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Abstract: The effect of three different concentrations (0.05%, 0.15% and 0.25%) of endosulfan and malathion was observed 
on the growth of two varieties of tomato, viz. Pusa Ruby and Pusa Early Dwarf. The length and weight of root and shoot 
were studied on treatment with the two pesticides. It was observed that at low concentration of malathion the growth was 
stimulated in both root and shoot of both the varieties. On the other hand growth was reduced at high concentrations with 
both endosulfan and malathion. Reduction was more in root than shoot. Root weight ratio, shoot weight ratio and root shoot 
ratio were also analyzed. A significant effect was observed with endosulfan and the effect with malathion were less 
deleterious. 
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INTRODUCTION 

 

ndia is the second largest producer of fruits and 

vegetables in the world. Majority of Indians are 

vegetarians with a per capita consumption of 135g 

per day as against recommended 300g per day. In 

near future there is need of around 5-6 million tons 

of food to feed our 1.3 billion Indian population 

expected by the year 2020 (Dhaliwal et al., 2010). 

There is an increase in severity of insect pest 

problems on agricultural crops in our country. Food 

plants are damaged by more than 10,000 species of 

insects. Hence, use of pesticide became essential for 

easy and quick control of pest. For better production 

of crops and aesthetic value, farmers are using a 

large amount of pesticides during the entire period of 

growth of vegetables even at fruiting stage unaware 

of the affect on the plant. In many cases, the 

treatment influences the crop by changing the 

morphology, affecting growth rate, physiology and 

yield of the plant product. Prolonged use of pesticide 

can cause the pest species to develop genetic 

resistance to it. Use of pesticides raises toxicological 

effects on morphological, physiological and genetic 

factors in non target organisms and environment as 

well (Kumar and Chaudhary, 2012). Organochlorines 

and organophosphates are widely used as pesticides 

all over the world. In the present study, effect of 

endosulfan, an organochlorine and malathion, an 

organophosphate is tested on two crop varieties of 

tomato plant. Tomato fruit borer, Helicoverpa 

armigera is an important insect which cause 

considerable losses in quantity and quality of the 

crop. Both endosulfan and malathion are effective 

insecticides used against it. 

 

MATERIAL AND METHOD 

 
The present study was carried out in the field and 

laboratory of Department of Botany, D.N. College, 

Meerut. Tests were conducted on two varieties of 

tomato (Lycopersicon esculentum Mill. var. Pusa 

Ruby (PR) and Pusa Early Dwarf (PED)). Seeds 

were procured from certified seed centre of Meerut. 

The pesticides selected for investigation were 

Endosulfan 35% EC and Malathion 50% EC. Three 

different concentrations were made for each 

chemical insecticide, viz. 0.05%, 0.15% and 0.25% 

with distilled water by using Pearson’s square 

method (Wagner and Stanton, 2006). Tap water was 
used as control. Simple randomized block design was 

followed for growing the crops. The field was 

divided into six plots for each variety, each being 

1x1 meter2 for different pesticide concentrations. 

One plot was selected for control. The plots were 

kept 25cm apart from each other. The plants were 

treated with different pesticide solutions from 15th 

day of transplantation to the maturity of the crop. 

The treatment was given with the help of a sprayer at 

an interval of 30 days. Observations were made at 

plant age of 90 day for plant growth parameters and 
the root shoot ratio. The length of root and shoot 

were separately measured by means of an ordinary 

ruler and the total plant length was the sum of their 

individual lengths. Root and shoot were weighed 

separately on an electronic balance for their fresh 

weight and oven dried before weighing for their dry 

weight. Root shoot ratio was analyzed by using the 

following formulae –  

Root weight ratio (RWR) = dry weight of root (g)

   whole plant dry weight (g) 

Shoot weight ratio (SWR) = dry weight of shoot (g) 

                                         whole plant dry weight (g)s 
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Shoot root ratio (SRR) = dry weight of shoot (g) 

                dry weight of root (g) 

 

RESULT AND DISCUSSION 

 

The increasing dose of pesticide caused reduction in 
length and weight, both fresh and dry of the plant. 

High concentration of endosulfan and malathion 

produced a pronounced reduction in root, shoot and 

total plant length, however the root length was found 

to be decreased more than the shoot length. 

Maximum inhibition in shoot length was recorded at 

highest concentration    of endosulfan (0.25%) and it 

was 31.98 and 27.07 percent in comparison to 

control of PR and PED respectively. Similar results 

were obtained in case of root length where inhibition 

was 35.92 and 33.38 percent in comparison to 

control of 90 day old plants of PR and PED 
respectively (Table 1 and 2). However, at highest 

concentration of malathion the reduction in shoot 

length was 10.67 and 10.23 percent and the reduction 

in root length was 11.67 and 10.85 percent 

respectively in PR and PED in comparison to control 

of 90 day old plants. It was also observed that 

malathion at lowest concentration (0.05%) stimulated 

the growth of the plant. Maximum stimulation was 

recorded in PED which was 3.67 percent in root 

length and 2.15 percent in shoot length followed by 

PR which was 0.66 percent in root length and 0.37 
percent in shoot length. 

In PR the percent decrease in fresh weight of shoot 

was observed to be 3.62, 18.26 and 35.10 at 0.05%, 

0.15% and 0.25% concentration of endosulfan 

respectively. The corresponding loss due to similar 

concentrations of endosulfan in PED was recorded as 

3.54, 17.40 and 34.35 percent. A slightly enhanced 

values of fresh weight were recorded at 0.05% of 

malathion although at 0.15% and 0.25% there was a 

reduction of 3.62 and 8.92 percent in PR and 3.55 

and 8.74 percent in PED respectively (Table 1 and 

2). The observations revealed that from the 
commencement of exposure, the pesticide had more 

influence on root fresh weight than the shoot and it 

persisted till the end of the experiment.  At 0.05%, 

0.15% and 0.25%, the root fresh weight decreased by 

5.04, 20.09 and 39.66 percent respectively with 

endosulfan and 4.36 and 17.40 percent with 0.15% 

and 0.25% of malathion in PR. Similarly, there was 

4.36, 5.11 and 9.17 percent reduction with 

endosulfan and 10.21 and 13.72 percent with 

malathion in PED.  

Dry weights of root and shoot showed appreciable 
reduction as compared to the fresh weight and the 

reductions were found to be increased with an 

increase in the exposure of pesticide. The percent dry 

weight reduction recorded in the root of PR was 4.62, 

25.35 and 39.98 respectively at the three 

concentrations of endosulfan (Table 1). The 

corresponding values for PED were 4.43, 24.76 and 

38.38 percent (Table 2). In case of malathion, the 

percent reduction was 8.75 and 13.55 in PR while it 

was 4.64 and 24.28 in PED respectively at 0.15% 
and 0.25% concentration.  Shoot dry weight in PED 

showed a percent reduction of 3.78, 21.76 and 36.79 

while it was 3.81, 21.92 and 37.06 percent in PR for 

0.05%, 0.15% and 0.25% of endosulfan respectively. 

For malathion, the reduction in dry weight of shoot at 

0.15% and 0.25% concentrations was 3.85 and 12.03 

percent respectively in PR and 3.82 and 11.94 in 

PED. On the contrary, with 0.05% malathion a 

stimulatory effect was observed and a slight increase 

in root and shoot dry weight was recorded which was 

5.89 and 0.70 percent in PR and 24.45 and 4.18 

percent in PED (Table 1 and 2). 
The above results were also analyzed by calculating 

the root weight and shoot weight ratio. It was found 

that there was a slight increase in shoot weight ratio 

in plant of both the varieties with the enhancement of 

pesticide dose. Shoot root ratio followed the same 

trend. On the contrary, the root weight ratio was 

found to be reduced under high concentration of 

pesticide suggesting that the roots were more 

susceptible to pesticide (Figure 1 and 2).  

The pesticides when sprayed on plants are 

translocated to various parts (Sinha, 1985; 
Enayathullah and Mariappan, 1989). Exposure to 

pesticide at lower concentration may be responded 

by the plant as enhanced activity of enzymes, greater 

resource mobilization and stimulated growth 

response (Kumar and Khanna, 2006; Trifonova, 

2012). With the onset of chemical stress caused by 

the pesticides, plants initially try to mitigate the 

effect of chemical exposure by optimal resource 

utilization, nutrient management, alterations in 

biomass allocation, etc. At high concentration 

reduction in growth is observed in shoot and root 

length which may be the result of reduced tolerance 
and enhanced phytotoxicity (Raut et al., 2012). 

Reduction in cell growth might be the cause of 

reduced shoot and root parameters (Chauhan et al., 

2002). Pesticide treatment affect the process of 

assimilate distribution as observed by altered root 

weight ratio (RWR) and shoot root ratio (SRR). 

There occurs a negative correlation between shoot 

weight ratio (SWR) and root weight ratio (RWR). 

This may be due to reduced translocation of food 

material from the leaves to the roots. Hence, there 

might be greater reduction in root growth (Osborne, 
1986; Verma et al., 1997; Roberts et al., 1997). The 

decrease in fresh and dry weight are attributed to 

inhibited growth (Clarkson et al., 1982; Breeze and 

West, 1987; Thorn and Perry, 1987) 
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Figure 1. Shoot weight ratio (SWR), Root weight ratio (RWR) and Shoot root ratio (SRR) in Pusa Ruby 

exposed to malathion and endosulfan at 90d of plant age 

                 
 

Figure 2. Shoot weight ratio (SWR), Root weight ratio (RWR) and Shoot root ratio (SRR) in Pusa Early Dwarf 

exposed to malathion and endosulfan at 90d of plant age 

      
 

Table 1. Growth response of Pusa Ruby exposed to malathion and endosulfan at 90d of plant age 

Attribute Control 
Malathion Endosulfan CD CD 

0.05% 0.15% 0.25% 0.05% 0.15% 0.25% 5% 1% 

Root 

length 

(cm) 

30.400 

±0.132 

30.601 

±0.625 

28.905** 

±1.068 

26.850** 

±1.240 

28.916** 

±0.725 

23.745** 

±0.115 

19.480** 

±0.252 
0.385 0.918 

Shoot 

length 

(cm) 

53.425 

±4.880 

53.626 

±5.265 

51.800 

±5.126 

47.720 

±4.940 

51.811 

±4.865 

43.825 

±4.005 

36.335* 

±3.410 
14.249 33.964 

Root f.wt. 

(g) 

14.982 

±1.788 

15.183 

±1.626 

14.216 

±1.526 

13.608 

±1.106 

14.227 

±1.602 

11.972 

±1.120 

9.040* 

±1.004 
5.220 12.444 

Shoot f.wt. 

(g) 

108.463 

±5.526 

109.664 

±4.988 

104.526 

±5.480 

98.780 

±4.966 

104.537 

±5.212 

88.639* 

±4.042 

70.390** 

±4.093 
16.135 38.460 

Root d.wt. 

(g) 

5.107 

±0.108 

5.408 

±0.852 

4.660* 

±0.962 

4.415* 

±0.513 

4.871 

±0.912 

3.812** 

±0.886 

3.065** 

±0.450 
0.315 0.751 

Shoot 

d.wt. (g) 

28.542 

±2.071 

28.744 

±4.206 

27.443 

±3.186 

25.108 

±2.004 

27.454 

±4.176 

22.284** 

±1.988 

17.962* 

±2.846 
6.047 14.414 

Values are in mean, ± standard deviation, CD: critical difference, * significant at 5% level, ** significant at 1% 
level 

 

Table 2. Growth response of Pusa Early Dwarf exposed to malathion and endosulfan at 90d of plant age 

Attribute Control 
Malathion Endosulfan CD CD 

0.05% 0.15% 0.25% 0.05% 0.15% 0.25% 5% 1% 

Root 

length 

(cm) 

32.714 

±2.245 

33.915 

±3.412 

31.219 

±3.575 

29.164 

±3.520 

31.230 

±2.891 

26.059* 

±2.955 

21.794* 

±2.850 
6.555 15.625 

Shoot 

length 

(cm) 

55.739 

±4.804 

56.940 

±5.117 

54.114 

±5.605 

50.034 

±4.660 

52.125 

±4.712 

46.139 

±4.615 

40.649* 

±3.810 
14.027 33.435 

0

1
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3
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6

SWR RWR SRR

Pusa Ruby

control

0.05% M

0.15% M

0.25% M

0

1

2

3

4

5

6

7

SWR RWR SRR

Pusa Ruby

control

0.05% E

0.15% E

0.25% E

0

1

2

3

4

5

6

7

SWR RWR SRR

Pusa Early Dwarf

control

0.05% M

0.15% M

0.25% M

0

1

2

3

4

5

6

SWR RWR SRR

Pusa Early Dwarf

control

0.05% E

0.15% E

0.25% E
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Root f.wt. 

(g) 

17.296 

±0.957 

19.127 

±0.946 

15.530 

±0.906 

14.922* 

±0.687 

16.541 

±0.911 

14.286* 

±1.012 

11.354* 

±0.886 
2.794 6.660 

Shoot f.wt. 

(g) 

110.777 

±5.166 

112.978 

±5.174 

106.840 

±5.846 

101.094 

±4.636 

106.851 

±4.779 

90.953* 

±4.896 

75.804* 

±4.332 
15.084 35.955 

Root d.wt. 

(g) 

5.320 

±0.380 

6.621* 

±0.572 

5.073 

±0.474 

4.028* 

±0.638 

5.084 

±0.519 

4.025* 

±0.718 

3.278* 

±0.426 
1.109 2.644 

Shoot 

d.wt. (g) 

28.755 

±1.129 

29.957 

±2.216 

27.656 

±3.606 

25.321* 

±2.957 

27.667 

±3.563 

22.497* 

±3.662 

18.175** 

±3.027 
3.296 7.857 

Values are in mean, ± standard deviation, CD: critical difference, * significant at 5% level, ** significant at 1% 

level 

 

CONCLUSION 

 

It was inferred from the study that both malathion 

and endosulfan have an impact on the growth of the 
two varieties of tomato, viz, Pusa Ruby and Pusa 

Early Dwarf. The low concentration of malathion is 

stimulatory while at high concentration it shows 

inhibitory effect. Endosulfan was inhibitory in all 

cases. The plant growth with respect to shoot and 

root was found to be significantly affected, and the 

effect was more on the root than shoot. It was also 

concluded that of the two varieties of tomato, PED 

was relatively more resistant than PR.  
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