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Abstract: [Objective] The study was done to gain a better understanding of the impact of soil physical
and chemical properties on herbicides sorption. [Method] The batch equilibrium method was employed to
determine adsorption isotherms of atrazine and bentazone on six soils with various properties. Based on soil
properties and adsorption isotherms,the Q-mode hierarchical cluster for soils was employed to qualitatively
identify the relationship between soil characteristics and absorption of herbicides, bentazone and atrazine,to
soils. Data of seven soil property variables in six soils were reduced by principal component analysis, and
the three principal components were extracted. The extracted principal components were then correlated
with herbicide absorption coefficients using stepwise multiple linear regression. In addition, the equamax

rotation and correlation analysis were further carried out to find the factors which dominated the absorption
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of herbicides in soils. [Result) Soils with the similar properties have closer absorption isotherm parameters

for a given herbicide. The absorption coefficients of atrazine are linearly correlated with the first principal

component, while those of bentazone are linearly correlated with the first and second principal components

simultaneously. The results further revealed that the soil organic matter, pH,and the surface charge are

mainly responsible for the absorption of bentazone in soils,and soil organic matter and pH are the main fac-

tors which controll the absorption of atrazine to soils. [Conclusion) This study shows that hierarchical

cluster and principal component analysis provide the potential approaches to study the relationship between

soil characteristics and its absorption capacity of herbicides.
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Table 1 Physical and chemical properties of soils
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No. of Soil site Soil tvme (g kg™ pH (g+kg ) (gekg) (g kg V) (g-kg 1) (cmol- Specific

soil Do s yp OM Clay Silt Sand H,0 ke 1) p

surface

1 BT Yuhang  /KF§ L Paddy soil 40. 0 7.67 378 482 61 39.0 30.0 138. 4

2 1§ Linan 21 3 Red soil 1.0 4.14 493 310 156 35.0 15.7 33.5

3 %3 Anji K%+ Paddy soil 13.0 7.36 151 142 344 19.7 17.8 66. 9

4 %3 Anji /K F& 1 Paddy soil 28.0 1.79 254 108 293 16.9 6.4 33.3

5 %5 Deqing  #4E Yellow soil 2.5 5.23 253 326 371 47.7 34.2 164.9

6 153 Deqing  /KH§+ Paddy soil 40.0 4. 90 289 535 113 36.0 12. 4 46.7
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1.2.1 RMFBEGME RAHFERG LI
M., B—EMWFS 0.01 mol/L CaCl,.200 mg/L
HgCl, (AN [R] 5 2 ik B (IR o = ¥R B 0 o 5
10,25,30,55,85,125,130 mg/L; 3% K H i & W F
354 3,5,10,15,20,25 mg/L) BIR 2GR M 15 g
FHEAE] 50 mL HE B O P, BB R (20
2) ‘CFEEOEIR G 24 h, W B 3k 55 5 F
4 000 r/min B0 15 min, P35 P4 R 25 i ik
& F] HPLC (Shimadzu LC-10ADvp) 43 ¥r. 4R ¥ 4
25 55 1 55 ) 58 55 09 R TR 38 o 703K 56 o e
A 7K (mL) 4 (@) b, 35 LA 6 Fh 18 B iy
BEEIRAE 25 1 KRERATE 1,3,4 F1 6 45 3 bWk
BRI 1 s 1,76 2 F1 5 5 38 BB R 7 ¢ 10,
B — iU U 2 PAT A L AAE ER BRO .
1.2.2 RBEFBREGMNE KSR 4TI
E. B3 B &M % Ay YWG-CIS,
10 pm X250 mmX4. 6 mmCRIZEMRFIFFA 7D 5 3t sl
AH Ry F R /s 4l K (HL, PO, ) pH=2. 8) , V(HI i)
V(EaliZk)=66: 34,33 K 0. 8 mL/min; Kl
K H 218 nm; #EFE R R 20 pl s KEIA TS K EAY IR
P B E] 43 0 A 6. 03 AT 10. 09 min, S5 A A I BT o vk
JE3 500 5.9 A1 3.8 pe/L.
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Table 2 Principal component analysis for physical-chemical properties of six soils
E A YIUEFFHE{E Initial eigenvalues
ooy TFAE M T R Y, BBy 2 T %
Eigenvalue Variance ratio Cumulative
1 2.665 38.074 38.074
2 2. 349 33.551 71.625
3 1. 651 23.589 95. 214
4 0.315 4.496 99.710
5 0.020 0. 290 100. 000
6 2.21X10°17 3.15X 10716 100. 000
7 —1.34X1016 —1.91X10° 1 100. 000

2.3 2 TR 2 IR B BE BY £ A 4 [E] VAR BY
2 FhAR S TE 6 > A b A I B A R LS 2
WA 3. Wk 3 R AR DL JCREA Y I B 25 T 2%
PG 2 P W A 25 TR 2 O R L 35 25 R A I R A IR 2R A
R REMMFREZNWMERERERSH (20 O

4 Freundlich 77 #2 . R I W M) 25 75 2k 19 4 260 mf
L KRR B IR C Rl (n=1), 5% L HEN
W 2R 28 C(n=1) .L(n<<1)F1 S(n>>1)# ,

Table 3 Paraneters for absorption isotherm of bentazone and atrazine at 20 C
+ K\ Bentazone FE 2 HE Atrazine
Sample of :
soils Ky/(Lekg b n R? K;/(mg' "« L"« kg™ 1) n R?
1 0.21 1 0.95 2.700 0.79 0. 85
2 0.16 1 0.99 0. 640 0.72 0. 96
3 0. 14 1 0.99 2.690 1. 00 0.99
4 0.23 1 0.99 2. 380 0. 84 0.93
5 0. 00 — - 0. 006 2.42 0.97
6 0.32 1 0.99 1. 960 1. 00 0.99

T — KR WM.

Note: —Means no sorption.

X R B RN AE - HE-7KAH [B] (14 53 BC # 48 Ko #6477
HELAbHE, 15 K, VR X K 5 EWM 4 2.2, . Z,
HATIE L Zon R 15 .

K,/=0.358Z, —0.482Z, +4.3X 10 °,R* =
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K, =0.5482, —1.7X10 Y ,R*=0. 8, F=15. 88,
P=0.016 , (5)

Hne K SEWSZ .2, Z; 178 ZI0Lk
PR B 15

ne K,=1.54540.596Z,,R* = 0. 856, F =
23.86,P=0.008, (6)
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DA LA LI 2, i 1 2 AT L S A Ko WK, fH S
SEAE 2 2 M AR 5 (R 20. 80, P<<0. 01) . R B 57
BRI 2 AT BB 5 G Y T 2K e B 155 2% A 4 0
P R R R R

34w

ABEFEXT 6 A L REHEAT TR IEHT L EUR B
4.6.3 F1 1 5 R TR ARL L X 2 A O 3 O K A
F52.5 SRR BB T ROy — 2 b 2 5
RS EAR: SR Wk gE

ARG KEARAE 4,6,3,1 F1 2 5 £FF By
K, 4334 0.23,0.32,0.14,0. 21,0. 16 L/kg, 5%
BN 5 5 R RERS K REAR JLF- TC W B HAE T 2 5
SRR H 2 5 R K, 0. 16 L/kg X380 2
5 5 BARAFAE 22 57 B FE B DA 32 MR T O 2K R AR
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Fig. 2 Evaluation of the predicted results of models by comparing the predicted absorption constants with those measured

IR 1~6 % Lk LI EIRENTE
Freundlich 7 #., n {8 4 % & 0. 79,0. 72, 1. 00,
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K, 8,43 9120, 640F0 0. 006, H 1 7 155 2 HE 1Y
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n + K, {8 5 W B 5000 B 5T AR B O R v A g i
ARG . IR 35 RAE 1~6 5 14 B
ne K, {45352, 13,0.46,2.69,2.00,0.02,1. 96,
UL UL, 1,3, 4 F 6 5 + 585 55 25 HE A9 A 5 AE
R MR M 2 F1 5 5 £ HE 535 L AH BAE
BRI X 5 TR R 45 R A — 3,

R PR LS I B R R R 2
P fig 22 (8] B A 5GP (0N BE BH B 45 H 52 i - 398 0 it
KA ELHFE, FW g REW,95. 214 %
() IR STl 3 A E R, 51 Bl
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U pH Bt R AR 43 A K B CEC 5 R 1w

U FEHE (r=0.96) .11 CEC 5 pH W AH &R
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Iy ANBE W PR S R KT A5 1.2 &
BLAY X KB R R A S, R 3t AR
P AH HFE DB 52 i) - S W B R EAS ) 2 R R Ol
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TN TCW M AE s AR 2 5 B RE R AT L &
IR ABHRF5 KN K, R X TR 2 5 A
CECHM pH 55 +H/N HAEAX, T
e CEC R/NSH e v far A OC; 73 b, 410 s &
FRERAT A pH TR H SR I HL AT 23 3 . £ ey 23 0
AR I 2 5 A R T T Y B fef ] BB D
X R CEL R B S - B LR 1R

K BT B Y- A e B Rz B 500 g 1A A 25 o
W W R AN TR] - X A ML TS G 4 B R R
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W A HUBTFN pH 2 52 e 4 38 0 B 35 2 e O S A
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FCREE 1 U A AT e A T R AR MR K O3 e 4 22
FIHLEE 55 35 25 He R AR W B0 A0 Ak 2 0B AR E
pH X 1 e B 35 5 PR RE RO R R 2 T — 7
pH 23 W55 LR AATER& . 53— 07 pH 232 &
SR THT A R AT 52 ) 38 5 55 2% TR W BRFAE

4 45 ©

1) 5 M) = 3 WA 6 2 R A8 1) O i DN 38 = A ML TR &
i pH KR T M B (CEC, b 2 i AL 5 1 58 Wg fff 55 J¢
LY 325 e R & A LT i A pHL,

2) K EN TS e 4 LW B R 80 L
g3 Z E ] Lo il R
K,=0.1767+0.038 3Z,—0.051 6Z, (R*=0. 887) ;
K,=1.73+0.624Z, (R*=0.8).
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