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ABSTRACT- Understanding the relationship between sink and source in maize
is of prime importance in maize growing regions. In this study, a field experiment
was carried out during spring and summer 2007 in the experimental field of the
College of Agriculture, Shiraz University, to examine the effects of source
restriction (defoliation) on sink size (yield and its components) of SC704 maize
hybrid. A factorial arrangement in a randomized complete block design with four
replications was used. Treatments composed of four stages of source restriction
including defoliation at half-silking and 3 consecutive 10 day intervals, as well as
three defoliation intensities (zero, half and all leaf removal). It was found that
delay in source limitation was associated with a lower mean kernel weight
achievement. The highest mean kernel weight was attained in defoliation at halfsilking (208.14 g), which also resulted in the lowest grain yield reduction,
compared to no defoliation treatment. Increase in defoliation intensity was
associated with a decrease in grain yield; however, delay in defoliation after midsilking had no significant effect on grain yield. It was concluded that the grain
yield of SC704 maize hybrid was more sensitive to source limitation (i.e.
defoliation) intensity than defoliation time.
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INTRODUCTION
Maize (Zea mays L.) is one of the world’s most important cereal crops, grown widely
throughout the world in a range of agro-ecological environments. Management practices
such as defoliation have been reported to be associated with even higher maize yield and
quality (15).
Deciding when to defoliate a crop is an important decision from several points of
view. If the crop is defoliated too soon, yield and quality might be negatively affected
(25). On the other hand, depending on location and field conditions, delay in defoliation
can result in enhanced pest (insect) problems, or delay in harvest (bad weather
conditions) which will adversely affect yield and yield components(1 and 6). Defoliation
intensity can also exert a dramatic influence on crop yield in several ways; which is why
defoliation decisions must be based on the crop and its environmental conditions. (6 and
25).
Reduction of seed yield as a consequence of leaf removal from maize plants
when they were in their early reproduction phase has been reported by many researchers
(1, 6 and 25). A less marked reduction of the seed yield was found upon the removal of
some blades earlier or later in the development of the crop (8 and 15). It has also been
reported that if the blades are not removed until the ear has developed, the plant will
have the advantage of using photoassimilates produced by the leaves and will therefore,
produce more seeds compared to earlier defoliated plants (26).
Studies in crop defoliation have recently received more attention. For instance, a
study on maize defoliation by Egharevba et al. (13) showed that huge leaf loss up to at least
l0 days after mid-silking decreased grain yield due to reductions in kernel number per plant,
whereas grain yield reductions associated with leaf loss 20 days or more after mid-silking
has been largely related to a decline in mean kernel weight (15). Leaf removal in maize at or
after silking resulted in significant reduction in grain yield (3 and 16). Duncan and Hatfield
(10) reported that kernel growth continued at only a slightly lower rate after complete
defoliation 12 and 25 days after silking. Walpole and Morgan (29) showed that leaf
removal in winter wheat (Triticum aestivum L.) 7 days after anthesis did not reduce the
rate of grain growth. Aggarwal et al. (2) found that whole plant defoliation treatments
had no significant effect on wheat grain yield in most cases. Zhu et al. (30) reported that
defoliation of wheat at late tillering increased main shoot grain yield and harvest index
and enhanced stomatal conductance and net photosynthesis rate of remaining leaves at
anthesis. Detrimental effects of defoliation on yield components might be related
directly to reductions in photosynthetic capacity of the remaining tissues (18).
Source restriction effect on crop yield is frequently sought in terms of either
photoassimilate production or sink size, the site of the assimilate utilization (14).
However, analysis of this system may not always clearly identify the yield limiting
process. For example, the conclusion of sink-limited yield, based on seed dry weight
response might not be correct, since the photosynthetic activity of the source organs, the
source size, might affect sink demand (15). On the other hand, remobilization of the
stored carbohydrate might minimize the source limitation (25).
Although there are a number of reports on the effects of leaf removal on maize
yield, no detailed study has yet been published on the effects of defoliation time and
intensity on the maize hybrid (SC407) which is widely grown in semiarid climate
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conditions such as Iran. The objective of this investigation was to study the effect of
source restriction time and intensity on assimilate partitioning in maize hybrid SC704.
MATERIALS AND METHODS
Field experiment was carried out during the 2007 growing season in the experimental
farm of the College of Agriculture, Shiraz University, 18km North of Shiraz, Iran
(29o50΄N, 52o46΄E), approximately 1810 m above sea level. The average annual
precipitation of this area is between 350 to 450mm. The soil characteristics of the
experimental site, Daneshkadeh soil series (fine, mixed, mesic, Calcixerollic,
Xerochrepts), are given in Table 1.
Table 1. Main soil physiochemical characteristics of the experimental site
Physiochemical characteristics
Classification
Field capacity (%)
Wilting point (%)
Silt (%)
Clay (%)
Sand (%)
Soil texture

Calcixerollic, Xerochrepts
34
15
48
30
22
Clay

Chemical characteristics
Soil pH
Potassium (mg kg -1)
Phosphorus (mg kg -1)
Organic carbon (%)
Organic matter (%)
Total nitrogen (%)
Electrical conductivity (dS m -1)

7.7
590
26
1.17
1.75
0.114
0.402

Uniform maize seeds of single cross 704 hybrid were manually planted on June
25 in 75-cm rows. The plants were 12.5 cm apart within each row. Each experimental
plot area was 15 m2 (3×5m). A factorial arrangement of treatments in a randomized
complete block design with four replications was used. The treatments consisted of
defoliation times at four levels: half silking (when the length of appeared silks was about
2-3 centimeters) and three consecutive 10 day intervals with defoliation intensities of
three 0, 50 and 100% leaf removal levels. At 50% defoliation intensity the number of
leaves was reduced to half. Defoliation practices started in September 2 by excising
leaves using a pair of scissors. A seasonal total of 400 kg ha-1 of N and 200 kgha-1 of P
were given as urea and ammonium phosphate in split applications; half before planting
and the rest being top dressed at the six-leaf stage. The plots were irrigated every
eleven days by a siphon and weeds appearing in the field were hand- pulled during the
experiment. Plants were harvested from Oct. 24 to Nov. 1 at physiological maturity to
determine the grain yield and its components.
The leaf area of plants was measured at the beginning of defoliation using a leaf
area meter model, the Delta-T Device (Fig. 1). Kernel numbers per ear were estimated
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by multiplying kernel row numbers by average kernel numbers in each row. After
counting one thousand kernels using a seed counter, kernels were weighted by a digital
scale.
An analysis of variance was run using SAS software (24), and the means were
separated by Duncan multiple range test.

Fig. 1. Leaf area per plant at the onset of defoliation treatments

RESULTS AND DISCUSSION
Number of kernels per ear
Results of the present investigation indicated that more defoliation intensity significantly
reduced kernels per ear and kernels per ear row (Table2). These findings were in
accordance with Carcova et al. (9) who suggested that the reduced number of kernels per
ear was a consequence of reduction in current photosynthesis. Furthermore, the time of
defoliation may exert a significant influence on the number of kernels per ear. Tollenar
and Daynard (25) showed that defoliation 2 weeks after half- silking affected the number
of kernels per ear. Emam and Seghatoleslami (15) also reported similar results.
Table 2. Effect of defoliation intensity and defoliation
time on number of kernels per ear
Treatments
number of kernels
per ear
Defoliation intensity (%)
0 (control)
625.50a**
50
511.69b
100
321.63c
Defoliation time
Half- silking
10 days after half-silking
20 days after half-silking
30 days after half-silking

405.17c
495.25b
485.83b
558.83a

Means within each column with the same letter(s) are not
Significantly different using Duncan 0.05
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Higher and lower number of kernels per ear was observed in defoliation 30 days
after half- silking (Table 2). This finding was in agreement with the results of Borras and
Otegui (6). Apparently, the rate of biomass accumulation in ears around the flowering
stage is responsible for kernel formation within the ear (4, 11 and 27). The lowest
number of kernels per ear was observed in 100% defoliation at half silking and 10 days
later (Fig. 2 and 3). Emam and Seghatoleslami (15) also argued that defoliation could
reduce the number of kernels per ear as a result of the lack of photoassimilate
production.

Fig. 2. Interaction between defoliation intensity and defoliation time on number of kernels per ear row of
maize plant. Columns with similar letters are not significantly different using Duncan 0.05

Fig. 3. Interaction between defoliation intensity and defoliation time on number of kernels per ear of
maize plant. Columns with similar letters are not significantly different using Duncan 0.05

Mean kernel weight
Results of the present investigation demonstrated that defoliation intensity significantly
affected mean kernel weight of maize plants (Table 3). Maximum (220.5 g) and
minimum (150.15 g) thousand kernel weight were achieved from the control and 100%
defoliation treatments, respectively (Table 3). Defoliation times also had a significant
effect on mean kernel weight. In addition, higher kernel weight was observed in
defoliation at half- silking and 20 days later (Table 3). The post-flowering source–sink
ratio determines the mean kernel weight of the maize plants (7). Similar results have also
been reported by Mostafavi and Cross (19), who found that complete removal of leaves
at the tasseling stage can reduce mean kernel weight, dry matter accumulation rate and
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grain yield. Roy and Biswas (21) noticed that de-topping after silking leads to a higher
mean kernel weight. These researchers (21) also concluded that higher plant density
resulted in reduced mean kernel weight.
Table 3. Effect of defoliation intensity and defoliation time on grain yield and
thousand kernel weight
Treatments
grain yield
Thousand kernel
(kg/ha)
weight (g)
Defoliation intensity (%)
0 (control)
50
100

12730.7a**
9405.00b
4819.8c

220.50a**
203.96b
150.15c

9617.1a
8931.8a
9312.8a
9418.7a

208.14a
186.08b
208.05a
182.92b

Defoliation time
Half- silking
10 days after half-silking
20 days after half-silking
30 days after half-silking

Means within each column with the same letter(s) are not significantly different
using Duncan (0.05)

Besides control treatments, 50% defoliation at 20 days after half- silking also
showed a higher mean kernel weight (Fig 4). Kernel growth rate during the effective
grain-filling period is the main maize kernel weight determinant (8, 22). Minimum mean
kernel weight was observed in the complete defoliation treatment (Table 3). Studying
the effect of source-sink ratio on mean-kernel weight in corn, Boras et al. (7) found that
the seed dry weight sharply reduced by decreased availability of assimilates during the
grain filling period, while, increased availability of assimilates per grain had no
significant response. Thus, it might be concluded that corn is a sink limited crop under
most farming conditions. It was also noted that after defoliation, stem soluble
carbohydrates decreased sharply, which is a sign of accelerated consumption of soluble
carbohydrates for growing kernels (25).

Fig. 4. Interaction between defoliation density and defoliation times on the thousand kernel weight
of maize plant. Columns with similar letter are not significantly different. Duncan (0.05).
There was no yield formation in 100% defoliation at half silking
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Grain yield
Higher defoliation intensity significantly decreased grain yield, the maximum grain yield
being achieved in control plants (Table 3). Wilhelm et al (29) examined the effects of
leaf removal and de-tasseling on inbred maize and found that grain yield decreased as a
consequence of leaf removal. They also concluded that this reduction was a result of
diminution in kernel number. Edmeads and Laffite (12) and Hanway (16) also noticed
that the highest grain yield reduction was obtained from 100% defoliation treatments.
Shapiro et al. (23) and Baldrige (5) found the lowest grain yield from 100% defoliation
around the tasseling stage.
Although defoliation time affected the number of kernels and the thousand kernel
weight significantly, it did not have any significant effect on grain yield (Table 3). As
reported by Jones and Simmons (12) and Edmeads and Lafitte (17), it might be due to
the remobilization of assimilates from vegetative organs to ears that could compensate
the reduction of photosynthesis. Emam and Seghatoleslami (15) reported that complete
defoliation of maize after tasseling was associated with a significant decrease in grain
yield. Other researchers also reported that the decrease in grain yield caused by
defoliation might be a consequence of reduction in current photosynthesis (9 and 15).
The results of the present investigation show that maximum grain yield was achieved
from 0% defoliation in half- silking. Grain yield in 100% defoliation at half- silking was
low and negligible (Fig. 5). According to our results, delay in defoliation resulted in
lower grain yield reduction, however greater defoliation intensity was associated with
lower grain yield.

Fig. 5. Interaction between defoliation density and defoliation times on grain yield of maize plant.
Columns with similar letter are not significantly different using Duncan 0.05

CONCLUSION
The present investigation demonstrated that delays in defoliation reduced the negative
effect of source restriction on yield components. Of course, defoliation at half-silking
declined current photosynthesis and consequently reduced yield components.
Apparently, half-silking defoliation enhanced remobilization of stem soluble
carbohydrates. It seems that the 50% defoliation performed 30 days after half-silking
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produced similar yield as the control. The results from this study can provide a basis for
better understanding of source restriction on grain yield and its components of the
SC704 maize hybrid.
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ﻋﻤﻠﮑﺮد و اﺟﺰاي ﻋﻤﻠﮑﺮد ذرت در ﭘﺎﺳﺦ ﺑﻪ ﻣﺤﺪودﯾﺖ ﻣﺒﺪا
*1

ﯾﺤﯿﯽ اﻣﺎم ، *1ﻣﮋده ﺻﺪاﻗﺖ*1و ﻫﯿﺮﺑﺪ ﺑﺤﺮاﻧﯽ

 1ﺑﺨﺶ زراﻋﺖ و اﺻﻼح ﻧﺒﺎﺗﺎت ،داﻧﺸﮑﺪه ﮐﺸﺎورزي ،داﻧﺸﮕﺎه ﺷﯿﺮاز ،ﺟﻤﻬﻮري اﺳﻼﻣﯽ اﯾﺮان
ﭼﮑﯿﺪه -درك رواﺑﻂ ﺑﯿﻦ ﻣﺒﺪا و ﻣﻘﺼﺪ ﻓﯿﺰﯾﻮﻟﻮژﯾﮏ در ﮔﯿﺎه ذرت در ﻣﻨﺎﻃﻖ ﻋﻤﺪه ﮐﺸﺖ اﯾﻦ ﻣﺤﺼﻮل از اﻫﻤﯿﺖ وﯾﮋه اي
ﺑﺮﺧﻮردار اﺳﺖ .اﯾﻦ آزﻣﺎﯾﺶ در ﺑﻬﺎر و ﺗﺎﺑﺴﺘﺎن ﺳﺎل  1386ﺑﺎ ﻫﺪف ﺑﺮرﺳﯽ ﺗﺎﺛﯿﺮ ﻣﺤﺪودﯾﺖ ﻣﺒﺪا ﺑﺮ اﻧﺪازه ﻣﻘﺼﺪ
ﻓﯿﺰﯾﻮﻟﻮژﯾﮏ ذرت ﻫﯿﺒﺮﯾﺪ ﺳﯿﻨﮕﻞ ﮐﺮاس  704در ﻣﺰرﻋﻪ ﺗﺤﻘﯿﻘﺎﺗﯽ داﻧﺸﮑﺪه ﮐﺸﺎورزي داﻧﺸﮕﺎه ﺷﯿﺮاز اﻧﺠﺎم ﺷﺪ .آزﻣﺎﯾﺶ
ﺑﻪ ﺻﻮرت ﻓﺎﮐﺘﻮرﯾﻞ در ﻗﺎﻟﺐ ﻃﺮح ﺑﻠﻮك ﻫﺎي ﮐﺎﻣﻞ ﺗﺼﺎدﻓﯽ ﺑﺎ ﭼﻬﺎر ﺗﮑﺮار ﺻﻮرت ﮔﺮﻓﺖ .ﺗﯿﻤﺎرﻫﺎي زﻣﺎن ﺣﺬف ﺑﺮگ در
ﭼﻬﺎر ﻣﺮﺣﻠﻪ :ﻣﯿﺎﻧﻪ اﺑﺮﯾﺸﻢ دﻫﯽ و ﺑﺎ ﻓﻮاﺻﻞ 10و  20و  30روز ﭘﺲ از ﻣﯿﺎﻧﻪ اﺑﺮﯾﺸﻢ دﻫﯽ و ﺗﯿﻤﺎرﻫﺎي ﺷﺪت ﺣﺬف ﺑﺮگ
در ﺳﻪ ﺗﯿﻤﺎر ﺑﺪون ﺑﺮگ زداﯾﯽ %50 ،و  %100ﺑﺮگ زداﯾﯽ اﻧﺠﺎم ﮔﺮدﯾﺪ .ﻧﺘﺎﯾﺞ ﻧﺸﺎن داد ﮐﻪ ﺗﺎﺧﯿﺮ در اﯾﺠﺎد ﻣﺤﺪودﯾﺖ در
اﻧﺪازه ﻣﺒﺪا )ﺑﺮگ زداﯾﯽ( ﺑﺎ ﮐﺎﻫﺶ ﻣﯿﺎﻧﮕﯿﻦ وزن ﻫﺮ داﻧﻪ ﻫﻤﺮاه اﺳﺖ .ﺑﯿﺸﺘﺮﯾﻦ ﻣﯿﺎﻧﮕﯿﻦ وزن ﻫﺰار داﻧﻪ ) 208/14ﮔﺮم( از
ﺗﯿﻤﺎر ﺑﺮگ زداﯾﯽ در ﻣﯿﺎﻧﻪ اﺑﺮﯾﺸﻢ دﻫﯽ ﺑﺪﺳﺖ آﻣﺪ .ﺑﺮگ زداﯾﯽ در ﻣﯿﺎﻧﻪ اﺑﺮﯾﺸﻢ دﻫﯽ ﺑﺎ ﮐﻤﺘﺮﯾﻦ اﻓﺖ ﻋﻤﻠﮑﺮد ﻧﺴﺒﺖ ﺑﻪ
ﺷﺎﻫﺪ ﻫﻤﺮاه ﺑﻮد .اﻓﺰاﯾﺶ ﺷﺪت ﺑﺮگ زداﯾﯽ ﺑﺎﻋﺚ ﮐﺎﻫﺶ ﻋﻤﻠﮑﺮد داﻧﻪ ﺷﺪ ،اﮔﺮﭼﻪ ﺗﺎﺧﯿﺮ در ﺑﺮگ زداﯾﯽ ﺗﺎﺛﯿﺮ ﻣﻌﻨﯽ داري
ﺑﺮ ﻋﻤﻠﮑﺮد داﻧﻪ ﻧﺪاﺷﺖ .ﭼﻨﯿﻦ ﻧﺘﯿﺠﻪﮔﯿﺮي ﺷﺪ ﮐﻪ ذرت ﻫﯿﺒﺮﯾﺪ ﺳﯿﻨﮕﻞ ﮐﺮاس  704ﻧﺴﺒﺖ ﺑﻪ ﺷﺪت ﮐﺎﻫﺶ اﻧﺪازه ﻣﺒﺪا
)ﺑﺮگ زداﯾﯽ( ﭘﺲ از ﻣﯿﺎﻧﻪ اﺑﺮﯾﺸﻢ دﻫﯽ در ﻣﻘﺎﯾﺴﻪ ﺑﺎزﻣﺎن ﺑﺮگ زداﯾﯽ ﺣﺴﺎس ﺗﺮ ﺑﻮد.

واژه ﻫﺎي ﮐﻠﯿﺪي :ﺑﺮگ زداﯾﯽ ،ﻋﻤﻠﮑﺮد داﻧﻪ ،ﻣﯿﺎﻧﮕﯿﻦ وزن داﻧﻪ ،ﻣﯿﺎﻧﻪ اﺑﺮﯾﺸﻢ دﻫﯽ

* ﺑﻪ ﺗﺮﺗﯿﺐ اﺳﺘﺎد و داﻧﺸﺠﻮﯾﺎن ﭘﯿﺸﯿﻦ ﮐﺎرﺷﻨﺎﺳﯽ ارﺷﺪ
 *ﻣﮑﺎﺗﺒﻪ ﮐﻨﻨﺪه
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