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Abstract: This study examined the vertical distribution of herbicide residues in 14 typical dryland soil profiles (0~100cm) from the
black soil region of Northeast China. Residues from 57 different herbicides were measured across various soil depths to clarify their
vertical distribution characteristics and influencing factors. The findings revealed that herbicide residue characteristics were primarily
influenced by the application strategies under different land uses. Notably, nicosulfuron, a commonly used herbicide in cornfields,
exhibited significantly higher residue levels in the 0~60cm soil layer compared to other herbicides. A negative correlation was
observed between the herbicide's octanol-water partition coefficient (logK,,,) and its distribution ratio in the surface soil (0~20cm)
(P<0.001), while a positive correlation was found between the herbicide's degradation period and its distribution ratio in the deep soil
(80~100cm) (P<0.05). Additionally, soil pH was negatively correlated with herbicide residues in surface soils (P<0.05), and soil bulk
density was negatively correlated with herbicide residues in deep soils (P<0.05). Summer rainfall was found to enhance the vertical
migration of herbicides within the soil profile. These results provide crucial data and a scientific foundation for the mitigating, risk
control and management of herbicide residues in the agricultural soils of China's black soil region.
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Fig.1 Spatial distribution of typical dryland soil profile

sampling sites in the black soil region of northeast China
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Table I Basic informations of the soil profile sampling sites
Gii 5 X ZJ%(°E) 4 E(°N) FIR T TR FiE
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TL2 LA BRI T 123.833002 42.114507 BN B+
LSl RSB 124.397322 43.461498 BN A
LS2 RSB 124.381786 43.524496 ESS B
KZ1 A SE T VAR 122.328895 43.934329 BN T4+
K72 A5 VAR 122.498434 44138748 BN Hifi) +
NI1 BRI AR LT 125.238794 48.769088 K= 2t
NI2 BRI AA LT 124.776728 48.956224 K= 2t
NJ3 By ARy SN 125.086637 49.050261 Tk B Fok-KEEAE
NJ4 By ARy SN 125.757650 49.643261 K= i) 1
NJ5 By ARy SN 125.730431 49.749613 K= B+ KE~/NEEAE
NJ6 Loy ARy CANT] 125.807186 50.531988 K& i dge

1.2 FEMCREE

T-2023 4 7 F IR g 1 i AR AN
TZHRARE N 1200m, 51 T 56 4 100cm. A fF -+
i -2 18] PR 1) L P AR TN B2 R 4rh 5 2

(0~20,20~40,40~60,60~80,80~100cm). F — JZ £ [1] K
3 Oy LIEFEAR G G RN O B B R
]S 35 5 B BN FE A P S, — il AE T
20 CUKFI T BRI M E, o — i AT



134 DR 2R b PR o D I8 ) I R B A G DR 3 245

b 0 e A T . A, A - 4
T4 — 2 I EURERL BT 3 ANFRJ1(100em’®), B 45 31
JIHI L RECH R 2 N R S0 A B As )L H
e EARI KR .

1.3 FEEAHT

1.3.1  BREFIRE T HEFIRKE 10g HHEREN,
B 3.0mL 47K, 7870 A G N 10mL 1%1) 25
B PR, 5 % 30min. 2 JG I\ 5.0g Jo/Km B B A
1.0g LA, RIZ15EY 1min 5 1E 4°C 444 R LA
10,000rpm (133 & 250> Smin, FEAE i & 5 1T 4040
LB HL 0.2g C18 F110.15g PSA ‘BT 10mL #f 2 B0
B A 5.0mL AR BRI FE B, 7 ¥ 2min, 4R SE1E
4°C F LA 5,000rpm B0 3min. i 0.5mL _F3EW
0.5mL 2[/KIE A 5 05 0.2 wm JERE, FH TV AH €6 1 -
FRIDE U (LC-MS/MS) 73 T L 2mL B3 FH A<
W, T ImL 3 0.2um S8 HEAT <A
63— ER PR T 1% (GC-MS/MS) 20t AR AIE 3 RE R
I ) T i [ AT 0 A7 68 o 200 o 47 ol A FH 1 7
PRI ARACHLDX 5 IR 55 FhBREH LA P Fh 55 2
IR B R 8] =, 0 203 5% 2 (DEA) AL S+ 7
535 2 HH(DIA), 2AR T HARBR AR a2 2 s,

SR 0 5 1) [T A 530 3o v 5 446 5 [l i R DA,
IR TEFY 69.7%~109.1%. J7 V2 R Hi B (LOD)
g B R@LOQ) 44 0.001~0.1 pg/kg A1 0.3~20
ng/ke.
1.3.2 LB T RIERTE. KRN
S KU ER TP 06 AL 3R T 3R AT AR I,
TRB AT N TIPS = ENRY =5 i e ENY B T AN
T LA IRTIAABI S 3 A TATRE S 28 A
B K AAIE . ZERE(<0.005mm) A S B (0.05~1mm) 75
1R PO RLE AL (LS 13320,Beckman Coulter)illl
€. T3 pH EIE I /K T EE ok 2.5:1(Vem) i 13 B
W5, - AT HLTTL(SOM) % 2 1) I e K FH T 4 IR !
S AT, B P 2 7 A8 e 5 (CEC)SR T L IR B A
pH fE 7.0 41 Nl A BB E 1 Ca™"y Mg™s
K. Na'ff) % & H ICP-AES(Optima 8000,Perkin
Elmer)Jl 5z
1.4 Hmsben

1 i Excel Al Python(3.11.2)f] Pandas.NumPy.
Sklearn FEEATE(HE 347 AFH Seaborn. Matplotlib
JELL M ArcGIS 10.6 347 BB 2. Ze v R 4 Af FH E
ZH ) Kruskal-Wallis 5 5.

F2 TIEFHEPHBERRETIHE
Table 2 Target herbicides in the studied soil profiles
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Table 3 Residual status of herbicides in the studied soil profiles
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Fig.2 Vertical distribution of herbicide residues under different herbicides (a), soil types (b), and land uses (c)
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depths in the studied soil profiles
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Fig.4 Principal component analysis of herbicide residues in

the surface soils (0~20cm)

—_
(=3
(=]

—_
(=3

20~100cm i 7% B ¥ FE (ng/kg)

*
° ¢ |020~40cm »=0.26x-0.42 R=0.33
0.1f 8 40~60cm y=0.04x+6.04 R>=0.03
60~80cm »=0.01x+1.04 R>=0.19
* @ 80~100cm y=0.01x+0.83 R>=0.20
0 100 200 300 400 500

0~20cm /= 5% B BE (ng/kg)

K5 K2 1HE0~200m) B H g 2 Uk 8 P R ) SR R I
FERISE A
Fig.5 Relationship between the total residual concentration of

herbicides in surface soil (0~20cm) and the other soil layers

2.2.2  BREHBLAL A o6k FEAE 3 T A B ORAT
oI sgn B T B3 it A (0 R A it FH A A 22
S A AN TR] = R o P )5 e ) AN £ B
AP AR A AR K 1) 22 57t K o3 0 ) A 5 9K B )2 vk R
(105% B LEAG) 5 B 5] (1)~ 7K 20 L R 2N logK o~ 7K
VAR P A0 IR 38 B DTso R R 90% 9T it
1] DToo 73 MBAT AL 34138 4 Bor T Pl
HXRT ¢ Gt B E AR AR 1 2R
PRELFIN logKow 5 H AR Z T 1E(0~20cm)H (1)5R
LU 481 A7 71 A 4 5 1 B70ARH G 56 3R (P<0.001). 31X K H,
logK oy BN IR B 7 BBk S5 B 52 1) T 38 ML



134 DR 2R b PR o D I8 ) I R B A G DR 3 249

B R B R UL, e AT AR 2 A i) i o A A
A REAS Rk B A B R AT LS (DOM) K1 /K 2
I AT fE LI IR 551 e Al SR B A1 T A A W
ST R A T L[N R 2 3 ORER
R B g U0 AR AR R R (R B B B 2
AR, R 2 3 Bk B BB 52 1E AT 5 (P<0.05).3X
R WIREAE A VA B B B A E VR = 3R e R 7
2 IRk B TR DA B B B A B B R O HL R R
e e A R, o A o A

1R R — 2D AL TR N AE VR 2 g rh B
B P ) QAU B B RN . S5 R
SLRRAAR =4 DEA,JE I 6 HT R 5 B 57 70 it T ST et )k
DR V2 S R R SR B B DA ks e B ) 2
(R3-SR R K5 G LEAh, B F5HI7E 20~80em -
P PR 3 B B A1 B B A R i S 2 [ & R
R BE A DA FE KBRS Vi BBl Y R B A B 32 B )= 1
HE P BRI RS 1) 5 Wi B DA 6 20, LAk PRI 1) B
JRHLHRH HE R AR 2 4 5 5 2%

x4 REFBEUMHERSEAETIEDXE LKLY ST

Table 4 Linear regression analysis of herbicide physicochemical properties and their residual proportions in soils
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3 RI5 = 0.0007xDTs, + 0.0194 0.58 0.0224 3.34 0.010
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Table 5 Vertical variation of soil physicochemical properties in soil profiles

R E (cm) pH {H HHLTi(z/kg) CEC(cmol/kg) RFEMMIE(%) A (g/em?) B 7K (%) R H(%) IR R(%)
0~20 623+120  36.02+2505  24.94+11.22  77.28+14.46 1.34+0.21 19.70+6.11  33.64+15.73  30.93+22.09
20~40 6.57+128  2670+2331  24.88+11.17  68.04+£19.09 1.46 +0.20 21.92+6.64 31.92+15.53  32.29+23.93
40~60 6.74+132  18.97+14.96  23.8749.88 65.07+16.74 1.37+0.27 20.89+7.61  29.95+1570  32.55+24.96
60~80 6.88+1.36  15.12+11.42  23.32£10.57  59.86+17.31 1.50+0.16 21.63+£5.92  2729+17.05  35.66+24.79
80~100 7.09+1.36  13.45+1042  20.29+10.89 55.41+14.0 1.52+0.15 20.73+5.48  2537+1838  41.25+27.19

*6 THEUMRSMREFZRELMNS TLIEREAS T

Table 6 Multiple linear regression analysis of soil physicochemical properties and herbicide residue proportions

iy JikE R F il P
1 RI; =—0.0273"xCEC + 0.0244"xWC+ 0.0148""xCC + 0.4988™" 0.476 4.63 0.032
2 RI; =-0.0743"xpH + 1.28217" 0.275 5.54 0.038
3 RI5 = 0.0066 xpH —0.0035 xSOM —0.0017 xCEC —0.3543"xBD —0.0017 xWC + 0.6137" 0.997 412.74 0.037
4 RI5 =—0.0036 xSOM —0.0036 xCEC —0.0008 xBS —0.4494"xBD —-0.0022"<xWC + 0.901" 0.996 314.54 0.043

e Rry Car ki 0RO AR R R R B G R IEVEEDY “P<0.057, “P<0.017, “P<0.001” \WCHKIR K (%),CCRIRFR & &

(%),BDFE 7R 25 (g/em’), BS & 7 £h LA I (%).

R7 BERERSHREFEREEE R E LLOIRRIIE RV 54T

Table 7 Ridge regression analysis of rainfall factors and herbicide residual proportions in the different soil profile layers

FIE (cm) F R
0~20 RI =-0.0194xTotal + 0.0301xInts + —0.0035xInts + —0.0422xInt; + 0.8201 0.35
20~40 RI=0.0130xTotal + —0.0236xInts + 0.0022xInts + 0.0303xInt; + 0.1196 0.43
40~60 RI=0.0051xTotal + -0.0062xInts + 0.0016xInts+ 0.0109xInt; + 0.0435 0.19
60~80 RI =0.0008xTotal + —0.0003%Ints + —0.0001xInts + 0.0005xInt; + 0.0115 0.04
80~100 RI =0.0005x%Total + —0.0001xInts + —0.0002xInts + 0.0005xInt; + 0.0052 0.05

TE:RUABRE 5L B A, Total e 5 BE R 1 Ints Intey Inty 7P UARIRS 6+ TH FERTIRIE.
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