
Abstract
Growers usually practice pruning at vegetative and reproductive stages of staked tomato. This study was conducted during Novem-
ber to March for two successive years of 2016 and 2017 to investigate the effect of defoliations on morphological characters, and yield 
of tomato. Five levels of defoliation comprising of 0 (control), 3, 6, 9 and 12 leaves from basal 17 leaves were applied at beginning of 
flowering phase considering two widely cultivated varieties of TM-110 and TM-135. The study was laid out in two factors split-plot 
design with three replicates where varieties as main plot and defoliation levels as sub-plot. Morphological traits like plant height and 
leaves per plant were not affected up to 6 leaves defoliation irrespective of genotypes and seasons. Fruit yield (Kg) per plant also not 
affected up to 6 leaves defoliation, rather increases 10.24% and 2.92% for TM-110 and 11.35% and 5.16% for TM-135 in season 2016 
and 2017, respectively. However, in season 2017, TM-110 increases 5.00% yield at 3 leaf defoliation. Heavy defoliation (> 6 leaves) 
causes reduced plant height and smaller number of leaves per plant for all the cases. Fruit yield per plant also decreased as total sink 
(flower and fruits) production is hampered due to reduction of source sizes. That’s why lowest fruit yield was recorded in 12 leaves 
defoliated plants. These results indicate that tomato plants can tolerate one-third leaf loss during reproductive stage. Implication of 
the results in relation to early blight disease management is also crucial.
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Traditional varieties of tomato (Lycopersicon esculentum Mill.) 
bears greater sources size than sink being leafy and bushy leading 
to poor crop performance (Heuvelink and Buiskool, 1995). It means 
optimum and stable but functional source size is more advanta-
geous to realize the potential sink size under field conditions. Even 
increased leaf area index (LAI) is not associated with increased 
fruit production but reaches a plateau (Heuvelink et al., 2005). De-
foliation up to certain limit may, therefore, be useful to overcome 

this problem of excessive vegetative growth. Greater light penetra-
tion in the canopy through defoliation may reduce the abortion of 
flowers and increase fruit yield (Martinez et al., 2001; Andnolo et 
al., 2004; Xiao et al., 2004; Heuvelink et al., 2005). That’s why, for 
commercial purposes, leaf pruning should practice maximizing 
light interception and fruit yield (Andriolo et al. 2001).

Introduction

Keywords: Tomato; Defoliation; Morphological characters; Fruit yield

Defoliation is not always advantageous, sometimes it has disadvan-
tageous effect in crops (Board and Harville, 1998; Bhatt and Rao, 
2003; Leonard et al., 2004; Mondal et al., 2011a, b). For example, 
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Treatments and experimental design

Management practices

Materials and Methods

The experiment comprised of two factors: five defoliation levels of 0 
(control), 3, 6, 9 and 12 leaves removal from base of the plant out of 
16 or 17 leaves at the beginning of flowering. Two recently released 
tomato cultivars (TM-110 and TM-135) were used as planting ma-
terial. The experimental design was split plot with three replicates 
where varieties as main plot and defoliation levels as sub-plot. The 
sub-plot consisted of 6 rows including two borderlines on either 
side. The unit plot size was 3m × 4m. 

For the first experiment, seeds were sown in seedbed on 29 Oc-
tober 2016 and 27-day old seedlings were transplanted in the 
experimental field with spacing of 50 cm × 50 cm. In the second 
experiment, seeds were sown in seedbed on 26 October 2017 and 
25-day old seedlings were transplanted in the experimental field 
with same spacing. Urea, triple super phosphate (TSP), muriate of 
potash (MP), gypsum and cow dung were applied at the rate of 280, 
250, 180, 80 and 10000 kg/ha, respectively (BARC, 2012). Total 
amount of TSP, gypsum and cow dung; half of MP were applied as 
basal dose during final land preparation. The remaining half of MP 
was applied as top dress at 45 days after transplanting (DAT). Half 
of urea was applied as top dress at 21 days after transplanting and 
remaining half was applied at 45 days after transplanting. Irriga-
tion, weeding, pruning, stalking, pesticides spray and other inter-
cultural operations were done when required. 

Two experiments were carried out in the farm of Bangladesh In-
stitute of Nuclear Agriculture (BINA), Mymensingh, Bangladesh 
during two successive seasons (November-March) of 2016-17 
and 2017-18. This area is situated at 24°75´ N and 90°50´ E under 
subtropical climates characterized by heavy rainfall from April to 
September and scanty rainfall from October to March. Soil of the 
site was sandy loam having a total nitrogen 0.065%, organic matter 
1.07%, available phosphorus 18.5 ppm, exchangeable potassium 
0.30 meq 100g-1, sulphur 20 ppm and pH 6.8.

To study growth characteristics, a total of two harvests were made. 
The second rows from the border of each plot were used for sam-
pling. The first and second crop sampling was done at 40 and 60 
DAT. Five plants were randomly selected from each plot during 
each sampling date and uprooted for collecting necessary param-
eters. At harvest, ten plants from each plot were selected randomly 
for data recording on morphological, yield and yield related traits. 
Fruit yield was collected from each plot excluding border line and 
converted into tonnes per hectare. Harvesting was done at different 
dates depending on fruit ripening. 

The collected data were analyzed statistically following the analysis 
of variance (ANOVA) technique and the mean differences were ad-
judged by Duncan’s Multiple Range Test (DMRT) using the statisti-
cal computer package program, MSTAT-C (Russell, 1986). 

one-third leaf removal from basal portion of the canopy increased 
fruit yield over control and severe defoliation decreased fruit yield 
in tomato (Xiao et al., 2004; Heuvelink, 2005). Similarly, mild de-
foliations (16.6-33%) during reproductive phase do not adversely 
affect the seed yield in mung bean (Mondal et al., 2011a) and in 
soybean (Ali et al., 2013). No detail information is available about 
source-sink relationships in tomato during early reproductive 
growth stage. These aspects need investigation in tomato geno-
types to develop the high yielding variety and to assist in the de-
velopment of practices under Sub-tropical condition. In tropical 
and sub-tropical countries, loss of foliage in tomato by leaf-eating 
insects and diseases is common. The tomato plant can tolerate such 
source (leaf) damages up to a certain extent without significant 
yield loss (Martinez et al., 2001). Tomato crop is vulnerable to be 
infected by bacterial, viral, nematode and fungal diseases. Among 
the fungal diseases, early leaf blight of tomato caused by Alternaria 
solani is the worst that causes reduction in quantity and quality 
of the tomato (Abada et al., 2008). The pathogen causes infection 
first on old lower leaves, then spread on upper leaves, stem, petiole, 
twig and fruits leading to the defoliation, drying of twigs and pre-
mature fruit drop which ultimately reduce the yield (Gondal et al., 
2012). In previous study we found that defoliation of lower leaves 
at flowering stage did not affect the rest leaves by A. solani. Any-
way, removal of full-grown leaves from below is common practice 
in tomato cultivation. Old leaves are also believed not to contribute 
to the crop photosynthesis anymore (Hauvelink et al., 2005) but fa-
vours dry matter partitioning towards the fruits (Xiao et al., 2004). 
The purpose of this study was to find out the extent of leaf removal 
during the beginning of reproductive phase that will increase fruit 
yield by modifying morphological characteristics of tomato.

Experimental site

Parameters measured

Statistical analysis
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Interaction of variety and defoliation also have significant role to 
control the morphological traits (Table 2). This revealed that the re-
duction trend in plant height and leaves per plant due to defoliation 
was not similar in both the varieties. The reduction in plant height 
and number of leaves was greater in TM-110 than in TM-135. Simi-
larly, percent compensation of leaves loss due to defoliation was 
also higher in TM-135 than in TM-110. 

Results 

Defoliation and Variety significantly influenced the morphological 
traits including plant height and number of leaves per plant (Table 
1). Defoliation up to six leaves out of 17 showed similar or some-
times greater plant height and leaves per plant with that of control 
in both growing seasons. This means that 36% leaf removal from 
bottom of the canopy does not affect plant height and number of 
leaves per plant, even increase in some cases. In contrast, defolia-
tion beyond 36% or more than 6 leaves per plant out of 17 leaves 

caused significant reduction in plant height and leaves per plant 
with being the lowest in 12 leaves removal. Anyway, removal up 
to 6 leaves (36% of control) compensated the loss fully at harvest, 
even sometimes greater than control, whereas leaves loss of 9 and 
12 per plant compensated up to 90 and 82%, respectively. This re-
sult indicates that tomato plant has high compensatory capacity of 
leaf loss during starting of flowering phase. Between the two vari-
eties, plant height, leaf number per plant and percent leaf compen-
sation were greater in TM-135 than in TM-110.

Defoliation and Variety for Morphological Characters

Treatments Plant height (cm) Leaves no. per plant at 
first fruit harvest

Leaves no. per plant at 
treatment impose

Compensation of leaf 
loss over control (%)

2016 2017 2016 2017 2016 2017 2016 2017
Defoliation

Control 89.0 a 78.8 ab 56.93 a 36.4 a 16.50 a 16.8 a --- ---
3 89.0 a 79.5 a 56.75 a 37.6 a 13.50 b 

(18.2)
13.8 b 
(17.9)

100.0 a 100.0 a

6 85.2 ab 80.0 a 53.42 ab 38.3 a 10.50 c 
(36.4)

10.8 c 
(35.7)

94.06 b 100.0 a

9 79.6 cd 73.9 c 47.25 c 32.5 b 7.50 d 
(54.5)

7.75 d 
(53.6)

81.87 c 89.8 b

12 76.3 d 67.7 d 43.05 d 30.0 c 4.50 e 
(72.7)

4.75 e 
(71.4)

74.96 d 82.4 c

Level of significance ** ** ** ** ** ** ** **
Variety
TM-110 80.2 b 66.3 b 43.33 b 33.3 b 10.00 b 10.0 b 67.71 b 73.9
TM-135 87.5 a 85.7 a 59.63 a 36.7 a 11.00 a 11.5 a 72.65 a 75.0

Level of significance ** ** ** * ** ** ** NS

In column, within treatment, figures with same letter (s) do not differ significantly at P ≤ 0.05 by DMRT; *and **indicate significance  
at 5% and 1% level of probability, respectively; NS, not significant; The figures in parenthesis indicate percent leaf loss over control.

Table 1: Effect of different level of defoliation and variety on morphological characters in tomato.

Effect of variety and defoliation on yield
Defoliation has significant role to increase the fruit yield per plant 
(Table 3). Removal of leaves increases the yield statically for 3 and 6 

leaves but decreases for 9 leaves and lowest at 12 leaves defoliation. 
In season 2016, 3.73% and 11.19% yield increased over control 
from 3 and 6 leaf defoliated plants while 2.24% and 21.64% yield 
decreased for 9 and 12 leaves defoliation. In season 2017, 4.91% 
and 4.29% yield increased over control for 3 and 6 leaves defolia-
tion, respectively while 12.27% and 26.99% yield decreased when 
9 and 12 leaves were defoliated. These results thus revealed that 
up to 6 leaves defoliation (36% of control) can increase the yield 
without interrupting plant height and leaves number per plant at 
harvest.
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Treatments Plant height (cm) Leaves per plant at 
first fruit harvest

Leaves per plant at 
treatment impose

Compensation of leaf 
loss over control (%)

2016 2017 2016 2017 2016 2017 2016 2017
Variety Defoliation
TM-110 Control 86.0 b 69.0 e 49.6 cd 34.8 cd 16.0 b 16.0 b --- ---

3 85.5 b 69.2 e 48.8 cd 35.2 bc 13.0 d 13.0 d 100.0 a 100 a
6 83.8 bc 71.8 d 47.5 d 37.0 ab 10.0 f 10.0 f 95.8 ab 100 a
9 73.8 d 65.5 f 36.2 e 31.0 de 7.0 h 7.0 h 73.0 e 89.1 b

12 72.0 d 55.7 g 34.6 e 28.0 e 4.0 j 4.0 j 69.8 e 80.5 d
TM-135 Control 92.0 a 88.5 a 64.2 a 38.0 ab 17.0 a 17.5 a --- ---

3 92.5 a 89.7 a 64.8 a 40.0 a 14.0 c 14.5 c 100.0 a 100 a
6 86.7 b 88.3 a 59.3 b 39.7 ab 11.0 e 11.5 e 92.3 bc 100 a
9 85.5 b 82.3 b 58.3 b 34.0 cd 8.0 g 8.5 g 90.7 c 89.5 b

12 80.7 c 79.8 c 51.5 c 32.0 de 5.0 i 5.5 i 80.2 d 84.2 c
Level of significance * ** ** * ** NS ** NS

CV (%) 3.68 2.42 4.90 6.40 4.55 5.29 4.92 5.64

In a column, within treatment, figures bearing same letter (s) do not differ significantly at P ≤ 0.05 by DMRT; 
* and ** indicate significance at 5% and 1% level of probability, respectively, NS, not significant.

Table 2: Interaction of different level of defoliation and variety on morphological characters of tomato.

Treatments Fruit yield per 
plant (Kg)

Yield change over 
control (%)

2016 2017 2016 2017
Defoliation

Control 1.34 c 1.63 a 0.00 0.00
3 1.39 b 1.71 a + 3.73 + 4.91
6 1.49 a 1.70 a + 11.19 + 4.29
9 1.31 c 1.43 b - 2.24 - 12.27

12 1.05 d 1.19 c - 21.64 - 26.99
Level of significance ** **

Variety
TM-110 1.25 b 1.62 - 6.72 - 0.61
TM-135 1.38 a 1.43 + 2.99 + 12.27

Level of significance * NS

In column, within treatment, figures with same letter (s) do not dif-
fer significantly at P ≤ 0.05 by DMRT; *and **indicate significance at 
5% and 1% level of probability, respectively, NS, not significant.

Variety and defoliation interaction also has significant role to in-
crease the fruit yield per plant (Table 4). In this context, both the 
varieties increase the yield for removal of 3 and 6 leaves but de-
creases for 9 leaves and lowest at 12 leaves defoliation. TM-110 
variety increased 4.72% and 10.24% yield over control for 3 and 
6 leaf defoliation, respectively in season 2016 while 2.84% and 
11.35% yield increased for the same in case of TM-135 in season 
2016 but decreased 5.67% and 19.86% for 9 and 12 leaves defo-
liation. In season 2017, 5.0% and 2.92% yield increased over con-
trol for 3 and 6 leaves defoliation, respectively for TM-110 while 
7.02% and 25.15% yield decreased for 9 and 12 leaves defoliation. 
In contrast, 3.87% and 5.16% yield increased over control when 
3 and 6 leaves defoliated, respectively in TM-135 while 18.06% 
and 29.68% decreased on 9 and 12 leaves defoliation, respectively. 
These results thus revealed both the varieties increases yield up to 
6 leaves defoliation (36% of control) but decreased for 9 leaf defo-
liation and lowest at 12 leaf defoliation. 

Table 3: Effect of different level of defoliation 
and variety on yield of tomato.

Discussion
Results indicated that at harvest, tomato plant compensated its leaf 
loss. Losses of 3 and 6 leaves plant-1 at flowering stage, which was 
equivalent to 18 and 36% leaf loss of the total, compensated the 
leaf loss fully even sometimes greater that control, whereas leaves 
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Treatments Fruit yield per 
plant (kg)

Yield change 
over control (%)

2016 2017 2016 2017
Variety Defoliation
TM-110 Control 1.27 c 1.71 a 0.00 0.00

3 1.33 bc 1.80 a + 4.72 + 5.00
6 1.40 b 1.76 a + 10.24 + 2.92
9 1.28 c 1.59 + 0.79 - 7.02

12 0.97 e 1.28 bc - 23.62 - 25.15
TM-135 Control 1.41 b 1.55 ab 0.00 0.00

3 1.45 b 1.61 a + 2.84 + 3.87
6 1.57 a 1.63 a + 11.35 + 5.16
9 1.33 bc 1.27 bc - 5.67 - 18.06

12 1.13 d 1.09 c - 19.86 - 29.68
Level of significance NS *

CV (%) 7.44 9.19

In a column, within treatment, figures bearing same letter (s) do 
not differ significantly at P ≤ 0.05 by DMRT; * and ** indicate sig-
nificance at 5% and 1% level of probability, respectively, NS, not 
significant.

Table 4: Interaction of different level of defoliation and variety on 
yield of tomato.

loss of 9 and 12 plant-1 compensated up to 90 and 82%, respectively, 
due to regrowth of leaves. This result indicates that tomato plant 
has high compensatory capacity of leaf loss during flowering stage. 
The result is consistent with the findings of Fukuchi et al. (2004), 
who reported that leaf number did not decrease at harvest due to 
partial defoliation in tomato. Andnolo et al. (2004) reported that 
tomato plant had high compensatory capacity of leaf loss at early 
growth stages that supported the present results. Further, removal 
of 36% or less of tomato leaves at flowering start stage had no sig-
nificant negative effect on morphological characters and fruit yield. 
Thus, up to 36% of the total leaf area in healthy tomato plants was 
apparently not required to supported normal fruit yield. However, 
fruit yield plant-1 increased under 3 and 6 leaves defoliated plants 
may be due to greater number of fruits plant-1 and larger fruit size 
compared to control. This result is consistent with the findings of 
Heuvelink and Buiskool (1995) and Fukuchi et al. (2004) in tomato. 
They observed that fruit yields were not affect under mild or partial 
defoliation in tomato. Xiao et al. (2004) found that removing one 
in every three young leaves did not result in any significant loss in 

in yield of tomato. Again, lower fruit yield per plant under heavy 
defoliated condition was due to fewer numbers of fruit and small-
er size fruits. Reduction in the number of fruits plant-1 under high 
defoliated condition might be due to lesser leaf area plant-1 which 
consequence production of lower amount of assimilate that is not 
sufficient for bearing maximum fruits. Similar result was also re-
ported by many workers in tomato (Stary, 1983; Leonard et al., 
2004). They observed that fruits plant-1 decreased under heavy 
defoliated condition in tomato.

Leaf loss through insect attack, disease and other environmental 
hazards at bud initiation stage up to 36% may not affect fruit yield 
in tomato as was investigated in this study. This suggests that re-
moval of lower leaves up to 36% check early leaf blight which oth-
er ways save environmental hazards by avoiding fungicide spray. 
Therefore, it may not be advisable to spray pesticide for control-
ling pests in tomato variety at one-third loss of leaf surface to save 
environment from pollution.

This work was supported by the Research and Development Proj-
ect of Bangladesh Institute of Nuclear Agriculture (BINA), Ministry 
of Agriculture, Bangladesh.
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