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Abstract: [ Objective] Neonicotinoid pesticides are one of the most commonly used insecticides in citrus orchards
in the hilly areas of southern China. The long-term fertilization of orchards can alter the content and structure of soil
organic matter, which in turn affects the adsorption behavior of pesticides in the soil. Therefore, gaining an in-depth
understanding of the adsorption behavior of a typical neonicotinoid pesticide (imidacloprid) on soil humus in
orchards is crucial for improving our knowledge of the environmental behavior of this class of pesticides in soil.
This will provide a theoretical basis for preventing and controlling pesticide surface pollution at its source. [ Method ]
Humic acid (HA) fractions (F1 to F10), low carbon humin (HuL) and high carbon humin (HuH) were extracted from
soils (0~20 cm) with different cultivation chronosequences (10, 30 and 50 years). Adsorption isotherm experiments
of imidacloprid on these humic fractions were conducted. [Result] The adsorption isotherms of imidacloprid by
humic acid (HA) fractions (F1~F10), and HuL and HuH fractions all fit the Freundlich model well, with R? greater
than 0.9. The adsorption affinity of humic acid for imidacloprid is about 100 times higher than that of HuL and HuH.
The Kqa values of imidacloprid ranged from 523.1 to 5276 L-kg™!, 543.3 to 5 717 L-kg"!, and 520.2 to 5 980 L-kg"!
at Ce 0f 0.5, 2.0, and 3.0 mg- L', respectively. All of them increased slightly with the increase of planting years. The
Koc values of imidacloprid were positively correlated with aromatic C and negatively correlated with alkyl C of HA
fractions (Fi~F10). Also, the carbonyl C and carboxyl C of HuL were the key carbon functional groups controlling
imidacloprid adsorption, while the alkyl C of HuH was the key carbon functional group controlling imidacloprid
adsorption. [ Conclusion] Therefore, long-term cultivation can improve the adsorption of imidacloprid by humic
substances to a certain extent, and the aromatic carbon structure of humic acid is the key structure regulating the
adsorption of imidacloprid while the aliphatic carbon structure of humin is the key structure regulating the adsorption
of imidacloprid.

Key words: Soil humus fraction; Imidacloprid; Isothermal adsorption; Cultivation age; Citrus orchards
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Fig. 1 Relative proportions of each type C in soil humus fractions collected from citrus orchards with different cultivation ages
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Fig. 2 Adsorption isotherm of imidacloprid in soil humus components of citrus orchards with different cultivation ages
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Table 1 Freundlich model parameters and K4 values of adsorption isotherm of imidacloprid in soil humus of citrus

orchards with different cultivation ages

FERLSH
IR Sy Ko/ (L'kgh)
PR AR Freundlich isotherm parameters
Soil humus
Cultivation ages/a C=0.5 C=2.0 C=3.0
fractions n K R?
(mgLY (mg'L (mg'L
10 Fi~F, 0.90+0.22 5293+1 186 0.938 4900 5717 5980
30 0.98+0.14 5174814 0.966 5101 5247 5291
50 0.99+0.15 5313+887 0.961 5276 5351 5373
YJ{E Average 0.96+0.51ab
10 F5~Fg 0.88+0.24 5138+1283 0.929 4675 5647 5968
30 0.90+0.22 5177+1 183 0.936 4793 5591 5849
50 0.90+0.22 5177+1 185 0.936 4793 5591 5 849
YJ{E Average 0.89+0.23b
10 Fo~F1o 0.89+0.23 5145+1 196 0.936 4722 5605 5893
30 0.91+0.20 5168+1070 0.946 4 826 5535 5762
50 0.91+0.20 5204+1 101 0.943 4 859 5573 5801
M Average 0.90+0.21b
10 HuL 0.99+0.04 556.4+25.2 0.996 552.5 560.3 562.6
30 0.96+0.05 536.4+29.0 0.995 521.1 552.1 561.5
50 0.96+0.05 538.4+28.8 0.995 523.1 554.2 563.6
YJ{E Average 0.97+0.05ab
10 HuH 1.00+£0.04 594.4+24.1 0.997 594.4 594.4 594.4
30 0.96+0.05 575.7+27.4 0.996 559.3 592.6 602.7
50 1.12+£0.03 585.2+12.8 0.999 630.3 543.3 520.2
YJ{E Average 1.03+0.04a

T RPBUNTFRIE b2 . KeRRBHSER T K=CJC. (C=0.5+ 2.0 3.0 mg L) Mk Bk A VA T B 21
IR RS ANE/NS FRERRA R A 4 550 n {622 7 5.3 (P<<0.05). Note: The data in the table are means +
standard deviation. K; indicates adsorption affinity; K~Cy/C. (C:=0.5. 2.0~ 3.0 mg-L") indicates degree of adsorption of
imidacloprid from solution to soil solid phase; Different lowercase letters indicated significant difference in 7 value among different

humus components (P < 0.05).
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Fig.3 K, of humus components in citrus orchards with different cultivation ages
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Table 2 Correlation analysis of Koc value of imidacloprid with alkyl C, alkoxy C, aromatic C, carboxyl C, and carbonyl C

of humic acid (F;~Fo)

C ’JE" ﬁE Fi~F, F3~Fg Fo~F1o HuH HuL

C functional

group

kidk C

Alkyl C
Jré C

-0.954  0.000™ -0.525 0.147 -0.963  0.000™ 0.833 0.005™ 0.309 0.418

-0.769  0.016 0.597 0.089 -0.931  0.000™ -0.253 0.512 -0.750  0.020"
Alkoxy C

JiEC
Aromatic C
B C
Carboxyl C
Pk C
Carbonyl C

0.975  0.000™ 0.362 0.338 0.742 0.022" -0.997  0.000™ -0.384 0.308

0.768 0.016" 0.607 0.083 0.964  0.000™ -0.273 0.476 0.948  0.000™

-0.933  0.000™ -0.539 0.134 0.883  0.002™" -0.884  0.002™" 0.997  0.000™

VE: 2R RN EEMI (P<0.05) FIREFEMI (P<0.01). Note: * indicates a significant correlation (P<0.05),
and ** indicates an extremely significant correlation (P<0.01).

It U Koc 185 HuH BIFkEE C. 958 C BEFAHKILER (P<0.05), B/RIEMHINE R EL
ri%-0.884, -0.997, TiSkekk C RIEMRKR (P<0.05), BURIMARYEFREL £ 0833, 5
FEs C. BRIk C ZIMBCA YIRS R R, UM R A C 2 F it dmhis by
MISCHERR B REH] . 7E HuL t, Wt AR Koc (8 5 H B4 C ZIAMFAERMR KR (P<0.05),
M5 HHE C. FRHE C RIEMIRKR (P<0.05), BURBARIERE » 15 0.997. 0.948, Skt
C. 75% C 2B LR IMRMESR R, UHMRBMIBER AL C. B3t C 42 1 L dLmhig
B P S B B Y E A o

34 i

BRBRAR 2515 T IEA BT E R AT A 5 HOD RS 1) 32 itk R R U4 A S A R
PR nEE FROIBR AR I B S A0 g BB i TR, X GRS OB S TR B PCB138 1E T IEE
B 5T R o 2 P 2 B R RO R T BRI S5 1R A — B BABIONR 5 SRR R AR FRT R B
SRR I A T Freundlich W S5 R Z65 7, 5 Novotny 25131, J RMEEBIIE 7L 4518
3. HIRRR . WARIEONS AL Jmk IR B S A 168 Ke ol 5138~5 313, 536.4~594.4, TR
(7] = 3FESXT LG BRI R B SR A D FE L Ke A 11.0~12.98), 5FNRSE 8, Wi K5 H3ER
WLF & & 2 [ AF1E = JE A e . Gunasekara A1 Xing PR ST R B, AW P 25 iR 2o i AE 2R
PERRBE R THARRR, T AHE SR I AR R R a3y, 1T Be2 R O ET A 7835 8 — IR PE R X
BT 53, A AR SRR . SRR B X 7y, Bt AR R I A — 20 AR
% e R (Koc) B HA $EHGE R/, X5 Kang F1 Xing 22145 H 1) FEW)
M (Koc) BEA HA $FEHGEFEMBG AR, W] RES2 KA B A HLAD AN B 7)1 o i 22 5, 3
B MEAR WIS e ik SRk T o A ML

I 3T LA bt HR MR AN [i) o R B 55T 1) Ko B, 75t b R Wb 8 5 s B A A 4 PR
KPS T 8 R, A AR mT DATE — 8 2 B v 5 %o e R R A B AT k2 il
WA IE R R, b e e N AR, el A B ) RO RS 4], Zheng 55
(Vi gt br e i ARG el 3PP AE 20 a (R Ko (BB GI0, AHAESE 7 KIAHRES o] AE — € 1%
F b4 vy SR el 38 0o b AR PR I B B8 0 o A ARG Bt AE — e FEEE BN T 35 B 5 T ke
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ORI PR B f s DAL 9 B S5 B A PR P S KA 2R A RN 5 4 A T AR b
Mg b, FEFMEERIER, HA WD C SEE A, ZrE# (P<0.05), HuL ) C &=k
FIAEAERR A ZE K3 N 61.7%, HuH 3401 72.3%, FEFEFERILER, Fi~F btk C &g
8.9%- PiHE C FEMIM 2.4%, MHE C H R 10.9%. [, ML HbkEE 5 B 7L Fi~Fa.
m AR, RN C B RR TS A A R o R B R 21, Ik AR A )
Lt SRR PR R B AT 9 3 2 TR B R 2L 3 ) Bl 2 B 5 B 2 AN [R) R BB P R 1) s 2548 b, st
CP/TOSS PC~NMR i A1 1) 8 22 450 5 Koo [HI Rk, RIS MR,
R FEE WK (209, (ERA PR AL 22450 5 Koc BERLR IR F 0 191, BT LA
WG C 5757 C AERMII T EFIEH . ABEFRIIL LK Koc (55 Fi~F2 k¢
5 C ZAMFESMAMIRKR R, ris-0954, 55F CHAEIEMKKR, rik 0.975, F~Fio¥k
W57 % C MIEMXKR, X5 Ahmad FEIFTRMARIERZE . RRBEN Koc 575 &AL
TEAHICMEAR —F®, 15 Gauthier 2E2OVR I EE 5 R FEIR (1245 SRR KRS 2 2 B 75
FPEMIRZMAH —2, Novotny SR FH 2 i/ /AR B0 T HA (1975 77 e 45 Fa 5 AR 24 1R e Bt
BAKEMEAEN . SHER, Tolu R RRE, W& C SEEMNIEHER SMILS /T
Bk, AFFRAAMFEISER, & C RN EEIR L 7 S50k k) 255 R ) R, Fhid
RN 10 a ) FI~R M@0 075 % C SEdm (B 1D, Gk ki i St ok, i s
M Bk ) Koc 18 5 I8 F R 4L 70 e 3k C. Bedal C. 7578 C. 3, C %5 C BReH 2 M A e,
S GEAG BRIV 57 B B 225 4 VR 1 bt SRR B PR D 25 440 , RO 110 M I ok 45 40 2 T T it
ORI B R OC R S R o X — S5 RSB, AL T IR, SHEGR B A D I 05 A TR ER
TR MR C BREFIZEM, (HEHA BL2 MMM O/N-KGEd 5. [FI, HARCE EE R 45
TR T R XA M B ] T AR R B SRR A, (2R B 7512 1T K AR P T
B, MR AE B A IR Bk B R CnJs5 &M B RED HIWR AL s 28290, ek,
BB A SRR U ON-REdE C BN & B 2 IR R R (i), I
H, b bk g3 25 0 FOR B R O A RS M R AR SR, gl B AR R T L
A RER] (A0 O/N-Jedk C IR IL T RE D IRILIA, FHIE Ao 30,

Gunasekara 1 XingP4iff 75 3R BB ¥ A HLE 2 8] RO AH EAE FH AT RE 20 A HLIR (1 4514
PR P AR PIRAS, (KBRS kit C. J58 C AT K JE R AT RE PR B
WMEEBRRETZ 58 L0 WL G, MEmAEESE C. Bl C St dmki) Koc [14H
KM SRR, 1X 0] BeY RS BSR4 R IR ik & s ORB132, HuH 2l BoRy
FikLgh & AR, M Hul AR b as & R, MIE 10 a~50 a, IEILFE HuH FEK T 7.2%,
HuL P T 0.9%, ZSACEERE FHEdH R b, Tmxs T3 ¢ $iE ¢, HuH ¥H T L7t
I Hul Z0&8ET N, HHMN B ERE, Kbl SRR 4, HuH 5>
TR Hul BN AR, BEFPRE A7 PR A B 35 1R 70 25 A0 35 [ 1 B R e 210

4 45

it R R AR SEE R, ek SRR AT A7 [l - 398 38 L o OV P R 8 (Ko) 238 In&ds, Al
BRI BEREL (Koc) 2 T REEH . SR I U IS B AT R TR s R
P05 2 Tk 85 e e R et LB IBE B ) S B 5y, R 10 0 0 05 A A R bt R BB B ) S
G5 o T DUR A BE A0 AE B I O AT A [ A LS B AR, PR R 2 )
CUERIRSRAR 25 ) A 38 AR B SR IRAT O, 28 T MU S 1742 A el A 245 T s o
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