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Influence of Organic Ligands on Phytotoxicity of Paraquat

Jae-E Yang, Dae-Sung, Han and Yong-Keon Shin

Abstract

Organic ligands in the environments are expected to play an important role in regulating the biotoxicity
and fate of pesticides. Influences of dissolved humic and fulvic acids on the phytotoxicity of Paraquat were
investigated using a bioassay with hydroponically grown rye as indicator species. Levels of Paraquat in
water culture media were ranged from 0 to 12.Mand those of humic or fulvic acid were 1.0mM as a soluble
carbon. Media were prepared in a factorial combination with pHs of 4.5, 6.5 and 8.5. Standard curves of
necrosis days. fresh weight, and growth rates. as Phytotoxicity Indices. versus Paraquat concentrations were
employed to evaluate the effects of organic ligands on phytoto;dcity of paraquat. Organic ligand itself had
little effect on rye growth, but Paraquat showed a high degree of toxicity. Paraquat started to show an
intensive injury to rye at 0.4~0.6+M and upper critical phytotoxic concentration was estimated to be 11.0sM.

In the presence of organic ligands. times required to cause necrosis due to Paraquat were delayed upto
40%. Fresh weights and growth rates were upto 20 % higher in treatments of organic ligands plus Paraquat

than that of Paraquat alone. Results demonstrated that complexation of organic ligand with Paraquat

reduced the bioabailability of Paraquat to rye.
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Table 1. Treatment of Paraquat, Humic acid, or Fulvic acid into Water culture media
for growing Rye, of which pHs were adjusted to 4.5, 6.5, and 8.5.

Treatment No. Paraquat Humic acid Fulvic acid HS”
# M mg/L mg/L
1 0.0 +
2 1.5 +
3 3.0 +
4 6.0 +
5 12.0 +
6 0.0 12 +
7 1.5 12 +
8 3.0 12 +
9 6.0 12 +
10 12.0 12 +
11 0.0 12 +
12 1.5 12 +
13 3.0 12 +
14 6.0 12 +
15 12.0 12 +

+HS= Hydroponic Solution prepared by Hoagland method""

<

Table 2. Growth parameters of Rye as affected by addition of organic ligand at three pHs.

Treatment pH FW DW H
(g) (cm)
Humic 4.5 6.7 0.66 52.4
acid 6.5 7.2 0.72 53.6
8.5 7.5 0.73 57.6
LSD (0.05) 1.0 0.12 13.0
Fulvic 4.5 7.7 0.77 63.6
acid 6.5 7.2 0.70 52.2
8.5 8.9 0.84 55.0
LSD (0.05) 2.6 0.26 15.1

FW = Fresh Weght : DW = Dry Weight: H = Height.
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Table 3. Application of a madified Langmuir model to define the Critical Phytotoxicity Level and Intensity of

Paraquat at three pHs.

pH model

4.5 Y = 9.49%107°C + 2.70x10*
6.5 Y = 9.34x107C + 2.00x10™
8.5 Y = 9.07x10°C + 3.14x107

r CL TI
0.995*** 10.5 0.44
0.995*** 10.7 0.47
0.994*** 11.0 0.56

Y = C/(phytotoxicity Index).
C = Paraquat concentration.

CL = Critical Level for paraquat phytotoxicity.

TI = Toxicity Intensity.
*** = Significant at P<0.01.
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Figure 2. Relationships between Paraquat
Phytotoxicity index and concentration.
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Table 4. Analysis of variance on time(days) elasped to cause necrosis.

SOURCE DF S.S. M.S. F-VALUE P-VALUE
BLOCKS 3 0.52 0.17
pH 2 1.00 0.50 2.50 0.086
TR 14 684.96 48.93 244.13 0.000
pH'TR 28 13.38 0.48 2.39 0.001
RESIDUAL 132 26.45 0.20
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Table 5. Influence of HA(Humic acid) and FA({Fulvic acid) at three pHs on delay(as percentages) of necrosis caused
by Paraquat toxicity. Standard curves between PA concentration and days elapsed to cause necrosis

were also shown.

pH
4.5 6.5 8.5
Paraquat

conc. PA+HA PA+FA PA+HA PA+FA  PA+HA PA+FA
# M %

0.0 28.4 28.4 26.0 26.0 24.0 24.0
1.5 30.5 16.7 12.3 6.5 19.2 4.0
3.0 29.0 10.4 6.9 3.1 . 13.2 2.7
6.0 6.2 9.5 16.0 3.8 10.8 7.2
12.0 40.0 24 .4 32.9 27.1 38.9 13.8

Standard Curves

pH4.5 log(T)necrosis=0.79—0.040(Clpa, r=— 0.91**
pH6.5 log(T)necrosis=0.80—0.041(Clpa.r=— 0.93*"
pH8.5 log(T)necrosis=0.81—0.038(C)pra,r= — 0.94"*

**=Significant at p<0.05.
T =Time(days) elasped to cause necrosis.
C=Paraquat concentrations treated.
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Table 6. Influence of humic acid(HA) and fulvic acid(FA) at three pHs on the reduction of Paraquat(PA) phytotoxicity
of Rye fresh weight index. This was done by comparing fresh weight index at each treatment with that

predicted by model, which included in this Table.

pH
4.5 6.5 8.5
Paraquat
conc. PRED PA+HA PA+FA PRED PA+HA PA+FA PRED PA+HA PA+FA
2 M % % %
0.0 1.75 0.5 9.0 1.33 7.5 2.3 1.53 1.2 1.3
1.5 0.95 14.7 7.4 0.88 15.7 19.3 0.92 14.3 9.8
3.0 0.91 2L.1 13.0 0.85 16.0 18.3 0.8 17.9 7.9
6.0 0.87 16.9 12.3 0.82 14.0 17.3 0.86 NC NC
12.0 0.83 NC NC 0.79 NC NC 0.83 NC NC

Power Function Model

pH4.5 log(PI)=—1.0x107°-6.40x10%1og(C},r=— 0.99***
pH6.5 log(Pl)=—4.1x10%—5.68%x10%log(C),r=—0.93**
pH8.5 log(PI)=—2.4x10%~5.25%x10%1og{C).r=— 0.96"*"

PRED : Predicted value of phytotoxicity index(PI) by the power function model.

NC : Not changed.

PI : Phytotoxicity Index (Fresh weight ratio= (FWTJ]A/(FWT)B).
[FWT]A,(FWT)B : Fresh weight after and before paraquat treatment. respectively.

**&*** : significant at P{0.05 and 0.01. respectively.
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Figure 3. Influence of Humic and Fulvic acids
on Paraquat Phytotoxicity index of
growth rates of rye at pH 6.5,
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