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Abstract 

This study investigated the response of taro mdmc (Zaa mo~n L-) hybridr b fom )ereLs 

of n ih~gen (N) (0.100,MO and 30 Lglha) at taro plant dcnsitia (53,300 md 66.600 
plankha). The experiment was cwdocted at tbc Terching d R d  Fano of the 
Obafemi Awolowo University. Re-Ife. Ni- in the e d y  a d  kte a q p i n g  seaurs of 
1985. Design was arandomizedcompkModr@aD)aritbsplit+pbt- 
N was the main plot while vari& and spscing comtihtcd the sob-plc&, rd mb-mb 
plots. respectively. 

Grain yields increaseduptoMOmaof r p p l i c d N w b i k r t ~ N ~ b y k I d  teodcd 
to ceil off. Yield of the hybrids varied fran 31) tlh It OkgNh. b 5.4 tlh at 3CEkg N! 
ha. N at200 kgha was found--fa@yieMhgtheerrty-whileabua 
rate (100 kg Ntha) appeared d i i e n t  fa the kte - '2he effeds of  N oo grdn yield 
were due to an increase in ear length.earc'- - .mdnrmbaofkanelmwspa~~~~ No 
significant yield difference was obtained beCwean tbc two (mrmd md high) demitics 
used indicating that the normal k i t y  of 53.300 pl.dslhr is rleolpe for thc hybids 
used. 
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Acute shortage of maize (Zca nrays L-) in Nigexia is hwght a b m  pcimally by Iow 
levels of pmduction. Nigeria's average grain yield of abad 1 toane@a ccrnperes dvemdy 
with the world average of over 3 tonnes/ha 1985). The poMenrs of low maize 
yield are attributable to extensive ose of mdihd low yielding cnltivars. planting at 
ir lacings and inadeqoate me of fatiliaefi. With the inr of maize 
h: v - y i e l & n g l o c a l ~ ~ h i s n e e d t o e v a l ~ ~  
~&UIIUIIIIL yc1lu1111allCe with respect to their reqmme to f e d k r  and planting density. 
Nitrogen (N) is, perhaps, the most did element essential fa the growth of plants and this 
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element has been found to be commonly deficient in tropical soils (Agboola and Corey, 1976: 
Adepetu et al., 1979). 

A plant population of 53300 plants/ha is widely used by maize researchers in Nigeria 
( F M  and A~ooh, 1980). Traditional farmers often plant at lower densities at irregular 
and wide spacinos. It is important at this stage cf hybrid maize technology in Nigeria to find 
out if hybrids being relea. .  can tolerate higher densities than the recommended one. This 
study was, therefore, designed to investigate the response of maize hybrids to N fertilizer at 
two plant densities. 

Materials and Methods : 
'The study was conducted at the Teaching and Research Farm, Obafemi Awolowo 

University. k-Jfe, an longitude W0 3% and latitude 7'28'N, 24.4 m above sea level. 
lluee maix  cultivars (two hybfids and oneopen-pollinated check) were used for this 

stl~dy. l k  two hybrids, 8338-2 and 8329-15 are both F, singlecross hybrids developed at the 
Jnternatid Institute of Tropical Awulture (IITA), badan. Nigeria. Hybrid 8338-2 is 
whrte-grained. while 8329-15 is yellow. Both of them are late maturing (about 120 days) and 
resistant to maize diseases like rust fungus. blight and s-ak virus (Fajemisin. 1985). The 
ckck  cu!tivar was W R -  W -1. This is an improved open-pollinated (0-P.) maize cultivv 
deri~pd frOm Z S R  - W. It is also a white-gained and late maturing cultivar (Obilana and 
Fajemisin, 1977). 

rheexperirnentwm arandomizedcornpleteblockdesign (RCBD) with split-split plot 
arrangement. N - levels fonned the main plot. and spacing and variety constituted the sub 
plots ~ndsubsubplots,respectively.The sub-sub-plot w s  wholeor split N application. Each 
subplot consisted of eightrows, 5m long, andmeasured6.0rn X 5m (30mZ). Each replication 
consisted of plots laid out in four blocks each containing 12 sub-plots. 

The f~ld was disc ploughed and harrowed. Weed control was cani'ed out by using a 
mixture of paraquat (l,l'-dirne!hyl4.4'-bipyridinium) and metolachlor (2 - chloro - N - (2- 
methoxy-l methyl acetarnine) 8s preemergence ha%icide one day after sowing at the 
mommended rate of 3.0 kg adha 

EarlymMnplantin$ wkdoneon May 1st.ani~Ihelatexssonphtingon September 
2. Two spacings designated as 'normal' and 'high' were used. The normal density was planted 
at 75cm X 25cm spacing, at one seed per hill. ?his cormponds to 21 plants per row or 168 
phntJPlot (53300 plants/ha). The high derlsity was sown at 75cm X 20cm spacing, at one 
seed per hill. 'Zhis comesponds to 26 plantstrow or 208 plantdplot (66,600 plantsiha). 
Emergence cwnts were vely high (99%) hence no supplying was done. 

N was applied as calcium ammonium nittiate (CAN, 26% N) at the rates of 0 N, 
100kgN. 200KgN. 300kgNha The N - rates were applied either whole at planting to plots 
mxivng whole N application, or in two equal splits, half at planting and the other half six 
w& after planting. A basal application of 20kg Mg/ha as amgnesiurn sulphate, 60kg P/ha 
as single super phosphate and Wkg K/ha as rnuriate of potash was made by broadcasting at 
the time of first N application. The N - q d r e s  in the split N-treatment plots was applied by 
banding. 

Data were taken 6ran thefollrmiddlemws(&plot)of each sub-plot on the following 
parameters: days-wsilking,plant height. ear height, stem and root lodging scores, plant stand 
at harvest, number of ears harvested, grain yield and yield components. 



Stem lodging Score: Plants with broken stems below the ear or leaning at an angle of less 
than 45O but with roots not exposed were taken as stem -lodged. The raling score was assigned 
as follows. 

No lodging - - 1; 
Less than 20% lodging - - 2; 
20 - 50% lodging - - 3; 
50 - 70% lodging - - 4; 
Greater than 70% 
lodging - - 5;  

Root Lodging Score: Plants with exposed brace rootsand with stems bent acutely towards 
the ground were regarded as root-lodged. The rating was as for stem lodging, above. 

Plant Stands at Harvest: This was determined by counting the number of plants in the net 
plot, not lodged, at the time of harvest. 

Ears Harvested: This is the number of ears harvested within the net plot. 

Grain Yield and Yield Components: A one-meter margin was discarded from both 
ends of the four middle rows, leaving a net row length of 3m and a four - row width of 3m 
(net plot harvested = 9m2) for grain yield determinations. The ears harvested within the net 
plot were weighed to obtain field weight per plot. Samples were obtained from @ns in each 
plot and sample moisture content was determined using Dickey John Automatic Moisture 
Tester. Grain weight per plot was adjusted to 15% moisture and converted to tonnes per 
hectare (tha). After harvesting, five ems were randomly picked from [he net plot for yield 
component determinations. The following yield components were determined: ear length. 
ear and cob diameters, number of kernel rows per ear. number of kernels per row, kernel 
depth. 1000 - kernel weight and shelling percentage. 

Statistical Analyses: Data were subjected to analy,ses of variance to dcterm51e the 
effects of the treatments on the parameters measured. The treatment means were yeparated 
using the least significant difference (LSD) method (Steel and Torrie, 19RO). Trend 
comparisons were also carried out to determine the nature of response of grain yield to N 
rates. 

Results 

Effects of Seasons, Planting Densities and Nitrogen Levels on Agronomic Traits of 
Maize Hybrids 

The number of plants and ears harvested were influenced by plant density. Signifi- 
cantly more ears were harvested at the 'normal' density (53,300 plantsha) than at the 'high' 
density (66,600plantsha). Number of plants and ears harvested during the early season were 
significantly higher than in the late season 



TABLE 1: EFFECTS OF PLANT DEhdITY AND SEASON ON AGRONOMIC 
TRAITS OF TWO MAIZE HYBRLDS 

Varieties Densities (plantha) Seasons 

Agronomic traits 8338-2 8329-15 TZSR-U' LSD 66,600 53,300 LSD Early Late LSD 
0.05 0.05 0.05 

No. of Plants harvested 

No. of ears harvested 

Days-to-silking 

Plant height (cm) 

Ear height (cm) 

' Shelling percentage 

Kernel moisture percentage 

Stem lodging 

Root lodging 



The hybrids silkedearlierthan the O.P.check, with hybrid 8338-2 and 8329- 15 sillring 
2 and 3 days earlier, respectively, than the O.P. Irrespective of season, days-to-silking were 
the same (Table 1). Hybrid 8329-15 was significantly shorter than 8338-2. The O.P. check 
and 8338-2 were not significantly different from each other in average height. However, no 
significant differences existed in the ear heights of the hybrids. The ear height of the 0. P. 
variety (1 10.2 cm) was also significantly different from that of 8338-2 (102.3cm). Virtually 
all the agronomic traits except days-to-silking varied with season (Table 1). 

N levels significantly affected the number of plants and ears harvested from the net 
plot (Table 2). The number of plants harvested at lOOkg N/ha was significantly higher than 
at other N levels, while N-levels higher than lOOkg/ha did not significantly increase the 
number of ears. 

TABLE 2: EFFECTS OF NITROGEN LEVELS ON AGRONOMIC TRAITS OF 
TWO MAIZE HYBRIDS 

Nitrogen levels (kg.ha) 

Agronomic Traits 0 100 200 300 LSD 0.05 

No. of plants harvested 4 1 

No. of ears harvested 28 

Days-to-silking 61 

Plant height (cm) 2 10.50 

Ear height (cm) 97.40 

Shelling percentage 76.19 

Kernel moisture percentage 16.75 

Stem lodging 2.00 

Root lodging 1.1 

Plants receiving N siked earlier than the control. Also, plant and ear heights were 
affected by N- rates. Thus, plants were taller at 200 and 300kg N/ha than at IOOkg N/ha and 
the control. For ear height, the main difference was between the control andother N-levels. 
Emplacement at 300kgNha was not significantly higher than at 100 or200kgN/ha.At300kg 
Nha, significantly more plants were root lodged than at 0 kg N/ha while the effects of the 
other N rates (100 and 200kg Nha) were not significantly different from the control (Table 
2). More plants suffered from root and stem lodging during the early than the late season 
(Table 1). 



TABLE 3: ANALYSIS OF VARIANCE OF THE EFFECTS OF NITROGEN 
LEVELS ON GRAIN YIELD OF MAIZE HYBRIDS 

~~. -- - ~- -~ 

Sorces of variation DF SS MS 

Replicates 
I 

Nitrogen levels 

NL 

NQ 
Residual 

Error A 

Variety 

Nitrogen x variety 

NLx V 

N p x V  

Residual 

Error B 

* ** significarif at P = 0.05 and 0.01 levels, respectively 

N and Grain Yield of Hybrids Figure 

Grain yields were significantly affected by N levels (Table 3). The coefficient of 
determination (R2) for the mean grain yield of the hybrids was 0.99 (fig.1). The response of 
8329-15 was similar to the response obtained forth? mean of the two hybrid$. while 8338- 
2 increased with additions of N up to 300kg N/ha (R2 = 0.54). Furthermore. the variories 
differed significantly from one another in theirresponses toN (Table 4). Grain yields varied 
from 2.98 t/ha at O kg N/ha to 5.35 t/ha at 300kg N/ha for 8338-2. No statistically significant 
yield difference was obmned between 100 and 200kg N/ha for this hybrid, although yield at 
300 kg N/ha was significantly higher than at lWkg N/ha. 



TABLE 4: GRAIN YIELD OF TWO MAIZE HYBRlDS AND ONE OPEN-POL 
LINATED MAIZE CULTIVAR 

Grain Yield (h) 

Early Season Late %ason 

N-Levew 8338-2 8329-15 TZSR-W 8338-2 8329-15 TZSR-W 

Grain Yield (tha) 

0 kg~ha 38 3.07 2.60 137 1.70 158 

100 kg/ha 4.38 3.70 3.% 1.89 232 2-08 

LSD: 0.05 0.740 

The response of the O.P. check during the early season shows significant difference 
between grain yield at 0 kg N/ha (2.60 t/ha) and at lOOkg N/ha (3.96 t/ha). A significantly 
higher yield response was obtained for8329- 15 at 200kg N/ha. However, 8329-1 5 performed 
better than the other varieties during the late season and showed significant yield differences 
between IOOkg N/ha and 200 or 300kg Nha. 

Variety, Density and N - level effects on Yield Compow~tsm 

The difference between the hybrids and the OP. cultivar in the overall yield 
performance was rnflected in significant differences in their yield companents. The hybrids 
had.significantly longer ears than the O.P. (Table 5). However, the kernel row number per 
ear and kernel depth of 8338-2 were not significantly different from the OP. check while 
8329- 15 had more kernel rows per ear. The weight of the kernels (measured as 1.000 kernel 
weight) for the white hybrid and the O.P. check, were not signitiitly different, while the 
yellow hybrid had significantly lighter kernels than the white hybrid and the OP. check 

Average ear length and kernel number per row were higher at the high density than 
at the normal density (Table 5). Jn addition, ear diameter was wider at the high than at the 
normal density while the weight of 1.000 kernels was  greater at the high than at the normal 
density. 



Discussion 

The number of maize ears harvested per unit area of land was significantly affected 
by planting density. m e  total number of plant stands at the time of harvest in the net plot was 
20% higher at the high density than at thenormal density (datanot shown). Significantly more 
ears were harvested under normal density (53,300 plantqha) than at high density (66,600 
plantsha). This is similar to the results of Bollon (1971) who observed considerable 
reduction in the number of ears harvested per unit cw as density increased beyond 49,500 
plantsha. Reminson and Lucas (1982) obtained significant increase in ear number up to 
53,300 plantsha with significant reduction beyond this level. The iscrease in the number of 
ears per unit areaat 53,300plantsrha; in this study. was however, not reflected in the ultimate 
grain yield. The maineffect of spacing on yieldisbelieved tobeachange in the radiant energy 
distribution within the crop canopy (Yao and Shaw, 1964). With closer and nrore uniform 
spacing of plants, light distribution and interception within the carlopy is more unil'orm and 
more leaves are exposed to direct light (Egharevba, 1977). Crop growth rates increase with 
percent light interception, resu1ting.h increased rate of dry matter production. Spatial 
distribution of planls were shown to have a large effect on the amount of energy absorbed by 
plants (Aubertin and Peters, 1961). Although net radiation over the populations used in this 
study was not measured. some other studies have given opposite effects of spacing on nel 
radiation in maize. (Linvill and Dale, 1975). The authors observed that maize population 
density in the range from 42,000 to 62,000 plants/ha had no significant effect upon net 
radiation. this may have accounted for the non-significant difference in grain yield obtained 
in this study at the two densities used. Only 8329-15 gave a significant response at these 
densities by producing significantly more ears than the other hybrid 8338-2, but the number 
of ears produced by 8329-15 was not significantly higher than that produced by the O.P. 
check. 

N - rate increased (Kamprathetal., 1982). These workersobserveda significant linear 
correlation between N concentration of hybrids at silking and the number of ears per plant. 
Since no difference occurred in ear number between lOOand 300kg N/ha the level of l00kg 
N/ha appeared enough for the hybrids to develop their ears. However, higher levels of N 
would be needed for high dry matter accumulation in the developed grains. 

Plant and ear heights of the varieties were significantly affected by N. TZSR - W- 1 
was significantly taller than the two hybrids. Tallness of plants usually encourages lodging, 
especially if the stalk is not correspondly strengthened and under severe wind, stalks may 
break. It is thus advantageous to breed for shortness in hybrids as well as in other maize 
varieties. The O.P. check suffered more from lodging, especially in N-treated plots, than the 
two hybrids. 

Uniformity ofplants and ear placement characteristics couldalso be assessed from the 
heights. Theadvantageof uniformity in ear placement is that hybrids, with average ear height 
of 102 - 106cm would be more suitable for mechan'ized harvesting because &he ear heights 
varied little within this range for both hybrids than the O.P. Variety where ear heights varied 
more widely (Table 1). 

The hybrids responded significantly to N in grain yield performance. There was no 
significant yield difference between l00kg N/ha and higher n - rates in this study in the late 
season, contrary to what had been reported by Lutz and Lillard (1973); Arnold et al. (1974); 
hart et al. (1982); and Alofeet a1. (1986). However,alofeet al. (1986) obtained optimum grain 
yield at 200kg Nha for the hybrids used in their study. 



TABLE 5: EFFECTS OF PLANT DENSITY AND NITROGEN LEVEL ON YIELD 
COMPONENTS OF MAIZE 

Agronomic Varieties Densities (plantsha) Nitrogen levels Kglha 1 
I 

Traits 8338-2 8329-15 TZSR W 66,600 53,300 LSDO.05 0 100 200 300 LSDO.(S 

Ear length (cm) 45.1 15.5 14.5 15.4 14.76 0.32 13.8 15.1 15.7 15.6 0.44 1 
No. of kernel rows per 14.0 14.6 13.9 0, 14.3 14.1 0.24 14.0 14.2 14.3 14.2 0.03 1 
Ear row number 

Kernel row number 33.3 34.8 32.0 n 
per row 

Ear diameter (cm) 4.4 4.2 4.2 4.3 4.1 4.3 4.3 4.3 0.09 i 4.2 0.06 

Kernel depth (cm) 1.6 1.5 1 0.04 1.6 1.6 0.04 1.6 1 b 1.6 1.6 0.9 
Wt. of 1000 Kernels 223.9 195.3 2 7.93 217.1 208.1 5.50 209.6 214.9 214.7 21 1.2 6.69 

Grain yield (Pa\ 3.1 2.8 2." 0.22 2.9 2.8 0,18 2.2 3.1 3.1 3.1 0.24 



According to Mwata (1%1). higher N supply would not always result in higher 
photosyntheticactivity and grain yieldalthough the photosynthetic capacity of the stand may 
be greatly enhancd This is because under high N, growth and development of leaves are 
greatly stimulaled, so lhat the N content ofeac:~ leaf is 'diluted', m~king the difference of N 
content cornparalively  mall. Also. at high N levels where maximum yield may be obtained, 
expansion of leaf area mav play a dominant role. Frequently. excess Iwf area caused by a 
heavy N application codd lead to decreased grain yield due to mutual shading of the leaves. 
Thu.s.toavoid theseobstacles,maize hybrids that can tolerate high N with resultant high yield 
~esponse are desmbIe. The hybrids used in this study responded pos~tively to N up to 200kg 
N/ha during the early season, while linle response was obtainedduring the late season beyond 
IOOkg N. Thus, dining the early season. 200kg Nha was adequate for maximum grain yield 
while the lower mtc appeared sufficient for the late season. 

Some yiele conqmnena of the hybrids were significantly affected by N. N caused an 
increase in ear length, mmher of kernel rows per ear, numher of kernels per row and ear 
diameter (Table 5). The productivity of a plant can be increased in terms of carbohydrate 
pduction. 23is could contribute to increased yields if the total storage capacity of the plant 
i~ adequate. thus. an adequate'sink' is required that is capable of receiving the carbohydrates 
in excessof the metnholic needs of theplants. In noncereals, a'feed-back' mechanism exists 
because the size nf the 'sink' affects the production and movement of akahydrates in the 
plant (Thomc, 1%). It is, therefore. possible that in maize, also, too few grains, or their 
unsatisfactory deve!opnent, rndy restrict the photosynthesis of the shoot. Thus, the number 
~f p i n s  perear and weight of the individual grain are important detenninanLs of g r i n  yield. 
hnv attempt to increase the components of yield, for example, ear length or number of kernel 
rows per ear, by cultural pxtices would result in higher yields by these varieties. The role 
of N in this respect is to raise the ceiling for the maximum yield potential achievable under 
a given environmental ~ondition and in ensuring that each individual yield component 
cantnites maximally to the realization of this mmimum yield. this appears to have been 
achieved in this W y .  
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