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Abstract: Plant growth regulators can effectively improve the yield and quality of fruits and vegetables, and their applica-
tion in fruit and vegetable production is increasing. The risk assessment of plant growth regulator residues has also become
a research hotspot. The paper reviews the main categories, functions and application status of plant growth regulators in
fruits and vegetables. The harm and residue status of several main growth regulators such as paclobutrazol, forchlorfenuron,
gibberellic acid, ethephon and 2,4-dichlorophenoxyacetic acid (2,4-D) in fruits and vegetables are summarized and
analyzed. It is found that the average residue of ethephon in fruits and vegetables is the highest, and the residue of plant
growth regulator in fruits and vegetables such as grapes, bean sprouts and strawberries is the most serious, and its potential
safety hazards should be paid attention to. However, the current national plant growth regulator standards do not cover some

fruits and vegetables. It is urgent to improve the relevant standards and risk assessment of plant growth regulator residues.
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HYAER I FI(PGR), XFRHAMIINEFE, &
—RHEA VY AR AT OIRenAy, Sz N T
giAE )t Ak, FREFEY AT R R R
BRIV FH B AR, 2020 4EFR FE R A A KR 3
AL T AR IR ] 85.05 42.7T, B A 245403 Kk i
PE e R A4 AR A B YR 7R 38 B e e A L
AR EYRE = | B8 B IR PLITE R AR
HAFIAR AR T SRR, (H FH AR FH Y R i 5k B
JEFEARLEZAAES, i EZEED RIS 2y 4-6
AR LR R . R K A s AR HEAEN Y SR
(351 A 7 BB - 1 RSO A (0,535 - R G BT 5 22 S 2R 6-
IR NS | X EOE R LR AR B R A, R BE
15 ALkEEAS A 7 HEBHPERE H, sk B =5 ik
4.52. 5.42 Fl1 3.16 ng/kg; T FE S5 & 22 4 B K
ARt 4-F R R L IRENAN 6-"15 IS

HE 2020 4F 12 A, FREMEYA KJETHPEID =
ST 1153 A4, BRONSTZT 50 Fh, (HEF 24
FRUE GB 2763-2019 LHAE T 483 Tzl 7107 Wifx
KA BB BREAE, HIRE 20 Ay A KR 7,
154 IFAE YA PR 77 B R B BR i, T SRBi
ez, vl LIS RN SRS A S AR A K
VEI R BE XU, HL G A i 1T 5% BE B s bR, A 5%
A R B AR TR 224 FE5E 35

AR FEEANE T HEYERER RIS, 22
YEF . f&3, IFA98 . teiomr T LR 2 A K
VAR SRS P sk B BUIR, ShsEE sk A A K
VET TR B XU PP . WA SR s PR LR AR
1 REPEE A FIRFhEE R N H

M 2020 4F 12 A, FREFEDA RIS TIEC
mhHET 1153 A4, BRONSTZT 50 Fho AV HTESRER
ApEd RAE I E AT A 21 Bh, EEAAZELR . AR
Bk, HURSS . ZIEH . ZoH 28 we2kRpE | 2558 R INMs.
25 | MR 2 TR | IR TT R . SR . BEEERs | 2,4-
AR R (2,4-D) 5, HBRAE R PA FAR R A 3
YER AT 43 A A AR TER . A A 30 A0 2R K 1E 2% 77
=R 1,

1.1 EKEHFIA

T A R AR ) S 2 sm e R A 52 | e
BRBEAERET . BT R . BSE550 . MASE
Ty E Ok R S IR BRI e g O, SRR Y
JH A KA IEFRE SRR AR PR, sk T

F3 FH 50 mg/L A1 80 mg/L IR EEFRIA Wit JoAZ I
T2 SR, AH PR AR TE K 1 TCA% P18 e T L S
DINSRREAC B, LG R TOAZ A 28 Sk, LR 25 v 4
Jin, SOREG RSSO AR ks 2R AT AN Rk B R
BR A FRAZAR PP 7, IR IR U E A 100 mg/L B,
MR- 00 2F 3 Qb . M AR FIAR I I i, 4
Sl T AZARFR T B TR, $ i TR 2R NL T R
B %l R K A BHZH 43 5 $2 7 T 22.04%. 63.39%.
61.53% F1 40.62%; P HESE! HH 30 mg/L 247 A1) &b
PREE TR, KPR ZAEA AT AR ESR S 2E B R IR e sk
HEEE
1.2 EKHIFIFIA A A

HE AR AN R m kS IR e AR R R
EE N LK i i 0 e i RN ! | 5 B2 e o d s S
T & AR SRR A Ty Aok g m R B i e .
TP A A AM R A4 A& 2R TR — 43 B
H AT ARFE it . H A A A= K il 550 a KA
g JEEPE BB ER | W EEER | NIEIRSE, Horh L) i
FHPURNHECAT Z A REEN FH 0.25%~0.30%
R 1) 77 0 RS TR it SH AR S, R R R
SRJE EH Y K 2, TR TR SEARIR YT 2 A4~ H 5 X
BEARAEDS TS 1000 mg/L 758 225 AR, 75 6F
T AEACH A AR R AN A, X e 204 1A
I SERAE
1.3 AKEEFAIMA

A A A ST 2 591) T B S P ZE AT L sl
TR PR AR I L R R L e R A A
J7 FORBGE LS T WSRVEYIP L . DUIEERE T A
e, WA A SE LR ) 32 AT 2Rk
510 N = B b N 173 L B 511 £ o< 111l 7 Y N i [ S P =
FELE T ] P —A i AR AR e, ISR AR Y
VERE, B N2 . ANE2EITEER B 150 mg/L 2238
mEak 80 mg/L MRk Ab P SE LIy 1, A B0 22 R A
AR T LA REARIH SR LI B 255 . PR HORE =0k L 42
ARG . B IIAR LSS, TE SR, SR g i bisE
P A BHAE T F 200 mg/L Z240mpmiii e N4 i, &
B g BB HRG i GE G, BRIk . T IRShC
JE, BEORCEEM, $RmErHreg. HEISTH 4500 mL/hm?
S R /N A B 2/ INZE ZEFF o S BT, TR
iR BERAIG, $R R HAUEUR BE ), FrPki =t o

F 1 YRR 32 AR

Table 1 Classification, physiological effects and application of plant growth regulators
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2 EMEKETTINSHESE

ANFEAEY)AE KT RN B fEF AR, FEE
PEfGFE TR FEErE . FREE . REEEE.
S PERENE L PR TREME . B | BUR . B AR AR
PiEERS . — R g B e ir 8 At (acceptable daily
intake, ADD) RAEALAY BTG HEFRE . ADI 35 Ak
LA H R A SR b2 0t (B R g sl L ey
A5, IHEERICAEM B A RELN 5. 2= 2 i3
28T WAR A K IETT R ADT EP,

2 RBP4 KT R ADI

Table 2 ADI of common plant growth regulators in fruits and

vegetables
T A AR ADI(mg/kg-bw)
EZ 0 0.1
i 0.05
By 7] 0.15
SR 0.07
FEEHR 3
LR 0.05
2,4-D 0.01
WERE 0.04
4-FH AR A LR A 0.08
6-"1 BL IR IS 0.05
JaRme 0.02
it 13.6

e R R T S0k [23],

T PR TT LR B, ADI B I I/ INITUT Fg: 7%
1> IR B 22> 28 £ > 22 30k >4- G0 R AR 2L TR A >tk
JIR> & s 1| =671 JL IR ML N4y =42 22 > WE R [ > I 25 el
>2,4-D. 2,4-D () ADI {Hfr/N, #EPERKR. MYEHY
A R YR AR SR R B BRIR AN F 5 E RIN, ARSCE—
xF 2k ER . REEE . LA 4-FEORE S
PREN . 2,4- AR LR (2,4-D) 25 EE AR A K
TR fEFE AT
2.1 B

MR TE SRR AR B N R Tz, TR A
YK, e B DA EEEH . 2R )E T
IR BEAE 9 2B KT 77, R BRSO IR LDy
1500 mg/kg, HAT A48 . IFERS B . 2o .
W R AR |« SEm A= Kk A fad 2, 2=k
FHAERY ] 10, 100, 1000 ng/L 33 FY 22300 X5t e 5
fliEA T 50 d MZKAAR SRR B2 S50, ARG I 38 4E 5 fel g 7
TR AE (ACP) | B E LI LR (SOD) | % H il
(LSZ) . i E AL PTG (POD) 25 H e F8 At A [F) A
B 1A B, 18 BH Z2 350Xt 4 S flth e )28 R GE Y D RE XS
T 05 Yue S5 SR AR 2453 M, 280
FFF)E (0.2, 0.5, 1.0 g/kg) XK. BT T
FRGMIST, J& IR 22 550 et R BRI AN B AT BH S 1
FEMEE . R nT S @5, B Bl el et

B

2.2 AR

SR A HLAT AU 24 275 M 2R IR SSAE
AR, TEBITIE A TE A LT AR LA R At v JAE SR AR A
J7 AT 25 RATFRCRPY . AR S TS R
KA, 2PEZE 1T LDs: HERER, 2787 mg/kg, HER
E 1568 mg/kg, HA MG PETIRE . e K EH .
2 Bf 75 PR A A BT i 5227 43551 0,06, 6.
600 mg/kg SN IR Y 35 e /N B, S50 45 SR SR B
600 mg/kg GANLIRAL FH 04 BEPE: /N FRIF 159 B[] B . 4k
iR AREAR IR 2, SER T M N R A T
23 KEZ

IREE R AEE MR N AL S NIRPE TR VR, g
P 2R R E T, SIZ TSR L KR,
B T H RMLTERP . RS Tyt
KPR, /NRER KIS LDs, KT 6300 mg/kg, [
iIZ LDy, KT 25000 mg/kg, HA S=HELAHLIRP 430 FR
i, seM s KR T BURSEFED . SBE
SEBO S IR AR B 2R (100 mg/kg) T LA R ARRME — 195 75 2,
TR IIHE, M B E ST W DIREM KL, 52
O LS [F I R A A . Xu ZEBY BIESE TR Ak
WRE R AR B AR A R b, REE = atE
SFUKSERIREAR ATP BENGPE, o6 TS MG TTREAIG
2.4 ZHF

ZAGFE FACEEAE Y A KT R, KA BESE
H il LD, 7 4000 mg/kg, /NI RLEE L IR LD,
4229 mg/kg, BAA AL | SeEWifs . Bk .. 20w, B
AR ORI 3 E AN B IR A A Sl
5B 2 Hm AN GL R/ BRI, & B0 20 FIHE 134
268 mg/kg FIE A4 T TG b T Wk EL 4 i3 51,
W AR G e IR 1= AN S S35 MG RE S 2000,
1000, 500 mg/kg Z AR A BRERKESES 25 H
% SD KBl 14 F1 21 d, KB 24 F] b B 2H KBRS /)N
YR, AR AN HES ZE 6L EL R e B i v 7 ek
AH!E . Bhadoria S0P £ N HEFR) & ~200 mg/kg 244
FIZELE 14 d, KB ERAY FHFZ At R0 4 it A2 (4 SF- 245
EARWIN, FFAIE D RESZ 4
25 24-ZSXFEIEE (24-D)

2,4- T EIRE TR (2,4-D) BETT LIVE A2k K
PRI SO R A PR EEAE DY 2,4- 5 ORE S
1% (2,4-D) J& FAREEAE P A= L8 5 751, R B AR
LD, &7 500 mg/kg, BA M dEME . IFEEM: . B
P L X B R FITHIR AR A SRR FH A A0 o) e g 14 i g
P, Troudi 5509 & B 2,4-D Al 2R UL
HRHFrh SOD. &b Al (CAT) FIA e H Ak
ALY (GSH-Px) I PEFFEIC, MDA & &, AR
22 B AN [F] F2 3 19 % 2R 5 Troudi Z8P7 A 600 mg/L 114
2,4-D MEFEMEPE MG ORI RAE I ER, 2B ZLA T A
HBE AR S B I P MDA IR PR B K S T,
SOD. CAT #1 GSH-Px %5 P05 AL B 75 Pk BRI 38 00
S BN FLAAT B B AR R BV DA e HOIK L AEFE
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FAFRIE 442 C /KB T RE, B AR 32 2 AT
FREE IR
2.6 4-2FEACERT (4-CPANa)

4-FHE RN (4-CPANa) J@i THAREEAE D 4R K
VETIF, /NERZE T LD, A 1074.1 mg/kg, HLAA#13E
ARET, FETFIE. EIEEEFERT, 1A, 4-CPANa
BEAZIS TR R f T
3 RiPEPE AT EBINR

2& 3 g TRk, B ARG P A K R
FRII5% BR ARSI £ R o4

TEHTA AR RS, SR AR A K R
71155 BA PR S ™ o HLAF o il i 22, R ZR 2R | AR
TG 2,4-"HEETR(2,4-D) . WEFKE . 4-5TE4
CTREN . M| TR . 6715 HEARNEERS AR 2 A A IR 5
SRR o AR (SR 24 B B R L AR
FEIR PRI T Z S T 2R = i b4k
1 A# ) 6-71% it IR I 0 S5 4 0T 19 28 45 ) (2015 4R 4

11 5 PR E , A2 7= NS &2 A e R i fel
FH 4-GURAE LR . 6- S IERRITENS s O 2E LS E AT
LB AEIR A L TREN . 6-71 FE PR IZERS (1 1 ZEH
M 3 IR T LIE Y, EEAE RS PR T AN,
A B AR, FEAL . NS REAAY AE K ETT
71475 BA ER A R P AR ™ H ), LN 2 A 2ok |
HZE | MR REEE . LA, 2,4-D . BTE R G
YA YET IR -

PR 3 AT, FEBTA A2 pAa B A R R,
255 SRR . IREEER . LA 4- G LR | I
SO 6-"ERLARNENS | 2 4- 4R 218 (2,4-D) S5
Py A=A VET R B RS S Thak B AR T, AR &
I FIER B B o H AU SR ER P AR AR AR K
P FRIER B ARG, AR TR R e R &
HRTHRE KRB IRE 1000 pg/ke; #5524
SRR B8 B i P IR AR B B 50 ng/ke™ Fil
ZIFFEREE B FHE IR EIRE 1000 pg/kg* 45,

F 3 RGP A IR B P AR B Rk B R

Table 3 Residual status and maximum residue limits of plant growth regulators in fruits and vegetables

PRI B Ea % H (B pg/ke) FRBE Bt (pg/kg) E= PG
i 0.000~96.8 - [45]
X 0.130~145 - [46]
IR Gkl 0.000~2.90 - [45]
i 0.026~6.28 - [42]
% 0.130~145 - [46]
Hiik EA N s <2.00 - [50]
il 0.026~6.28 - [42]
PR 0.500~5.00 - [45]
[ 0.011~2.00 - [49]
(72 S [ 0.130~145 - [46]
N HA 0.026~6.28 - [42]
F Yt 0.130~145 - [46]
Bk 0.260~0.810
o LR 0.160~1.92 - o
{3 .
kISR 0.026~6.28 - [42]
BrAERk 0.130~145 - [46]
fis 0.510~2.36 50 [91
Ak i o 0.026~6.28 - [42]
g [EENSTE APEEd 0.026~6.28 - [42]
liiEs X2 0.130~145 - [46]
sk T, HIK, EK AT T 0.026~6.28 - [42]
#K 0.130~145 - [46]
WA RN 2.02~260 - [46]
AR litESS +5 2.02~260 - [46]
sk FA 0.026~2075 1000 [42]
FAh 2.02~260 1000 [46]
o— %ﬁ 40.0~1271 - [51]
XS <0.010 - [52]
% 0.000~2.40 50 [45]
P Y % 0.025~2.94 50 [42]
PR % 9.00~11.0 50 [44]
Gkl 50.0 50 [53]
i 85.0~164 50 [43]
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P FR AN FESh 5 E (P {EHpg/kg) FoRIR A IR (pg/ke) S ik
FRE 0.380~37.1 - [46]
PEBE 0.000~2.40 - [45]
R HERk 0.380~37.1 - [46]
Yatls 9.00~22.4 50 [54]
JRZE [N 0.380~37.1 100 [46]
Bk 0.000~7.60 50 [45]
Bk 0.380~37.1 50 [46]
TRk 12.0~25.0 50 [44]
i Bk 9.00~22.4 50 [54]
o TRk 90 50 [63]
R Bk 110 50 [63]
sk 120 50 [63]
AR 0.025~2.94 - [42]
kIR 0.025~2.94 - [42]
A 19.0~26.0 50 [44]
HoApthrk S T 0.025~2.94 - [42]
Rk T, HIN, B 0.025~2.94 #HJR: 100 [42]
% 0.000~1.20 - [45]
% 0.966~54.6 - [42]
HAR A B TR 0.30~506 - [46]
M B, TR 0.000~132.7 - [55]
i 0.280~4.60 - [56]
PR 0.000~3.50 - [45]
TRk pURiriA 21.3~71.1 - [57]
- HAE 0.966~54.6 - [40]
R {72k KT, R 0.966~54.6 - [40]
JRk [N 0.30~506 - [43]
HAbAR iy 0.966~54.6 - [40]
s i 0.966~54.6 - [40]
AR i, #N 0.000~132.7 - [52]
0 0.30~506 - [46]
=SS 0 0.000~132 - [55]
W R 2.36~5.17 - [58]
PR % 870~1650 1000 [44]
{752 At 1020~1740 - [44]
vl HAthAk R = 1510 2000 [59]
. FA 1100~1710 - [44]
AR I 840~1020 - [44]
X 0.000~3.50 - [45]
P g 2 % 0.000~2.90 - [45]
RE 0.240~4.20 - [56]
M2 LitE] 13.0 100 [44]
. [ N 1.36~80.3 - [46]
24 *(;%ﬁfmﬁ PR IHEL 0.000~1090 - [60]
’ €3 P 0.240~4.20 - [56]
HoA kR T 0.052~162 - [42]
s Fomii. B, FK T HH 0.052~162 - [42]
R -
Fti 16.0~19.0 500 [44]
s I <0.010 - [52]
B WD, R 2.23~2.98 - [45]
AR it 178 - [43]
— &%;’é PR 0.000~0.700 - [45]
P HIK 0.611 50 [42]
M2k WD, R 2.53~14.0 - (58]
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P FR AN ET 5 E (P {EHpg/kg) FoRIR A IR (pg/ke) S5 ik
e HRE, WEAE 0.400~220 - [46]
AR Yatls 0.400~220 - [46]
CCE N IEK S 4.43~510 AR [58]
LRI 0.000~136 A [61]
B2 0.000~177 ENEY oA [61]
SRR B ﬁ?i 3.10 Tﬁﬂlﬁ& [62]
R2EE B2 42.6 LA [63]
EIER S 294 Nz [63]
U2 106 NG [63]
Kegzf 93 NG [63]
GG 146 NGz [63]
JRE fiiJ)N 1.01 - [63]
B <1.92 [52]
X - Eﬂﬁﬁiﬁiﬂﬁ“ 2.05~8.43 - [58]
5|k 2 W2 7.23~28.6 - [61]
G 30.7~498 - [47]
P Fhili 3.20~6.70 - [58]
W3l T R eSS 0 <0.010 - [52]
PSS Fei, EoK 0.087~10.1 - [42]
G 0.000~6.90 N Yo [61]
6~ L RIS o ;%% 0.000~176 K«%)ﬁ b [61]
G 16.6~1400 ENE oA [63]
C Tk 24.1~196 AT [63]
R % 0.095~1.85 - [42]
o— GEETES 1%7\ il 0.095~1.85 300 [42]
HAbAR T 0.095~1.85 - [42]
2L +5 0.095~1.85 - [42]
Jit 75 R R % 88.0 - [48]

M 3 BATLIE I, HA H SR A A 08 15 5
TEHR ST ik T a8 B8 B F8  Rd Th A e oA
AT FIICR R IS . XL B AR Y)Y A
KELBE PR, (B R RBAAAE L s . in AT 2R
L T Rk KR B B 50 pg/kg, UERZSREIX
— PR, VRS . AR A . A BRI R
I 25 5% B R ot ik — PR, A% BY e A e A
145 pg/kgh s LIS i . TR ST R
A0 22 5, OLAR B S RS, A L
S 2R i s B BRI S 1000, 2000 pg/ke,
AT, 25K 2@ RER B 5354 1020~174004 Fi
840~1020 pg/kg™Y, Z:REF 4 IARUE, FRITAAE . Zoithi
Hh ZIEREAR I RS AR 5 268 2,4-D 5% Bt e
A 1090 pg/kg!™, MA@ h5k B IRE 2 A 100 ng/kg;
TN AR TR B BR 2 50 pg/kg, B RIFE i ok
AN 178 pg/kg; 4-FORAE L RENAE R 25 P RILE A5
Forthh, (HEAE §EAE. AP RER B EA 220 pg/kg;
6~ HERRIEENSFE & ZE o AR, (B . oK
AR B A 10.1 pg/kg. RSN, ITEA By SR
INEF R A SR BB EE, (R3S . HARSE EFRHE K
RSP AR ZR M s R B R 200 pg/kg! ),
W 3 R4 . BAE . AR DU, SR IR
AR SRR, Bk 506 ng/kg. FTLL, Sk AR

AR TR A TR B BR bR v AR T A FESE R
4 RE

FEL ) A A 7 0] B AT ARG L At | 22 v
TE ST IO, TEBRARN A rh A H LR
EZN P Eak NN e E M A (R AN E D AT B B =R C A S
TIAE ) A=A R R TR 2, B ARG 3EtFsk B
Rk, B H R AR AR R, S EER
bR BTG YU AR A ), An] 224 | ifide, sl
JHAE A AR5 70, PR BREAR ™ S AN SRR 22 4, 72
S ESSTE e b] LI

JIRBR S AR vE I ST T T BE, X AT BR EEARHERY
L) A A 7 TR DL 2R R KA s InsmBEPEMESE,
FER 8 ARBE AR A=A 5700 ARV 3BT T ZHZH
LS e T AR A KR IR S A%, InsEoR
FE5, PR AL Lebe | S PMA; &2 ERART T
SR EI | EEE FRS A T R, IR OB AR R i, 9
817 A A AR A A R AR R G R

S 3Lk
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