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Abstract 

An experiment was carried out in the field laboratory at the Bangabandhu Sheikh Mujibur 
Rahman Agricultural University, Gazipur, Bangladesh, during rabi season of 2009-2010. Planting 
material was maize var. BARI hybrid maize 7.Three levels of population density (66667, 83333 
and 111111 plants ha-1) and four source-sink manipulation, viz. removed all leaf blades below the 
lower most cob, removed tassel and all leaf blades below the lower most cob, removed all leaf 
blades except those adjacent to cob and no clipping, were imposed at silking stage. During crop 
growth, removal of all leaf blades below the cob showed less adverse effect on grain yield and 
yield parameters and the leaves so removed can be used as green fodder. Removal of tassel and 
all leaf blades except those adjacent to cob showed adverse effect on grain yield and yield 
parameters. Complete defoliation severely reduced grains on cob. The highest gross return and 
benefit cost ratio (BCR) was obtained from the treatment having 1,11,111 plants ha-1 with no 
clipping while the lowest from the treatment with removal of all leaf blades excluding those 
adjacent to cob in 66667 plants ha-1. In case of dual purpose, 1,11,111 plants ha-1 with removal of 
tassel and all leaf blades below the lower most cob gave the highest gross return but 66667 plants 
ha-1 with removal of all leaf blades below the lower most cob gave the highest BCR (1.78) 

 

Introduction 

Maize (Zea mays) is a major crop used as food, feed, fuel and a source of carbohydrate, oil, protein and 
fiber. Dry-matter production and grain yield are limited by the source–sink affiliation of crop assimilates 
and the end nutrient availability in the grain is expected to be constrained by the sink capacity as well as 
by the contribution of source (Zhang et al., 2012).Various ways of leaf clipping have influences on dry 
matter accumulation and grain yield. It was reported that tassel clipping two days after silking, generally 
increases the grain yield at 6.7 percent more than the control due to increased grain weight (Wang, 1996). 
Leaf clipping of upper three leaves at 2 and 16days after tasseling, decreases grain yield by 24 and 9 
percent, respectively (Wang, 1996). When leaf clipping done at the primary stage of grain development, 
the grain yield decrease would arise due to increased grain number (Wang, 1996). Leaf clipping at early 
season significantly reduces both the stem length and leaf area; however, it did not have any effect on leaf 
emergence. Also, leaf clipping at early season decreased soluble grain carbohydrate in order to devote the 
carbohydrates for vegetative growth and reduce sucrose sources (Prioul and Dugue, 1992). It was noticed 
that when the defoliation was severe and its time was closer to silking stage, forage yield and soluble 
sugars decreased greatly (Burton, 2004). 

The effect of leaf defoliation on canopy photosynthesis and changing the sink and source carbohydrates 
showed that soluble sugars in plants with leaf clipped (control, above ear leaf clipping, below ear leaf 
clipping and full leaf clipping at flowering stage) was different (Egile, 2000). It was observed that full 
leaf clipping treatment made the most decrement of canopy photosynthesis and changing the sink and 
source carbohydrates and the percentage of soluble sugar in different parts of plant such as grains (Egile, 
2000). The grains of plants which had limitation on their sinks were not able to use possible 
carbohydrates (Burton, 2004). Cultivar and leaf clipping treatments had significant effects on grain yield, 
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globulin, glutenin, prolamine, albumin and soluble carbohydrates. The grain yield is mostly observed in 
above ear leaf clipping treatment which is followed by ear leaf clipping and below ear leaf defoliation. 

Grain yield is a function of dry mass production and harvest index. Yield is mostly related with its dry 
matter production ability. For a genotype, generally the higher the dry matter accumulation, the greater is 
the yield under favorable condition. However, there is little information on the interaction between leaf 
clipping and planting density to grain and fodder yield of maize. This study was undertaken to elucidate 
the effect of different levels of leaf clipping and population density on grain yield and yield attributing 
characters and green fodder yield of maize. 

 

 

Materials and Methods 

A field experiment was conducted in research field of Bangabandhu Sheikh Mujibur Rahman 
Agricultural University (Latitude: 24° 09' N., Longitude: 90° 25’ E., and 8.4 meters above sea level) in 
winter 2009-10, to study the relations between source-sink manipulation and population density in corn 
plants. The soil of the experimental site was silty clay loam (clay of 35.6%, sand of 17.2%, and silt of 
47.2%) with pH 5.6, and organic carbon of 0.65%. The experiment was conducted in a randomized 
complete block design with three replications. A total of three population densities viz. 66,667 (75 cm x 
20 cm), 83,333 (60 cm x 20 cm) and 1,11111 (60 cm x 15 cm) plants ha-1 and four leaf & tassel clippings 
were used in this experiment. Among the clipping treatments, no clipping was treated as control (C1), 
with other three levels, i.e. removal of all leaf blades below the lowermost cob (C2), removal of tassel and 
all leaf blades below the lowermost cob (C3) and removal of all leaf blades except those adjacent to cob 
(C4). 

The seeds of BARI Hybrid maize-7 were planted by maintaining different population density, as 
mentioned above, and clipping treatments were applied during silking stage of plant growth. The source-
sink manipulation treatments were imposed by removing the designated source organs with scissors after 
silking stage. Leaf area was measured, at 7 days intervals throughout the growth period by an automatic 
leaf area meter immediately after leaf clipping. Three plants were randomly collected from each unit plot 
and all the green leaves were taken for measuring leaf area by a leaf area meter (Model AMM-8, Hayashi 
Dehnko Co. Ltd., Tokyo, Japan). Leaf area index was calculated by using the following formula 

collected been haveleaves   thefrom where area Ground
leaves allof  arealeaf  of theSum 

LAI =  

The data on yields and yield contributing characters of maize varieties and soil parameters were 
statistically analyzed by “MSTATC” software to examine the significant variation of the results due to 
different treatments. The treatment means were compared by LSD at 5% level of significance. 
 

 

Results and Discussion 
Cob length 

Cob length varied significantly among the plant population grown at different densities and clipping 
levels (Table 1). Length of cob decreased significantly with the increasing level of population density. 
The plants grown at the lower density (66667 plants ha-1) produced the longest cob (154.7 mm) where 
leaf blades were removed below the lower most cobs. However, no significant reduction was recorded in 
cob length in other clipping treatment in same density. In contrast, the lowest cob length (119.3 mm) was 



61 
Sourch-Sink Manipulation and Population Density of Hybrid Maize 

found in plants grown at 1,11,111 plants ha-1 and removed the tassel and all leaf blades below the 
lowermost cob. Similar finding was reported by Osorio (1976), Loesch et al. (1976) and Rathore et al. 
(1976). 
 
Cob diameter 

The data pertaining to cob diameter as influenced by plant density, levels of defoliation and their 
interactions are presented in Table 1. Significant differences in cob diameter were noticed due to plant 
density and levels of defoliation. Maximum cob diameter (46.36 mm) was recorded in treatments where 
all leaf blades below the lowermost cob were removed with 66,667 plants ha-1. However, minimum cob 
diameter (39.04 mm) was recorded in 1,11,111 plants ha-1 where tassel and all leaf blades below the 
lowermost cob were removed. 
 
Number of grains per cob 

Significant variations were observed in number of grains per cob in all plant densities and clipping levels 
(Table 1). However, increasing level of clipping decreased the number of grains per cob. A gradual 
reduction in number of grains per cob with increasing the level of clipping was observed. Among the 
treatments, the highest number of grains per cob (406) was recorded at the density of 66,667 plants ha-1 
with no clipping (C1). However, no significant difference in grain numbers was found in other clipping 
treatments except 66667 plants ha-1. On the other hand, the lowest grains per cob were found in 1,11,111 
plants ha-1with removal of all leaf blades except those adjacent to cob. Statistically similar result was also 
found in removal of tassel and all leaf blades below the lower most cobs. In 83,333 plants ha-1, clipping 
treatments gave statistically similar result except removal of all leaf blades except those adjacent to cob 
which gave lower grains per cob than other clipping treatments. Similar finding was reported by Rathore 
et al. (1976). 
 
100-grain weight 

100 grain weight of maize was subjective to different density levels (Table 1). However, increasing level 
of clipping decreased the 100-grain weight, even, within same density level. A gradual reduction in 100-
grain weight per treatment with the increasing level of clipping was also observed among the plant 
densities. It was recorded that tested hybrid maize produced the highest 100-grain weight (28.79 g) in 
83333 plants ha-1 with no clipping (D2C1). However, the lowest 100-grain weight (24.49 g) was found in 
same density with removal of all leaf blades except those adjacent to cob.   
 
Grain yield 

Grain yield is the product of number of plant ha-1, cobs plant-1, grains cob-1 and individual grain weight. 
Clipping treatment, at all density levels, there was a large impact on grain yield of maize (Table 1) 
revealed that the grain yield significantly increased with the increasing level of density and decreased due 
to clipping. Grain yield increased up to 7.9 t ha-1 in 1,11,111 plants ha-1 with no clipping (D3C1) and 
thereafter decreased with the interaction in density and clipping levels.  Except 1,11,111 plants ha-1 with 
no clipping and those three, all treatment was statistically similar. Only 83333 plants ha-1 with removal of 
all leaf blades except those adjacent to cob, 1,11,111 plants ha-1 with removal of all leaf blades except 
those adjacent to cob and 66667 plants ha-1 with removal of all leaf blades except those adjacent to cob 
produced less than 5.21 t ha-1 grain where all other treatments produced more than 5.9 t ha-1 grain yield 
with a central tendency of 6.5 t ha-1 grain yield. Furthermore, the yield increment was mainly owing to 
improvement in yield attributing characters at higher leaf present. In 1,111,11 plants ha-1 with no 
clipping, LAI was significantly highest and the number of plant as well as cob ha-1 showed same result. 
Increased grain yield under increasing level of leaf present might have increased in photosynthetic 
capacity due to increase in photosynthetic leaf surface, chlorophyll content, leaf longevity and 
partitioning of more accumulated dry mass from source to sink, favorable growth and nutrient uptake 
resulted hence produced higher grain yield. Plants grew healthy and produced long size of cobs with bold 
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and heavy grains in 66667 plants ha-1density. The results of present study can be favorably compared 
with those of Hassen (2003), Zewdu (2003), Li-xiangjun et al. (2005) and Chaudhary et al. (2005). 
Narayanaswamy et al. (1994) and Simeonov and Tsankova (1990) also reported similar result.  In 
contrast, Vivas et al. (1988) reported that plant density was not a critical factor in determining maize 
yield. 
 
Table 1. Yield attributes of three population densities grown under four different clipping levels 

Treatment 
combination 

Cob length 
(mm) 

 

Cob diameter 
(mm) 

Grains 
cob-1 
(no.) 

100-grain 
weight 

(g) 

Grain yield 
(t ha-1) 

Harvest 
index 
(%) 

D1C1 152.5 45.91 406.0 28.56 6.572 45.75 
D1C2 154.7 46.36 401.2 27.90 6.232 54.18 
D1C3 148.9 45.89 371.5 27.70 5.927 51.50 
D1C4 141.1 43.67 304.3 25.46 4.238 39.66 
D2C1 141.6 43.99 331.2 28.79 6.486 44.17 
D2C2 135.1 42.98 302.9 27.48 6.149 50.79 
D2C3 134.8 44.48 308.5 28.05 6.323 59.14 
D2C4 132.1 42.58 280.3 24.49 4.695 44.73 
D3C1 131.3 43.30 314.3 28.41 7.906 48.06 
D3C2 123.3 40.25 272.1 27.13 6.478 51.06 
D3C3 119.3 39.04 213.9 25.90 6.536 52.03 
D3C4 120.9 39.66 195.6 26.45 5.206 48.97 

LSD(0.05) 11.13 2.314 45.37 1.604 0.9473 8.288 
CV (%) 4.82 3.16 8.69 3.48 9.23 9.95 

D1 = (75 cm  x 20 cm ),  66667  plants ha-1 C1 = Control (No clipping was done) 
D2  = (60 cm x 20 cm ),   83333  plants ha-1 C2 = Removal of all leaf blades below the lowermost cob 
D3  = (60 cm x 15 cm ),   111111 plants ha-1 C3  = Removal of tassel and all leaf blades below the lowermost cob 
C4  = Removal of all leaf blades except those adjacent to cob 
The price of maize grain and fodder: Tk. Kg-1 12.50 and 2.5 
 

 
Harvest index 

The ratio of economic yield to biological yield is termed as harvest index. The highest harvest index 
(59.14%) was found in 83,333 plants ha-1 with removal of tassel and all leaf blades below the lower most 
cob treatment (Table 2).  The lowest HI (39.66%) was recorded in 66667 plants ha-1 with removal of all 
leaf blades except those adjacent to cob treatment with no clipping, 83333 plants ha-1.   
 

 

Correlation analysis 

Relationship between plant density and dependent variables 

Correlation analysis evinces that cob length (r = -0.82), cob diameter (r = -0.745), number of grain per 
cob (r = -0.74), grain weight per cob (r = -0.67), total dry matter content (r = -0.69), light transmission 
rate before clipping (r = -0.685) had negative and significant (1%) relationship with crop density but none 
of the parameters exhibits significant positive relationship with crop density (Table 2). This may be due 
to the struggle created by plant density. Closer planting creates competition for nutrients and all other 
growth factors. Grain yield showed affirmative but insignificant relationship with plant density might be 
that the number of cob increases with number of plant. The finding is consistent with the findings of 
Osorio (1976), Rathore et al. (1976), Hsu and Huang (1984) and Loesch et al. (1976). 
 
Relationship between leaf clipping and dependent variables 
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The computed Pearson’s product moment correlation co-efficient at 5% level of probability implies that 
number of grain per cob (r = -0.48), grain weight per cob (r = -0.55), 100-grain weight (r =     -0.71), 
grain yield (r = -0.71), total dry matter production (r = -0.67) and leaf area index (r =          -0.91) 
maintained negative significant relationship with leaf clipping (Table 2). The results confirms with the 
results of previous findings of Zelitch (1982), Chaudhary et al. (2005) and Hassen (2003). The reason 
behind such type of relationship might be due to the fact that leaf clipping increases light transmission 
ratio and total photosynthetic activity may be reduced. On the other hand light transmission rate after 
clipping (r = 0.8) maintained positive significant relationship with leaf clipping.  
 
Table 2. Relationship between plant components with different treatment variables as influenced by leaf 

clipping and plant density 
 Cob 

length 
Cob 

diameter 
No. of grain 

cob-1 
Grain 

wt. 
cob-1 

100 
grain 
wt. 

Grain 
yield 

Fodder 
yield 

Total 
dry 

matter 

Leaf 
area 

index 

Light 
transmission 

ratio 
density -.823** -.745** -.742** -.674** -.116 .300 .243 -.686** .161 -.075 
clipping -.305 -.306 -.482** -.549** -.710** -.713** .905** -.672** -.905** .805** 
Cob length 1 .901** .897** .883** .387* .177 -.479** .787** .148 -.167 
Cob diameter  1 .869** .844** .421* .240 -.512** .735** .168 -.203 
No.of grain cob-1   1 .907** .397* .297 -.643** .843** .311 -.353* 
Grain wt. cob-1    1 .584** .485** -.703** .879** .401* -.532** 
100 grain wt.     1 .588** -.696** .611** .645** -.687** 
Grain yield       1 -.654** .322 .723** -.753** 
Fodder yield       1 -.799** -.866** .773** 
Total dry matter        1 .581** -.495** 
Leaf area index         1 -.702** 
Light 
transmission 
ratio  

         1 

*indicates significant at 5% level ;**indicates significant at 1% level 
 
Economic analysis 

The highest gross return and benefit cost ratio (BCR) was obtained from the treatment having 1,11,111 
plants ha-1 with no clipping (Tk. 98819 ha-1, BCR 1.78) while the lowest  from the treatment with removal 
of all leaf blades except those adjacent to cob in 66,667 plants ha-1 (Tk. 63604 ha-1, BCR 1.22) (Table 3). 
In case of dual purpose,1,11,111 plants ha-1 with removal of tassel and all leaf blades below the 
lowermost cob gave the highest gross return (Tk. 89520 ha-1) but 66667 plants ha-1 with removal of all 
leaf blades below the lowermost cob gave the highest BCR (1.6). 
 
Table 3. Yield and return of maize var.BARI hybridmaize-7 production in three population densities 

grown under four different clipping levels 

Treatment 
combination 

 

Cost 
(Tk.) 

Fodder  
yield 
(t ha-1) 

Grain 
yield 
(t ha-1) 

Return 
from 
fodder 
(Tk*) 

Return from 
grain (Tk.) 

Gross 
return 
(Tk.) 

BCR 

D1C1 50387 0.00 6.57 0.00 82147 82147 1.63 
D1C2 51657 1.905 6.23 4763 77894 82657 1.6 
D1C3 52005 1.905 5.93 4763 74086 78849 1.52 
D1C4 52145 4.250 4.24 10627 52978 63605 1.22 
D2C1 52434 0.00 6.49 0.00 81080 81080 1.55 
D2C2 53755 2.397 6.15 5992 76862 82854 1.54 
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D2C3 54342 2.397 6.32 5992 79033 85025 1.56 
D2C4 54501 4.627 4.69 11567 58686 70253 1.29 
D3C1 55489 0.00 7.91 0.00 98820 98820 1.78 
D3C2 56338 3.127 6.48 7817 80976 88793 1.57 
D3C3 56867 3.127 6.54 7817 81704 89521 1.57 
D3C4 57265 6.258 5.21 15644 65080 80724 1.41 

LSD(0.05)     0.9473 11840 0.2 
CV (%)     9.23 8.53 7.87 

D1 = (75 cm  x 20 cm),  66667  plants ha-1        C1 = Control (No clipping was done) 
D2  = (60 cm x 20 cm),   83333  plants ha-1         C2 = Removal of all leaf blades below the lowermost cob 
D3  = (60 cm x 15 cm),   111111  plants ha-1 C3= Removal of tassel and all leaf blades below the lowermost cob 
C4  = Removal of all leaf blades except those adjacent to cob 
*75Tk = 1 USD (approximately)  
 
 

Conclusion 

Grain yield increased up to 20% if no clipping was done with 1,11,111 plants ha-1, however, with the 
same density and removal of all leaf blades produced the highest fodder yield.  The highest grain yield 
loss (35.5 %) was observed in 66,667 plants ha-1 with removal of all leaf blades, except those adjacent to 
cob. The highest gross return and BCR was obtained from 1,11,111 plants ha-1 with no clipping (Tk. 
98820 ha-1 and 1.78) and the lowest from 66667 plants ha-1 with removal of all leaf blades except those 
are adjacent to cob (Tk. 63605 ha-1 and 1.22). In case of both grain and fodder yield, the combination of 
1,11,111 plants ha-1 with removal of tassel and all leaf blades below the lowermost cob gave the highest 
gross return (Tk. 89521 ha-1) but 66,667 plants ha-1 with removal of all leaf blades below the lowermost 
cob gave the highest BCR (1.6). 
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