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ABSTRACT

A three year study was conducted in the rainy seasons of 2005, 2006 and 2007 at
the Research Farm of the Institute for Agricultural Research, Ahmadu Bello
University, Zaria, Nigeria, to evaluate character association and path coefficient
analysis of maize (Zea mays L.) grown under legume incorporation and nitrogen.
The results of this study showed that maize grain yield correlated positively and
significantly with all measured characters. Path coefficient analysisindicated that
plant height, total dry matter per plant, crop growth rate, cob length, number of
grains per cob, 100-seed weight and stover yield showed positive direct effects on
grain yield. Plant height and total dry matter per plant and 100-seed weight and
stover yield gave the largest combined contributions. In growth characters, the
highest individual contributions to grain yield were made by total dry matter per
plant and crop growth rate. Inyield characters, the highest individual contributions
to grain yield were made by 100-seed weight and stover yield. Conclusively, total
dry matter per plant, crop growth rate, 100-seed weight and stover yield should be
considered for selection criteriain improving these varieties for better yield.
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INTRODUCTION

Character association between yield and yield components
plays a pivotal rolein developing maize varieties with better
yieldthrough awell orchestrated breeding programme. Ahmad
and Saleem (2003) reported that the efficacy of a breeding
programme rests centrally on the direction and magnitude of
the association between yield and yield components and also
therelativeimportance of each factor involved in contributing
to grain yield. The desire of every farmer is high grain yield
which is a product of association among various growth and
yield parameters. The available information about this
association assists in putting in place a breeding plan to
improve the yield. Aliyu et al. (2000) reported that where
there is a characterization of association between characters,
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correlation analysishel psto determine the type and magnitude
of the association between a pair of characters. It has even
been reported that where there are more than two variables,
using correlation coefficient alone does not give good picture
of the interrelationship (Fakorede and Opeke, 1985).
Therefore, path coefficient analysis is used where more than
two characters are to be considered. ‘ Path coefficient analysis
is a standardized partial regression coefficient that allows
partitioning of correlation coefficient into direct and indirect
effects of various traits towards dependent variable and also
helps in assessing the cause and effect relationship aswell as
effective selection’ (Bello et al., 2010).

Path coefficient analysis determines the direct influence
of one variable on another and also discomposes the
correlation coefficient into direct and indirect effects
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(DeRodriguez et al., 2001). Itisaknown fact that ayieldisan
aggregate of total performance of various growth/yield
components of a given crop. Therefore, it is important to
evaluate the contribution of each of the its different
components in a bid to know which one gives greatest
influencein grainyield (Ozer et al., 1999). It isalso important
to determine the role of incorporation of legumes as green
manure and nitrogen fertilization on someyield attributes and
how they affect the contribution of each character to grain
yield. The objective of this study therefore was to determine
which association is the best between maize grain yield and
yield components and between yield components themselves
as well as to identify which of the parameters has highest
contribution to grain yield. This is necessary in order to
identify which characters that could be used in yield
improvement programme of the varieties under study.

MATERIALSAND METHODS

Experimental site and soil characteristics: The study was
conducted during the wet seasons of 2005, 2006 and 2007 at
the Research Farm of the Institute for Agricultural Research,
Samaru (11°11* N, 07°38" E, 686 m above sea level) in the
Northern Guinea Savanna ecological zone of Nigeria. The
annual rainfall for the duration of the study in 2005, 2006 and
2007 was 790.4, 1086.7 and 900.4 mm, respectively. The
physico-chemical analysis of the top soil (0-30 cm depth) of
the experiment site before planting in 2005 as determined by
standard procedures showed that the soil was loam with the
following properties: pH (0.01M CaCl ,), 5.0; organic carbon,
5.3 g kg™; total nitrogen, 0.53 g kg™; available phosphorus,
12.25 mg kg~ and exchangeable cations (cmol kg™) of
Ca?®,1.80; Mg ?, 0.36; K *, 0.14 and Na*, 0.11 and CEC,
4.8 cmol kg™

Treatments and experimental design: The treatments
consisted of two maize varieties (SAMMAZ 12 and
SAMMAZ 27), five levels of N (0, 30, 60, 90 and
120 kg N ha™) and three green manure crops [lablab
(Lablab purpureus), mucuna(Mucuna pruriens) and soybean
(Glycine max (L.) Merrill)] and a weedy falow. The
experiment was laid out in a split-plot design with nitrogen
and variety asmain plot treatment and green manure asthe sub
plot treatment. The experiment was replicated three times.

Crop management practices. Leguminous green manure
cropswere planted on theflat with narrower inter-row spacing
of 37.5 cm. Thelablab was sown at 2 stands per holeat 20cm
within row and mucunawas sown at astand per hole at 20 cm
within row. The soybean was planted drilled. The leguminous
green crops were incorporated at 49 days (7 weeks) after
planting. After 3 days of incorporation, maize seeds were
planted with two or three seeds per hole at aspacing of 25 cm
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on the ridges of 75 cm apart. The maize seedlings were
thinned to one seedling per stand at two weeks after sowing.
The experimental plot consisted of six ridges of 4.5 m apart
and 4 mlong (gross plot) and net plot was 3x3 m (9 m?). The
green manure crops were fertilized using 20 kg P,O; ha™
and 10 kg N ha™* to boost their growth. Nitrogen fertilizer as
urea (46% N) was applied to the maize at 2 and 6 weeks after
sowing (WAS) according to treatment. Basal applications of
60 kg P,O; ha™* and 60 kg K,O ha™ were carried out
at sowing. Weeds were controlled wusing Paraquat
(Gramaxone) at 3 L ha* to kill weeds that were not properly
incorporated and hoe weeding was done at 6WAS.

Data collection: The observationsrecorded during the course
of study were plant height, leaf areaindex, total dry matter per
plant, crop growth rate, cob length, number of rows per cob,
number of grains per cob, 100-seed weight, stover yield and
grain yield. Data on plant height, leaf area index and crop
growth rate were collected from five randomly tagged plants
at OWASwhiledataontotal dry matter were collected onthree
randomly tagged plants at 9 WAS. Length of cobs from the
five tagged plantsin each plot was measured and the average
was recorded. Total number of rows from five randomly
selected cobsfromthe net plot was counted and the meanswas
recorded. Number of rows per cob was determined and the
means was recorded. Number of grains per cob of five
randomly sampled cobs from each plot was counted and the
mean number of grains per cob recorded. Stover yield was
determined at harvest and recorded. One hundred grainswere
counted from each net plot and weighed and recorded. The
grain yield was determined at harvest and recorded.

Data analysis: Correlation and path coefficients were
calculated from the means of treatments across replications.
The magnitude and type of relationship between characters
were assessed through simple correlation analysis (Little and
Hill, 1978). Thedirect and indirect contributionstograinyield
by the selected characters of maize were determined using the
path-coefficient analysis as described by Dewey and Lu
(1959).

RESULTS

Results showed that grain yield was significantly and
positively correlated with plant height, leaf area index, total
dry matter per plant, crop growth rate, cob length, number of
rows per cob, number of grains per cob, 100-seed weight and
stover yield (p = 0.001) (Table 1). The correlation between
plant height and other growth and yield characters was also
positiveand highly significant (p =0.001). Theleaf areaindex
was also positively and significantly correlated with growth
and yield components with exception of crop growth rate and
100-seed weight that were not significant. The path diagram
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Table 1: Matrix of co-efficient of correlation between grain yield, growth and yield components of maize in combined mean (combined years)

Correlation parameters 1 2 3 4 5 6 7 8 9 10
1 1.000

2 0.816** 1.000

3 0.628** 0.677** 1.000

4 0.241** 0.007"8 -0.102" 1.000

5 0.602** 0.487** 0.597** 0.378** 1.000

6 0.272** 0.362** 0.398** 0.007"s 0.295** 1.000

7 0.592** 0.548** 0.634** 0.287** 0.870** 0.607** 1.000

8 0.293** 0.012" 0.153* 0.684** 0.498** 0.019"s 0.395** 1.000

9 0.746** 0.626** 0.652** 0.400** 0.794** 0.306** 0.746** 0.548**  1.000

10 0.507** 0.301** 0.457** 0.602** 0.763** 0.205** 0.680** 0.806**  0.844** 1000

*Significant at 5% level of probability. ** Significant at 1% level of probability. NS: Not significance, 1: Plant height, 2: Leaf areaindex, 3: Total dry matter/plant,
4: Crop growth rate, 5: Cob length, 6: No. of rows/cab, 7: No. of grains/cob, 8: 100-seed weight, 9: Stover yield (kg ha™?), 10. Grain yield (kg ha™?)

showing theinterrel ationship of some maizegrowth characters
with grain yield is shown in Fig. 1. Plant height, total dry
matter per plant and crop growth rate showed positive direct
effect. However, |eaf areaindex showed negative direct effect.
Crop growth rate produced the highest direct effect (0.6042)
which was quickly followed by total dry matter per plant with
direct effect of 0.5544 (Fig. 1). The path diagram showing the
relationship between grain yield and yield components is
shown in Fig. 2. Cob length, number of grains per cob, 100-
seed weight and stover yield showed positive direct effectsto
grain yield. However, number of rows per cob indicated
negative effects. The highest direct effect of 0.4778 was
produced by 100-seed weight which was quickly followed by
stover yield with direct effect of 0.4401 (Fig. 2).

Table 2 showstheindividual and combined contributions
of various growth characters to maize grain yield. Table 2
shows that the highest individual contribution of 36.51% to
grain yield was made by crop growth rate which was
immediately followed by total dry matter per plant with
individual contribution of 30.73% while plant height and leaf
areaindex madeindividual contributionsof 5.33and 7.11%to
grain yield, respectively. Highest combined contribution of
16.07% to grain yield was made by plant height and total dry
matter per plant while lowest combined contribution of
-20.02% to grain yield was made by leaf areaindex and total
dry matter per plant. A residual effect of 34.59% was
unaccounted for in the analyses (Table 2). Table 3 shows the
individual and combined contributions of different yield
components to maize grain yield. Table 3 shows that the
highest individual contribution of 22.83% to grain yield was
made by 100-seed weight followed by stover yield (19.37%),
cob length (1.56%), number of grains per cob (0.40%) and
number of rows per cob (0.02%). The combined contribution
of 100-seed weight and stover yield (23.06%) produced the
highest combined contribution to grain yield while the
combined contribution of number of rows per cob and stover
yield (-0.37%) was the lowest. A residual effect of 10.79%
was unaccounted for in the analyses (Table 3).
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Table 2: Percentage contribution of different growth parameters to maize
grain yield in combined mean (combined years)

Growth parameters Contribution (%)
Direct contribution (P;,)*100

Plant height 5.33
LAI 7.11
TDM/plant 30.73
CGR 36.51
Combined contribution (2P,P;r;)100

Plant height and LAI -10.04
Plant height and TDM/plant 16.07
Plant height and CGR 6.73
LAl and TDM/Plant -20.02
LAl and CGR -0.21
TDM/plant and CGR -6.80
Residual effect[1-(Pyr ;5+P,r 5+Pgr 55+P,r 45)] 100

Rx 34.59
Tota 100.00

Table 3: Percentage contribution of different yield attributes to maize grain
yield in combined mean (combined years)

Yield attributes Contribution (%)
Direct contribution (P,)*100

Cob length 1.56
No. of rows/cob 0.02
No. of grains/cob 0.40
100-seed weight 22.83
Stover yield 19.37
Combined contribution (2P,P;r;;)100

Cob length and no. of rows/cob -0.10
Cob length and no. of grains/cob 1.37
Cob length and 100-seed weight 5.95
Cob length and stover yield 8.74
No. of rows/cob and no. of grains/cob -0.11
No. of rows/cob and 100-seed weight -0.03
No. of rows/cob and stover yield -0.37
No. of grains/cob and 100-seed weight 2.38
No. of graing/cob and stover yield 4.14
100-seed weight and stover yield 23.06
Residual effect [1-(P;r 16+ Par jg+Pal g5+ Pyr 46+ Psf 55)] 100

Rx 10.79
Tota 100.00

DISCUSSION

Thesignificant and positive correl ation observed between
grainyield and growth andyield characters could beattributed
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Fig. 1: Path diagram showing interrelationship between maize grain yield (kg ha™®) and some growth parameters in 2005-
2007(combined mean), 1: Plant height, 2: Leaf areaindex, 3: TDM/plant, 4: CGR and R: Residua
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Fig. 2: Path diagram showing interrelationship between maize grain yield (kg ha™*) and some yield attributes in 2005-2007
(Combined mean), 1: Cob length, 2: No. of rows/cob, 3: No. of grains/cab, 4: 100-seed weight, 5: Stover yield and

R: Residual

to the fact that these parameters are important determinants of
grain yield. This indicated that improvement on these
characters would result in better performance and
subsequent grain yield improvement. Researchers like
Annapurna et al. (1998), You et al. (1998) reported similar
results. Sharifai et al. (2006) found that grain yield was
positively and significantly correlated with plant height,
number of leaves, total dry matter, |eaf areaindex, kernel rows
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per cob, cob length, cob diameter, cob weight and 100-grain
weight. It was further reported that the increase in growth
parametersespecially plant height and number of leaveswould
help photosynthetic apparatus to synthesize more assimilates
and hence production of higher yield. Leaf areaindex which
correlated positively and significantly with other characters
could be linked to the light interception capacity of lesf
area index which facilitated better dry matter accumulation.
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Mildford et al. (1985) reported that light interceptionismainly
influenced by leaf area index and Scott and Jaggard (1978)
had earlier reported that dry matter yield was proportional to
the total amount of radiation intercepted by the crop for
growth. Total biomass production of a crop, without water
limitations, isthe product of solar radiation intercepted by the
crop canopy over the duration of the cropping period and the
efficiency at which the crop converts light energy into plant
dry matter (Richards, 2000).

Growth characters like plant height, total dry matter per
plant and crop growth rate had positive direct effect on grain
yield of maize which indicated that these characters had great
influences on yield performance. Path coefficient analysis
revealed that the most important contributors from growth
parametersto maize grain yield weretotal dry matter per plant
and Crop Growth Rate (CGR). This means that the higher the
dry matter per plant, themore assimilateit could translocate to
fill the grains for consequent higher grain yield. Higher
biomass is a product of higher number of leaves, leaf area
index and plant height which could directly and indirectly
contribute into higher grainyield. It isawell known fact that
crop growth rate is a measure of the rate of dry matter
production per unit of time or dry matter increment per unit
area of land per unit time. De juan Valero et al. (2005)
reported that a high crop growth rate emanating from high
LAI, high net assimilation or a combination of both seems to
cause highyield. Therelatively low value obtained in residual
effects could be that major contributing growth characters to
the maize grain yield were the ones considered in this study.

All theyield characters studied with exception of number
of rows per cob showed positivedirect effect onthegrainyield
which suggested that they had great impacts on yield
performance. 100-seed weight and stover yield gave the most
impressive positivedirect effect and individual contribution to
grain yield which could be attributed to the fact that the bulk
of plant dry matter is stored in stover from there assimilates
are remobilized and partitioned to grain yield. The more the
dry matter the more assimilates is mobilized to the grains for
heavier seeds hence the more the grain yields. Bruening and
Egli (1999) reported that grain yield is a function of the
number of seeds produced per unit areaand theaverage weight
of the individual seeds. The contribution of stover yield to
grain yield of maize should not be a surprise because stover
yield is acumulative effect of al other components of a crop
with an exception of economic yield parameters. The
combined contributions of either cob length and 100 seed
weight, cob length and stover yield or 100 seed weight and
stover yield showed that improving these characters will
definitely improvegrainyield. The negative effects of number
of rows per cob on grainyield could be that the more the rows
the less the grain filling. The low value obtained in residual
effectsindicated that other factorsand variablesnot considered
in this study were of less effect to grain yield.
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CONCLUSION

From the results of this study, it can be concluded that
correlation studies showed that grain yield of maize had
positive and significant associations with all the characters
studied. Charactersliketotal dry matter per plant, crop growth
rate, 100-seed weight and stover yield made the greatest direct
contribution to grain yield of maize. Theseyield contributing
components were also involved in the contribution of other
characterstograinyield. Therefore, these charactersshould be
considered asimportant selection criteriafor theimprovement
of thesevarietiesfor higher grain yield. Effort should be made
to reduce the number of rows per cob of these varieties
because of its negative effects on grain yield.
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