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Article Info ABSTRACT
Avrticle type: Background and Objectives: The herbicides environmental pollution
Full Length Research Paper  caused by their over-use is one of the most critical threats to ecosystems
and human societies' health. Therefore, understanding the behavior of
. ] pesticides in the environment is necessary to reduce the adverse effects of
Article history: the environment and optimize agricultural activities. The goal of this
Received: 01.08.2023 experiment was to evaluate the effect of manure level on the leaching depth

Revised: 02.02.2023 : - -
Accepted: 02.25.2023 of 2,4-D via soybean and cucumber seedling bioassay.

Materials and Methods: This factorial experiment was performed based

Keywords: on a RCBD with three replications. The first factor was livestock manure
Herbicide, including control (without manure and herbicide), 0, 10, 25 and 50% of
Index plant, rotted manure all with herbicide and the second factor of soil layers
Organic matter, considered as 0-2, 2-4, 4-6, 6-8, 8-10 and 10-12 cm. 2,4-D herbicide
Penetration depth (72% L, 2 L.ha), 24 hours after soil saturation was applied. 48 hours after

herbicide application, five seeds of the plant were planted in each pot and
by the end of 30 days, shoot and root length and dry weight of shoot and
root were measured.

Results: The results showed that the 2,4-D leaching depth was 10 cm in
soybean and 12 c¢cm in cucumber without manure. Adding 10 and 25%
manure did not show a significant effect on the 2,4-D leaching reduction,
but treatment of 50% manure diminished the leaching depth in soybeans
and cucumbers up to 8 and 10 cm. With 50% increase in manure due to
increased herbicide adsorption in 2 and 4 cm layers, more inhibition was
observed than other layers and as a result, less herbicide was transferred to
the next layers. On the other hand, cucumber showed more sensitivity to
different amounts of 2,4-D herbicide leaching than soybean, so that up to 8
cm layer, all treatments except herbicide-free control treatment indicated a
significant reduction in measured traits. It seems that the increase of soil
organic matter in the treatment of 50% manure in layers larger than 8 cm,
improved the growth of measured traits close to the control treatment.
According to the results of this experiment, cucumber can be used as an
index plant to monitor the leaching depth of 2,4-D herbicide.

Conclusion: The more sensitive the plant is, the more it reacts to the
herbicides, and as a result, the effective depth of leaching increases for that
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plant. At the present study, the effective leaching depth in cucumber and
soybean plants was different. In soybean, it was between 6 and 10 cm, and
in cucumber, depending on the measured trait sensitivity, it was between
10 and 12 cm. Cucumber showed high sensitivity to different amounts of
leaching, so that up to a depth of approximately 6 cm in all treatments a
significant reduction in measured traits occurred. Comparing the reaction
of soybean and cucumber crops to the depth of 2,4-D leaching, it can be
concluded that cucumber is more sensitive than soybean; So that in
soybean from a depth of 6 cm and after, no sharp decrease in the studied
traits is observed, but in cucumber up to a depth of 10 cm, the decrease was
noticed. It is noteworthy that the addition of manure may reduce the
leaching of herbicides, but at shallow depths due to the adsorption of high
amounts of herbicides, and its gradual application will cause plant burns.
Also, according to the results of this experiment, cucumber can be used as
a benchmark in monitoring the amount of 2,4-D herbicide leaching.
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Table 1. Properties of the soil used in this experiment before soil texture changing.

B Zn Mn P K P Total Organic Neutralizing E.C. H Sk g5
m kg™ N carbon materials (%) ds/m? P Soil type
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Table 2. Analysis of variance of some growth traits of soybean affected by 2,4-D leaching.
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Table 3. The mean comparison of the shoot length of soybean seedlings (cm) affected by manure levels and soil
layer after application of 2,4-D herbicide.
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Based on LSD test similar letters in each row have no significance at the 5% probability level. L;: without manure
and herbicide, L,: without manure and with herbicide, Ls: soil containing 10% manure, L,: soil containing 25%
manure, and Ls: soil containing 50% manure LSD values for manure levels and soil layer are 1.14 and 2.79.
Similar letters in column of mean of each manure levels have no significance difference at the 5% probability level
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Table 4. The mean comparison of the root length of soybean seedlings (cm) affected by manure levels and soil
layer after application of 2,4-D herbicide.

(o) St oY

2 255 o Nk Soil layer (cm) > 255 ke
Mean of each manure levels Manure levels
12 10 8 6 4 2

7.66° 830° 820° 7.60® 733" 7.20° 7.30° L,

5.56 B 8.10° 7.90° 6.40° 523° 353Y 220° L,

6.07 B 7.20° 6.83*® 680 637 593¢ 327¢ Ls

6.16 B 7.37% 7.18%* 7.13* 7.07%® 510° 3.13° L,

5758 8.63% 843*% 7.83* 630> 280° 050¢ Ls

Sk Y Sl
Mean of soil layer

7.92% 771" 715" 6468 401¢ 3.28°
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Based on LSD test similar letters in each row have no significance at the 5% probability level. L;: control without
manure and herbicide, L,: without manure and with herbicide, Lj: soil containing 10% manure, L4: soil containing

25% manure, and Ls: soil containing 50% manure LSD values for manure levels and soil layer are 0.73 and 0.80.
Similar letters in column of mean of each manure levels have no significance difference at the 5% probability level
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Table 5. The mean comparison of the shoot dry weight of soybean seedlings (g per seedling) affected by
manure levels and soil layer after application of 2,4-D herbicide.

(o) St oY

1358 ~shu Sl
Ty Sl - 15358 ~shau
<

Mean of each manure Soil layer (cm) M IC |

levels anure levels
12 10 8 6 4 2

0.749 A 0619 065% 068" 075% 077*® 0.79° L,
0.748 A 0.89%  0.89° 0.71° 0.67° 0.66°  0.65° L,
0.747 A 0.87% 0.85% 0.82* 073" 066° 056¢ Ls
0.745 A 0.87% 0.86° 0.84°2 0.83%  0.62° 046° L,
0.708 A 1.01*  092®  0.87° 0.82° 056°¢  0.30¢ Ls

Sk Y Sl
Mean of soil layer

085 0.83% 0.78° 076" 0658 0558
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Based on LSD test similar letters in each row have no significance at the 5% probability level. L;: without manure
and herbicide, L,: without manure and with herbicide, Ls: soil containing 10% manure, L,: soil containing 25%

manure, and Ls: soil containing 50% manure LSD values for manure levels and soil layer are 0.09 and 0.10.
Similar letters in column of mean of each manure levels have no significance difference at the 5% probability level
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Table 6. The mean comparison of the root dry weight of soybean seedlings (g per seedling) affected by manure
levels and soil layer after application of 2,4-D herbicide.
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Mean Oflee\?g:; manure ol Iayer (Cm) Manure levels
12 10 6 4 2
0.36% 0.40°  037* 036® 035® 034® 033" Ly
0.298 0.42° 0.40° 0.34° 0.31° 0.15°¢ 0.09°¢ L,
0.3278 040, 039*  039®  033° 0.26°¢ 0.15¢ Ls
0364 046°  045*®  041%®  039° 0.28°¢ 0.19¢ L,
0.27° 0.37° 036  0.34®  029° 0.18°¢ 0.09¢ Ls
036" 0377% 036”® 0.33° 0.22°¢ 0.17° St ¥ oSk

Mean of soil layer
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Based on LSD test similar letters in each row have no significance difference at the 5% probability level. L;: without
manure and herbicide, L,: without manure and with herbicide, Ls: soil containing 10% manure, L4: soil containing
25% manure, and Ls: soil containing 50% manure LSD values manure levels and soil layer are 0.062 and 0.057.
Similar letters in column of mean of each manure levels have no significance difference at the 5% probability level
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Table 7. Analysis of variance of some growth traits of cucumber affected by 2,4-D leaching.

Sl o S )
Mean squares &byl e i i
Degree of -
gy SEF 05 el bl Sz 035wl b slss el Jsb freedom Source of variation
Root dry weight Shoot dry weight  Root length shoot length
S
0.0014 " 0.063 ™ 1.00™ 1.34™ 2 s
Block
- o - o a)
0.2482 1.086 134.97 147.83 4 @) s 25 g e
Manure levels (a)
- o - x b) s oY
0.1508 1.582 134.89 216.79 5 ( _) “
Soil layer (b)
0.0144 ™ 0.119 ™ 8.46 " 11.00 ™ 20 axb
o
0.0059 0.029 1.25 2.06 58
Error
s
18.79 18.85 19.22 17.45 (o2) s o 2

C.V. (%)

o2 ! d‘“ 22 )‘J@” quj «)\:@;u],&« Q‘gw ;JL:, \_ﬂ;; " i R
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" and ** are non-significant and significant at 1% level respectively
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Table 8. The mean comparison of the shoot length of cucumber seedlings (cm) affected manure levels and soil
layer after application of 2,4-D herbicide.

(o sle) St oY

| -l
3 e Soil layer (cm) 22 sl
Mean of each manure level
levels Manure levels
12 10 8 6 4 2

11.29 A 12.13% 12.17%  12.20%  11.47® 1040%®  9.40° L,

4.83°¢ 8.03° 10.83%® 6.33° 377° 000 0.00¢ L,

4.76 ¢ 10.23* 9.87%  3.10° 533" 0.00°¢  0.00° Ls

4.54°¢ 10.50*  7.90° 523° 360° 0.00¢ 0.00¢ L,

6.93 8 1250* 12.10® 950°  530° 217¢  0.00¢ Ls
S - Ll
10.68” 10.57" 7.27® 58° 251° 188° Y ot

Mean of soil layer
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Based on LSD test similar letters in each row have no significance at the 5% probability level. L;: without manure
and herbicide, L,: without manure and with herbicide, Ls: soil containing 10% manure, L,: soil containing 25%
manure, and Ls: soil containing 50% manure LSD values for manure levels and soil layer are 2.10 and 2.72. Similar
letters in column of mean of each manure levels have no significance difference at the 5% probability level
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Table 9. The mean comparison of the root length of cucumber seedlings (cm) affected by manure levels and
soil layer after application of 2,4-D herbicide.

s 35S C_}k-w u:fvb’ (ﬂfgﬂlﬂ) Sk oy s asS C-"]GM
Mean of each manure Soil layer (cm) Manure levels
levels 12 10 8 6 4 2
9.62 4 10.03® 1043%  9.63%® 0993*® 920%® 850" L,
3.42¢ 8.172 573 467" 1.93°¢ 0.00¢ 0.00¢ L,
351°¢ 8.10° 7.93° 2.70° 2.30° 0.00°¢ 0.00° Ls
3.10°¢ 7.20° 6.00°  3.63° 1.77° 0.00° 000° L,
5.53 58 10.102 10.30* 8.63* 317"  1.00° 0.00° Ls
S Y L Lle
8.204 860" 5858 382°¢ 204° 170° «Y oSt

Mean of soil layer
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Based on LSD test similar letters in each row have no significance at the 5% probability level. L;: without manure
and herbicide, L,: without manure and with herbicide, Ls: soil containing 10% manure, L,: soil containing 25%
manure, and Ls: soil containing 50% manure LSD values for manure levels and soil layer are 0.73 and 1.83. Similar
letters in column of mean of each manure levels have no significance difference at the 5% probability level
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Table 10. The mean comparison of the shoot dry weight of cucumber seedlings (g per seedling) affected by
manure levels and soil layer after application of 2,4-D herbicide.

(ol S oY

1235 ol Sk Soil layer (cm) o225 sl
Mean of each manure levels Manure levels
12 10 8 6 4 2

0.944 # 0.98* 0.98* 097® 095° 092° 0.87° L

0.398 ¢ 0.63° 0.86° 079% 0.12° 000" 0.00° L,

0.372°¢ 0.90° 0.86° 0.32° 015" 0.00° 0.00° Ls

0.373°¢ 0.87° 0.63* 0.63® 0.11° 000" 0.00° L,

0.587 & 1.04* 097% 0.88* 057" 007° 0.00° Ls
0.88" 086" 072% 038° 020° 017° St oY Sl

Mean of soil layer
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Based on LSD test similar letters in each row have no significance at the 5% probability level. L,: without manure
and herbicide, L,: without manure and with herbicide, Ls: soil containing 10% manure, L,: soil containing 25%
manure, and Ls: soil containing 50% manure LSD values for manure levels and soil layer are 0.12 and 0.27. Similar
letters in column of mean of each manure levels have no significance difference at the 5% probability level
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Table 11. The mean comparison of the root dry weight of cucumber seedlings (g per seedling) affected by
manure levels and soil layer after application of 2,4-D herbicide.

(ol S oY

1235 ol Sk Soil layer (cm) o225 sl
Mean of each manure levels Manure levels
12 10 6 4 2

0.374 0.37° 0.39° 040° 039° 0.34% 031° Ly

0.09 ¢ 020 017® 0.41%* 0.07™ 0.00° 0.00° L,

0.12°¢ 0.27* 0.30° 0.05° 0.07° 000° 0.00° Ls

0.09 € 0.26° 0.13° 0.09™ 005" 000° 0.00° Ly

0.208 0.39° 0.38° 0.32° 0.08° 002° 0.00° Ls
030" 027" 019® 013¢ 007° 006° St ¥ oSk

Mean of soil layer
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Based on LSD test similar letters in each row have no significance at the 5% probability level. L,: without manure
and herbicide, L,: without manure and with herbicide, Ls: soil containing 10% manure, L4: soil containing 25%
manure, and Ls: soil containing 50% manure LSD values for manure levels and soil layer are 0.062 and 0.051.
Similar letters in column of mean of each manure levels have no significance difference at the 5% probability level
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