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Table 1- Properties of the soil used in this experiment

o dlgo u’j oS P K Fe Mn Zn B
ey & Luw  EC BN Organic N
tSOII pH dS/m  Neutralizing ~ carbon (%) mg/kg
e
yP (%) materials
£y (il
Silty- 7.8 0.73 20 0.15 135 450 49 4.1 0.5 2

loam
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Figure 1- Steps of leaching test; a) cutting pipes, b) gluing pipes and filling with soil, c) irrigation, d) Sowing the cotton seeds,
and e) measuring traits
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Table 1- Analysis of variance for measured cotton traits under the influence of soil type and depth after the application of
Imazethapyr herbicide

] Sl e (1o
Oyt g 2l 4y " , : ” . <ot
S.0.V. D.F. O o 2y BlwJsb adyyJob BleSiS gy ady, SS9
Emergence percentage  Stem length  Root length  Stem dry weight  Root dry weight
_JB & 4 937.67 " 90.62 ™ 4774 0.38™ 4582.6 ™
Soil type (a)
@:,@l S 2043.58 ™ 259.30 ™" 90.52 ™ 1.62™ 2620.4 ™
Leaching depth (b)
axb 24 1013.66 ™ 11.89 ™ 6.94 0.13™ 2308.5 ™
Error WLs 70 468.56 221 0.63 0.03 384.0
CV. (%) &l yuss oo 15.71 17.17 15.81 24.58 21.15

O S N P W A o NN Py
*: significant at 5% level, **: significant at 1% level
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Table 2- The mean comparison of the emergence percentage of cotton seeds under the influence of soil type and depth after
the application of Imazethapyr herbicide (physical cutting is done based on soil type)

SK gy Leaching depth (cm) o guis] Gos SB gol 2 40 (il
Soil type 2 4 6 8 10 12 14 Mean of soil type
S1 53.332 53.33% 66.67?% 66.67% 60.01@ 73.332 66.67 ® 62.86 A8
S2 53.332 73.33% 86.67% 80.00% 66.672 66.672 67.67 2 70.62 A
Ss 73.333% 40.03° 46.67° 40.00° 60.02 % 53.33 % 86.67 57.148
S4 26.67P 20.02° 33.33° 73.332 73.33% 86.672 80.00°? 56.198
Ss 6.67 ¢ 60.00 % 80.00 % 53.33° 53.33° 46.67° 93.33° 56.19 B

iyl Gos 2 2 Oels 42.67049.33°P62.67 BC62.67 BC62.67 BC65.33 AB78.87 A
Mean of leaching depth
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Based on LSD test similar letters in each row have no significance at the 5% probability level. S1: control without herbicide, S2: soil

without organic matter + herbicide, Sz: soil containing 10% organic matter + herbicide, S4: soil containing 25% organic matter +
herbicide, and Ss: soil containing 50% organic matter + herbicide
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Table 3— The mean comparison of the stem length of cotton seedlings (cm) under the influence of soil type and depth after the
application of Imazethapyr herbicide (physical cutting was done based on soil type)

SB gy (o S5lw) (2guil o SK g9 3 5 (Sle
Soil type 2 4 6 10 12 14 Mean of soil type
S1 106°11.1°11.7% 1293 1283 1372 1372 1244
Sz 0.09 009 87°¢ 9.1b 1182 1083111 748
Ss 0.0° 0.0°P 1142 12.0% 1182 1062 9.8% 798
S 0.0P 15P 1012 1128 1122 1052 922 778
Ss 0.0¢ 329 88c 99hc 102c 1242 115 8.08

ol Gos 2 2 0Ske 18 398 1014 1704 1164 1164 1114

Mean of leaching depth
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Based on LSD test similar letters in each row have no significance at the 5% probability level. S1: control without herbicide, S2: soil

without organic matter + herbicide, Ss: soil containing 10% organic matter + herbicide, Sa4: soil containing 25% organic matter +
herbicide, and Ss: soil containing 50% organic matter + herbicide
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Table 4- The mean comparison of the stem length of cotton seedlings under the influence of soil type and depth after the
application of Imazethapyr herbicide (physical cutting was done based on soil type)

SB gy Leaching depth (cm) g geis] Gos SK gg 2 45 (il
Soil type 2 4 6 10 12 14  Mean of soil type
S1 732 7.2 79?2 80?2 7.8?% 80, 7.2° 764
Sz 0.0¢ 0.0°¢ 34P 37b 81, 7.3% 812 448
Ss 0.0¢ 0.0¢ 35P 40P 782 7.22% 692 428
S4 0.0¢ 1.0¢9 3.0¢ 3.8¢ 732 65% 58P 398
Ss 0.09 19¢ 56" 65%® 55P 712 76° 498

sl Go 2 2 ke pe pgc g7
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Table 5—- The mean comparison of the stem dry weight of cotton seedlings (g/plant) under the influence of soil type and depth
after the application of Imazethapyr herbicide (physical cutting was done based on soil type)

SB go Leaching depth (cm) o guis] Gos SB sl 2 40 (il
Soil type 2 4 6 8 10 12 14 Mean of soil type
S1 0942 0752 090% 094@ 0.822% 0892 0.84°% 0.87A
S2 0.00¢ 0.00¢ 0.72° 0.68° 0.862% 0.90% 1.062 0.60 AB
S3 0.00® 0.00° 1102 1.082 0.962 0932 0.962 0.72 AB
S4 0.00° 0.15° 0.702 0.662 0.692 0682 0.702 0518
Ss 0.00¢ 0.11°¢ 0.82° 0.81° 0.88* 1.092 1.00® 0.67 8
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Based on LSD test similar letters in each row have no significance at the 5% probability level. S1: control without herbicide, S2: soil
without organic matter + herbicide, Sz: soil containing 10% organic matter + herbicide, S4: soil containing 25% organic matter +
herbicide, and Ss: soil containing 50% organic matter + herbicide
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Table 6- The mean comparison of the root dry weight of cotton seedlings (g/plant) under the influence of soil type and depth
after the application of Imazethapyr herbicide (physical cutting was done based on soil type)

SB gy Leaching depth (cm) _o2guial G3es SB goi 2 40 (Sl
Soil type 2 4 6 8 10 12 14 Mean of soil type
S 0442 0342 0462 04428 0432 0432 0422 0.42 A
Sz 0.00¢ 0.00¢ 0.20¢ 028 0.36° 0.33% 0512 0.248
S3 0.00¢ 0.00¢9 0.25°¢ 0.320c (0433 0443 (472 0.278
Ss 0.00° 0.04° 0252 0262 0332 0362 0.24¢2 0.218
Ss 0.009 0.039 0.25°¢ 0.29% 0392 (0462 0422 0.26 B
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Mean of leaching depth
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Based on LSD test similar letters in each row have no significance at the 5% probability level. S1: control without herbicide, S2: soil
without organic matter + herbicide, Ss: soil containing 10% organic matter + herbicide, S4: soil containing 25% organic matter +
herbicide, and Ss: soil containing 50% organic matter + herbicide
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Introduction: Application of herbicides in modern intensive agriculture to control weeds has increased
dramatically, which leads to the serious environmental problems due to transferring and leaching of herbicides to
non-target locations; and their negative effects on non-target organisms need to be reduced. In other words,
leaching and transferring of herbicides not only reduce its efficiency but also leads to groundwater pollution.
Among the herbicide transfer processes in the soil, leaching is the most important processes because of its
potential to contaminate groundwater. Imazethapyr is extensively used in the country's arable lands, and the
present experiment was conducted to investigate the effect of soil organic matter on the leaching depth of this
herbicide.

Materials and Methods: A factorial pot experiment was conducted in 2017 based on a completely
randomized design. The first factor was soil type (including 1- without adding organic matter and without
herbicide application (S1), 2- without adding organic matter + herbicide (S.), 3- 10% organic matter + herbicide
(S3), 4 - 25% organic matter + herbicide (S4) and 5-50% organic matter + herbicide (Ss)), and leaching depths of
2,4, 6,8, 10, 12 and 14 centimeters was considered as the second factor. Imazethapyr herbicide was applied
based on its recommended dose. After applying the herbicide in the soil columns, no cultivation operation was
carried out for 48 hours so the herbicide had enough time to transfer to different depths of the soil. It was closed
under each pot with a flat plate and then five cotton seeds were planted in each pot. After planting, the pots were
not irrigated for 48 hours to absorb the herbicide by seeds and then irrigation was done according to the needs of
the plant with a suitable sprinkler. All pots were cared for in the greenhouse for 30 days and then emergence
percentage, stem height, root length, stem dry weight and root dry weight were measured and recorded. To
measure the dry weight, a digital scale with an accuracy of one hundredth was used and to dry the plant
components, all samples were placed in an oven at 75 ° C for 24 hours.

Results: The results of analysis of variance related to the measured traits of cotton crop indicated that the
simple and interaction effects of soil type treatments and leaching depth had a significant effect (p-value < 0.01)
on stem length, root length, stem dry weight and weight dried cotton roots. Due to the significant interaction
between soil type and leaching depth, physical cutting was performed based on the soil type. Emergence
percentage trait was not affected by soil type but leaching depth treatments and the interaction of soil type
leaching depth showed a significant effect on this trait (p-value < 0.05 and p-value < 0.01, respectively). Mean
comparisons related to the emergence percentage of cotton seeds showed that in almost all soil treatments with
increasing the leaching depth, the emergence percentage of cotton increased significantly, which indicates a
decrease in the amount of imazethapyr herbicide leaching in more soil depths. In other words, with increasing
soil depth, the amount of leached herbicide was also reduced. The average emergence percentage in each soil
depth shows that the highest emergence percentage was obtained from a depth of 14 cm at 78.85 and the lowest
was obtained from a depth of two centimeters at 42.66. The minimum stem length was obtained from depths of 2
and 4 cm. At depths of 6, 8, 10, 12, and 14 cm, stem length increased with increasing leaching depth and
decreasing the concentration of imazethapyr herbicide. This could be due to the accumulation of washed
herbicides at the bottom of the column, because after applying the herbicide, the soil columns were left standing
for 48 hours to allow the herbicide to be transported deeper, and possibly after the herbicide reaches the end of
the column and the drainage rate is low in this area, the accumulation of imazethapyr at low depths, especially at
a depth of 14 cm, has reduced the stem length at this depth. In addition to the possibility of herbicide uptake by
soil organic matter, plant growth may also be affected by more soil organic matter and be effective in
compensating for the negative effect of herbicides. In herbicide treatments, the root length of cotton increased
with increasing the leaching depth. Stem and root dry weight also increased significantly in Sy, Ss, S4, and Ss
treatments with increasing the leaching depth. It seems that after absorption by cotton seedlings, imazethapyr
stops the production of amino acids and reduces their levels such as valine, lysine and isoleucine, causing cell
death and ultimately reducing the growth of cotton.
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Conclusion: The percentage of organic matter was effective on the penetration depth of the herbicide. In
treatments with higher percentages of organic matter at depths greater than 4 cm, cotton traits were not zero and
the presence of higher organic matter, in addition to helping plant growth, by absorbing more herbicides, caused
its leaching damage. It is possible to consider a significant increase in the parameters studied in cotton crop by
increasing the amount of organic matter at different depths of the leaching of imazethapyr herbicide from two
aspects. First, an increase in organic matter is likely to increase the degradation of the imazethapyr herbicide.
Second, the increase in organic matter has improved the metabolic reactions in the plant and therefore the
increase in organic matter has been associated with the improvement of cotton growth indices.

Keywords: Environmental contamination, Herbicide leaching behavior, Herbicide penetration, Soil organic
matter content



