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INTRODUCTION

Chemicals have been used for pest control since the ancient Greek, Roman and Chinese 
civilization about 3 million years ago when the ability of sulphur dust to control insects was known by 
philosophers and other learned people (Freed, 1987). . During the past three decades, indiscriminate use of 
chemical pesticides in agriculture has created serious health and environment problems in many 
developing countries (World Resources, 1998-99). Inappropriate application of pesticides affects the 
whole ecosystem by entering the residues in food chain and polluting the soil, air, ground and surface water 
(ICAR, 1967 and UN/DESA, 2002). Use of pesticides to control pests is unavoidable as pests cause heavy 
loss to yield and quality of the food items including the vegetables, which forms a very important 
component of agriculture in India. In tropical countries, crop loss due to pests is even more severe because 
prevailing high temperature and humidity are highly conducive to rapid multiplication of pests (Lakshmi, 
1993). Worldwide about 2.3 million metric tones of these pesticides are used each year on an average of 
0.45 kilogram for each person on earth. About 85% of all the pesticides are used in developing countries 
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(Joseph, 2005). A rough estimate shows that about one third of the world's agricultural production is lost 
every year due to pests despite the pesticide consumption which totaled more than 2 million tons. Various 
insect pests viz. shoot and fruit borer, leaf rollers, jassids, aphids, moths, mites, fruit flies, caterpillars, 
weevils and hoppers etc. cause considerable losses to the vegetables which along with fruits and spices have 
been estimated to be of Rs. 30,000 crores in India only (MOCF, 2002). Pesticides on one hand helped to 
control the diseases and pests etc, but on the other hand these have given rise to many serious problems. 
There are several research reports on the presence of pesticide residues in different food commodities like 
vegetables, fruits, cereals, pulses, edible oil, eggs, meat, fishes, tea, wheat flour, milk and bottled water etc 
(Vahab et al., 1991; Agnihotri, 1999; Rajendran, 2003; Down to Earth, 2000; Down to Earth, 2003). 
Considering the food losses caused by insect pests, it is not feasible to completely dispense with the 
application of pesticides. However, the use of pesticides can be regulated to ensure minimum residues on 
food, which can be considered safe for human consumption and for the environment, as well. The present 
study has been undertaken to work out the effect of a wide spectrum organophosphorous insecticide, 
chlorpyriphos (Chemical name: O, O-Diethyl O- 3, 5, 6-trichloro-2-pyridyl phosphorothioate) on the 
morphological features of three commonly grown vegetables in the study area  i.e. tomato, okra and 
cauliflower at recommended (500g a.i. ha-1) and double the recommended doses (1000g a.i. ha-1). 

MATERIALS AND METHODS

Field experiments were conducted for two consecutive years i.e. 2004 and 2005, at village Jassore 
of Tehsil R.S. Pura, District Jammu. (320 38/  N latitude and 740 45/ E longitude) which is located at an 
altitude of  217 meters above sea level in low- altitude subtropical agro climatic zone characterized by the 
monsoon concentration of precipitation, hot summers and relatively dry but pronounced winters and 
preponderance of alluvial soils. Three crops i.e. Cauliflower (Brassica oleracea L. var. botrytis, Variety: 
Snowball 16), Tomato (Lycopersicon esculentum Mill., Variety: Pusa Ruby) and Okra (Abelmoschus 
esculentus L., Variety: Pusa Sawani)   were raised after procuring  certified seeds from the Directorate of 
Agriculture, Talab Tillo, Jammu, J&K Govt, in field in their respective seasons  for two consecutive years. 
Seven experimental plots, one control plot and three plots (size 5 X 5m ) each for treatment with the 
recommended dose (500g a.i. ha-1) of chlorpyriphos 20EC and double the recommended dose (1000g a.i. 
ha-1), were prepared after ploughing the field thoroughly. Control plot was widely separated from the 
treatment sets so as to avoid drifting of pesticide while spraying. Each crop was grown according to the 
recommended agronomic practices. Chlorpyriphos 20EC, purchased from local market was sprayed twice 
at the rate of 500g a.i. ha-1 (recommended dose) and 1000g a.i. ha-1 (double the recommended dose) with 
knapsack sprayer. First spray was done after bud initiation stage in case of cauliflower and at the onset of 
flowering in case of okra and tomato followed by second spray at an interval of twenty days. Samples of 
parts of the selected vegetables were collected from each replicate starting from the day of the second spray.
Data on morphological details i.e. Height of the plant (cm), Number of leaves, Area of leaves (cm2), Length 
of the root (cm), Root – shoot ratio, Total number of flowers and fruits in case of okra (85th day) and tomato   
(70th day) and weight of the head in case of cauliflower (110th day) of the vegetables crops after the 
maturity (okra and tomato: 70-85 days, cauliflower: 100-110 days) were  recorded during both the years of 
the experiment.

RESULTS AND DISCUSSIONS: 

The observations on the various morphological parameters viz. number of leaves, area of the 
leaves (cm2), height of the plant (cm), length of the root (cm), root-shoot ratio, total number of flowers and 
fruits in case of okra and tomato and weight of the head (g) of the cauliflower, treated with recommended, 
double the recommended dose and untreated control plots for both the years of study i.e. 2004 and 2005 
have been presented in Tables 1 to 6. Average of two years of the study for morphological parameters of 
Cauliflower, Okra and Tomato has been presented in Table 7. The data has also been analyzed statistically 
by using t-test with the help of SPSS software and significant values have been marked by * in the tables. 
The observations recorded have been discussed as follows: 

  Number of leaves

Control plants of Cauliflower exhibited average(of 2004 and 2005) number of leaves as 20 while 
plants treated with recommended and double the recommended dose of chlorpyriphos showed average 
number of leaves as 20 and 18, respectively  while corresponding values for Okra and Tomato plants  have 
been recorded as 22, 22, 25 and 62, 65 and 62 respectively. Statistical analysis revealed observed values to 
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be insignificant. 

  Area of the leaves

Average area of the leaves of the Cauliflower plants from control plots, plants treated with 
recommended and double the recommended dose of chlorpyriphos exhibited values of 530.95 cm2, 592.35 
and 555.77 cm2, respectively. Whereas average area of the leaves of the plants of Okra and Tomato from 
control plots and plants treated with recommended and double the recommended dose of chlorpyriphos 
exhibited values of 113.6 cm2, 118.01 cm2, 54.74 cm2 and 14.59 cm2, 15.56 cm2, 15.56 cm2 respectively. 
The observed values have been found statistically insignificant.

 Height of the plants 

 Average height of the Cauliflower plants from control plots has been found to be 47.41 cm. 
whereas plants treated with recommended and double the recommended dose of chlorpyriphos exhibited 
average height of the 47.3 and 45.89 cm, respectively while corresponding values of height of the plants of 
Okra and Tomato have been observed to be 127.71 cm, 127.59 cm, 126.3cm and 43.45 cm, 43.46 cm, 44.79 
cm respectively. Statistical analysis revealed observed values to be insignificant except for the height of 
Cauliflower plants treated with double the recommended dose where a significant decrease have been 
observed.   

Length of the root

 Control plants of Cauliflower exhibited average length of root as 19.73 cm while plants treated 
with recommended and double the recommended dose of chlorpyriphos showed average length of root as 
19.92 and 18.25 cm, respectively while corresponding values for Okra and Tomato plants have been 
recorded as 52.3 cm, 51.6 cm, 51.46 cm and 15.6 cm, 15.85 cm, 15.65 cm respectively. Statistical analysis 
revealed observed values to be insignificant. 

Root - Shoot ratio

Average root-shoot ratio in case of Cauliflower plants from control plots has been found to be 0.39 
whereas plants treated with recommended and double the recommended dose of chlorpyriphos exhibited 
average value of the 0.37 and 0.39, respectively while corresponding values of root-shoot ratio of Okra and 
Tomato have been observed to be 0.46, 0.37, 0.44 and 0.35, 0.34, 0.34 respectively. Statistical analysis 
revealed observed values to be insignificant.

Weight of the head

Control plants of Cauliflower exhibited average weight of the head as 366.5g while the values 
recorded for plants treated with recommended and double the recommended dose of chlorpyriphos have 
been 455.5 and 411.5g, respectively. Statistically significant increase has been observed in the values of 
average weight of the head of plants treated with recommended dose of chlorpyriphos.

 Total number of flowers / plant 

Average total number of flowers/plant for the control plants of Okra has been recorded as 24 while 
these values for the plants treated with recommended and double the recommended dose of chlorpyriphos 
has been found to be 25 and 25, respectively whereas corresponding values for Tomato plants have been 
found to be 24,26 and 25 respectively. Statistical analysis revealed a significant increase in the observed 
values in case of Okra and Tomato plants treated with both the doses of chlorpyriphos.

Total number of fruits / plant  

Control plants of Okra exhibited average total number of fruits/plant as 19 whereas corresponding 
values for plants treated with recommended and double the recommended dose of chlorpyriphos has been 
found to be 21 and 20 respectively while in case of Tomato average total number of fruits/plant in control, 
plants treated with recommended and double the recommended dose of chlorpyriphos has been recorded as 
17, 20 an19, respectively. The observed values exhibited statistically significant increase in case of Okra 
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and Tomato plants treated with recommended dose of chlorpyriphos.  

CONCLUSION

From the present study it can be concluded that although the impact of chlorpyriphos on the most 
of the morphological parameters have been found to be statistically insignificant in all the three crops i.e. 
Cauliflower, Okra and Tomato but the it has shown significantly increasing impact on the yield parameters 
viz weight of the head in case of Cauliflower and total number of flowers/plant and fruits/plant in both the 
crops of Okra and Tomato at the recommended dosages. Therefore chlorpyriphos should always be used at 
recommended doses on these crops to have an enhancing effect on the yield.  Also taking into account the 
toxicological effects of pesticides and their residues in general, it is strongly recommended that pesticides 
should always be used in proper and recommended doses to avoid or minimize the health hazards. 
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 Table 1: Morphological parameters of Cauliflower during 2004.
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S. 
No 

Morphological 
Parameters 

Recommended dose   Double the recommended dose  Control 
1 2 3 4 5 Mean 1 2 3 4 5 Mean 1 2 3 4 5 Mean 

 
1 

 
Number of 
leaves  

 
20 

 
18 

 
16 

 
19 

 
16 

 
17.8~1

8 
+  

1.78 

 
18 

 
14 

 
16 

 
20 

 
16.
4 

 
16.4~ 
16 +  
2.61 

 
20 

 
16 

 
14 

 
18 

 
16 

 
16.8~1

7 
+  

2.28 
 
2 

 
Area of the 
leaves (cm3) 

 
574.77 

 
621
.46 

 
680.5

7 

 
579.1

5 

 
660.3

4 

 
623.25

+  
47.33 

 
615.
98 

 
602
.34 

 
525.9

8 

 
578.6

4 

 
646
.40 

 
593.86

+  
45.16 

 
411.
26 

 
558
.15 

 
718
.69 

 
570.
42 

 
528
.76 

 
557.45

+  
109.95 

 
3 

 
Height of plant 
(cm) 
  

 
49.8 

  

 
50.
6 
 
  

 
47.8 

  

 
44.6 

 
  

 
41.7 

  

 
46.9+  
3.72 

 
45.7 

  

 
50.
8 
  

 
41.6 

  

 
45 
  

 
47.
7 
  

 
46.10

+  
3.4 

 
43 
  

 
44.
9 
  

 
45.
6 
  

 
50.8 

  

 
52.
1 
  

 
47.3+  
3.95 

 
4 

 
Length of the 
root (cm) 

 
20.1 

 
14.
3 

 
15.3 

 
18.6 

 
15.8 

 
16.82+  

2.43 

 
13.4 

 
14.
3 

 
18.8 

 
16.6 

 
12.
9 

 
15.2+  
2.46 

 
19.6 

 
14.
6 

 
15.
8 

 
20.9 

 
16.
6 

 
17.5+  
2.69 

 
5 

 
Root-shoot 
ratio 

 
0.38 

 
0.3
1 

 
0.31 

 
0.32 

 
0.38 

 
0.34+  
0.04 

 
0.30 

 
0.2
9 

 
0.36 

 
0.34 

 
0.2
8 

 
0.31+  
0.03 

 
0.37 

 
0.3
2 

 
0.3
2 

 
0.40 

 
0.3
5 

 
0.35+  
0.03 

 
6 

 
Weight of the 
head (g) 

 
350 

 
410 

 
525 

 
500 

 
450 

 
447+  
70.14 

 
385 

 
440 

 
410 

 
520 

 
400 

 
431+  
53.66 

 
450 

 
425 

 
350 

 
250 

 
370 

 
369+  
77.81 
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Table 2: Morphological parameters of Cauliflower during 2005.

Table 3: Morphological parameters of Okra during 2004.
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significant t-values at 0.05% level of significance.  

 
S. 
No 

 
Morphologica

l 
Parameters 

Recommended dose   Double the recommended dose  Control 
     1 2 3 4 5 Mean 1 2 3 4 5 Mean 1 2 3 4 5 Mean 

 
1 

 
Number of 

leaves  

  
   21 

 
22 

 
25 

 
24 

 
23 

 
23+  
1.58 

 
20 

 
22 

 
20 

 
21 

 
18 

 
20.2~2

0+  
1.48 

 
21 

 
25 

 
20 

 
23 

 
24 

 
22.3~2

2 
+  

2.07 

 
2 

 
Area of the 
leaves (cm3) 

 
548.7

4 

 
572.7

4 

 
494.4
8 

 
482.6

4 

 
589.1

3 

 
537.4

2+  
47.15 

 
417.9

2 

 
512
.04 

 
639.5

4 

 
470.6

9 

 
548
.21 

 
517.68

+  
83.63 

 
45
7.
18 

 
448
.57 

 
525
.49 

 
531
.64 

 
559
.08 

 
504.38

+  
48.78 

 
3 

 
Height of plant 
(cm) 

 
53.1 

 
42.2 

 
48.4 

 
45.6 

 
49.2 

 
47.7+  
4.07 

 
51.2 

 
46.
2 

 
43.4 

 
42.1 

 
45.
5 

 
45.68+ 

3.49 

 
49 

 
45.
1 

 
43.
4 

 
54.
1 

 
46 

 
47.52+ 

4.20 

 
4 

 
Length of the 
root (cm) 

 
24.1 

 
23.4 

 
22.3 

 
25.3 

 
25.1 

 
24.04

+  
1.24 

 
21.3 

 
22.
1 

 
18.4 

 
20.9 

 
21.
3 

 
   20.8  
     +  
   1.59 

 
22
.3 

 
21.
6 

 
19.
2 

 
25.
3 

 
21.
4 

 
21.96+  

2.19 

 
5 

 
Root-shoot 
ratio 

 
0.44 

 
0.42 

 
0.39 

 
0.39 

 
0.42 

 
0.41+  
0.02 

 
0.46 

 
0.5
1 

 
0.44 

 
0.52 

 
0.4
7 

 
0.48+  
0.03 

 
0.
43 

 
0.4
4 

 
0.4
1 

 
0.4
3 

 
0.4
9 

 
0.44+  
0.03 

 
6 

 
Weight of the 
head (g) 

 
480 

 
500 

 
470 

 
350 

 
520 

       * 
 464+  
66.56 

 
350 

 
390 

 
420 

 
350 

 
450 

 
392+  
43.82 

 
45
0 

 
320 

 
350 

 
290 

 
410 

 
364+  
65.42 

 

S. 
No 

Morphological 
Parameters 

Recommended dose Double the recommended dose Control 
Plot 
no. 

1 2 3 4 5 Mean 
Total 
mean 

1 2 3 4 5 Mean 
Total 
mean 

1 2 3 4 5 Mean 

 
1 

 
Number of 

leaves 

1 20 22 21 25 17 21 22.4 
~ 22 

+ 
2.25 

23 28 25 26 29 26.2 24.06 
~24 
+ 

1.94 

22 25 21 23 16 
21.4~2
1+ 

3.36 

2 21 26 18 21 20 21.2 38 21 16 18 25 23.6 

3 27 25 28 29 16 25 26 18 25 27 16 22.4 

 
2 

 
Area of leaves 

(cm2) 

1 143.32 115.43 92.44 173.60 90.07 122.98 
 

110.1
3+ 

12.40 

69.75 
113.
04 

109.8
3 

97.55 
127.
02 

103.4
3  

99.50
+ 

4.49 

119.1
9 

95.25 
115.
59 

110
.00 

108.4
8 

109.70 
+ 

9.15 
2 99.66 100.06 106.45 124.41 115.44 109.20 97.81 

87.4
6 

115.5
9 

69.16 
132.
35 

100.4
7 

3 107.52 108.60 91.35 101.23 82.40 98.22 131.58 75.6
0 

122.2
9 

65.84 77.7
2 

94.60 

 
3 

 
Height of plant 

(cm) 

1 135.13 125.73 131.06 122.43 117.09 126.29 
 

126.6
7+ 

2.03 

109.13 125.
48 

135.1
3 

115.06 157.
99 

128.6
8  

125.14
+ 

3.09 

130.5
6 

132.8
4 

122.
68 

130
.05 

125.2
2 

128.27
+ 

4.17 
2 119.63 118.14 141.22 115.32 130.05 124.86 155.19 

107.
95 

130.0
5 110.49 

115.
32 

123.7
9 

3 117.35 125.47 122.68 134.87 144.02 128.88 109.73 
117.
35 

125.2
2 

129.79 
132.
59 

122.9
4 

 
4 

 
Length of the 

root (cm) 

1 50.8 47.7 53.59 63.75 54.86 54.15 
57.94

+ 
3.59 

41.99 
46.2

3 
54.10 46.99 

66.2
9 

51.11 
 

47.29
+ 

3.83 

54.61 45.97 
60.8

0 
65.
02 

59.94 
57.26

+ 
7.32 

2 55.37 54.35 58.67 59.44 64.00 58.36 53.59 
46.9

9 
38.61 45.47 

52.0
7 

47.35 

3 59.44 71.37 54.10 65.02 56.64 61.32 50.55 
42.9

3 
46.23 40.39 

37.0
8 

43.43 

 

5 

Total  number 

of flowers/plant 

1 24 21 32 19 19 23 23.6~ 

24+ 

0.61 

22 26 26 24 29 25.4 25.4~ 

25+ 

1.4 

26 25 24 23 24 

24.40~

24+ 

1.14 

2 20 24 28 21 28 24.2 28 24 29 26 27 26.8 

3 29 19 26 19 26 23.8 20 22 28 24 26 24 

 

6 

 

Total number 

of fruits/plant 

1 19 25 26 18 24 22.4 21.06

~21+ 

1.22 

22 18 32 15 17 20.8 20.4~ 

20+ 

0.35 

19 16 22 18 21 

19.2~1

9 + 

2.38 

2 21 20 16 26 21 20.8 19 22 26 16 18 20.2 

3 17 16 25 23 19 20 27 16 17 15 26 20.2 

 

7 

 

Root-shoot 

ratio 

1 0.34 0.36 0.40 0.47 0.49 0.41 
0.40+ 

0.01 

0.46 0.41 0.43 0.50 0.41 0.44 
0.46+ 

0.01 
0.46 0.41 

0.5 

0 

0.5

2 
0.49 

0.47+ 

0.04 
2 0.40 0.38 0.35 0.42 0.46 0.40 0.48 0.49 0.48 0.44 0.49 0.47 

3 0.47 0.42 0.35 0.36 0.36 0.39 0.54 0.48 0.41 0.48 0.42 0.46 

Impact Of Chlorpyriphos On The Morphological Parameters Of Cauliflower, Tomato And Okra



Table 4: Morphological parameters of Okra during 2005.

* significant t-values at 0.05% level of significance

Table 5: Morphological parameters of Tomato during 2004.

* significant t-values at 0.05% level of significance 
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S. 
No 

Morphological 
Parameters 

Recommended dose Double the recommended dose Control 
Plot 
no. 

1 2 3 4 5 Mean 
Total 
mean 

1 2 3 4 5 Mean 
Total 
mean 

1 2 3 4 5 Mean 

1 
 

Number of 
leaves 

1 25 27 22 19 25 23.6  
22.2~2

2+ 
1.31 

29 22 26 18 24 23.8 * 
25.46~2

5+ 
1.45 

22 20 19 26 22 
21.8~
22+ 
2.89 

2 19 20 23 18 25 21 28 31 22 26 25 26.4 

3 28 18 19 22 23 22 19 28 32 25 27 26.2 

2 
 

Area of leaves 
(cm2) 

1 142.74 152.44 107.19 127.66 127.89 131.58 
 

125.89
+ 

6.07 

118.
27 

84.95 
136.1

5 
136.5

0 
119.
21 

119.0
5 

 
119.47+ 

3.44 

11
3.
64 

119.
97 

104
.46 

104
.07 

145
.67 

117.5
+ 

13.06 
2 145.56 113.64 118.04 132.02 123.78 126.60 

123.
42 

141.0
4 

131.8
2 

141.6
5 

77.7
4 

123.1
3 

3 131.76 102.90 128.38 114.03 120.43 119.5 
75.5

6 
138.8

8 
139.8

8 
134.7

7 
92.3

5 
116.2

8 

3 
 

Height of plant 
(cm) 

1 140.21 123.44 132.84 130.05 124.21 130.15 
 

128.52
+ 

4.59 

153.
16 

132.8
4 

115.0
6 

130.0
5 

109.
47 

128.1
2 

 
127.46+ 

3.17 

12
7.
76 

136.
39 

130
.05 

125
.22 

116
.33 

127.15
+ 

7.33 
2 121.41 125.3 117.60 116.59 135.89 123.34 

143.
0 

141.9
8 

132.3
3 

115.0
6 

118.
8 

130.2
5 

3 117.6 121.41 126.75 143.26 151.38 132.08 
121.
41 

125.2
2 

115.0
6 

128.0
2 

130.
30 

124.0
1 

4 
 

Length of the 
root (cm) 

1 37.85 49.02 36.32 46.48 38.86 41.71 
 

45.26
+ 

4.33 

54.1
0 

48.77 56.13 36.07 
56.6

4 
50.34 

 
55.64*+ 

6.42 

45
.4
0 

42.2
9 

45.
47 

52.
30 

51.
25 

47.34
+ 

4.26 
 

2 46.48 48.77 45.97 57.15 52.07 50.08 
57.1

5 
59.44 56.64 55.37 

40.3
9 

53.79 

3 38.86 46.74 44.19 41.40 48.77 43.99 
59.4

4 
72.39 56.89 66.55 

58.6
7 

62.79 

5 
 

Total number 
of flowers/plant 

1 22 21 28 16 21 21.6  
23.5~2

3+ 
2.38 

25 27 24 24 26 25.2  
25.26~2

5+ 
0.90 

22 27 28 21 25 
24.6~
25+ 
3.05 

2 21 24 28 19 22 22.8 25 26 27 25 28 26.2 

3 26 28 22 26 29 26.2 24 23 27 22 26 24.4 

6 
Total number 
of fruits/plant 

1 23 25 28 27 16 23.8  
21.06~

21+ 
2.36 

20 18 16 17 16 17.4  
19.13~1

9+ 
1.51 

18 20 18 22 19 
19.4~
19+ 
1.67 

2 16 21 22 20 19 19.6 18 21 26 18 16 19.8 

3 19 17 24 21 18 19.8 25 26 15 17 18 20.2 

7 
 

Root-shoot 
ratio 

1 0.27 0.37 0.29 0.34 0.35 0.32  
0.34*

+ 
0.02 

0.47 0.41 0.44 0.33 0.40 0.41 
 

0.43+ 
0.03 

0.
46 

0.43 
0.4
9 

0.5
0 

0.4
3 

0.46+ 
0.03 

2 0.34 0.38 0.33 0.42 0.39 0.37 0.45 0.46 0.48 0.38 0.31 0.41 

3 0.30 0.37 0.34 0.31 0.35 0.33 0.52 0.51 0.39 0.50 0.46 0.47 

 

 

S. 

No 

 

Morphological  

Parameters 

Recommended dose Double the recommended dose  Control 

Plot 

no. 
1 2 3 4 5 Mean 

Total 

mean 
1 2 3 4 5 Mean 

Total 

mean 
1 2 3 4 5 Mean 

 

1 

 

Number of leaves 

1 62 54 65 61 59 60.2 60.5~6

1+ 

0.42 

56 48 55 57 60 55.2 55.8~5

6+ 

1.22 

56 59 60 51 52 

55.6~5

6+ 

4.04 

2 68 62 58 60 57 61 49 55 47 59 65 55 

3 62 56 58 65 61 60.4 50 49 62 64 61 57.2 

 

2 

 

Area of leaves 

(cm
2
) 

1 11.2 19.85 12.15 15.38 16.99 15.08 

16.69+ 

1.63 

18.88 
20.4

3 
20.26 17.25 

15.5

8 
18.48 

18.96+ 

0.57 

16.9

9 

12.1

5 

17.6

3 

13.9

3 

15.8

8 

15.32+ 

2.26 
2 17.58 13.33 16.20 16.51 19.71 16.66 19.36 

16.8

1 
21.64 20.63 

19.5

1 
19.59 

3 19.49 17.13 19.27 16.51 19.36 18.35 17.98 
19.9

3 
19.63 17.41 

19.1

5 
18.82 

 

3 

 

Height of plant 

(cm) 

1 38.6 35.4 45.2 42.8 44.2 41.24 
39.46+ 

1.67 

49.3 39.4 42.8 30.2 40.1 40.36 
38.62+ 

2.96 
38.2 33.4 36.5 39.4 40.3 

37.56+ 

2.72 
2 37.6 39.7 36.5 40.9 34.9 37.92 39.2 46.2 42.1 41.7 32.3 40.3 

3 37.9 40.6 41.2 34.5 41.9 39.22 32.5 34.5 37.9 32.6 38.5 35.2 

 

4 

 

Length of the 

root (cm) 

1 12.8 15.1 16.2 13.1 12.5 13.94 
13.55+ 

0.37 

12.7 15.2 11.6 11.2 12.3 12.6 
12.94+ 

0.55 
14.2 13.4 14.1 13.0 13.6 

13.66+ 

0.49 

 

2 12.3 15.7 14.6 13.7 11.2 13.5 15.6 16.1 14.1 10.2 11.9 13.58 

3 10.2 12.8 12.2 15.6 15.2 13.2 11.2 12.9 13.4 10.3 15.5 12.66 

 

5 

 

Total number of 

flowers/plant 

1 25 27 26 29 24 26.2 25.26~

25+ 

0.90 

29 27 28 25 23 26.4 25.13~

25+ 

1.10 

20 23 28 24 25 
24+ 

2.91 
2 27 26 22 20 27 24.4 23 27 26 22 25 24.6 

3 28 26 25 26 21 25.2 26 30 21 22 25 24.4 

 

6 

 

Total number of 

fruits/plant 

1 20 19 21 23 20 20.6 20.06~

20+ 

0.46 

19 20 15 20 18 18.4 19+ 

0.87 

 

15 12 19 21 17 

16.8~1

7+ 

3.49 

2 24 20 18 15 22 19.8 19 18 16 18 22 18.6 

3 21 20 23 19 16 19.8 24 27 15 18 16 20 

 

7 

 

Root-shoot ratio 

1 0.36 0.33 0.31 0.36 0.33 0.36 
.34*+ 

0.01 

0.31 0.34 0.29 0.28 0.29 0.30 
0.33*+ 

0.03 
0.37 0.37 0.36 0.37 0.45 

0.38+ 

0.04 
2 0.31 0.33 0.36 0.33 0.34 0.33 0.34 0.33 0.30 0.31 0.33 0.32 

3 0.34 0.31 0.31 0.39 0.36 0.34 0.34 0.32 0.41 0.33 0.39 0.36 

Impact Of Chlorpyriphos On The Morphological Parameters Of Cauliflower, Tomato And Okra



Table 6: Morphological parameters of Tomato during 2005.

Table 7: Average morphological parameters of Cauliflower, Okra and Tomato during two years of the study. 

R.D. = Recommended dose., D.R.D = Double the recommended dose., * significant t-values at 0.05% level of 
significance. 
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S. 

No 

 

 

Morphological 

Parameters 

Recommended dose 

 

Double the recommended dose  

 

Control 

Plot 

no. 
1 2 3 4 5 Mean 

Total 

mean 
1 2 3 4 5 Mean 

Total 

mean 
1 2 3 4 5 Mean 

 

1 

 

Number of 

leaves 

1 72 79 76 68 64 71.8 
69.33~

69+ 

2.19 

74 72 70 72 64 70.4 

69+ 

2.08 
63 70 65 72 69 

67.8~6

8+ 

3.70 

 

2 70 76 64 68 60 67.6 68 62 76 62 65 66.6 

3 72 76 67 66 62 68.6 65 68 76 72 69 70 

 

2 

 

Area of leaves 

(cm2) 

1 10.74 15.64 15.50 13.42 16.51 14.36 

14.43+ 

1.25 

10.49 
12.4

6 
10.20 8.56 

12.7

8 
10.89 

12.10+ 

1.46 

12.7

2 

13.6

1 

11.8

6 

14.5

4 

16.5

6 

13.86+ 

1.81 
2 16.51 20.38 14.94 14.19 12.58 15.72 12.92 

17.2

8 
18.56 9.9 10.0 13.73 

3 12.94 15.08 12.06 12.73 13.27 13.22 9.08 
13.7

8 
13.76 9.18 

12.6

4 
11.69 

 

3 

 

Height of plant 

(cm) 

1 55.2 50.7 51.8 46.2 48.6 50.5 
47.46+ 

2.64 

48.9 46.7 55.4 52.8 51.7 51 
50.97+ 

1.94 
52.1 50.3 48.2 49.7 46.4 

49.34+ 

2.16 
2 53.6 45.2 44.3 47.8 39.5 46.08 48.2 49.5 51.5 46.7 48.9 49.02 

3 57.8 46.4 49.7 38.5 36.6 45.8 56.5 54.2 52.7 51.9 49.2 52.9 

 

4 

 

Length of the 

root (cm) 

1 22.1 18.5 20.1 19.8 15.3 19.16 
18.16+ 

2.11 

15.6 19.2 21.2 18.5 20.5 19 
18.36+ 

0.99 
21.3 18.5 19.2 16.2 12.5 

17.54+ 

3.35 
2 13.2 15.8 17.2 15.1 17.4 15.74 15.4 16.2 21.5 20.1 21.2 18.88 

3 15.2 18.7 21.4 20.1 22.5 19.58 22.1 20.2 14.5 15.2 14.1 17.22 

 

5 

 

Total number 

of flowers/plant 

1 29 24 26 27 30 27.2 26.6~2

7+ 

0.50 

26 27 24 26 27 26 25.06~

25+ 

1.01 

20 21 23 28 26 

23.6~2

4+ 

3.36 

2 23 24 27 30 27 26.2 25 29 28 21 23 25.2 

3 24 26 24 28 31 26.6 29 24 21 26 20 24 

 

6 

 

Total number 

of fruits/plant 

1 22 21 18 18 26 21 20.06~

20+ 

1.14 

21 16 17 19 20 18.6 18.26~

18+ 

1.33 

15 16 19 18 21 

17.8~1

8+ 

2.38 

2 20 18 16 19 21 18.8 22 23 21 15 16 19.4 

3 19 17 20 22 24 20.4 21 16 15 17 15 16.8 

 

7 

 

Root-shoot 

ratio 

1 0.38 0.37 0.36 0.44 0.32 0.37 
0.35+ 

0.02 

0.32 0.34 0.40 0.37 0.47 0.38 
0.36+ 

0.01 
0.38 0.35 0.38 0.31 0.26 

0.33+ 

0.05 
2 0.23 0.35 0.35 0.37 0.38 0.33 0.32 0.39 0.32 0.38 0.38 0.35 

3 0.33 0.37 0.39 0.34 0.35 0.35 0.40 0.38 0.30 0.32 0.37 0.35 

 

S. 
No. 

Average 
morphological 

parameters 

CAULIFLOWER OKRA TOMATO  

Control R.D. D.R.D Control R.D. D.R.D Control R.D. D.R.D 

 
1 
 

 
Numbers of Leaves 

   19.55 20.4 18.3 21.6 22.3 24.76 61.7 64.91 62.4 

 
2 
 

 
Area of leaves (cm2) 530.95 592.35 555.77 113.6 118.01 54.74 14.59 15.56 15.53 

 
3 
 

 
Height of the plants 

(cm) 
47.41 47.3 45.89* 127.71 127.59 126.3 43.45 43.46 44.79 

 
4 
 

 
Length of the root 

(cm) 
19.73 19.92 18.25 52.3 51.6 51.46 15.6 15.85 15.65 

 
5 
 

 
Root-Shoot ratio 

0.39 0.37 0.39 0.46 0.37 0.44 0.35 0.34 0.34 

 
6 
 

Weight of the head 
(g) 

366.5 455.5* 411.5 - - - - - - 

 
7 
 

 
Total number of 

flowers/plant 
- - - 24.5 23.5* 25.33* 23.8 25.93* 25.09* 

 
8 
 

 
Total number of 

fruits/plant 
- - - 19.3 21.06* 19.76 17.3 20.06* 18.63 
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