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Application and residue status of chlormequat in agricultural production
CHEN Sigqi', LIANG Man?*3, WANG Xiaoyu?, BIAN Yanli?, LI Li*, LIANG Lin*

(1. Institute for the Control of Agrochemicals, Ministry of Agriculture and Rural Affairs, Beijing 100125, China; 2. Shandong
Academy of Pesticide Sciences, Jinan 250033, China; 3. College of Plant Protection, Shanxi Agricultural University,
Taiyuan 030031, China)

Abstract: Chlormequat, widely used as a plant growth regulator (PRG) in Chinese agriculture, has moderate toxicity. In
this paper, the application and existing problems of chlormequat in agricultural production in recent years were reviewed,
the research progress on residue detection methods and residual behavior of chlormequat in crops were discussed, the
registration and residual status of chlormequat were sorted out, and suggestions on the safe use and popularization of
chlormequat were provided. The review could provide references for further research on the residual tendency and the risk
assessment of chlormequat.

Key words: chlormequat; plant growth regulator; residue detection; residual tendency

plant growth regulators PRGs

[1]O %‘5\ [5]O
chlormequat CCC
2-
el CsHCLN,
Bl 80%.
N N
[410 R 1 .
:2025-03-17
: 2022XG19 LNZZ2022055
1994— - E-mail 1453696881@qq.com
2001— . - E-mail 1409955042@qq.com
1981— . E-mail sxaulili@sxau.edu.cn
1985— > E-mail 1119851985@163.com

HFEFI https://www. cnki. net



Hh ] 9

2025 10
a Cr
A S\g
T\
o]
1
1
1.1
N N
[61
° N []8]O
7 8]
(e}
[9] [10] [11]
N
[12]\ [13] [14] [19]
o
° 20 2 000 mg/L
[15]
[e] Y Y
N el i [10)
o
, el 62.5 kg/hm?
0 CAC 125 kg/hm?
MRL 0.04 mg/kg 2 .
2.6%0 MRL 0.01 mg/kg
Y Y
0.038 mg/kg
[17)
o]
o
2,
ot ot
e e Co,
HHLWY)
O,
H,0
a5
‘ B3
. RubiscoZ 5 Galvinfffiof )
#ix
NRT2 ;1: No, NREEE o NRfE L GDHIE Glu
NPF N
v E Nngt GSTEAL g GOGATIENL (o GOGATIEH
b R c
A1 5 7 [X 5k ERTRLS
GPT{EJ : cetyl-Co 7Cq g,
Glu Pyruvale+§7Glu Acetyl-CoA A‘ﬁij% GDH{EH] Glu-HLO
G GOTIEA Oxaloacetate + #iGlu NH:*+2-0G GondEt ’
a b c
2 [21]
-9 -

https://www. cnki. net



24 5

B1

1.3
EFSA
H311" B
0~5h
24 h
MRL.
2017—2022
2023
77
2
2.1

EFSA
B2
H302“ ”
40 min o
B4
33190 .
6 . uer 152

8 ,Temkin B

96
80%,

291 pg/kg.

solid phase extraction SPE .

- 10 -

@2
o, e 3~45 kg/hm
. 24
- Wang
3]
3
) 26l
a b
3
1.2
Nat/K* K*
o7
RWC . K"
(81, Vazayefi
9]
. Vahid B9
HFEFI https://www. cnki. net



Hh ] R

2025 10

dispersive solid phase extraction DSPE
QuEChERS quick . easy . cheap . effective .rugged .
safe

[¢] N N

N

[371

N

80% e, QuEChERS
3, QuEChERS
041
2.2
thin-layer chromatography
TLC . ion chromatography IC .

- gas chromatography-mass spectrometry
GC-MS - liquid chromatography-
mass spectrometry LC-MS ¥4,

(31
(4]
- - “_ Huang
QuEChERS-HPLC-MS/MS
Francesquett !
LC-MS/MS
fluorescence

spectroscopy FS . near-infrared

spectroscopy NIRS Raman spectros-

copy o o surface

enhancement of Raman scattering SERS
SERS

N

. SERS
-FS NIRS
3
3.1
2023 EPA
2025 3 9 5
15 MRL
328
MRL 7
MRL . . N N
N 37 MRL
1
2 o
26.45.99501 | GB 2763—2021
MRL
MRL 0.2 mg/kg 0.5 mg/kg
0.1 mg/kg .
Y N 4
1o
0 2022 EU
2022/1290 6
MRL EC No 396/2005
MRL 0.05 mg/kg
0.01 mg/kg MRL 0.1 mg/kg
0.05 mg/kg MRL 0.05 mg/kg
0.01 mg/kg, 2021
MRL MRL 80 mg/kg
N N 0.08 mg/kg 0.4 mg/kg
° 2021
MRL,

- 11 -

https://www. cnki. net



24 5
4 100% 3.26~8.11 100
mg/kg
1000 1500 40.00 30.00 ) 2.5d
5.00 7.00 3.00 1000 4.00 0.003 mg/kg
5.00 0.01
0.01 0.05 5
MRL N
3.2
MRL o
MRL o
[51] 22
4
MRL.Hao @2
12
0.012 mg/kg o
0.013 mg/kg 9 .MRL N
0.01 mg/kg 2 °
MRL 0.01 mg/kg .Guo 1 .
447d MRL
4.34 d
0.5 mg/kg
o MRL
[54] 3'2 d “ _ _ ”
3 10 d. o 2 °
10d
o 53] N N
4
MRL 5 mg/kg
0.01 mg/kg o
R [56] N
1d
14.3% o 7]
2.7d o
15 %
(58] R
60.26.62.26 55.14 o
' - 12 -
https://www. cnki. net

o LA oA



2025 10

H LR oA

[11 WANG X L, MA Y, JIA L N, et al. Plant growth regulator residues
in fruits and vegetables marketed in Yinchuan and exposure risk
assessment[J]. Journal of Food Composition and Analysis, 2023,
124:105661.

[2] GILL K, KUMAR P, NEGI S, et al. Physiological perspective of
plant growth regulators in flowering, fruit setting and ripening
process in citrus[J]. Scientia Horticulturae, 2023, 309: 111628.

(3] , . -

N [J].

,2021, 23(6): 1073-1084.
(4] , , ,
[J1-
,2022, 37(3): 1587-1590.
[5] , , .
). ,2024, 45(1): 11-16.
(6] , , ;-
0. ,2020, 45(8): 1824-1832.
(7] , , N [J1.
,2019, 34(1): 117-123.
(8] , , s
. ,2015, 54(6): 1403-1406; 1444.
[9] , , s
. ,2020(5): 188-193.
[10]
[DI. : ,2020.
[11] , , , .2 N
. ,2019, 36(5): 24-31.
[12] , , .
. ,2022, 40(11): 1-3.
[13] , , .
). , 2020, 26(10):
1917-1922.
[14]
[DI. : ,2022.
sy , ..
. ,2021, 45(3): 700-708.
[16] , , ,
. ,2022,24(1): 152-160.
[17] , , , .
0. ,2020(5): 59-63.

[18] CHHOKAR R S, KUMAR N, GILL S C, et al. Enhancing wheat
productivity through genotypes and growth regulators application
under higher fertility conditions in sub-humid climate[J]. Interna-
tional Journal of Plant Production, 2024, 18(1): 85-95.

[19] ZHANG H, FAN J J, PENG Q, et al. Effects of chlormequat
chloride and paclobutrazol on the growth and chlorophyll fluore-
scence kinetics of Daphne genkwa[J]. Russian Journal of Plant
Physiology, 2023, 70(5): 110.

[20] R s , .

[J1. ,2014,41(1):
63-66.

[21]

[D]. : ,2020.

https://www. cnki. net

[22] , , . N .
[]. , 2023, 40(9):
2340-2347.
[23]
[D]. : ,2020.
[24] , , ..
. ,2023, 51(10): 1219-1225.

[25] WANG H Q, LI H S, LIU F L, et al. Chlorocholine chloride
application effects on photosynthetic capacity and photoassimilates
partitioning in potato (Solanum tuberosum L.)[J]. Scientia Horti-
culturae, 2009, 119(2): 113-116.

[26] s s , .

[J]. ,2024(2): 63-67.

[27] GURMANI A R, BANO A, KHAN S U, et al. Alleviation of salt

stress by seed treatment with abscisic acid (ABA), 6-benzylamino-

purine (BA) and chlormequat chloride (CCC) optimizes ion and
organic matter accumulation and increases yield of rice (Oryza

sativa L.) [J]. Australian Journal of Crop Science, 2011, 5 (10):

1278-1285.

SHARIFI R S, KHALIZADEH R, JALILIAN J. Effects of

biofertilizers and cycocel on some physiological and biochemical

[28

[t

traits of wheat (Triticum aestivum L.) under salinity stress[J].
Archives of Agronomy and Soil Science, 2017, 63(3): 308-318.

[29] VAZAYEFI M, SHEKARI F, ZANGANI E, et al. Seed treatment
with chlormequat chloride improves the physiological and bioche-
mical characteristics of Brassica napus L. under salt stress[J]. Plant
Stress, 2023, 9: 100175.

[30] VAHID S, ELHAM A. Exogenous plant growth regulators/plant
growth promoting bacteria roles in mitigating water-deficit stress
on chicory (Cichorium pumilum Jacq.) at a physiological level[J].
Agricultural Water Management, 2020, 245: 106439.

[31] . [D].

,2023.

[32] EFSA. Statement on the dietary risk assessment for the proposed
temporary maximum residue level for chlormequat in oyster
mushrooms[J]. EFSA Journal, 2019, 17(5): 5707.

[33] NARDIN T, SAVASTANO R, FRANCESCHINI J, et al. Risk of
de-novo formation of chlormequat and mepiquat in industrial
cocoa products assessed by ion chromatography coupled with high-
resolution mass spectrometry [J]. International Journal of Food
Science and Technology, 2023, 58(6): 3006-3013.

[34] R s , . 1 [J1.

,2009, 11(3): 184-185.

[35] s s , .

[J1. ,2019, 10(23): 8018-8023.

[36] TEMKIN A M, EVANS S, SPYROPOULOS D D, et al. A pilot
study of chlormequat in food and urine from adults in the
United States from 2017 to 2023 [J]. Journal of Exposure Science
and Environmental Epidemiology, 2024, 34(2): 317-321.

[37] . 1. ,
2022, 42(29): 89-90.
[38] , , , .HPLC-MS/MS 6
. ,2011,30(2): 128-134.
[39] , , , QuEChERS
. ,2024, 15(9): 111-121.
[40] , , . . QuPPe- -

13 -



24 5

H LR oA

3 o . ,2024,
46(3): 1035-1040.
[411 . ., ., .QuEChERS- - -
0. ,2021,39(11): 1213-1221.
[42] , , .
7. ,2012,2(3): 76-79.

[43] MARIE-CHRISTINE P, ISABELLE D, JOZEF C, et al. Simple ion
chromatographic method for the determination of chlormequat
residues in pears[J]. Journal of Chromatography A, 2001, 920(1/2):
255-259.

[44] ) [D].

,2010.

[49] , ...
. , 2018, 46(28): 98-100.
[50] , , .
“ ” . ,2021, 53(3): 45-49.
[51] , .,
. ,2022(1): 74-76.

[52] HAO Y, YUE G, SHU L, et al. Determination of underivatized
chlormequat, fosetyl-aluminium and phosphonic acid residues in
maize and soybean by LC-MS/MSJ[J]. Analytical Methods, 2024,16
(2): 237-243.

[53] GUO X L, XU Y J, ZHANG F H, et al. Chlormequat residues and
dissipation rates in cotton crops and soil[J]. Ecotoxicology and
Environmental Safety, 2009, 73(4): 642-646.

[45] HUANG Y S, SHI T, LUO X, et al. Determination of multi-pesticide [54] ) , ;- -
residues in green tea with a modified QUEChERS protocol coupled [J]. ,2014,53(12): 915-917.
to HPLC-MS/MS [J]. Food Chemistry, 2019, 275: 255-264. [55] . (1.
[46] FRANCESQUETT J Z, RIZZETTI T M, CADAVAL T R S, et al. , 2013, 41(11): 4822-4823.
Simultaneous determination of the quaternary ammonium [56] > > s
pesticides paraquat, diquat, chlormequat, and mepiquat in barley [J]. ,2021, 12(24): 9627-9634.
and wheat using a modified quick polar pesticides method, diluted [57] ) ) y -
standard addition calibration and hydrophilic interaction liquid [J]. ,2018(5): 18-22.
chromatography coupled to tandem mass spectrometry[J]. Journal [58] ) ) . N
of Chromatography A, 2019, 1592: 101-111. [J]. ,2017,38
[47] . SERS [D]. (4): 752-757.
,2019. [59] s
[48] . SERS [J]. ,2017, 8(11): 4344-4350.
D ,2021. ( : )
( 7 ) thiabendazole and imazalil against postharvest fungal pathogens[J].

[51] NACHMAN R J, STREY A, ISAAC E, et al. Enhanced in vivo
activity of peptidase-resistant analogs of the insect kinin neuropep-
tide family[J]. Peptides, 2002, 23(4): 735-745.

[52] PINHEIRO A M, CARREIRA A, FERREIRA R B, et al. Fusion
proteins towards fungi and bacteria in plant protection[J]. Micro-
biology, 164(1): 11-19.

[53] MUTTENTHALER M, KING G E, ADAMS D J, et al. Trends in
peptide drug discovery[J]. Nature Reviews Drug Discovery, 2021,
20(4): 309-325.

[54] OGUIS G K, GILDING E K, JACKSON M A, et al. Butterfly pea
(Clitoria ternatea), a cyclotide-bearing plant with applications in
agriculture and medicine[J]. Frontiers in Plant Science, 2019, 10:
645.

[SS]YAOJF, YANG H, ZHAO Y Z, et al. Metabolism of peptide drugs
and strategies to improve their metabolic stability[J]. Current Drug
Metabolism, 2018, 19(11): 892-901.

[56] SCHWINGES P, PARIYAR S, JAKOB F, et al. A bifunctional
dermaseptin-thanatin dipeptide functionalizes the crop surface for
sustainable pest management[J]. Green Chemistry, 2019, 21(9):
2316-2325.

[57] GONZALEZ C, PROVIN E, ZHU L, et al. Independent and
synergistic activity of synthetic peptides against thiabendazole-
resistant Fusarium sambucinum([J]. Phytopathology, 2002, 92: 917-
924.

[58] LOPEZ-GARCIA B, VEYRAT A, PEREZ-PAYA E, et al. Compari-

son of the activity of antifungal hexapeptides and the fungicides

https://www. cnki. net

International Journal of Food Microbiology, 2003, 89 (2/3):
163-170.

[59] MARTIN-SERRANO A, GOMEZ R, ORTEGA P, et al
Nanosystems as vehicles for the delivery of antimicrobial peptides
(AMPs)[J]. Pharmaceutics, 2019, 11(9): 448.

[60] NORDSTROM R, MALMSTEN M. Delivery systems for antimi-
crobial peptides[J]. Advances in Colloid and Interface Science,
2017, 242: 17-34.

[61] NAKASU E Y T, EDWARDS M G, FITCHES E, et al. Transgenic
plants expressing w-ACTX-Hvla and snowdrop lectin (GNA)
fusion protein show enhanced resistance to aphids[J]. Frontiers in
Plant Science, 2014, 5: 673.

[62] HERZIG V, BENDE N S, ALAM MD S, et al. Chapter eight-methods
for deployment of spider venom peptides as bioinsecticides [J].
Advances in Insect Physiology, 2014, 47: 389-411.

[63] AKBARIAN M, KHANI A, EGHBALPOUR S, et al. bioactive
peptides: synthesis, sources, applications, and proposed mechanisms
of action[J]. International Journal of Molecular Sciences, 2022, 23
(3): 1445.

[64] NARAYANI M, BABU R, CHADHA A, et al. Production of
bioactive cyclotides: a comprehensive overview[J]. Phytochemistry
Reviews, 2020, 19(4): 787-825.

[65] PARACHIN N S, MULDER K C, VIANA A A B, et al. Expression
systems for heterologous production of antimicrobial peptides[J].
Peptides, 2012, 38(2): 446-456.

14 -



