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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 JHumic acid (HA) fractions (F; to Fy,), 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 (F;~Fo), 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
K, values of imidacloprid ranged from 523.1 to 5 276 L-kg™', 543.3 to 5 717 Lkg ™, and 520.2 to 5 980 L'kg ' at C, of 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 (F;~Fy). 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

Fa, R BER BB S22 S WA
H RO X Ehoh 1% R B 2 R 0 D e TR AR
BB AN [ 18 43 22 TR] 1 22 S AN K

W B A TR R AR St 5 () 7 0.89~1.12 Z[H]
Ak, n AR SO RE S A Fe R, MR
B AETRLAR AR MR BE R, DASR 1 WAL, WRBRHAE
MMEAELMEARE F3~F o KT Fi~F,, IR ER K
FriA R . It B R AERR R, n (A M
wam, AELMERRE AN,

il FH 3K B R B Ky E— 25 DA ik i mbk
NS YRR R o 381 B I R AR A FRBEE L 7E Co R 0.5, 2.0,
3.0 mg L' B, MEHEMRAY Ky fH5 0N 5231~
5276 L'kg ', 543.3~5717Lkg". 5202~5980 L-kg ',
BE A AF PR REA , Ky WA S, SR
01 R0 A 0T DA — AR b 4R R A 5T 6T Mtk H ik
1 W BfF o

Koc 18] PAk A 245 76 - 3 b Y 2 i 3
PR b OB AN [ A AT R A R A7 68 8 3 4143
T A BLER I — 653 it R AL (Koc ) AN 3 B7R. ik
KA Ko (HAE C.AE M 0.5 mg- L' BHRAK, 7F C.
{E4 3.0 mg-L' iR, HIEIE C afal 484k, ik
WRTE B BB ST 28 3 TP Y Koo (B 45 52 30 AL B b A 47 BR 11
SR R A, FIAE 10 a. 30 a YR E R

TRIAE 50 ao 0 I 6 A o 40 4055 it R G 25 5 2 A
7 AR AE AR BR A 3 0 2 R R g, X 5 AR AL 4y
B C AR L R B AR Ak, BT, B
B T 25 K6 7 A0 SOk R ) Ko (B T RE, B R JE 4
T VR R B A LTS G 0 W B R ) T 7 G
PRI
23 AEMEEREETEEERERASHH

Wk IR Bff 22 55 A9 4B 5K 14

RBGUEX —R ¥, BB G A R e 4
53 E ML HERRIE B v 9 A DG L 2 2 S i ORI Koc
H5WAMIR (Fi~F) bidk C. L% C. H# C.
FREL C. REE C AR AT, AN W) ol 4 PR 5
a2 C HREMI S UL 1., S5HERE, itk
1) Koc f85 Fi~F, %ER C. bk C. B3 C ZIA]
AR E AL LR (P<0.05), KZIRHAMENER
Br 150769, —0.954, —0.933, 53&F C, &I C
e E R IEAEE R (P<0.05), KZIRHAM MR
Borik 0975, 0.768, AJLABELH Fi~F, K55%& C &
7 Tl bt R bR R S %) G B B BB AT, DS AR e AT
DAHEWT , 2 7 M AT R 2 814 bt o ol i o 194 DG B 2544

M KA Koc (B 5 Fa~Fy ke C, Bk C 2
[ AEE R S AR G OC R, BRI M R AL r 3K
—0.525., -0.539, Hhkt% C. BRI C FEPEEIEM

http://pedologica.issas.ac.cn



1088 +

62 4

1 MR A B Feh S G PRAEAR [ 13 SR 58 o o IR B 5 iR £ BY Freundlich R S H(R K, &

Table 1 Freundlich model parameters and K4 values of adsorption isotherm of imidacloprid in soil humus of citrus orchards with different
cultivation ages

FEASH
B Bt B 44 Ko/ (L'kg™)
FhAEAEFR Freundlich isotherm parameters
p
Soil humus
Cultivation ages/a C.=0.5 C:=2.0 C=3.0
fractions n K R*
(mg'L™) (mg'L™) (mg'L™)
10 F,~F, 0.90 +0.22 5293+1186 0.938 4900 5717 5980
30 0.98 +0.14 5174 +814 0.966 5101 5247 5291
50 0.99 +0.15 5313+887 0.961 5276 5351 5373
HI(H Average 0.96 + 0.51ab
10 F3~Fg 0.88 +0.24 5138 +1283 0.929 4675 5647 5968
30 0.90 +0.22 5177+1183 0.936 4793 5591 5 849
50 0.90 +0.22 5177+1185 0.936 4793 5591 5 849
¥IH Average 0.89 + 0.23b
10 Fo~F o 0.89 +0.23 5145+1196 0.936 4722 5605 5893
30 0.91+0.20 51681070 0.946 4 826 5535 5762
50 0.91+0.20 52041101 0.943 4859 5573 5801
¥IH 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
{H 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{H Average 1.03 + 0.04a

T RPEEFIE « bR 2. KRR BRI ; Ke=CJ/Ce (C=0.5. 2.0 3.0 mg-L )77 ML o JA I V0 0% 381 - S92 [T A 19
TR AR/NG FEER R AR S5 R4 5018 n {6255 W 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 n value among different humus components (P < 0.05).
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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,~
Fio)
C Bt F,~F, F3~Fs Fo~Fq HuH HuL
C functional group r P r P r P r P r P
frdk OV —0.954 0.000”  —0.525 0.147 —-0.963 0.000™ 0.833 0.005™" 0.309 0.418
i4E, C¥ -0.769 0.016" 0.597 0.089 -0.931 0.000"  —0.253 0.512 -0.750 0.020°
¥E C? 0.975 0.000™ 0.362 0.338 0.742 0.022°  -0.997 0.000"  —0.384 0.308
Y 0.768 0.016" 0.607 0.083 0.964 0.000"  —0.273 0.476 0.948 0.000™
B C7 —0.933 0.000”  —0.539 0.134 0.883 0.002™  —0.884 0.002™" 0.997 0.000™

e AR B KR BE A SE (P<0.05 ) AR 23 A1 54 ( P<0.01 ). Note: MAlkyl C; @Alkoxy C; @Aromatic C; @Carboxyl C; &
Carbonyl C. * indicates a significant correlation (P<0.05), and ** indicates an extremely significant correlation (P<0.01).
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BRI AR 25 76 £ A BT b B W BRA T A S
HAF R = SRR AT A R X it bk
OIS B 2 A0 A 8 e TR, s S U O
JITF U PCB138 7 - 48 J85 4 It v i) Wit B i Fir 2 3
IR K TR 4SS A — 2. SRR 5
BT Nt H AR F I B S5 VL R AR 4 b L& T Freundlich
W B4 TR 2R AR 5 Novotny 2513 B B #EAE)Ey
WFIELE A — 3. SRR . AT bk bR g g
SEMIFEE KoM 5 138~5 313 536.4~594.4, 1
el - 48 X bk Hhe mbke 1) 1 5% AN SR8 B K O 11.0~
1299, 5HPUR S E—8, B K5 HHEE PR
S 2 B AFAE S EA G . Gunasekara fil Xing 4
I nE L ik & A B N E |5 iy N |
R, A I R AR R (A ke g, T BE = A
RRT NI FE R Ry — R S U A R 4 5y, AR5
PR . SRR E AL X 5, BT AR RS
T A —B AR nik HOb B (Koc ) B
#H HA REGH M, X5 Kang f1 Xing P25 1
AIFEML M ( Koc ) BE HA 326 R4 A iz, wf
RESE R B 1A L AR BRI i 22 57, AFON R
IKAEF HILTS G Py i itk R R T 5 A A LA

T 3 LA b R AN [ AR AT RS 4 5T 1  K g
(B, 75 H itk Hh ok 55 T B 2 A A PR K Y 6
orHp, KRR AT DAAE — e R i R X
M R PR B, AT D b bk G S B i R, b
Ul 3 o B R AR L, 0 A N 4 A M T
JE5 Y Zheng ZEPNE T oA & BRG] £ S
20 a 18] f4) Ky (EBEAT B0, 3k 52 1309885 7T LA
P — G RERE - 1 S ] A 9T ke H w14 W R T <
KPR B A — R L0 T A 9 g T ok
SRR A W BRFRE 7, R R A 5 5 o A A 4 R
() S Kb 2 2 R NS5 ¥4 e T A8k . A2F g I
BERMEAEFRAOFE R, HA 7> C SR, 275
% (P<0.05), HuL 9 C 75 & B AL 47 B 14 4E 3
fin 61.7%, HuH A0 72.3%, FEFHIAERRGIE K,

Fi~F, bkt C & HE1 N 8.9% R HE C & i1 N 2.4%,
M5 F C AR 10.9%. R, Ak bk 5y i 52
TE Fi~F,. BBREAMESD, Wl C &8 M
J Al AR 3 W B A S e Y, ik SR R )
b b 118 WA AT Ay = B S B I 40 A T e 1 5
AR IR TR E 1 5 2540 1, Kpilad CP/TOSS
BC~NMR H AT 2 (14 15 585 57 1Ak 224505 Koc (8
BRRADR, RS ARG R AR 5 DL 1
e (A LR FE5 S Koc B R
WFoE a0 PV R LR BARAS I C 5557 C 7EM
AR EFEM . AW R R Ko H5
Fi~F, Btk C Z I MAHE KR, riK-0.954,
555 ®/ C MR, rik 0.975, F3~F %
B 535 F C MIEMIEK R, X5 Ahmad FP T £
BB 2R L IRRBERY Ko 507 B PEAFAEARSCIEAR
— 5, Y Gauthier Z5P0V% B E 15 6 7 R (14 25
BEARRRREE 12 A2 J 4 o7 07 7 M 1 52 i A — 38
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Tl 245 ) 2 8 0 Lk SRR 10 G B 4, SRR IR
I35 B¢ 235 K 2 9 7 Wbk SRR B %) OGBS R L X — S5 2R
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etk O/N-KeFE2H 4y [RIISE, A 48028 I A i 20 ik 75
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AL O/N-BEdE C #k R & W £ B PE 3L A
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