3C2, TZECOMP4(C2
and DMR-ESRY performed better than most of the cultivars for
most of the traits that were measured. Apart from the higher
yields associated with hugh N levels, maize phenology can aiso
be hastened by the application of higher N levels
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