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Abstract: Two field experiments were conducted in 2004 and 2005 growing seasons at Banha, Kalubia
Governorate, Egypt to predict the interaction between temperature, solar radiation and three levels of nitrogen
fertilizer (60, 90 and 120 kg N/fed) on maize plant yield of three maize crosses (single cross 10, single cross
yellow 152 and three ways cross 310). Four models were developed to predict either maize plant yield or
kernels number/plant under the three nitrogen treatments based on the following: Model (1): used total leaf area,
plant growth rate and mean temperature. Model (2): used total leaf area, plant growth rate and intercepted
photosynthetically active radiation. Model (3): used total leaf area, plant growth rate, mean temperature and
nitrogen levels. Model (4): used total leaf area, plant growth rate, intercepted photosynthetically active radiation
and nitrogen levels. Results showed that total leaf area was reduced by 33.42 % when nitrogen fertilizer was
applied in the rate of 60 kg N/fed. Both kernels number/plant and kernels yield/plant were also reduced by
12.47 and 17.95 %, respectively. Less reduction in maize plant yield and its attributes was observed under the
application of 90 kg N/fed. Results also revealed that temperature was negatively correlated with either kernels
number/plant or plant yield and its attributes. Intercepted photosynthetically active radiation positively
correlated with total leaf area, plant growth rate and kernels number/plant. Both total leaf area, plant growth
rate and kernels numbers per plant were highly and positively correlated with nitrogen fertilizer. Intercepted
photosynthetically active radiation was found to be a better predictor for maize kernels number and maize plant
yield than mean temperature overall the four developed models. Predicted yield under the application of 100
kg N/fed reduced plant yield by 3.32 and 3.62 % for model (3) and (4), respectively. Although reduction in
maize yield exist when 100 kg N/fed was applied, some benefits could be obtained by reducing soil pollution.
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INTRODUCTION

Temperature and solar radiation have a direct effect
on maize production. Total dry matter production is a
function of net CO2 assimilation over the whole growing
season, which is affected by both solar radiation and
temperature. Maize yield is highly correlated with total
leaf area on the plant, which intercept solar radiation for
photosynthesis[3]. The amount of intercepted
photosynthetically active radiation directly determines
crop growth[6]. Whereas, temperature affects the duration
of crop growth, through its effect on enzymatic reactions
in the plant[3].

Maize kernels yield is closely associated with kernels
number per plant at harvest due to variation in growth
conditions[1]. Maize kernels number per plant was
positively related to intercept photosynthetically active
radiation and growth rate[6,12] and negatively related to
temperature[4,12]. 

Nitrogen is an essential element for maize plants.
Nitrogen stress limits cell division, chloroplast
development, enzymes activity and reduced dry matter
yields[3]. Application of 120 kg N/fed increased kernels
number/plant and kernels yield/plant[10,11]. Whereas,
application of 60 kg N/fed had a pronounced reduction in
maize grain yield[11].

The objectives of this study were (i) to assess the
impact of nitrogen stress on maize plant yield and kernels
number per plant. (ii) To develop different models to
predict maize plant yield and kernels number per plant
under nitrogen stress at silking. 

MATERIALS AND METHODS

Two  field  experiments  were  conducted  in 2004
and  2005 growing seasons at Banha, Kalubia
Governorate to predict the interaction between
temperature,  solar  radiation  and  two  levels  of nitrogen
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Table 1: Soil mechanical and chemical characteristics over the two
growing seasons

Chemical characteristics Mechanical characteristics
pH 7.54 Clay % 33.6
Ec (dsm-1) 0.24 Silt % 59.1
K+ 0.7 Sand % 7.3
Mg++ 0.6 Soil texture Clay loam
HCO3 0.4   
Ca++ 1.1

Table 2: Mean air temperature and solar radiation for the two growing
seasons.

2004 2005
------------------------------- ------------------------------------
Mean Solar Mean Solar
temperature radiation temperature radiation
(ºC) (MJ/cm2/day) (ºC) (MJ/cm2/day)

May 25.4 527 23.1 527
June 27.7 624 26.2 624
July 29.1 609 29.7 609
August 28.7 576 30.4 576
September 27.8 510 28.8 510

fertilizer (60 and 90 kg N/fed, applied as urea 46%) in
addition to control treatment (120 kg N/fed as urea 46%)
on maize plant yield. A randomized complete plot design
with four replications was used with three cross (single
cross 10, single cross yellow 152 and three ways cross
310). Plot size was 21 m2 and contains ten rows. Sowing
was done in May 25th in the first season and in May 29th

in the second season. Agricultural practices were
performed as usual. Nitrogen fertilizer treatments were
divided into two equal doses and was applied before the
first irrigation and one month later. Soil chemical and
mechanical analysises are included in Table (1).

Five guarded plants were chosen randomly twice,
one month  after planting and at silking. These plants
were cut, weighted and used to calculate plant growth rate
(PGR, g plant/day) as follows:

[2] PGR = (W2-W1)/(T2-T1)

Where: 
W = plant weight.
T = time in days.

Silking occurred in July 27th in the first season and in
July, 30th in second season. When leaf area growth was
completed at silking, five guarded plants were chosen
randomly,  leaves  were  counted  and total leaf area
(TLA, cm2) of the two nitrogen treatments, in addition to
control treatments were calculated as follows:

[1] Total leaf area = leaf length * leaf width * 0.74   [7] 

At harvest, both maize plant yield (KY/pl, g) and
kernels number/plant (KN/pl) were estimated. 

Data for mean temperature (MTemp, °C) was
collected  and  averaged  from planting date to silking
date for the two growing seasons. Data for solar radiation

(SR, cal/cm2/day) was also collected Table (2) and
intercepted photosynthetically active radiation (IRAR,
MJ/cm2/day) was calculated using Beer`s law[8] as
follows:

[3] IPAR = PAR(1-exp(-k *LAI)

Where: 
PAR = incoming photosynthetically active radiation

(MJ/cm2/day).
 k = light extinction coefficient (for maize = 0.65).
 LAI = leaf area index.

Total incoming solar radiation was converted to
photosynthetically active radiation using a conversion
constant of 0.042 and assuming that 45% of the solar
radiation is photosynthetically active radiation[9].
Furthermore, IPAR was divided by number of plants per
square meter to get the fraction of the intercepted
photosynthetically active radiation on 1.0 m2 of ground
area that was intercepted by each plant[6]. 

Statistical analysis:

C Analysis of variance for randomized complete block
design according to Sendecor and Cochran (1980)
was done to find out the significance of the studied
treatments. Means of the studied characters were
compared by least significant difference test (LSD)
at 5 % level of significant. 

C Percent reduction in maize plant yield and its
attributes as a result of nitrogen treatments were
calculated.

C Simple correlation coefficients (Snedecor and
Cochran, 1980) between maize plant yield and its
attributes were calculated to determine the strength
of the relationship between them. 

C Regression analysis (Draper and Smith, 1987) was
used to develop equations to predict maize yield
under the above mentioned treatments. In order to
obtain a accurately precise prediction, R2 should be
near to one and SE% should be near to zero. R2 is the
amount of variability due to all independent variables
and standard error of estimates is a measurement of
precision i.e. closeness of predicted and observed
yield to each other. 

Two models were developed to predict either maize
plant yield or kernels number/plant under the three
nitrogen treatments as follows:

Model (1): used total leaf area, plant growth rate and
mean temperature.

Model (2): used total leaf area, plant growth rate and
intercepted photosynthetically active radiation.
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Another two models were developed to predict either
maize plant yield or kernels number/plant with all
nitrogen levels included as follows:

Model (3): used total leaf area, plant growth rate, mean
temperature and nitrogen fertilizer.

Model (4): used total leaf area, plant growth rate,
intercepted photosynthetically active radiation and
nitrogen fertilizer.

Model (3) and (4) were used to predict maize plant
yield and kernels number/plant under two levels of
nitrogen fertilizer (100 and 110 kg N/fed). The value of
the maize yield attributes obtained from the control
treatment was used with the two nitrogen levels to predict
maize plant yield and kernels number/plant. Percent
difference between actual and predicted values (PD %)
were calculated.

RESULTS AND DISCUSSIONS

Analysis of variance: Results presented in Table (3)
showed that both maize plant yield and kernels
number/plant were significantly decreased with
decreasing nitrogen level from 120 kg N/fed to 60 kg
N/fed. This is an indication of the importance of nitrogen
fertilizer on growth of maize plants and the final yield[3].
This result is in agreement with what was found by
Mohamed et al.,[11].

Effect of nitrogen stress: Results in Table (4) showed
that nitrogen stress had an awful effect on maize plant
yield and its attributes. Total leaf area was reduced by
33.42 % when nitrogen fertilizer was applied in the rate of
60 kg N/fed. Both kernels number/plant and kernels
yield/plant were also reduced by 12.47 and 17.95 %,
respectively. Less reduction in maize plant yield and its
attributes was observed under the application of 90 kg
N/fed. Total leaf area was reduced by 4.31 %, kernels
number/plant was reduced by 5.37 % and kernels
yield/plant was reduced by 7.88 % under the application
of 90 kg N/fed.

Simple correlation between kernels number per plant
and its attributes: Results in Table (5) revealed that
temperature was negatively correlated with kernels
number/plant and its attributes, where any raise in the
temperature cause reduction in them. Heat stress had a
negative effect on photosynthesis and assimilates
production[3]. High temperature reduced leaf number in
maize[5]. Rate of plant growth is also negatively affected
by high temperature[14], which consequently affecting
kernels number/plant[4]. Intercepted photosynthetically
active radiation was positively correlated with total leaf
area, plant growth rate and kernels number/plant. Leaves
are the primary organ for solar radiation interception and
photosynthesis.  Assimilate   production   and   dry  matter

Table 3: Effect of nitrogen levels on maize kernels number/plant and
plant kernels yield over all the three crosses
60 kg N/fed 90 kg N/fed 120 kg N/fed LSD 0.05
----------------- --------------- ---------------- ---------------
2004 2005 2004 2005 2004 2005 2004 2005

KN/pl 595.3 612.8 642.2 663.8 686.6 693.4 21.7 24.8
KY/pl 252.8 255.3 288.2 281.7 314.9 305 23.1 28.9

Table 4: Reduction in maize plant yield and its attributes as affected by
nitrogen stress

Total leaf Kernels Plant
Treatment area (cm2) PD% number/plant PD% yield (g) PD%
Control 8178.15 -- 690.13 -- 309.96 --
60 kg N/fed 5444.71 33.42 604.09 12.47 254.34 17.95
90 kg N/fed 7825.63 4.31 653.10 5.37 285.53 7.88

Table 5: Correlation matrix between maize kernels number per plant
and its attributes

MTemp IPAR TLA PGR N KN/pl
MTemp 1.000
IPAR -0.392 1.000
TLA -0.940 0.471 1.000
PGR -0.976 0.434 0.907 1.000
N -0.951 0.459 0.848 0.925 1.000
KN/pl -0.922 0.605 0.920 0.948 0.868 1.000

Table 6: Correlation matrix between maize kernels yield per plant and
its attributes

MTemp IPAR TLA PGR N KY/pl
MTemp 1.000
IPAR -0.393 1.000
TLA -0.940 0.471 1.000
PGR -0.977 0.434 0.907 1.000
N -0.951 0.460 0.848 0.926 1.000
KY/pl -0.969 0.501 0.898 0.983 0.927 1.000

accumulation in the plant is positively related to solar
radiation interception[3]. Results in that table also showed
that total leaf area, plant growth rate and kernels number
per plant were highly and positively correlated with
nitrogen fertilizer. 

Simple correlation between kernels yield per plant and
its attributes: Results in Table (6) showed that the above
mentioned trend in Table (5) was observed for maize
kernels weight per plant. Mean temperature, plant growth
rate and nitrogen fertilizer had higher correlation
coefficient with kernels yield per plant (r = -0.969, 0.983
and 0.927, respectively, Table 6) than its counterpart with
kernels number per plant (r = -0.922, 0.948 and 0.868,
respectively, Table 5). Whereas, intercepted
photosynthetically active radiation and total leaf area had
higher correlation coefficient with kernels number per
plant (r = 0.605 and 0.920, respectively, Table 5) than its
counterpart with kernels yield per plant (r = 0.501 and
0.898, respectively, Table 6).

Prediction of kernels number per plant 
Application of 60 kg N/fed: Equation [5] was more
accurate than equation [4], where R2 was higher and SE%
was lower than its counterpart in equation [4]. Therefore,
intercepted photosynthetically active radiation was a
better  predictor  for  maize  kernels  number   than  mean
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Table 7: Prediction of maize plant yield and kernel number per plant using different nitrogen levels.
Model (3) Model (4)
------------------------------------------------ ----------------------------------------------------

Component Nitrogen level Predicted Actual PD % Predicted Actual PD %
Yield per plant 100 kg N/fed 299.66 309.96 3.32 293.21 309.96 3.62

------------------------------------------------------------------------------------------------------------------------------------------------
110 kg N/fed 301.16 309.96 2.84 294.11 309.96 3.32

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kernel number per plant 100 kg N/fed 655.13 690.13 5.07 662.38 690.13 4.02

------------------------------------------------------------------------------------------------------------------------------------------------
110 kg N/fed 661.33 690.13 4.17 664.58 690.13 3.70

temperature. Both total leaf area and plant growth rate
were positively correlated with kernel number/plant
(equations [4] and [5]). Mean temperature was negatively
correlated with kernel number/plant (equations [4]),
whereas intercepted photosynthetically active radiation
was positively correlated with kernel number/plant
(equations [5]).

[4] y`model (1) = 1554.31 + 0.01(TLA) + 3.77(PGR) 
- 36.76(MTemp)

R2 = 0.896 SE% = 1.60

[5] y`model (2) = -60.38 + 0.02(TLA) + 5.80(PGR) 
+ 1367.82(IPAR)**

R2 = 0.935 SE% = 1.08

Application of 90 kg N/fed: The above mentioned trend
was observed under the application of 90 kg N/fed, where
intercepted photosynthetically active radiation was a
better predictor for maize kernels number than mean
temperature.

[6] y`model (1) = 82.39 + 0.02(TLA) + 9.53(PGR) 
– 9.39(MTemp)

R2 = 0.940 SE% = 1.42

[7] y`model (2)= -224.93 + 0.02(TLA) + 3.42(PGR)
+1836.63(IPAR)**

R2 = 0.947 SE% = 1.36

Application of 120 kg N/fed: The above mentioned trend
was observed under the application of 120 kg N/fed,
where intercepted photosynthetically active radiation was
a better predictor for maize kernels number than mean
temperature.

[8] y`model (1) = 2136.64 + 0.01(TLA)** + 3.77(PGR)**
– 48.70(MTemp)**

R2 = 0.970 SE% = 0.51

[9] y`model (2) = 497.65 + 0.01(TLA) + 6.75(PGR)** 
+ 399.90(IPAR)

R2 = 0.980 SE% = 0.36

Prediction of kernels number per plant overall
nitrogen levels: The above mentioned trend was observed
under overall nitrogen levels, where intercepted
photosynthetically active radiation was a better predictor
for maize kernels number than mean temperature.

Equation [10] and [11] showed that nitrogen fertilizer was
positively correlated with kernels number per plant.

[10] y`model (3) = -3847.09+0.04 (TLA)**+ 17.15(PGR)**
+138.67(MTemp)**+ 0.82(N)

R2 = 0.944 SE% = 1.23

[11] y`model (4) = 227.43+0.01(TLA)** +10.88(PGR)**
+397.99(IPAR)** + 0.62(N)

R2 = 0.960 SE% = 1.04

Prediction of kernels yield per plant: 
Application of 60 kg N/fed: Equation [13] was more
accurate than equation [12], where R2 was higher and
SE% was lower than its counterpart in equation [12].
Therefore, intercepted photosynthetically active radiation
was a better predictor for maize yield per plant than mean
temperature. The above mentioned trend for total leaf
area, plant growth rate, mean temperature and intercepted
photosynthetically active radiation was observed in
equations [12] and [13].
 
[12] y`model (1) = 316.34 + 0.04(TLA) + 19.39(PGR)* 

- 1.25(MTemp)
R2 = 0.872 SE% = 4.44

[13] y`model (2) = -45.31 + 0.07(TLA) + 19.89(PGR)* 
+ 920.57(IPAR)

R2 = 0.898 SE% = 3.97

Application of 90 kg N/fed: The above mentioned trend
was observed under over all nitrogen levels, where
intercepted photosynthetically active radiation was a
better predictor for maize kernels yield per plant than
mean temperature.

[14] y`model (1) = 1381.90 + 0.02(TLA) + 9.53(PGR) 
– 35.98(MTemp)

R2 = 0.809 SE% = 4.66

[15] y`model (2) = -623.61 + 0.07(TLA)** + 3.99(PGR)
+2694.67(IPAR)**

R2 = 0.899 SE% = 3.38

Application of 120 kg N/fed: The above mentioned trend
was observed under over all nitrogen levels, where
intercepted photosynthetically active radiation was a
better predictor for maize yield per plant than mean
temperature. 
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[16] y`model (1) = 1624.92 + 0.004(TLA)** + 3.34(PGR)**
 – 46.10(MTemp)**

R2 = 0.911 SE% = 2.19

[17] y`model (2) = -444.86 + 0.04(TLA) + 1.03(PGR)**
+ 1958.89(IPAR)

R2 = 0.975 SE% = 1.14

Prediction of kernels yield per plant overall nitrogen
levels: The above mentioned trend was observed under
overall nitrogen levels, where intercepted
photosynthetically active radiation was a better predictor
for maize yield per plant than mean temperature.
However, total leaf area was found to be negatively
correlated with maize plant yield. This could be attributed
to that leaf growth could increase maize plant yield up to
a certain level after which any increase in leaf growth
might reduce yield.

[18] y`model (3) = 490.25 -0.0002(TLA) + 9.85(PGR)**
- 10.76(MTemp) + 0.15(N)

R2 = 0.968 SE% = 1.87

[19] y`model (4) = 104.50 - 0.0005(TLA) + 10.72(PGR)**
+ 133.24(IPAR)** + 0.09(N)

R2 = 0.973 SE% = 1.70

Validation of model (3) and (4): An attempt was made
to determine nitrogen fertilizer level less than 120 kg
N/fed and higher than 90 kg N/fed, which could be used
to obtained maize yield close to the actual yield. Results
in Table (7) showed that percent difference (PD %)
between predicted and actual plant yield and kernels
number for either model (3) or model (4) was low under
the  three  levels  of  nitrogen  fertilizer. Application of
100 kg N/fed reduced plant yield by 3.32 and 3.62 % for
model (3) and (4), respectively. Whereas, application of
100 kg N/fed reduced kernels number/plant by 5.07 and
4.02 % for model (3) and (4), respectively. Although
reduction  in maize yield exist under the application of
100 kg N/fed, some benefits could be obtained by
reducing soil pollution. 

Conclusion: Accurate prediction of maize plant yield and
kernels number per plant was attained by choosing a
combination of several predictors that produce high R2

and low SE%. Total leaf area, plant growth rate, mean
temperature and intercepted photosynthetically active
radiation were all important yield predictors. However,
the results showed that intercepted photosynthetically
active radiation was more important predictor than mean
temperature.

Determining the appropriate rate of nitrogen fertilizer
is a major decision affecting the profitability of maize
production. In our experiments, application of 100 kg
N/fed was adopted to reduce soil pollution, in spite of the
low reduction in maize yield. 
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