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Characteristics of paclobutrazol sorption in mango soil in Hainan Province using high performance liquid
chromatography

WU Dong—ming'?, LI Yi'?, DENG Xiao'?, ZHANG Wen"*", WU Chun—yuan'*", LI Qin—fen'?

(1.Institute of Environment and Plant Protection, Chinese Academy of Tropical Agricultural Sciences, Haikou 571101, China; 2. Danzhou
Scientific Observing and Experimental Station of Agro—Environment, Ministry of Agriculture and Rural Affairs, Danzhou 571737, China)
Abstract: In order to characterize the sorption behavior of paclobutrazol in mango soil in Hainan, sensitive high performance liquid
chromatography (HPLC) for the analysis of paclobutrazol in solution was developed with a C18 column and PDA detector set at 221 nm.
The mobile phase consisted of a mixture of 62:38(V/V) acetonitrile and distilled water. Moreover, a sorption isotherm experiment was also
conducted. The chromatography results showed a good linear relationship (R’=99.98% ) between the HPLC peak area and the concentration
of paclobutrazol; The concentration was optimized from 0.5 mg+ L™ to 40.0 mg+ L™, and the limit of detection and limit of quantitation
reached 0.1 mg-L™" and 0.3 mg- L', respectively. Moreover, satisfactory relative recoveries ranging from 94.16% to 102.30% were achieved

with relative standard deviations of 1.149%~3.93%. This indicated that the HPLC method was suitable for testing paclobutrazol sorption.
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The sorption isotherm experiment showed that the sorption process of paclobutrazol in mango soils was well-fitted by the Freundlich model
with AG<0 and 10 kJ + mol'<IAGI <20 kJ - mol™, thereby suggesting that paclobutrazol sorption on the mango soils was a spontaneous,
exothermic, and anisotropic process dominated by physical forces. The value of K; ranged from 1.20 L-kg™ to 13.15 L-kg ™" with an average of
5.96 L-kg™, thereby implying that the adsorption of paclobutrazol by soils was difficult. The sorption coefficient achieved a high value of
69.93%, thereby suggesting that a significant difference in sorption capacity existed among the mango soils. Through principal component
analysis, significantly positive correlations between the sorption coefficient and soil organic matter, cation exchange capacity (CEC), and clay
were observed, among which the value of CEC was the dominant factor that affected the sorption capacity of paclobutrazol in Hainan mango

soil. It was concluded that paclobutrazol was weakly absorbed by Hainan mango soil, which was significantly affected by soil physicochemical

properties; Thus, it may pose a potential environmental risk to groundwater.

Keywords : paclobutrazol, mango soil, sorption, physicochemical properties
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Figure 1 The UV-Vis spectrogram(a) and chromatogram(b)

of paclobutrazol
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Figure 2 The standard curve of paclobutrazol
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F1 SHMLEKPHTRMERE (n=5)

Table 1 Recovery of paclobutrazol in water solution(n=5)

A i MR 2
Fortified level/(mg-L™") Recovery/% RSD/%
1 94.16 3.93
2 102.30 1.14
10 98.86 1.58
40 99.68 2.02
P 98.75 2.17
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Figure 3 Sorption isotherms of paclobutrazol in Hainan

mango soils
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Table 2 Parameters of isotherm model for paclobutrazol sorption in Hainan mango soils

4 FEg B Freundlich Langmuir Henry
Sample ID K /(L-kg™) N Koc/(Lekg™)  AG/(kJ-mol™) R K./(L-kg?)  Qu/(mg-kg™) R Ki/(L-kg") R
Bl 4.78 161 325 -14.10 0.89 -0.04 -196 0.87 20.48 0.88
T3 13.15 0.98 437 -14.82 0.89 0.05 294 0.90 14.78 0.71
ET 4 10.25 1.19 513 -15.21 0.80 0.13 122 0.71 20.71 0.70
K71 1.20 2.18 261 -13.56 0.88 -0.08 -48 0.89 19.59 0.70
IRAR2 5.19 1.48 279 -13.72 0.91 -0.01 -1429 0.89 18.49 0.87
IRAS 5.08 1.40 385 -14.51 0.95 -0.01 -588 0.92 15.46 0.89
) 9.58 1.33 1474 -17.78 0.92 -0.01 -1 000 0.93 22.65 0.79
%5 3.17 1.70 172 -12.54 0.74 0.04 185 0.60 20.63 0.64
%58 1.22 1.95 118 -11.64 0.78 0.02 185 0.45 15.71 0.66
SEHE 5.96 1.54 440 -14.21 0.86 0.01 -275 0.79 18.72 0.76
A5 F AL 69.93 24.18 92.47 -12.26 8.22 600 -220 21.44 14.89 12.87
F®3 BHHAEREIENELER
Table 3 Physical and chemical characteristics of Hainan mango soils
Ei=tan £ P Organic BHE FAc e im W25 4k Free iron/ FhkE Clay Bk Silt(0.002~ S Fine sand AP Coarse sand
Index pH matter/(g-kg™)  CEC/(cmol-kg™) (g-kg™) (<0.002 mm)/% 0.02mm)/%  (0.02~0.2 mm)/%  (>0.2 mm)/%
BT 6.12 14.7 6.49 5.39 20 23 9 48
EYT3 655 30.1 8.92 2.86 45 35 12 8
BYT4 679 20.0 7.39 117.7 30 29 26 15
K2 597 6.50 1.95 1.30 5 12 7 76
5 581 18.5 5.39 2.93 23 7 40 30
A8 688 10.3 1.81 2.68 7 20 22 51
IRA1 6.54 4.6 1.64 1.91 8 9 18 65
A2 5.90 18.6 2.76 1.69 7 13 15 65
SRS 6.53 13.2 3.74 1.84 17 14 15 54
LOF N X ] R -5 i R v SR ] - 4 S A 21 A S R A
mjffﬁ“ Ko RS AATHLY , 55 IR i 5 AL
4ivh ek (pK.) My 4.1, FE4l - 5 rh Rl HAEAE B A 128
PAPIE SIS, SR, 230ty AT A 1 R RE A ——F%
JE 15 B 7E + 3 pH e pK R T 2 B4, 99% LA |
s pw R D 2 o 2 S AL T LR B 3 S0 T 25
* L Nk 220 (R R 2T (pH HHA LA ) iy 5
G D N T A b AT B O AT 0 R
AL R LT3 S R e . R Ao R B/ Ak &
! BE W) 2 B - AR B /K15 Y Py 1) E B S AR R
! LR F b 26 T FFURN 4% 7 6 0 5 85 10 28 o 47 4090, T 2
BT o T 2 1 7 25, D3 e 2 B 25 T T
91.7%

4 TEEIEUMRS SRR RN TR

Figure 4 The redundancy analysis of soils physico—chemical

properties and sorption constant
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Figure 5 Possible interactions of paclobutrazol with inorganic and organic moieties in soil

— 782 —

http://www.aed.org.cn



SRARMT, A5 R RCRORH (0 R 22 A5 A A e R el - S Y I PR

2020594

B8 S i A R S 5 B R B, R B R
M - SR s 22 20 1 =45 R 1o

4 Hit

(1) ST T — PR W P = OROH Tl 5 2254
MBI I o TR MR IR 9E (0.5~40 mg- L) K H
BRAG O HE PR R 0.1 mg - L' 2B 4 0.3 mg- L), [A]
R TR (94.16%~102.30%) , A %55 B =y CRE s o it 22
1.14%~3.93%) , ¥ G (P24 4R 25 BR 55 42 4 PPAN i 6
W55 1954y« H 4R AR ) (GB/T 31270.1—2014) 11

(2) 223508 YA 1 1 % e - 35 vl A 5 00 K A
1.20~13.15 Lk Z[0] , P35 4 5.96 L-kg ™', J& T4
MEWR SFHG YLl o 45 L3S 2 me e B E I 22 K,
AT i B T ac it R S i R A G

(3) 22 250 M 75 g i 0 2R Dl 4 38 v R A 2o AR A
Freundlich B8 | 1% [ A B g AG<0, 10 kJ - mol '<IAGI<
20 kJ +mol™, J2—~ [ KB ALY T £ 2 1 B
Bt AR, 52 SR 1 AR EPE R 25

Sk

(U] SCAD. . AR SR A B0 A 7 R[], AR, 2016(2) - 68~
69.

ZHOU Wen - zhong. The production technology of improving mango
quality[J]. China Tropical Agriculture, 2016(2) : 68—69.

(2] 0 05, Eh AR, DA, A5 . R R A 1 A R X AR Al R S B
SHTL BT AR, 2018, 49(12) :169-175.

XIE Ruo—nan, MA Chen, ZHANG Qun, et al. Characteristic analysis
on fruit quality of major varieties in main mango producing regions of
Hainan[J]. Journal of Southern Agriculture, 2018, 49(12) : 169-175.

[3] Wagas M, Chen Y, Igbal, H. Soil drenching of paclobutrazol: An effi-
cient way to improve quinoa performance under salinity[J]. Physiologia
Plantarum, 2019, 165(2) :219-231.

[4] Zhu H ], Stafne E T. Influence of paclobutrazol on shoot growth and
flowering in a high—density pecan orchard[J]. Horpechnology, 2019, 29
(2):210-212.

[5] Fe e, S8R ZE, AR, S . TR v R S 2 1 P R B A B ARk
ot = R KR R ] RO, 2017(1) :19-23.

HUA Min, GUO Li-jun, DENG Hui-dong, et al. The cultivation and
management mode of mango in Hainan and its enlightenment to other
mango producing areas[J]. China Tropical Agriculture, 2017(1) : 19-23.

[6] Health & Human Services, National Institutes of Health. Hazardous
substances data bank (HSDB) [EB/OL]. [2019-07-23]. https: /toxnet.
nlm.nih.gov/cgi—bin/sis/search2/f?./temp/~6peY QS : 4.

(71 55, TRl XL, <3, 25 . 22 3000 o J LR A= 490 F) P R ol A 40 7
LR A BTSEL)). H Rl R ARBEFIR, 1994, 30(2) :274-
280.

CAI Hou-jian, ZHOU Feng—fan, JIN Q1, et al. Study of PP333 toxici-

http://'www.aed.org.cn

ties to several aquatic organisms and effects on plant ultra—microstruc-
tures[J]. Journal of Nanjing University (Natural Sciences Edition),
1994, 30(2) : 274-280.

[8] LiJ S, Sun L. G, Zuo Z G, et al. Effects of paclobutrazol exposure on an-
tioxidant defense system in Sebastiscus marmoratus|J]. Bulletin of Envi-
ronmental Contamination and Toxicology, 2012, 89(4) : 723-726.

[91Li Y D, Bi E P, Chen H G, et al. Effects of dissolved humic acid on flu-
oroquinolones sorption and retention to kaolinite[]|. Ecotoxicology and
Environmental Safety, 2019, 178(3) :43-50.

[10] Xiang L L, Sheng H J, Gu C G, et al. Biochar combined with compost
to reduce the mobility, bioavailability and plant uptake of 2,2’ ,4,4" -
tetrabrominated diphenyl ether in soil[J]. Journal of Hazardous Materi-
als, 2019, 374(5) : 341-348.

[11] Wu D M, Yun Y H, Jiang L, et al. Influence of dissolved organic mat-
ter on sorption and desorption of MCPA in ferralsol[]]. Science of the
Total Environment, 2018, 616/617 : 1449-1456.

[12] Oliver D P, Li Y S, Orr R, et al. The role of surface charge and pH
changes in tropical soils on sorption behaviour of per— and polyfluoro-
alkyl substances (PFASs)[J]. Science of the Total Environment, 2019,
673(1):197-206.

[13] 2R L1, XIMRFS . R0 23 AT A ORI AR SF A, 1994
(2):1-6.

XI Nan-shan, LIU Zhen—-sheng. Studies on behaviour of paclobutra-
zol in s0il[]J]. Journal of Ecological Science, 1994(2) : 1-6.

[14] 56 Wk, 2R [ A, XIREH . 22 3007 33 b i W B[, FhR a4,
1998(4):289-292.

HAN Jian—long, ZHU Guo - nian, LIU Qian - kai. Adsorption of pa-
clobutrazol in soils[J]. Bulletin of Science and Technology, 1998 (4) :
289-292.

[15] TREGH, WIERLL, Wik, 55 . 280 1 e b i I BFHRntkiss 1
[J]. #EEAb2E, 1994, 13(1) :53-59.

XU Rui-wei, HU Qin-hong, JIN Weli, et al. Study on degradation, ad-
sorption and leaching of paclobutazol in soils[J]. Environmental Chem-
istry, 1994, 13(1) :53-59.

[16] Milfont M L, Martins J] M F, Dantas A, et al. Reactivity of the plant
growth regulator paclobutrazol (cultar) with two tropical soils of the
northeast semiarid region of Brazil[J]. Journal of Environmental Quali-
ty, 2008, 37(1) :90-97.

[17] European Directorate for the Quality of Medicine & Healthcare. Euro-
pean pharmacopoeia 9.2[S]. European Directorate for the Quality of
Medicine Press, 2014:2225-2227.

[18] Haham H, Oren A, Chefetz B. Insight into the role of dissolved organ-
ic matter in sorption of sulfapyridine by semiarid soils[J]. Environmen-
tal Science & Technology, 2012, 46(21):11870-11877.

[19] Kersten M, Tunega D, Georgieva I, et al. Adsorption of the herbicide
4—chloro—2—methylphenoxyacetic acid (MCPA) by goethite[J]. Envi-
ronmental Science & Technology, 2014, 48(20) :11803-11810.

[20] Wu D Y. Sorption of a triazol derivative by soils: Importance of sur-
face acidity[J]. Journal of Environmental Sciences, 2003, 15(3) : 383-
387.

[21] Murano H, Suzuki K, Kayada S, et al. Influence of humic substances
and iron and aluminum ions on the sorption of acetamiprid to an ara-

ble soil[J]. Science of the Total Environment, 2018, 615:1478-1484.

— 783 —



