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S

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

Mosmi Raina and Anil Raina

Govt M,A.M PG College, Jammu
*Department of Environmental Sciences, University of Jammu, J&K

Abstract:

The present study has been conducted to work out the effect of a wide spectrum
organophosphorous insecticide, chlorpyriphos (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. Cauliflower (Brassica oleracea L. var. botrytis, Variety:
Snowball 16), Tomato (Lycopersicon esculentum Mill., Variety: Pusa Ruby) and Okra
(Abelmoschus esculentus L., Variety: Pusa Sawani). Results revealed that on an average,
the impact of chlorpyriphos on various morphological parameters of all the three
vegetables have been statistically insignificant (using t- Test) except for height of the
plants in cauliflower treated with double the recommended dose which exhibited a
significant decrease and weight of the head in cauliflower treated with recommended
dose of chlorpyriphos which showed a significant increase. Also in okra total number of
flowers/plant at treatment with both the dosages along with total number of fruits/plant
at treatment with the recommended dose has exhibited statistically significant increase.

KEYWORDS:
Chlorpyriphos, Morphological features, Cauliflower, Tomato, Okra.
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 (MOCEF, 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 c¢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.

S. Morphological R ded dose Double the r ded dose Control
No Parameters 1 2 3 4 5 Mean 1 2 3 4 5 Mean 1 2 3 4 5 Mean
1 Number of 20 18 16 19 16 17.8~1 18 14 16 20 16. 16.4~ 20 16 14 18 16 | 16.8~1
leaves 8 4 16 + 7
+ 2.61 +
1.78 2.28
2 Area of the 57477 | 621 | 680.5 | 579.1 | 660.3 | 623.25 | 615. | 602 | 525.9 | 578.6 | 646 | 593.86 | 411. | 558 | 718 | 570. | 528 | 557.45
leaves (cm®) 46 7 5 4 + 98 34 8 4 40 + 26 15 ] .69 | 42 76 +
47.33 45.16 109.95
3 Height of plant 49.8 50. 478 44.6 41.7 46.9+ 45.7 | 50. 41.6 45 47. | 46.10 43 44. | 45. | 50.8 | 52. | 47.3+
(cm) 6 3.72 8 7 + 9 6 1 3.95
34
4 Length of the 20.1 14. 153 18.6 15.8 16.82+ | 134 | 14. 18.8 16.6 12. | 152+ | 19.6 | 14. [ 15. [ 209 | 16. | 17.5+
root (cm) 3 243 3 9 2.46 6 8 6 2.69
5 Root-shoot 0.38 0.3 0.31 0.32 0.38 0.34+ 030 | 0.2 0.36 0.34 02 [ 031+ | 037 ] 03 [ 03] 040 | 03 [ 0.35+
ratio 1 0.04 9 8 0.03 2 2 5 0.03
6 Weight of the 350 410 525 500 450 447+ 385 | 440 410 520 400 | 431+ | 450 [ 425 | 350 [ 250 | 370 | 369+
head (g) 70.14 53.66 77.81
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Table 2: Morphological parameters of Cauliflower during 2005.

Recommended dose Double the recommended dose Control
S. | Morphologica 1 2 3 4 5 Mean 1 2 3 4 5 Mean 1 2 3 4 5 Mean
No 1
Parameters
1 Number of 21 22 25 24 23 23+ 20 22 20 21 18 1202~2 | 21 | 25 20 23 24 | 22.3-2
leaves 1.58 0+ 2
ves 1.48 +
2.07
2 Area of the 548.7 | 572.7 | 494.4 | 482.6 | 589.1 | 537.4 | 4179 | 512 | 639.5 | 470.6 | 548 | 517.68 | 45 | 448 | 525 | 531 | 559 | 504.38
leaves (cm?) 4 4 |8 4 3 2+ 2 | 04| 4 9 |21 + |7.]57]49 |64 | 08| =
47.15 83.63 18 48.78
3 Height of plant | 53.1 422 48.4 45.6 492 | 47.7+ | 512 46. | 43.4 42.1 45. | 45.68+ | 49 | 45. | 43. | 54. | 46 | 47.52+
(cm) 4.07 2 5 3.49 1 4 1 4.20
4 | Length of the 24.1 23.4 22.3 253 25.1 24.04 | 213 22. 18.4 209 | 21. 20.8 | 22| 21. | 19. | 25. | 21. | 21.96+
root (cm) + 1 3 + 3 2 3 4 2.19
1.24 1.59
5 Root-shoot 0.44 0.42 0.39 0.39 0.42 0.41+ 0.46 0.5 0.44 0.52 0.4 | 048+ 0.]1]04]04 04|04 0.44+
ratio 0.02 1 7 0.03 43 4 1 3 9 0.03
¥
6 Weight of the 480 500 470 350 520 464+ 350 | 390 | 420 350 | 450 | 392+ | 45 | 320 | 350 | 290 | 410 | 364+
head (g) 66.56 4382 | 0 65.42
significant t-values at 0.05% level of significance.
Table 3: Morphological parameters of Okra during 2004.
s | vor dose Double the r ose Control
No | Parameters | F1O€[ 4 2 3 4 5 | Mean | Tota! 1 2 3 4 5 | Mean | To! 1 2 3| 4 5 | Mean
no. mean mean
1| 20 2 21 25 17 21 | 224 |23 | 28 | 25 | 26 | 29 | 262 | 2406 a2
. Number of 2 21 26 18 21 20 21.2 ~3Z 38 21 16 18 | 25 | 236 ‘f‘ 2 25 |21 | 23| 16 |1+
leaves 3| 25 28 29 16 35 | 55| 26 |8 | 25 | 27 | a6 | 24| G, 336
1| 14332 11543 | 92.44 | 173.60 | 90.07 | 12298 6975 | 03| 198 ] grss | 10 1034
109.70
5 Are?col; Il)eaves 2 | 99.66 | 100.06 | 106.45 | 124.41 | 115.44 | 109.20 'g‘;' ors1 | B4 TSS | g6 | 132 "’3’4 9";" 11 | osas | 115 | 10 | 1084 o
3 [ 10752 | 108.60 | 9135 | 10123 | 8240 | 9822 | 240 | 13158 0| 122 ] gssa | 717 | 940 449
1| 13513 12573 | 13106 | 122.43 | 117.09 | 12629 1093 | 12 | 35| s | 15| 1286
12827
5 | Heightofplant [ 2 | 119.63 | 1814 | 14122 | 1532 | 13005 | 12486 | 1266 | assao | 07 | 00 | qpeq | M3 | 1237 | 12804 ) 1305 | 128 | 121\ 130 | 12821
’ (cm) 203 117, [ 1252 32 [ 1229 309 ’ a7
3| 11735 | 12547 | 122.68 | 13487 | 14402 | 12888 | 0 | w0og3 | T | 02 | aagge | 130 T
1| s08 | 477 | 5359 | 6375 | 5486 | 5415 99 | 457 | san0 | 4699 | 67| suu
57.94 3 - 57.26
o | Lengthofthe | 2 | 5537 | 5435 | 5867 | 5944 | 6400 | 5836 53.59 4?)'9 38.61 | 4547 527'0 735 | 7720 | saen | 4597 6'(’)'8 f); 5994 &
root (cm) 359 B 75 i5 732
3 | 5944 | 7137 | 5410 | 6502 | 56.64 | 6132 5055 | 27| 4623 | w030 |0 | ¥
T | 24 1 2 g g 3 236~ | 22 | 26 | 26 | 24 | 29 | 254 | 254~ 2440~
Total number
s Lo 2 | 20 2 28 21 28 | 242 | 24+ | 28 | 24 | 29 | 26 | 27 | 268 | 25+ | 26 | 25 | 24 | 23| 24 | 24¢
: " 3| 19 26 19 2% | 238 | 061 | 20 | 22 | 28 | 24 | 26 | 24 | 14 114
T 1 25 26 18 24 | 224 |2106| 22 | 18 | 32 15| 17 | 208 | 204~ 1921
o | ot number |72 20 16 % 271 | 208 |~ | 19 | 22 | 2% 16 | 18| 202 200 | 19 | 16 | 22| 18] 21 | 9z
of fruits/plant | 3 | 17 16 s 3 19 20 |12 27 |16 | 17 15 | 26 | 202 | 035 238
T | 034 | 036 | 040 | 047 | 049 | 041 046 | 041 | 043 | 050 | 0.41| 0.44
0.40+ 0.46¢ 05| 05 047+
Rootshoot | 2 | 040 | 038 | 035 | 04z | 046 | 040 048 | 04 | 048 | 044 | 0 | 047 0.46 | 0.41 0.49
7 0.01 0.01 0| 2 0.04
ratio 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
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Table 4: Morphological parameters of Okra during 2005.

S Recommended dose Double the recommended dose Control
. | Mor e recommended
No | Parameters | €| 1 2 3 4 5 | Mean | Total |y 2 3 4 5 [Mean| TR b 2 |3 | 4| 5 | Mean
no. mean mean
T 25 | 37 | m; 1 | 25 | 736 3 | 22 | 26 | 18 | 24 | 238 *
2 | 19 | 20 | 23 | 18 | 25 | 21 | 2222 28 | 31 | 22 | 26 | 25 | 264 | 25462 218~
1| Numberof L2 4 B2 ) 0 |19 |26 | 22 | me
leaves 3 28 18 19 22 23 22 131 | 19| 28 32 25 27 | 262 1.45 289
1| 14274 | 15244 | 107.19 | 127.66 | 127.89 | 131.58 US| sags | B3¢0 | 1365 ] 18-\ 1190
1 n.s
2 | Areaofleaves | 2 | 14556 | 113.64 | 118.04 | 132.02 | 123.78 | 126,60 | 12589 | 123 | M4LO | ISL8 1 14L6 | 777 | 12301 g9 4p, | 5 | 119 | 104 1104 ) 148 3 0
ork Lol e 4 2 s | 4|3 Fovall ol BT T I TR T
3 | 13076 | 10290 | 12838 | 1403 | 12043 | 1o | O07 | 7SS | IRS IS [T | 923 | 1162
1| 14021 | 123.44 | 132.84 | 130.05 | 12421 | 130.15 195 138 NS0 | 1300 | 1. | 1281
5 P 127.15
3 | Heightofplant | 2 | 12141 | 1253 | 117.60 | 11659 | 135.80 | 12334 | 12852 | 143. | 1419 | 1323 | 1S | 8. | 130.21 g 4, | 7 | 136. | 130 1125 ) 116 | 2
(em) 430 121 1285 2 11; 0 IZ?K 0 1§0 1zi 0| 37 |76 o B Rl R
3 | 176 | 12141 12675 | 14326 | 15138 | 13208 ol I B A Il B
1| 3785 | 49.02 | 3632 | 4648 | 38.86 | 4171 Sl | 877 | 5613 | 3607 | 540 | 034 o
45 ;
4 | Lengthofthe | 2 | 46.48 | 48.77 | 4597 | 5715 | 52.07 | 5008 | #5260 | 571 | 5044 | s6.64 | 5537 | 403 | 5379 | ss.gars | a4 | 42|45 | 52| 5L %
+ 5 9 9 | 47 |30 | 25 | 426
Yoot (cm) 5 o — 642" | 0
3 | 3886 | 4674 | 4419 | 4140 | 4877 | 4390 | * 84 | 7239 | ses9 86 1 679
T [ 2 | 21 | 28 | 16 | 21 | 216 35 | 27 | 24 | 2a | 26 | 252 o
s | Total number | 2 1 21 23w [ |2 [aas | 282(7as [ a6 27 a5 [ a8 [ 262 28262 | 5|y | g | 21 | 25 | 25k
offowersiplant | 3 | 26 | 28 | 2 | 26 | 29 | 262 | 5 | 24 | 2 | 27 | 2| 2 | 24| 3.05
T % 25 | 28 | 27 | 16 | 238 20 | 18 | 16 | 17 | 16 | 174 e
¢ | Totatmumber 72116 [0 2 [0 i [resatte- s o Toe Tiw oo [ios ] st | g g | g [ 22 | 19| 10x
uits/p 3|1 17| 24 | 2 18 | w08 | 2 s | oo | as |7 | as | 02| PR 1.67
T | 027 | 037 | 029 | 034 | 035 | 032 047 | 041 | 044 | 033 | 0.40 | 041
.
7 | Rootshoor | 2| 034 [ 038 [T033 042 [039 707 | 034 [T0.45 | 046 | 048 [ 038 |01 | 041 | g, | O | g 5] 04 | 0S| 04 | 0dor
ratio 3| 030 | 037 | 034 | 031 | 035 | 033 | o5, | 052 | 051 | 039 | 050 | 0.46 | 047 | 0.03 -
* significant t-values at 0.05% level of significance
Table 5: Morphological parameters of Tomato during 2004.
Recommended dose Double the recommended dose Control
S. Morphological Plot Total Total
1 2 3 4 5 Mean 1 2 3 4 5 Mean 1 2 3 4 5 Mean
No Parameters no. mean mean
1 62 54 65 61 59 60.2 60.5~6 56 48 55 57 60 552 55.8~5 55.6~5
2 68 62 58 60 57 61 1+ 49 55 47 59 65 55 6+ 56 59 60 51 52 6+
1 Number of leaves
3 62 56 58 65 61 60.4 0.42 50 49 62 64 61 572 122 4.04
204 155
1 1.2 19.85 15.38 16.99 15.08 18.88 3 20.26 17.25 3 18.48
16.69+ 16.8 195 18.96+ 16.9 12.1 17.6 139 158 1532+
Area of leaves 2 17.58 13.33 16.20 16.51 19.71 16.66 19.36 21.64 20.63 19.59
2 N 1.63 1 1 0.57 9 5 3 3 8 2.26
(em?)
19.9 19.1
3 19.49 17.13 19.27 16.51 19.36 1835 17.98 N 19.63 17.41 s 18.82
1 38.6 354 452 428 442 41.24 493 394 428 30.2 40.1 40.36
39.46+ 38.62+ 37.56+
3 Height of plant 2 37.6 39.7 365 40.9 349 37.92 L7 39.2 46.2 42.1 41.7 323 40.3 296 382 | 334 | 365 | 394 | 403 27
(em) 3 379 40.6 41.2 345 419 39.22 : 325 345 379 326 385 352 ) .
1 12.8 15.1 16.2 13.1 125 13.94 12.7 152 11.6 1.2 123 12.6 13.66+
13.55+ 1294+
4 Length of the 2 123 15.7 14.6 13.7 11.2 135 037 15.6 16.1 14.1 10.2 1.9 13.58 055 14.2 134 14.1 13.0 13.6 0.49
root (cm) 3 0.2 28 22 56 5.2 32 - Mz | 129 | 134 103 | 155 | 1266 )
1 25 27 26 29 24 26.2 25.26~ 29 27 28 25 23 26.4 25.13~ 24
.
s Total number of 2 27 26 22 20 27 244 25+ 23 27 26 22 25 24.6 25+ 20 23 28 24 25 N 971
flowers/plant 3 28 26 25 26 21 252 0.90 26 30 21 22 25 244 1.10 .
1 20 19 21 23 20 20.6 20.06~ 19 20 15 20 18 18.4 19+ 16.8~1
P Total number of 2 24 20 18 15 22 19.8 20+ 19 18 16 18 22 18.6 0.87 15 12 19 21 17 T+
fruits/plant 3 21 20 23 19 16 19.8 0.46 24 27 15 18 16 20 349
1 0.36 0.33 0.31 0.36 0.33 0.36 0.31 0.34 0.29 0.28 0.29 0.30
34vt 0335+ 038+
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 0.37 | 037 | 036 | 037 | 0.45
7 R hoot ratio 0.01 0.03 0.04
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
* significant t-values at 0.05% level of significance
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Table 6: Morphological parameters of Tomato during 2005.

Recommended dose Double the recommended dose Control
S.
Morphological | Plot Total Total
No 1 2 3 4 5 Mean 1 2 3 4 5 | Mean 1 2 3 4 5 | Mean
Parameters no. mean mean
1 72 79 76 68 64 71.8 6933 74 72 70 72 64 70.4 67.8~6
. 2 70 76 64 68 60 67.6 A 68 62 76 62 65 66.6 69+ 8+
Number of 69+ 63 70 65 72 69
1 208 370
leaves 3 2 76 67 66 62 68.6 2.19 65 68 76 72 69 70
124 12.7
1 1074 [ 1564 | 1550 | 1342 | 1651 [ 1436 10.49 . 1020 | 856 s 10.89
14.43+ 17.2 1210+ | 12.7 [ 13.6 | 11.8 | 145 | 16.5 | 13.86+
Area of leaves 2 16.51 20.38 14.94 14.19 12.58 15.72 12.92 18.56 9.9 10.0 13.73
2 R 125 8 1.46 2 1 6 4 6 181
(em’)
137 126
3 12.94 15.08 12.06 12.73 13.27 13.22 9.08 s 13.76 9.18 4 11.69
1 552 50.7 518 462 486 505 489 | 467 | 554 528 | 517 | st
4746+ 50.97+ 49.34+
Height of plant 2 53.6 452 443 478 395 46.08 48.2 495 515 46.7 48.9 [ 49.02 52.1 | 503 | 48.2 | 49.7 | 464
3 264 194 216
(em) 3 57.8 46.4 49.7 385 36.6 458 56.5 54.2 527 51.9 49.2 529
1 221 185 20.1 198 153 19.16 156 | 192 | 212 185 | 205 | 19
18.16+ 18.36+ 1754+
Length of the 2 132 158 172 15.1 174 1574 154 | 162 | 215 201 [ 212 | 1888 213 | 185 [ 192 | 162 | 125
4 21 0.99 335
root (em) 3 152 187 214 20.1 25 1958 221 | 202 | 145 1527 | 141 | 1722
1 29 24 26 27 30 272 | 2662 26 27 24 26 27 26 | 25.06~ 23.6-2
Total number 2 23 24 27 30 27 262 T+ 25 29 28 21 23 252 25+ 20 21 23 28 26 4+
5
of flowers/plant 3 24 26 24 28 31 26.6 0.50 29 24 21 26 20 24 101 3.36
1 22 21 18 18 26 21 20.06~ 21 16 17 19 20 18.6 18.26~ 17.8~1
Total number 2 20 18 16 19 21 188 20+ 22 23 21 15 16 | 194 18+ 15 16 | 19| 18 | 21 8+
6
of fruits/plant 3 19 17 20 22 24 204 114 21 16 15 17 15 16.8 133 238
1 0.38 0.37 0.36 0.44 0.32 0.37 0.32 0.34 0.40 0.37 0.47 0.38
035+ 036+ 033+
Root-shoot 2 023 035 035 037 038 033 032 | 039 | 032 038 | 038 | 035 038 [ 035 | 038 | 031 | 0.26
7 0.02 0.01 0.05
ratio 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

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

S. Average CAULIFLOWER OKRA TOMATO
morphological
No. parameters Control R.D. D.R.D Control R.D. D.R.D Control R.D. D.R.D
1 19.55 204 18.3 21.6 22.3 24.76 61.7 64.91 62.4
Numbers of Leaves
2 2 530.95 592.35 555.77 113.6 118.01 54.74 14.59 15.56 15.53
Area of leaves (cm”)
3 Height of the plants 47.41 473 45.89° 127.71 127.59 126.3 43.45 43.46 44.79
(cm)
4 Length of the root 19.73 19.92 18.25 523 51.6 51.46 15.6 15.85 15.65
(cm)
5 Root-Shoot ratio 0.39 0.37 0.39 0.46 0.37 0.44 0.35 0.34 0.34
6 | Weightofthehead | 566 5 4555 4115 - - - - - -
(2
7 Total number of - - - 24.5 235" 25.33" 238 25.93+ 25.09%
flowers/plant
8 Total number of - - - 19.3 21.06" 19.76 17.3 20.06* 18.63
fruits/plant

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