
Journal of Applied Sciences Research, 2(11): 920-925, 2006
© 2006, INSInet Publication

Corresponding Author: Samia G.A. Mouhamed, Central Laboratory for Experimental Design and Statistical Analysis,
Agriculture Research Center , Egypt
Samihaouda@yahoo.com

920

Predicting the Role of Some Weather Parameters on Maize Productivity 
under Different Defoliation Treatments

1Samia G.A. Mouhamed and  2Samiha A.H. Ouda

1Central Laboratory for Experimental Design and Statistical Analysis,
Agriculture Research Center , Egypt

2Agroclimatology and Climate Change Unit; Irrigation Research Department; Soil, Water, and
Environment Institute; Agriculture Research Center , Egypt

Abstract: Two field experiments were conducted in 2004 and 2005 growing seasons at Banha, Kalubia
Governorate  to  study  the  e ffect  of  three  defoliation  treatments  (25%,  50%  and  75% removal of total
leaf number)  on maize plant yield and develop different equations to predict yield under these conditions.
Three models were developed to predict maize plant yield under defoliation treatments based on: weather
parameters and ear leaf area (model 1), weather parameters and total leaf area (model 2) and weather
parameters,  biomass  duration and relative growth rate (model 3). Results indicated that yield reduction was
6.06 %  when  leaf number was reduced by 25 %, whereas it was 39.75 % when leaf number was reduced by
75 %. The  three  weather  p arameters  were  highly  and negatively correlated with maize plant attributes.
Total leaf area had higher correlation coefficient with yield than ear leaf area. Model (1) was the easiest
procedure because it only required measurements of length and width of ear leaf. Furthermore, it enables us
to predict the expected yield of defoliated plants before stripping. Whereas, model (2) was more accurate than
model (1) and model (3) because R2 was higher and SE% was lower. However, it was more difficult than model
(1) because it required measurements of length and width of all plant leaves. Furthermore, it was a way better
than model (3) because it is easier and can predict yield at silking, whereas model (3) predict it one week after
silking. Therefore, it is recommended to use total leaf area to predict maize plant yield under leaf stripping
conditions.
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INTRODUCTION

Maize yield is highly correlated with total leaf area
on the plant, which intercepted solar radiation for
photosynthesis. Leaf stripping in maize is a procedure
done by many farmers in Egypt to be used for animal
feed. Stripping leaves above the ear reduces assimilates
supply  to the developing grain[7] and consequently
reduces  grain  yield[12,6,2]. Furthermore, reduction in
kernel growth rate and duration of grain filling also
occurred[16]. Under leaf defoliation, yield prediction could
be a useful tool to determine yield reduction as early as
possible in the growing season using different yield
predictors. 

Weather parameters, such as air temperature, soil
temperature and relative humidity have great effect on
maize yield. Air temperature is the primary factor driving
crops development and consequently influences yield[14].

However, the apical meristem of maize remains close to
soil surface during the juvenile and reproductive phases.
Therefore, during these phases, soil temperature might be
more descriptive to maize growth rather than air
temperature[3].  Furthermore,  soil   temperature   affects
the  growth  of  roots,  in  addition  to  it has a great
affects  on  nutrients  absorption  by plants such
nitrogen[4]. Relative humidity also has a great effect on
yield, where water losses to the atmosphere decreases
with increasing relative humidity[4]. Relative humidity is
a measure of water vapor concentration in the air,
expressed as a fraction of saturation water vapor
concentration[15]. 

Growth analysis  examines  the individual rate of
plant development through time as a result of the
interaction  between plant and environment[5]. Two
growth  parameters,  biomass  duration and relative
growth rate were used to predict yield.  Biomass  duration
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is  a  measurement  of  biomass  persistence  with  time.
It  is  defined  as  the  area  under the time curve of
biomass  production[4].  This  parameter  is  related  to
total  yield  by  the  mean  of  relative growth rate.
Relative  growth  rate  is  a  productive  efficiency   of
unit  amounts  of  dry matter,  which  express  the dry
matter  increase  in  a  time interval in relation to the
initial   weight[5].  Biomass duration was used with
relative  growth  rate  to predict soybean yield under
sandy soil[9]. Similarly, it was used to predict sorghum
yield[10]. 

The objective of this research is to develop prediction
equations for maize plant yield under defoliation using
weather parameters, leaf area or growth analysis
parameters early in the growing season. 

MATERIALS AND METHODS

Two field experiments were conducted in 2004 and
2005  growing  seasons  at Banha, Kalubia Governorate
to  study  the  effect  of  three defoliation treatments
(25%, 50% and 75% removal of total leaf number) on
maize plant yield and develop different equations to
predict yield under these conditions. A randomized
complete  block  design  with  four   replications  was
used  with  one  hybrid  (three ways cross 310). Sowing
was done in May 27th in the first season and in May 28th

in the second season. Agricultural practices were
performed  as  usual.  Silking  occurred  in  July  29th in
the first season and in July, 27th in second season. When
leaf area growth was completed at silking, five guarded
plants were chosen randomly. Leaves  were  counted and
either 25 %, 50 % or 75 % were  removed.  Total  leaf
area (TLA, cm2) of these three  treatments,  in   addition
 to   control  treatments (no defoliation) were calculated
and  used  with  weather  parameters to predict maize
plant yield:

[1] Total leaf area = leaf length * leaf width * 0.74   [8]

Furthermore, the area of ear leaf (leaf attached to the
maize ear, ELA, cm2) of the control treatment plants was
calculated and used with weather parameters and yield
resulted from the three defoliation treatments to predict
yield. The resulted equations enable us to predict the
expected yield of defoliated plants before stripping
occurs.

Another five guarded plants were chosen randomly
twice, at silking and one week afterward. These plants
were weighted and used to calculate two growth analysis
parameters and used them to predict maize plant yield.
Biomass duration (BMD, g/day) and relative growth rate

(RGR, g/day) were calculated using the following
equations:

[2] BMD = ((W2+W1)/2) * (T2-T1)
[3] RGR = (lnW2-lnW1) / (T2-T1) 
[4] Y = BMD * RGR

Where: 
W = plant weight
T = time in days
Y = maize plant yield

At harvest, maize plant yield (g) was estimated for
the four treatments and used with other plant attributes to
develop equations to predict maize plant yield. 

Data for air mean temperature (MTair, °C), soil mean
temperature at the depth of 20 cm (MTsoil, °C) and relative
humidity (RH%) were collected and averaged from
planting date to silking date for the two growing seasons
to be used with total leaf area or ear leaf area to predict
maize plant yield at silking. Similarly, mean air
temperature, soil mean temperature at the depth of 20 cm
and relative humidity were collected and averaged from
planting date to one week after silking and also used with
biomass duration and relative growth rate to predict maize
plant yield (Table 1). 

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. 

C Percent reduction in maize plant yield and total leaf
area as a result of defoliation treatments were
calculated.

C Simple correlation coefficients (Sendecor and
Cochran, 1980) between maize plant yield and its
attributes and between weather parameters and maize
plant attributes were calculated. 

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 precision 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. 

Three  models  were  developed to predict maize
plant yield under defoliation treatments. Each model used
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Table 1: Average of air and soil temperature and relative humidity for the two growing seasons.
Mean air temperature Mean soil temperature Relative humidity 
------------------------------------------------ ------------------------------------------------- ----------------------------------------------------

Days to one week Days to one week Days to one week
Season Days to silking after silking Days to silking after silking Days to silking after silking
2004 27.3 27.4 29.1 29.3 61.3 61.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2005 28.3 28.4 27.9 28.1 59.5 59.8
Mean 27.8 27.9 28.5 28.7 60.4 60.8

either air mean temperature or soil temperature, in
addition to relative humidity and other plant predictors as
follows.

Model (1): contained ear leaf area
Model (2): contained total leaf area
Model (3): contained growth analysis parameters

RESULTS AND DISCUSSIONS

1. Analysis of variance: Results presented in Table (2)
showed that maize plant yield significantly decreased with
decreasing leaf number. This could be attributed to that
maize yield is highly related to total leaf area on the
plant[4].
 
2. Percent reduction in maize plant yield: Results in
Table (3) showed that maize plant yield was decreased as
a result of reduction in total leaf number. Yield reduction
was 6.06% when leaf number was reduced by 25%,
whereas it was 39.75% when leaf number was reduced by
75%. This could be attributed to low assimilate
production as a result of reduction in total leaf area and
consequently reduced maize yield[2]. Therefore, it is
advisable to avoid leaf striping by more than 25% to
prevent large maize yield losses. 

3-Simple correlation coefficients: Results in Table (4)
showed that air temperature, soil temperature or relative
humidity were highly and negatively correlated with plant
attributes, where any increase in these three weather
parameters decrease maize plant attributes. This could be
attributed to that higher temperature is usually correlated
with lower grain yield[11]. Furthermore, results in Table (4)
also showed that air temperature has more strong
correlation with plant yield than soil temperature.

Results in Table (5) reveled that ear leaf area was
highly correlated with maize plant yield (r = 0.8930). This
could be attributed to that assimilate produced by any leaf
go to its nearest sink[4] and that would be the growing ear.
Further, ear leaf area was highly correlated with total leaf
area per plant (r = 0.9180). Moreover, total leaf area per
plant  was  also highly correlated with maize plant yield
(r  =  0.8282).  Biomass  duration and relative growth rate

Table 2: Means of maize plant yield under defoliation treatments over
the two growing seasons

Treatment Maize plant yield (g)
Control 200.51A

25% reduction in leaf number 188.34 A

50 % reduction in leaf number 169.39 A

75 % reduction in leaf number 120.79B

LSD 0.05 45.42

Table 3: Maize plant yield and percent reduction in yield from the
control as affected by reduction in leaf number

Maize plant Percent
Treatment yield (g) reduction
Control 200.51 --
25% reduction in leaf number 188.34 6.06
50 % reduction in leaf number 169.39 15.52
75 % reduction in leaf number 120.79 39.75

Table 4: Correlation Coefficients between weather parameters and
maize plant attributes

Air Soil Relative
Plant attributes temperature (°C) temperature (°C) humidity
Ear leaf area -0.6732 -0.5599 -0.5066
Total leaf area -0.9346 -0.8033 -0.7706
Biomass duration -0.9554 -0.8569 -0.8177
Relative growth rate -0.9261 -0.8943 -0.8585
Plant yield -0.8741 -0.6979 -0.6576

Table 5: Correlation coefficients between maize plant yield and its
attributes and total leaf area and plant attributes.

Plant attributes Maize plant yield Total leaf area
Ear leaf length 0.8930 0.9180
Total leaf area 0.8282 1.0000
Biomass duration 0.8724 0.8719
Relative growth rate 0.8897 0.9214

were also highly correlated with maize plant yield. This
could be attributed to the fact that both biomass duration
and relative growth rate are related to total yield[5].
Furthermore, biomass duration and relative growth rate
were also highly correlated with total leaf area per plant.
This could be attributed to that biomass duration is an
approximate measure of the stand vitality[5].

4. Maize plant yield prediction
4.1. Model (1): Ear leaf area at silking for the control
treatment was used with relative humidity and air
temperature or soil temperature to predict maize yield for
the control and under defoliation treatments. Different
equations were developed.
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4.1.1. Control treatment: Equation [5] was more
accurate than equation [6], where R2 was higher and SE%
was lower than its counterpart in equation [6]. Ear leaf
area at silking was positively and significantly correlated
with maize plant yield, which an indication of its role in
grain growth. Furthermore, air and soil temperature were
negatively correlated with yield during the period from
planting to silking, which means any increase in the
temperature could decrease maize yield. Whereas, relative
humidity was positively correlated with maize yield. High
relative humidity decreases evapotranspiration and
consequently affecting final yield[4].

[5] y^control = -86.825 + 0.644 (ELA)**- 17.793(Mtair)+
 6.531 (RH)

R2=0.757 SE%=10.41

[6] y^control = -445.532+ 0.451 (ELA) - 71.394 (Mtsoil)+
40.280 (RH)

R2=0.713 SE%=12.54

4.1.2. Reduction in leaf number by 25%: Either
equation [7] or [8] could be used to predict maize plant
yield under 25% defoliation because R2 and SE% for the
two equations are very close. The above mentioned trend
for ear leaf area, temperature and relative humidity was
also observed under 25 % defoliation treatment.

[7] y^25% = 1782.52+ 0.31 (ELA)* - 60.55(MTair) 
-1.59 (RH)

R2=0.865 SE%=6.01

[8] y^25% = 224.590+ 0.277(ELA) - 101.72(Mtsoil)
+ 44.665 (RH)

R2=0.857 SE%=6.56

4.1.3. Reduction in leaf number by 50%: Equation [10]
was more accurate in predicting maize plant yield under
50 % defoliation than equation [9], where R2 was higher
and SE% was lower than its counterpart. The above
mentioned trend for ear leaf area, temperature and relative
humidity was also observed under 50 % defoliation
treatment.

[9] y^50% = 1220.28+ 0.133(ELA) - 39.31 (MTair)** 
– 85.78(RH)

R2=0.824 SE%=6.61

[10] y^50% =288.74 + 0.001(ELA) - 138.94(MTsoil)** 
+ 64.46(RH)**

R2=0.851 SE%=5.48

4.1.4. Reduction in leaf number by 75%: Equation [12]
was more accurate than equation [11] because R2 was
higher and SE% was lower than its counterpart in
equation [11]. However, under that condition, 75% of the
total leaf area removed, soil temperature was better
predictor for maize plant yield.

[11] y^75% =1966.14+ 0.10(ELA) – 71.20(MTair) 
+ 1.29(RH)

R2=0.809 SE%=8.56

[12] y^75% =270.98 + 0.002(ELA) - 244.06 (Mtsoil)**
+115.91(RH)**

R2=0.853 SE%=6.94

4.2. Model (2): Total leaf area at silking for the control
and defoliation treatments was used with relative
humidity and air temperature or soil temperature.
Different equations were developed.

4.2.1. Control treatment: Either equation [13] or [14]
could be used to predict maize plant yield under no
defoliation treatment because R2 and SE% for the two
equations are very close. Total leaf area at silking was
positively and significantly correlated with maize plant
yield, that indicate the important role of total leaf area in
assimilate production and its effect on final maize yield.
Weather parameters took the same trend as in equation [5]
and [6]. 
 
[13] y^control = 1032.41+ 0.05(TLA)*- 60.82(Mtair)

+ 8.13(RH)
R2=0.896 SE%=6.89

[14] y^control = -620.6 +- 0.06(TLA)**- 45.05(Mtsoil)
+ 26.82(RH)

R2=0.893 SE%=6.96

4.2.2. Reduction in leaf number by 25%: Either
equation [15] or [16] could be used to predict maize plant
yield under 25% defoliation because R2 and SE% for the
two equations are very close. The same trend for total leaf
area, temperature and relative humidity was observed
under 25 % defoliation treatment.

[15] y^25% = 89.24+ 0.07(TLA)*- 16.86(MTair)+ 2.56(RH)
R2=0.919 SE%=3.63

[16] y^25% = -347.99 + 0.07(TLA)**- 24.34(Mtsoil)
+ 13.47(RH)

R2=0.918 SE%=3.64
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4.2.3. Reduction in leaf number by 50%: Equation [18]
was more accurate in predicting maize plant yield under
50 % defoliation than equation [17], where R2 was higher
and SE% was lower than its counterpart. The same trend
for total leaf area, temperature and relative humidity was
observed under 50 % defoliation treatment.

[17] y^50% = 2006.493+ 0.002(TLA)*- 60.38(Mtair)**
– 2.39(RH)

R2=0.917 SE%=4.31

[180] y^50% = 218.21 + 0.004(TLA)**- 99.27(Mtsoil)**
+ 45.78(RH)**

R2=0.958 SE%=3.21

4.2.4. Reduction in leaf number by 75%: Either
equation [19] or [20] could be used to predict maize plant
yield under 75% defoliation because R2 and SE% for the
two equations are very close. However, under that
condition, where only 25 % of the total leaf area exists on
the plant both air and soil temperature was positively
correlated with maize yield. This could be attributed to
the fact under that sever stress of low leaf area
temperature stimulate plant growth and increase yield. 

[19] y^75% = -1469.94+ 0.07(TLA)**+ 46.66(Mtair)**
+ 2.47(RH)**

R2=0.954 SE%=3.54

[20] y^75% = -282.98 + 0.07(TLA)** + 56.63(Mtsoil)
+22.26(RH)

R2=0.947 SE%=2.94

4.3. Model (3): Biomass duration and relative growth rate
one week after silking for the control and defoliation
treatments was used with relative humidity and air
temperature or soil temperature. Different equations were
developed.

4.3.1. Control treatment: Under no defoliation treatment
equation [21] was more accurate than equation [22]
because R2 and SE% were higher than its counterpart of
equation [22]. Biomass duration at one week after silking
was positively and significantly correlated with maize
plant yield, which means that any increase in biomass
duration would increase yield. In addition, relative growth
rate was found to be negatively correlated with maize
plant yield. This could attributed to the fact that relative
growth rate is fluctuated greatly with environmental
variables, such as inadequate supply of light and
unsuitable temperature regime. Furthermore, air and soil
temperature were negatively correlated with yield during
that period, which means any increase in the temperature
could decrease maize yield. Whereas, relative humidity
was positively correlated with maize yield. 

[21] y^control= 5768.58+0.009(BMD)*-410.64(RGR)**
-210.95(MTair)** + 7.53(RH)**

R2=0.853 SE%=6.68

[22] y^control= 128.08+ 0.04(BMD)** –658.66(RGR)**
- 99.98(MTsoil) + 47.33(RH)

R2=0.758 SE%=8.54

4.3.2. Reduction in leaf number by 25%: Either
equation [23] or [24] could be used to predict maize plant
yield under 25% defoliation because R2 and SE% for the
two equations are very close. The same trend for biomass
duration, relative growth rate, temperature and relative
humidity was observed under 25 % defoliation treatment.

[23] y^25%= 1748.26+0.02(BMD**)-66.78(RGR)**
- 43.80(MTair) -6.35(RH)**

R2=0.811 SE%=5.92

[24] y^25%= 519.94+ 0.02(BMD)** –213.97(RGR)**
- 82.20(MTsoil)**+ 32.21(RH)**

R2=0.816 SE%=5.56

4.3.3. Reduction in leaf number by 50%: Either
equation [25] or [26] could be used to predict maize plant
yield under 25% defoliation because R2 and SE% for the
two equations are very close. The same trend for biomass
duration, relative growth rate, temperature and relative
humidity was observed under 50 % defoliation treatment.

[25] y^50%= 1112.95+0.0001(BMD)+210.40(RGR)**
- 33.07(MTair)** – 0.55(RH)

R2=0.823 SE%=6.25

[26] y^50%= 193.54+0.003(BMD)+112.62(RGR)**
- 53.49(MTsoil) +24.33(RH)**

R2=0.828 SE%=6.02

4.3.4. Reduction in leaf number by 75%: Equation [27]
was somewhat accurate than equation [28] because R2 and
SE% were higher than its counterpart of equation [22].
The same trend for biomass duration, relative growth rate,
temperature  and  relative humidity was observed under
75 % defoliation treatment.

[27] y^75%= 2660.55+0.02(BMD)**+549.62(RGR)**
- 97.74(MTair)**+ 4.65(RH)

R2=0.819 SE%=6.90

[28] y^75%= -73.70+0.003(BMD)**+292.49(RGR)**
-137.63(MTsoil)**+68.13(RH)**

R2=0.830 SE%=6.43

Conclusion: Severe reduction in maize yield occurs when
leaf stripping is preformed by Egyptian farmers to feed
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their animals. Yield reduction was 6.06% when leaf
number was reduced by 25%, whereas it was 39.75%
when leaf number was reduced by 75%. Predicting yield
under these conditions could be useful to assess yield
losses early in the growing season. Although both air
temperature and soil temperature were highly correlated
with maize yield, air temperature had higher correlation
coefficient with maize yield. Using ear leaf area in
predicting maize yield was an easy procedure because it
only required measurements of length and width of ear
leaf (model 1). Furthermore, it enables us to predict the
expected yield of defoliated plants before stripping
occurs. However, it was less accurate than using total leaf
area (model 2) in the prediction because R2 was higher
and SE% was lower for model (1). Model (3) was
somewhat difficult procedure compared with the other
two models and not as accurate as model (2). Therefore it
is recommended to use total leaf area to predict maize
plant yield under leaf stripping conditions. 
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