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1. Introduction 
Defoliation or leaf damage, such as that associated with hail, frost, wind, crop protection chemicals and insects 

can influence photosynthesis and subsequent grain production [1]. Whole plants photosynthesis is instantaneously 

reduced in response to canopy removal either by grazing or by deliberate removal or by mechanical damages or by 

clipping [2-5]. If large portions of the canopy of individual plants are removed by grazing, hail or wind, plants adjust 

to such conditions of chronic defoliation and the associated reductions in whole-plant photosynthetic rates by 

altering resource allocation pattern and reducing relative growth rates [2-5].  

Corn yield is reported to be strongly depended on leaf area index (LAI) and leaf efficiency for absorption of 

solar radiation for photosynthesis process [1]. Thus, defoliation treatments have been observed to decrease 

assimilates availability during grain filling [6]. It should however be observe that in addition to leaves, other 

chlorophyll containing organs such as stems, parts of inflorescences and fruits can also significantly be effective in 

supplying photosynthates thus able to change pattern of preparation and distribution of materials [7].  

Generally, throughout plant growth and development, photosynthetic materials are transferred from sources to 

sinks [8]. If the rate of transfer is lower than production, photosynthates would be stored as starch in different parts 

of plants, and as soon as grains are formed in the plant, the greater amount of photosynthetic materials moves to the 

grains.  

Field trials conducted on wheat (Triticum aestivum) and barley (Hordeum vulgare) revealed that photosynthesis 

in the nearest source to the grain such as flag leaf, stem and spike supply the main part of grain weight [9]. Andrew 

and Peterson [10] reported that distance of the leaves to the ear and their photosynthetic efficiency are important in 

defoliation. They showed that leaves on top of the ear transferred 23 - 91% of photosynthates to the cob and the 

greatest amount of transferred materials was in the nearest leaf on top of the ear [10]. A study on sunflower 

(Helianthus annus) revealed that whereas defoliation had no effect on stem diameter, filled grain percentage, 1000-

Abstract: Pot trial was conducted at the Faculty of Agriculture, Kogi State University Anyigba, within the 

southern Guinea savanna agro ecological zone of Nigeria, with daily temperature range between 250C - 350C. 

The experiment, a Randomized Complete Block Design (RCBD) with eight treatments (defoliation at 25% 

above the ear, 25% under the ear, 50% above the ear, 50% under the ear, 75% above the ear, 75% under the 

ear, 100% defoliation and no defoliation as control) was replicated four times. Treatment was imposed at ear 

initiation. Growth and yield parameters collected were: number of leaves per plant, leaf area, plant height, stem 

girth, days to ear initiation, number of cobs/plant, days to crop maturity, cob weight, cob length, seed rows per 

cob, 100-seed weight as well as total cob yield/ha. All data collected were subjected to analysis of variance 

(ANOVA) and New Duncan Multiple Range Test (NDMRT) was used to estimate the differences among 

significant means at 5% level of probability. Prior to imposition of the treatment, analyzed results indicate no 

significant differences between number of leaves at 2, 4 and 6 WAS, as well as plant heights and stem girth at 

2, 4, 6, 8 and 10 WAS. However there were significant differences between leaf areas at 4 and 6 WAS. In 

addition, there were significant effects of defoliation on cob length and dry cob weight with the highest cob 

weight obtained in 25% defoliation carried out above the ear. In addition, there were significant differences in 

the number of rows per cob and grain yield per ha with 0% defoliation giving the highest result while the least 

was in 100% defoliation. Generally, it was observed that defoliation at any rate and position influenced maize 

yield, notwithstanding that the treatment was imposed at cob initiation, an indication that harvest of solar 

radiation post cob initiation plays important role on eventual maize yield. 
Keywords: Maize; Defoliation; Plant height; Stem girth; Leaf area; Yield components; Yield. 
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seed weight, harvest index and grain yield were affected by the defoliation treatments; observing that middle leaves 

of the stem have most important role than the other leaves because of greater surface and active participation in the 

photosynthesis. 100 percent defoliation resulted in minimum yield of seeds compared to control because of decrease 

in grain weight and filled grain percentage [11].  

Results of many studies about the effects of defoliation on seed yield of sunflower showed that increase of 

defoliation intensity and defoliation near flowering stage resulted in decreased seed yield because of decrease in the 

photosynthetic surface [12-14]. In addition, complete defoliation had the most negative effect on the ear diameter, 

dry grain weight, 100-grain weight and grain yield. However, there were no significant differences between 

removing of the whole leaves on the top of ear and the whole leaves under ear, observed Remison [15].  

It has been observed that reduction in whole-plant photosynthesis following defoliation is not necessarily 

proportional to leaf-area or biomass removal because of associated modification in canopy microclimate, the unequal 

photosynthetic contributions of leaves of various ages and, in some cases, compensatory photosynthesis [16, 17]. For 

example, when mature, previously shaded leaves remain on the plant following defoliation, canopy photosynthesis is 

reduced to a greater extent than the proportion of leaf area removed because of the low photosynthetic capacity of 

the remaining leaves. A large decrease in the photosynthesis / transpiration ratio of the canopy (i.e. water-use 

efficiency) is also associated with this pattern of plant defoliation [17, 18]. Conversely, if a high proportion of 

relatively young leaves remain on the plant following defoliation, the reduction in canopy photosynthesis is more 

directly related to amount of leaf area removed. Consequently, canopy measurements of photosynthesis are reported 

to be more strongly correlated with the potential for re-growth than are measurements of single-leaf photosynthesis 

[16, 19, 20].  

In view of the importance of maize in Nigeria, efforts are continuously made to increase yield per unit area of 

land, thus justifying any effort at understanding yield related parameters. Therefore general objective of this research 

was to assess the effect of leaf defoliation on maize development, yield components and yield, while specific 

objectives were to: 

i. Evaluate effect of different levels of defoliation on the maize growth; 

ii. Evaluate effect of different levels of defoliation on maize grain yield and 

iii. Evaluate effect of different levels of defoliation on maize yield components. 

 

2. Materials and Methods 
Between March and August 2016 pot trial was conducted at the Faculty of Agriculture, Kogi State University 

Anyigba, which falls within the southern Guinea savanna agro ecological zone of Nigeria. The daily temperature 

range is about 25 
0
C – 35 

0
C. The experiment was a Randomized Complete Block Design (RCBD) with eight 

treatment components (defoliation at 25% above the ear, 25% under the ear, 50% above the ear, 50% under the ear, 

75% above the ear, 75% under the ear, 100% and control), which were replicated four times. The treatment was 

imposed at ear initiation.  

Fertile sandy-loam soils obtained from fallowed farm land were filled into perforated plastic pots to 2.5 cm from 

the top, after sorting out debris, pebbles and plant roots. Seeds of maize (Ife-Hybrid VI) obtained from the Institute 

of Agricultural Research (IAR), Zaria were planted into the pots at the rate of two seeds per hole to a depth of 5 cm, 

which were later thinned to one plant stand 2 weeks after sowing (2 WAS). The pots were kept weed free by hand 

picking the weeds at regular intervals. Water supply was from rain water as the crops were kept out in the field. The 

growth and yield parameters collected at two week intervals beginning 2 WAS include: number of leaves per plant 

(determined by direct counting of leaves on each plant); plant height; stem girth (determined by measuring the 

thickness of the plants stem with the aid of veneer calipers); days to ear initiation; number of cobs (counting the 

number of cobs/plant); days to maturity; cob weight; cob length; rows/cob; 100-seed weight as well as total cob 

yield/ha. 

All data collected were subjected to analysis of variance (ANOVA) as described for RCBD [21] and New 

Duncan Multiple Range Test (NDMRT) was used to estimate the differences among significant means at 5% level of 

probability. 

 

3. Results and Discussion 
3.1. Effect of Varying Rate of Defoliation on Growth Parameters  

No significant differences (P≥ 0.05) were observed between the number of leaves / plant at 2, 4 and 6 WAS 

(Table 1), plant heights and girths at 2, 4, 6, 8 and 10 WAS (Tables 2 and 3, respectively). These non significant 

observations are understandable, considering that the defoliation process was imposed only at ear initiation, so could 

not have impacted on these parameters at this stage. There were, however significant differences (P≤0.05) between 

leaf areas at 4 and 6 WAS (Table 1), which could not be due to the treatment, since it was only imposed afterwards, 

but could be the result of the manifestation of individual crop characters. There is though the possibility that the 

significant differences in leaf areas at 4 and 6 WAS may exert influence on crop yield. Noting that corn yield is 

reported to be strongly depended on leaf area index (LAI) and leaves efficiency for absorption of solar radiation for 

photosynthesis process [1]; though whole-plant photosynthesis is not necessarily proportional to leaf-area or biomass 

removal because of associated modification in canopy microclimate, the unequal photosynthetic contributions of 

leaves of various ages and, in some cases, compensatory photosynthesis [17].  
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Table-1. Effect of varying rate of defoliation on number of leaves and leaf area of maize 

 

 

 

 

 

 

 

 

 

 

 

 

 
                DAE = Defoliation above ear, DUE = Defoliation under ear 

 
Table-2. Effect of varying rate of defoliation on plant height of maize 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

                                DAE = Defoliation above ear, DUE = Defoliation under ear 

 
Table-3. Effect of varying rate of defoliation on stem girth of maize 

 

 

 

 

 

 

 

 

 

 

 

 

 
                    DAE= Defoliation above ear, DUE = Defoliation under ear 

 

The non-significant effects observed on most parameters prior to the imposition of the treatment, may imply that 

any significant difference observed on such parameters after imposition of the treatment could only result from the 

impact of the defoliation.  

 

3.2. Effect of Varying Rate of Defoliation on Yield Components and Yield 
There were significant (P≤0.05) effects of defoliation on cob length and dry cob weight, with the highest cob 

weight obtained in 25% defoliation above the ear (Table 4). In addition there was significant (P≤0.05) difference in 

the number of rows per cob, with 0% defoliation giving the best result while the least was in 100% defoliation. The 

treatment did not however influence significant change in seed weight. Significant effect of defoliation was observed 

on grain yield per ha, with the highest grain yield obtained in 0% defoliation, while 100% defoliation gave the least, 

this was similar to the findings made by Abbaspour, et al. [11], as investigated for sunflower.  

The observations made in this trial in respect of maize yield, relates well with previous studies on the effects of 

defoliation on seed yield of sunflower that showed that increase of defoliation intensity and defoliation near 

flowering stage resulted in decreased seed yield because of decrease in the photosynthetic surface [12-14]; that, 

complete defoliation had the most negative effect on the ear diameter, dry grain weight, 100-grain weight and grain.  

Abbaspour, et al. [11], also observed in a study on sunflower (Helianthus annus) that whereas defoliation had no 

Defoliation  Number of Leaves Leaf Area 

2WAS 4WAS 6WAS 4 WAS 6 WAS 

0% 5.25 7.75 7.75 124.17  542.04 

25% DAE 5.00 7.00 8.25 155.81 589.78 

25% DUE 5.25 7.25 7.50 154.61 498.08 

50% DAE 5.25 7.25 7.50 116.81 529.23 

50% DUE 5.00 7.25 7.75 162.56 587.05 

75% DAE 5.25 6.75 7.00 102.70 471.05 

75% DUE 5.75 7.00 7.78 125.23 506.05 

100% 5.00 6.75 6.75 122.25 470.93 

F-LSD NS NS NS 26.47* 17.26* 

CV% 10.84 12.15 10.80 15.71 6.68 

Defoliation   Plant Height (cm) 

2WAS 4WAS 6WAS 8WAS 10WAS 

0% 9.73 19.23 49.53 122.98 136.08 

25% DAE 9.33 17.00 54.43 126.05 148.53 

25% DUE 9.38 19.33 50.75 133.25 138.23 

50% DAE 9.20 19.25 52.83 120.03 137.83 

50% DUE 9.63 18.13 56.83 128.60 147.78 

75% DAE 9.70 16.80 48.95 135.43 143.23 

75% DUE 9.65 18.55 50.73 116.35 137.90 

100% 9.63 17.00 52.03 124.98 128.55 

F-LSD NS NS NS NS NS 

CV 14.39 18.42 8.67 18.63 16.33 

Defoliation Stem girth (cm) 

2WAS 4WAS 6WAS 8WAS 10WAS 

0% 0.83 1.05 1.70 1.75 1.80 

25% DAE 0.78 1.10 1.70 1.78 1.78 

25% DUE 0.78 1.10 1.68 1.68 1.70 

50% DAE 0.75 1.13 1.63 1.80 1.80 

50% DUE 0.80 1.10 1.73 1.83 1.83 

75% DAE 0.80 1.05 1.63 1.63 1.73 

75% DUE 0.85 1.13 1.65 1.80 1.80 

100% 0.83 1.00 1.55 1.55 1.68 

F-LSD NS NS NS NS NS 

CV% 12.50 13.09 14.08 12.78 13.23 
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effect on stem diameter, filled grain percentage, 1000-seed weight, harvest index and grain yield were affected by 

the defoliation treatments, emphasizing that middle leaves of the stem have most important role than the other leaves 

because of greater surface and active participation in the photosynthesis. 100 percent defoliation resulted in 

minimum yield of seeds compared to control because of decrease in grain weight and filled grain percentage; 

findings, which are in consonance with the findings in this trial.   

 

4. Conclusion 
Pot trial was conducted at the Faculty of Agriculture, Kogi State University Anyigba, within the southern 

Guinea savanna agro ecological zone of Nigeria, with daily temperature range between 25
0
C - 35

0
C. The 

experiment, a Randomized Complete Block Design (RCBD) with eight treatments (defoliation at 25% above the ear, 

25% under the ear, 50% above the ear, 50% under the ear, 75% above the ear, 75% under the ear, 100% defoliation 

and no defoliation as control) was replicated four times. Treatment was imposed at cob initiation. Defoliation had no 

effect on plant height, leaf number, stem diameter and seed weight, however defoliation at any rate and position 

influenced maize yield, notwithstanding that the treatment was imposed at ear initiation, an indication that harvest of 

solar radiation post cob initiation plays important role on eventual maize yield. Observing that throughout plant 

growth and development, photosynthetic materials are transferred from source (the leaf) to sink (storage points, such 

as maize ears), and any factor (such as defoliation) that may influence source’s photosynthetic ability should impact 

on yield. 100 percent defoliation resulted in the least yield of seeds compared to control.  

 
Table-4. Effect of vary rate of defoliation on some yield parameters of maize 

DAE = Defoliation above ear,   

DUE  = Defoliation under ear 
* Significance at (P≤0.05)  
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