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Abstract: To screen alternative bactericides for streptomycin, four commonly used bactericides kasuga-
mycin, mesosporin, benziothiazolinone and thiodiazole-copper were tested for their inhibitory effect
against fire blight pathogen Erwinia amylovora in vitro, and their preventive and therapeutic effects to
control pear fire blight in the field trials. The growth rate method and conventional spray method were
used to determine the bacteriostatic activity, control efficacy, and pesticide residue of four bactericides,
and their possible damage to crops were evaluated in field trials. The results showed that mesosporin,
kasugamycin and benziothiazolinone all showed inhibitory effects on E. amylovora. The EC,, values of
mesosporin, kasugamycin and benziothiazolinone were 1.60, 6.64 and 60.57 mg/L, respectively, and the
first two have more obvious antibacterial effects than streptomycin. In two consecutive years of field tri-

als, the preventive and therapeutic effects of mesosporin with 1 000 fold and kasugamycin with 400 fold
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dilution were more than 90.33%. Both the preventive effects of benziothiazolinone with 500 fold dilu-
tion and thiodiazole-copper with 200 fold dilution reached 100.00%, and the therapeutic effects of the
two bactericides on pear fire blight were over 86.97%, which was close to that of streptomycin with
2 000 fold dilution treatment. The residues of mesosporin and kasugamycin in the tested pear fruits
were not detected before harvest. Although thiamethoxam, avermectin, and cycocel were detected, their
residual levels were all below the Chinese national limit standards. At the present study, the tested bacte-
ricides were applied at the beginning and ending of florescence, the young fruit and the fruit expansion
stages. The results showed that the application of mesosporin, kasugamycin, benziothiazolinone and
thiodiazole-copper within the concentration range of the experimental design at the tested growing
stage, no adverse effects on the growth of pear flowers, leaves, branches and fruits were observed. To
conclude, mesosporin, kasugamycin, benziothiazolinone and thiodiazole-copper can be used as alterna-
tive bactericides for streptomycin to control pear fire blight.

Key words: pear fire blight; bactericide; antagonistic activity; preventive effect; therapeutic effect;

bactericides residue; crop safety evaluation

FH i DE R B SC B Erwinia amylovora 5 2 A4
KPER ] f E AL SESL LA R AE 40 R
220 A A R Yy (M IR IREE , 2010 ; Arsova et al. ,
2017; Sharifazizi et al.,2017) , #% 7 [ 4 b A s 35641
AN RFE A D) o BB KR ) I
s IR TR AR T | A2 2 RS A E IR, YR
AR TS B 2R RS AT AR ZE , i R A (HOR
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FE, HEMRH, H E2 I T (Andersen et al.,
2004;M’hamed et al.,2021;#4:4655,2022) . 20164F
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FIAL 35 B A 2558 B8, I XTI 4 B 257 1 VEY)
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1.1 ##

HERR IR « 20 91 T 2018 4F 4 H F120194E 5 A
FEFERAEE /R F 6 DR R T 4 0 29 1411 30 141
AR PEIRIEA , AR 7y 2535 57 alifb k15
FLKPERR R A RTE , T-80 CIRAT -

315 752 3% . LB (Luria-Bertani ) 145 55 357 36 %
I3 NEERHEAS 5 g NaCl 10 g B 10 g, 18K E
A2 1 L; 4B %k (beef extract peptone, BPM)
R E N Ak 3 g NaCl 5 g I 10 g B
g 18 g, Z8IB/KEXRZE 1 L.

257 : 80% 4 T % &K (kasugamycin) 512 , i1t
FREFE ARG AL T A BRA 7] 517.7% A 1 % (meso-
sporin) JF 24 , 5 AL A Wl i AT BRA 7 5 3% WERE
fifl (benziothiazolinone ) i3 FL 5 , YT 75 85 = A= Wy 4l
IR A5 30 ) 5 20% BE TR 4l (thiodiazole-copper ) 2 V7
Wi e v AL T A FRZA W] 5 99% 4 8% & (streptomy-
cin) 524, BRI AE YR A BRA A 5 3% AT
% (mesosporin) A] {4453 7 L 2% 5 F5 %% % (kasuga-
mycin) 7K . 72% 4 4% 55 2 (streptomycin) 7] {14
K9, ARt 25T A e i A RS 7 5 2% JL T b
(chitosan) 7K, AR A= R B A PR A F

4% : TCA0096 7 PCR ¥, 3 [ Thermo Fisher
Scientific 23 ) ; RS232C #4366 1T, # [E Eppen-
dorf /> ) s SRX BUA AL F74 , TRV R AN AR
1.2 Ak
121 FRF 2557 3L K% a3 ) 7 b ag ) 2

SR A B B (PRI AE, 2021) 0 52 AN [] 245 771
XA K ZEST TR AT M o T K PR R APk 4l Ak
R K PN T PR T 75 B T LB RS 2 5, T
27 °C 160 r/min F4E% 35595 18~24 h, HICH /K ¥
B EE H M 1x10° CFU/mL.  HX 100 mL BPM
R Bt IR B RIAE 45~50 °C 4R R 1001 5 5L
KIZE N TR R AR TR 2 il B B TR Al . FH 809% 1A
I3 Ks 99% BERE R (80% Fr T B E AN 17.7% W AT
F I 27 A T B R, TG TR AR B R B 1l 3R
GV FE | 99% 5% 85 2= 1Y R H U B 43 ) 720,360
180,90 F1 45 mg/L, 80% 7 75 5 & R 5 W £ 4351
800,400,200 100 F150 mg/L, 17.7% "= 16 & 1 £
HIHEES3 514 80,4020, 10 F15 mg/L, FH B 42 4 6 mm

() B AT FLAR7E 35 A 3T AL, B 2500 Bk
FEHL40 uL i AR FLH, DUINA SR B B A 25
X B 5 FH G B 7K 3 5K 39% W 7 Bl S L T A 209 198
PR EIE AR R S IR EEVR BE L 3% WERETIY R 51k
435120 120,60 .30 .15 F17.5 mg/L , 20% WE 14 5 1)
ZYRBEST 5124 8 000.4 000.2 000,1 00071500 mg/L,
FHEAE R 6 mm [ KT LA & A B4,
RGBS e 40 pL A RFL P, DA AZE
RBTCRIK R 2 O IR, B T AT 4 IR Bl s
T27 CHALREFRAA 57 48 h, R 5238 SGEM
A AL BRI TR B AR TR B0 = (O
R ZH T 75 44 B AR A BR2H T 75 1 AR ) /6 IR
PTE V-2 EAR X 100%. B4 il AR 5 52 07 6 - A %
(B2 0 SR TR A R A 3R 8, DA 24 700k B ¥ % iy
FEARAR AT ERAE N DAL BR EF T 1] U, 2145
A 250 B JCRE I T 1 R D R0 E T R B R G R B,
HRAE (1)1 7 AR S ] TP B EC,
1.2.2  RF 2 ¢ ALK JR w37 R el e

F 2019 41 2020 45 76 Hr e AE = e = A 0
29 A — 3% 2 /R 8 A AL AR Il (85° N, 41° E) 47 HI ]
RIS, FFE AT AL 1.8 hm?, B 5L Fh - PR R ) 75
Z4 RREE 3 m, ATHE 4 m, R 1 500 BRAAY, A KA
PR G Z B T 2017 4R FF 4R & A KR , KRR
HaE, 2019 4R3O MR B, RIS /K (CKD VAR
HERE R 4 000 F5 W+ LT R ME 300 £ W A FHHE %
4 00075+ IL T ZMH SO0 A FHBERE 2 2 00017
W AR RS R 4 000 5K BT H R 400 75K B
B 2 800 5 . AR B 1 000 £ AN b A TR &R
2 000 F5 I o 2020 471G il T 18 % F 1109 B ) 2 Fofr 24
A, LB 13 4b B o 9 AN 4 B[R] 2019 4, HoAlh
4 Ab B350 R WE TR 500175 U WEFFER 1 00013574
WIE TR 200 175780 FIISE BT R 400 590, BirAT 2557134
TR R AT AL o AR T AR K i T
25,2019 4FE 2L 2% 3 Yk, 2020 AR AL mE 2 2 Yk, W2 A
Y32 700 L/m?, BB 4K, 2019 4E )5 24
B 4 A 10 H GRAERTET) 4 H 18 H U 4EH)
14 1 28 H (FE4E)T) , 2020 45 24 a] 43591 K 4 A 2 H
(FRAERTH) A4 A 23 H (JEAESS) , R RAGA R %
IR0 T B2, BT LA 2020 AR AE A A It 2Y

2y 7 b B A B 7 d R 2 3 A AR R
METBZBEE O, WA RHEERRRUR 2> 245 74 R
At S AT I A5 [ E 1SR, 2019 AR A AR R 2R
2 000 F5 7 TR A5 2 400 B P AE TR R 1 000 F5
S f T B A P 5 17 BRAN R L AN RS, LA A 3



540 AEANAE - DU 24 7008 B I T B0 9 4 B L FR ] Bl 1371

RHEREMRFE AL B, B 43 BN 1A EL A ) iR 25 1R
KAIAEE AP ELE 47K, 2020 44 FH 555
22 000 {57 BB TR 400 5 . AR 2 10004
TS VR A B A 17 AR LA, Hoftb
BERR R AP R 8005 . A T & 2000 fiF K
SRR FEAC B A A3 50 T AN WEFE N 50015
T FITWE TR 200 f5 W B 25 B L AN AT, WE A T
1 000 £ ¥ FNE P B 400 fiR B 23 B0 1 ANEE S, X
TR 2S N IANESE , B ES 41 S Lee
et al.(2010) J {80 i 5590 0 9, Tk s 1 9%, 0<
RIS S R R AR LU <10% , T Tolt9%
BE 53 9, 109%< K I B 5% 55 7 R A 2% 1 L il <
20%, £ T ICEIZEE ; 59, 20%< 25k 5855 # b
SRR B1<35% , T RBOABE; 79, 35%<K
T SR 7 A R 2% B L B <50% B 3= 1 150 B
5 9 9, KRB SRR R R A S5 Y L A1 >50%
o A AT A o AR SO TR TR
B, RIS T BO TR AR RO . TSR =Y O
P AZIRPARED) /(e PO A ERERL) <1005 f 47
AR = (1 —Ah 33 DX 2 o 155 > %o R DX A7) A 9 1/ O0f i
X 2155 > Ab HE X 0 HA RS ) ) x100%
1.2.3  RE 25 A2 3L K JE w76 7 2R e ) 2

2019 4E 3% 9 A FH L 2020 4FE 3% 13 b B,
HACHRR] 1.2.2, B4R TR Lo 5 AT 25 A 3L,
2019 AL 24 3 %, 2020 4F Mg 2 2 Yk, Wt 2y i 2k
2 700 L/hm®, BEASAL PR E 4 K, 2019 4R W5 25 B[]
S35 27 H (G5R1) 7 A 15 B GRS KN
A8 A 2 H RS A, 2020 415 2 15} 8] 431l
6 A3 H (SR M7 A 2 3 R , miE R
7k TE TR BRA YT B AR R R 1.2.2,
1.2.4 FRREZHAAILGZ P R 555G e 2

2020 4F7E 1.2.3 £ A B 1) B J5 — IR 245 /5 70 d

KA B ML RS S BRA , SRR B AR P
b S AT A LR 12 B, B E AR
Mr Bl BRSBTS R R BT AE R 2R R R
I I (S5 TR A TR AR 2 5 PR A T R, AP % [
I 5T e Aor M AR e A FR A ml e R b rp AL T R
AR AR B R AR AR RS TRI . £ P
AR ERIE PR R AT AR R R R R
WA TR 3R A i R R R 24 5k B PR R AR 1R 4 i
0.05.0.20.0.02.2.00.0.05.0.10 #10.10 mg/kg.
1.2.5 RE 2570 2f 3L e 2 AR

3T 122 FN1.2.3 Bk EZ )5 3 dF1 7 d R
F AUV X WS 24 I B 1 28 A PR T R A, R A
BUE MR BN AARLUE A 2 E R A A AR
ARG A A 2 FE AR . A B
RN S HUS ANRE L, B R SR A 3R
1.3 I\

F]F Microsoft Excel 2010 %44 % 50 503G 3647
Qb fdFH SPSS 19.0 B A% B it A T g vt o3 B, ok
H Duncan FGGHT &2 M 22 1 S HA I B E 17 2 55 B 3

2 BERG5HM

2.1 AEZFIFTELN R E R HE

AT R B TR R R YRR R R ALK R A
— 7 BYARIAE T , ELIR]— 24500 A 4 i SOCR B 2 24 57
VR B 3G T RG I, Frb rb A B R AL KRR TR Y
ISR AR U EC,, M 1.60 mg/L, & T-5E75 25, WERS
Vi) 1 T g 2R 0 2R K T I RIVE T Z L EC,,
43510 6.64 mg/L 160.57 mg/L, Bii & 55555 2 14
A FH A 25 AN K, 17 B P 0 X 23 P8 A 1) 41
2, EC,, N 1168.14 mg/L(#£ 1),

F1 SHAFIMNBENEFRENENEITHE

Table 1 Regression equation of toxicity of five bactericides against Erwinia amylovora

P25 B HHICREL EC,/
Fungicide Regression equation of virulence Correlation coefficient (mg/L)
45 % Streptomycin(CK) y=4.831+0.304x 0.949 3.60
h 4= P& 2% Mesosporin y=4.934+0.322x 0.999 1.60
BEFZ R Benziothiazolinone y=4.356+0.783x 0.986 6.64
585 % Kasugamycin y=3.797+0.675x 0.998 60.57
IBE T #il Thiodiazole-copper y=3.273+0.563x 0.990 1168.14

x TR 2GRN JE XS EE , y BRI HEZ{E . x stands for logarithm of bactericides concentration, y stands for inhibition

probability.
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2.2 FARGFIFRENZRHIRIPR

2019 4F , 4 A 2 AT R B 1 B RN 1 B
24551), Hi2 000 75 RN 4 000 fR0O6 B P25 B 44
R BIIE ) 96.12% D L Howk , AR TR R AR B 8
F R KRR AR RBOR A T 94.9490~96.84% 2
B8], 54 B2 2 ORISR A S (R 2) o 20204,

F£ T 500 17 ¥ F1WE & R 200 135980 % AL KCRE S (1 {47
BRI IR F] 100.00% , 54 S FE R 4 000+ LT R
5 300 A% R 1 PR3P R0 AH 2 I I8 2 T A5 R
I A AR RGN, HE 1 000 135 7 FN 400 175 T % AL k.
PR B AR AP B8R 23 ) R 95.24% F1193.65% , 2455 H:
500 fi5 VR 200 R A AR PR I B R R (6 2) .

R2 FEAGFIR N BRI RIF R
Table 2 Preventive effects of different bactericides on pear fire blight

2019 2020
b3 Rt . g .
Treatment (53 Uk 2h)i 28 d) Prot{ijiﬁic;fntrol (S 2U2)7 28 d) Protﬁiﬁfeﬁltrol
Disease index (28 d after Disease index (28 d after
. . effect/% . effect/%
the third spraying) the second spraying)

A EERE 2 2 000 F5 7 0.40£0.96 a 96.12 0.40+0.40 a 94.78
Streptomycin 2 000 dilution
A FHEERE 3 4 000 fiH 0.13£0.13 a 98.74 0.39+0.07 a 9491
Streptomycin 4 000 dilution
AR FHEERS 2 4 000 fis i+ 0.26+0.15 a 97.47 0.00+0.00 a 100.00
JUT 5 300 F53
Streptomycin 4 000 dilution+
chitosan 300 dilution
A FHEERE 2 4 000 fix i+ 0.40+0.96 a 96.12 0.32+0.06 a 95.75
JUT 20 500 15
Streptomycin 4 000 dilution+
chitosan 500 dilution

TEHER 400157 0.40+0.96 a 96.12 0.40+0.40 a 94.78
Kasugamycin 400 dilution
FEHTEH 8005 0.32+0.16 a 96.84 0.65+0.39 a 91.51
Kasugamycin 800 dilution
FAETEE 100059 0.40£0.96 a 96.12 0.40+0.40 a 94.78
Mesosporin 1 000 dilution
HAE T EE 2 00015k 0.52+0.11 a 94.94 0.78+0.11 a 89.81
Mesosporin 2 000 dilution
WERER 500 iR - - 0.00+0.00 a 100.00
Benziothiazolinone 500 dilution
WEFEH 1 000 {5 - - 0.36+0.23 a 95.24
Benziothiazolinone 1 000 dilution
WE T 20018 T - - 0.00£0.00 a 100.00
hiodiazole-copper 200 dilution
WE 4 400 7 - - 0.48+0.34 a 93.65
Thiodiazole-copper 400 dilution
KX IR CK 10.22+1.27b 0.00 7.61+1.81b 0.00

=+ TR R TT R Z AR AR L . 2 s PR brife 22 o TR F1ANTR] 78878 4 Duncan [T =R 251K 5622 57

.2 (P<0.05), —: No such data or the treatment was not carried out. Data are mean+SD. Different letters in the same column indi-

cate significant difference by Duncan’s new multiple range test (P<0.05).

2.3 AREZAFIN R ANERAET IR

2019 4F , 4 FBE 5 2K 4 000 15576 % AL IR 1Y
TR AR M 81.38%, INAJLT TR0 500 5 , X A4
KPER AT 7RO 7 3 87.45% , i I JL T B b
300 5% ¥ 5 W) xF AY ok CRE R IR T AR 1R
96.75% , 54 FHBE R 2 000 51 1A T7 AN Y 5

7 H AR TR 2R 1 000 35 RN 4 T 85 2 400 R0 B4 2k
PERG IR AR IR T 90.33% , IGI T RURA T4
FHAETE 25 4 000157 F1 2 000 559 =22 18], {BH: 2 000 %
YRR 800 15 3 Xt AL K REMR AR 7 SR A s R L 38
KT 79.00% (F3) . 20204F , 4 FHBE R K &b FE X}
BLKCEER IR IT SR B T 92.55% s H AR R
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1 000 175 % . 75 75 %5 K 400 175 I F18E 25 [ 500 175 ¥
Ko FE 1 000 5% 6 B KCTE I 18 36 9T ROR 43 5 R
94.08% .94.08% . 100.00% £ 92.46% , 5 ¢ J 55 55 &
2 000 {5 AL FRAIET P RCR B  (H P AE B 2 000 %

W TR 2 800 /7 FIGE B 4 200 157k M H: 400 135
TXF B KCBE IR IR IT AR BAR IR I AR A T
78.50%~86.97% 8] (F3)

R3 FEGHIX R NERITATHR
Table 3 Therapeutic effects of different bactericides on pear fire blight

2019 2020
N==d] L K o b 3
Qb E R 5 SLPE ] TP 4L AP
Treatment (55 3 K 24) 35 d) IRFTRCR (552K 2)F 28 d) TRITRCR
reatmen ) ) Therapeutic . . Therapeutic
Disease index (35 d after Disease index (28 d after
. . effect/% . effect/%
the third spraying) the second spraying)

A HBEFE 2 2 000 F57k 0.40+0.40 a 96.75 0.79+0.46 ab 94.08
Streptomycin 2 000 dilution
A FHEERE 25 4 000 fi1 1.68£0.27 a 81.38 0.84+0.12 ab 92.55
Streptomycin 4 000 dilution
A FHEEREEK 4 000 70+ 0.40+£0.40 a 96.75 0.79+0.46 ab 94.08
JLT ZHE 300 598
Streptomycin 4 000 dilution+
chitosan 300 dilution
A FHEERE 2 4 000 F5 7+ 1.03£0.18 a 87.45 0.78+0.24 ab 95.59
JLT S84 500153
Streptomycin 4 000 dilution+
chitosan 500 dilution

TR 4005 0.79+0.46 a 90.33 0.79+0.46 ab 94.08
Kasugamycin 400 dilution

HE 8005 2.65+0.39 a 79.00 1.74+0.37 ab 83.61
Kasugamycin 800 dilution
AR 1000 £ 0.79+0.46 a 90.33 0.79+0.46 ab 94.08
Mesosporin 1 000 dilution
TP TR 2 2 00057 2.9140.44 a 76.20 2.58+0.18 b 78.50
Mesosporin 2 000 dilution
WEFER 500 57 - - 0.00+0.00 a 100.00
Benziothiazolinone 500 dilution
WEREM 1 000 75 - - 0.85+0.57 ab 92.46
Benziothiazolinone 1 000 dilution
WETE 4R 200 75 - - 1.39+1.39a 86.97
Thiodiazole-copper 200 dilution
I BT 4 400 759 - - 1.45+0.59 a 84.91
Thiodiazole-copper 400 dilution
H /KNI CK 16.44+4.80 b 0.00 18.00+2.13 ¢ 0.00

=+ JCIRIURE SR TT RAZ ARG AL B . e iR P 822 o[RS ANTR] 7B 8 £ Duncan [T =R 2215 K0 5022 57

2 (P<0.05), —: No such data or the treatment was not carried out. Data are mean+SD. Different letters in the same column indi-

cate significant difference by Duncan’s new multiple range test (P<0.05).

2.4 FARZGFINIEERPHIKRLGRE

2020 4F 13 MRS A A B ARG A T
R BETRER A TR AR TR R R 25k
B, TE R BT TR R R R A E R
MR T ERRERME(GR4) .
2.5 ARABFIFNENLEE

ACIIET S Wit AR TR R T 2 W T FTE
PG BAE I RS A K e 4 R R AR 2K

RIS 5 , R RS A RN A A AR
T3 TC R 5 S IE B, (H R oAb B 5 A5 AL
BESR, Horb 2019 461 2020 4, R JHEE S % 4 000 1%
WAL T BRI 300 175 i b S 7 BL 04 1 B R0 5]
40.51% F12.04% , & HAE R 2R 4 000 5 A0S
L BER AR 0.93% 10, 4% FHBE RS £ 2 000 1353 Ak
P S 7 B0 L BEER 353 5018 1.94% F10.47%, 1 vh
AR ER 2 000 5K B T 7 2 400 5K S H: 800 15k
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AN A UL BE S 5 2019 4F , AR T 2 1 00045 W
A B S BB R R A 1.10% , 15 3 7K %) B AL #
JE BB A BEER RN 1.82% ;2020 4F , HUAG e P55 25

24 000 15 W+ LT B8 300 1% W Ak 4k 5 =

2 000 5 2 AL BRI A AL B0 BEAL , FHBESL R
HHEE051% M047%, T AREE FEEE.
W 7 T R T ) R 7 %o B A 3 I R AL R T B
BES

F4 2020 ERWHIR R RAK BB R

Table 4 Pesticide residues in pears during harvesting in 2020 mg/kg
N e 4‘[%‘5‘“& V=0 fe T
ey R B g gondgn FIER gy ARG
Treatment ormeq-  Thiametho- Avermectin  Cypermeth- Kasugam- Mesosporin Strep .tomy-
uat Xam rin ycin cin
A HEERE 2 000 /5 0.003 9 0.002 1 0.001 7 ND ND ND ND
Streptomycin 2 000 dilution
RFBERE R 4 000 15K 0.023 5 0.004 9 0.001 7 ND ND ND ND
Streptomycin 4 000 dilution
A FHBERE R 4 000 57+ 0.030 8 0.0105 0.0013 ND ND ND ND
JLUT BAH 30017571k
Streptomycin
4 000 dilution+
chitosan 300 dilution
A HEERE 4 000 f5 i+ 0.028 8 0.005 4 0.000 8 ND ND ND ND
JLT BB 50015
Streptomycin
4 000 dilution+
chitosan 500 dilution
ETE R 400157k 0.005 2 0.002 9 0.000 7 ND ND ND ND
Kasugamycin 400 dilution
HER 2 800 0.028 8 0.0119 0.000 3 ND ND ND ND
Kasugamycin 800 dilution
AT 2 1 000157k 0.006 0 0.006 3 0.001 5 ND ND ND ND
Mesosporin 1 000 dilution
FRA T &K 2 000775 0.0259 0.008 1 0.000 7 ND ND ND ND
Mesosporin 2 000 dilution
WEFRE A 5001357 0.006 5 0.004 5 0.000 7 ND ND ND ND
Benziothiazolinone
500 dilution
WEFERR 1 000 157K 0.0157 0.004 3 0.002 1 ND ND ND ND
Benziothiazolinone
1 000 dilution
WE TR 4 200 1377 0.002 7 0.0050 0.002 4 ND ND ND ND
Thiodiazole-copper
200 dilution
£ T 41 400 1757 0.0174 0.0044 0.0024 ND ND ND ND
Thiodiazole-copper
400 dilution
KX IR CK 0.009 5 0.003 9 0.002 0 ND ND ND ND

ND: Kk . ND: Not detected.
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2% FH T I0 LA B 24 50 A v B 1 R vk B
RO | DA B ) 2 ARy o  JEE AD F Z 7%
R RE R AR 4 R 25 B
e JBE ARV B B IR S A 1PV P R 7 1R
FH S AE B A B2 0, ok AR R 2 AT

A HBE RS 2 AR ABAEN 5 R R A AR
A TR B SR 75 RE RS A 8 T B e i T i — 2L
MR, 78 2019 4R L2570 30 -, 2020 4F 38 i 1 0
‘B RIS DR ] 2 o 245 701, JHL v e T A S8 1) 1
PHIREAE] T 100.00% , {HIEFE AR B (1L
1 000 5 FIWE B4 400 590 B PR B U4 A BT T
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K&, 4351120 95.24% F1193.65% ,{H 54 AR 25 2 00015
T O B 25 559)) B PR3 7 3580RH 24 5 % ) 500 £33V 11
IRIT B RN 100.00% , (HIBERERR 1 000 75 18E B
200 %5 A1 400 £5 W IR Y7 B L5 B B T RE, Ry
84.91%~92.46% , (X T4 FH 55 5 K 2 000 %5 W (X it
25550 TR YT B K5 AELFE 2 P9 3 i v, WEE TR A 11
IERCRAR 2%, EC, A M 1 168.14 mg/L, 5 H [R5
RO 25 5K, LR PRI A R it — 25T .
AMFFELE R BN, 2019 4FF1 2020 4F A% FBE R R
4 000 &5 1 DR AP BH AL 53530 4 98.74% F1194.91% , if
7 BT R 53-50 Jg 81.38% H192.55% ; hAE T4 2% 2 000 1%
W AR 471 B 25043 501 K 94.94% F1 89.81% , VAT Bli %k
43914 76.20% F178.50% ; 45 % 5 800 i AR
K7 %% 43 53 9 96.84% 1 91.51% , 34 97 B 543 5 M
79.00% H183.61%. T-i55 7155 (2022) LAAEAL P Ry ik
MR T AT R A TR R A B R 5 125
2GR R B AL, e FHEE R 25 4 000 5
IR BT RLCH 89.55% IGIT BIANH 72.50% 5 3% T
P K 400 £5 8 0 AR~ B 38R 78.25% , IR 97 Bl AN
65.75%;2% % Fa 5 7 S00 R BRI B RN 80.33%,
IRITBIIRICH 64.50%, TEARIFRRERTEL X 3R 77 i B
BT ARG S, 58 R R ] i 500 44 A
K, AEIE A H RS, AR &AL, H AL A
SR NG , T 35k 145 (2022) UKL BL R iR Ee AR, R
FAN T 3R R . A ST 45 0 1M 5, 2019 4E A
2020 AF[RIFp 245 550 A0 [ AR B A5 2T B st Ay — e 22
S XA RE S PN U G, 2019 4FH1 2020 4,
TE AR P % 3 56 v T K 6T B A 5 15 1 800 ) A
10.22 F17.6 1, T AEIR YT ACRAR L v i AR BRI 1%
SR N 16.44 F1118.00 , 3¢ W A 52 9 T2 B8 B 45
52, H R AP ARB R A /0 3K n] RESE AR 5T it
TR 279 B 5 v R S PR =22 — | i Tl 1 45 (2022) 1)
TFFE 4G S mT VA (0] i e R AR 254 T 5245
Biskin % .
AHEFE A ZLAE HT 28 R Sk it v AR B
R BERE BHER ERNFIE R 4~6 K, 4524
FIAb P 5 BB A K I E R BRI R RIS 4 A
PR RLEENA (R T2 K TR S 2k 250 Ab B, 4531
JEA A S L 2019 4EBR AR T R 2 000 159 A1
T Z 400 15 W e H: 800 F5 W A FHLIS AL 301
BERSLAI, A e B 28 45 A PG B35 H B0 BRESR 51E
1 BE S 20 0.939%~2.04% 5 2020 4F [ 4 J 45 75 R
4 000 5+ L T 2 300 5 AIA FHBERE 25 2 000 %
WAL B B R 5518 0.51% #10.47% S, Hofth

FACHS BRI AR M B A BERSE U AR R R R
THAEER LA FIE P A X 4 Fh 2G5 B AR, &
SRR, KT ERE FHEER VLRI AIER
B33 4 Fh 225 590 1) 22 2 e LA E ) B AT HR3E , 40
TR 5 (2020) 4 BH 390 WE RS B AT J8 A3 000 S48
RIS AT AP R B VA RO, BX E 48 B8 2 4 s Li et
al. (2020) 58 F W B B 2R A A5t 1 Tl
SR FE KRB 1 R0 A 1 3t 7 R R K
P2 42 s IR FEAF (2020) &I TR BE 2 0y I AR 45
O FE R 2 3 YO AR et v A TR RS L Ak
FRBEI ], HOR AR BRARS 2 2 P 0 5 1 22 DD 4
(2020) 1 5% 2 B, 20 % 15 B i 7K 8 17 5 % AR 1 i
oA BEAF BT, WK 2 4, AN R, B4k
F Sk 6 R 1= de /Y 32 2% B (Thomson, 1986
Pusey & Wend, 2012 ) , ££ 3 J2& 7l {7 B2 K F 7 e 4= %
BUACAE Sk A Fe A At 40, {EL PR R FEL 0 S M A8 SRR L
A 2E I S S FIA M Y HU R AR TC AR I s 2
() 8L A 58 5 R A AE I 24 BT K e it 1
RIS

R 25 R BRI, A pif g Kk T b AE T R B
R B TERER T FGE R I X 4 2 70 X AL kg
R BRI ROCRANATT R . o TR B TRRICR , B
TRBT2 I USS: , ATy AR Lt e BT 22 2550, A S 24
G , dE S B HAR , BEARBL IR AT K
o AWFITIGEE R R 5L T R TIR A Wit b
P, T AY JCRE S 1 BH AP T A8 W) it 245 v B 1)
RO (HP AR B R B R R AIE
PRI 4 B R R 55 LT MR F 2 5 A W RER
W B — 5T .
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