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Control efficacy of different fungicides against Kiwifruit soft rot
caused by Botryosphaeria dothidea
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Miaomiao, GONG Guoshu”

( College of Agronomy, Sichuan Agricultural University, Chengdu, Sichuan, 611130, China)
Abstract: [Objective JKiwifruits (Actinidia chinensis Planch.) are becoming increasingly popular
because of their nutritional and delicious properties. However, kiwifruit is highly perishable after
harvest and is susceptible to infection by various pathogenic microorganisms, especially
Botryosphaeria dothidea. Kiwifruit soft rot, caused by B. dothidea, spreads rapidly in confined
spaces. A single diseased fruit easily contaminates others, causing a whole box of fruits to soften

or rot quickly. In addition, fruits that appear healthy may also turn out to be decayed after their
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skins are peeled. Therefore, the significance of kiwifruit soft rot in the value chain is often
underestimated. Currently, chemical control is the most effective approach for kiwifruit soft rot
prevention and healing. Nevertheless, there is limited knowledge on fungicides that can be applied
in the growth and storage periods to prevent kiwifruit soft rot. The lack of scientific evidence for
the preventive use of fungicides has led to insufficient recommendations, widespread misuse and
abuse of these chemicals. Therefore, we aimed at identifying high-efficiency, low-toxicity and
low-residue fungicides for kiwifruit soft rot prevention and control during the growth and storage
periods. [ Method ] Indoor toxicity tests. Indoor toxicity effects of tebuconazole, prochloraz,
fluazinam, propiconazole, imazalil sulfate, pyraclostrobin, flusilazole and azoxystrobin on B.
dothidea were assessed via the mycelial growth inhibition method. For evaluation of in vitro
preventive and curative activities of prochloraz, azoxystrobin, pyraclostrobin-fluxapyroxad,
trifloxystrobin-tebuconazole, imazalil sulfate and fludioxonil against kiwifruit soft rot, the fruits
were treatment in preventive (applied 24 and 72 h pre-inoculation) and curative (applied 24 and 72
h post-inoculation), preventive as well as curative effects evaluated after kiwifruits had softened.
In 2020, to the screening filed trials of flusilazole, pyraclostrobin-fluxapyroxad, azoxystrobin,
trifloxystrobin-tebuconazole was conducted in the modern agricultural research and development
base of Sichuan Agricultural University. The fungicides were applied using a spray on 20" April
2020 (after shedding), 20" May 2020 (young fruit stage), 24" June 2020 (fruit expansion stage)
and 24" July 2020 (30 days before harvest). Collected fruits from each treatment and stored at
25°C, the disease index incidence and control efficiencies were calculated after 15 days of storage.
For storage trials, the fruits were soaked in trifloxystrobin-tebuconazole, prochloraz, fludioxonil,
imazalil sulfate and myclobutanil for one min, air dried and stored. The disease index incidence
and control efficiencies were calculated after 90 days of storage. After 90 days of storage, the
kiwifruit samples treated with the most effective fungicide and water were taken for quantitative
analysis and detection of fungicide residues. The national food safety standard GB 2763-2019
guidelines on maximum residue limits of fungicides in food were used to assess the residual safety
of fungicides. [Results] In this study, based on the results of indoor toxicity and in vitro control
efficacy assessments, we selected different fungicides for subsequent field and storage efficacy
tests and identified three fungicides with great potential for control of kiwifruit soft rot. Prochloraz
(a.i. 97%) had the strongest inhibitory activities against B. dothidea mycelial growth whereas
pyraclostrobin (a.i. 97.5%) had the weakest inhibitory activities. The ECso values of prochloraz
(a.i. 97%) and pyraclostrobin (a.i. 97.5%) were 0.1349 ug'ml! and 9.9987 pg-ml, respectively.
In vitro, trifloxystrobin-tebuconazole had preventive effects of 78.15% whereas prochloraz had
curative effects of 89.38%. During growth in field trials, four fungicide applications were effective
against kiwifruit soft rot. Among them, three fungicides had better control efficacies on the disease
after applying them four times at different growth stages. Trifloxystrobin-tebuconazole
successfully controlled kiwifruit soft rot with control efficacies of 92.30%, compared with other

fungicides (p << 0.05). It was followed by pyraclostrobin-fluxapyroxad and azoxystrobin with



control efficacies of 80.90% and 76.46%, respectively, whereas flusilazole had the least control
efficacy of 32.84%. After fruit immersion in all five fungicides before storage, prochloraz
exhibited the highest control efficacy of 95.98%, followed by myclobutanil and
trifloxystrobin-tebuconazole with control efficacies of 91.14% and 86.30%, respectively. None of
the fungicides were associated with phytotoxic effects on the kiwifruits after treatment, suggesting
that they were safe. When kiwifruits were stored for 90 days, residual levels of tebuconazole,
trifloxystrobin and prochlorazin water control were 0.015 mg/kg, 0.011 mg/kg and <<0.01 mg/kg,
respectively, whereas tebuconazole and trifloxystrobin residues in triclostrobin-tebuconazole
treatment were 0.45 mg/kg and 0.22 mg/kg, respectively. Fungicide residues in the three
treatments were significantly low in kiwifruits than the MRL for grapes and no pesticide residues
exceeded the standard. [ Conclusion] Taken together, this is the first study to comprehensively
assess the control effects of different fungicides on kiwifruit soft rot in the field and during storage.
We  found  that  alternate applications of  trifloxystrobin-tebuconazole and
pyraclostrobin-fluxapyroxad in the field during the growth period and soaking postharvest fruits in
prochloraz before storage are potential useful and effective measures for kiwifruit soft rot
management. Moreover, fruit damage during harvesting and transportation should be avoided as
much as possible to effectively prevent and control postharvest kiwifruit soft rot.
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Table 1 Information on the fungicides that were used in this study
FE ] 2 e R
AH A W R * 245 B TR SIS T
. Field control Store control
Fungicide Active ingredient® Amount/ (mgkg ) Manufacturer Preventive and curative’
efﬁcacyy efﬁcacyy
ML 21.2% + SRELE 21.2% (SC) BT RR AR A A
Agcelence® 169.6 T T NT
pyraclostrobin 21.2% + fluxapyroxad 21.2% (SC) BASF SE [China] Co., LTD
SIEERAGHRA
WL B 25 gL' (SC)
Celest® 12.5 Syngenta Crop Protection [Sichuan] Co., T NT T
fludioxonil 25 g-L' (SC)
LTD
SIEERAGH A
IEE R E 250 gL
Amistar® 166.67 Syngenta Crop Protection [Sichuan] Co., T T NT
azoxystrobin 250 g-L! (SC)
Ltd.
VU R A A R A
WREE [ 25%
Prochloraz® 250 Sichuan Guoguang Agrochemical Co. T NT T
prochloraz 25% (EC)
LTD
IR A SRR TR ]
FEIEME 400 gL (EC)
Flusilazole® 50 Guangdong Maoming Green Silver NT T NT

flusilazole 400 gL' (EC)

Agrochemical Co., LTD




Imazalil MR ER £ 75% (SG) T F T S P A R F

250 T NT T
sulfate ® imazalil sulfate 75% (SG) Addo Maxim [Beijing] Co., LTD
H5 T 25% +IXIERE 50% (WG) FHRAHWAR
Nativo® 187.5 T T T
trifloxystrobin 25% -+ tebuconazole 50% (WG) Bayer [China] Co., LTD
5 40% (SG) S [P IR AR A
Systhane® 57.14 NT NT T
myclobutanil 40% (SG) Dow Agrochemical Co., LTD

e X ES AN ERREH R SC=RIFN); EC=FLiH; WG =/K/ Bkl SG=li@Emil. ¥T LT TR, NT FmRillid.
Note: * Values in parentheses indicate the formulated type: SC=suspension concentrate; EC=emulsifiable concentrate; WG=water-dispersible granule; SG=soluble granule agent. * T indicates

testing was conducted, NT indicates untested.
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Table 2  Grading standard for severity of kiwifruit soft rot
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representative value Grading standard
TEAEIR
’ No disease
TABE o RSE IR 5% LA

Diseased spots accounted for less than 5% of fruit area
AP i RS T > 5%~15%
Diseased spots account for >5%-15% of fruit area
B 7 RS HIAA > 15%~25%
Diseased spots account for >15%-25% of fruit area
AT 7 ARSL IR >25%~50%
Diseased spots account for >25%~50% of fruit area
AP R SLTHAR 50% LA _E
Disease spots accounted for more than 50% of fruit area
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Table 3 Inhibitory activities of eight fungicides against mycelial growth of B. dothidea

PR 25 EEpp ECso/ LR
Tested fungicides Regression equation (pg-mL™) Correlation coefficient,

95% X MEEE 95% tebuconazole y=13474x+5.8329 0.2409 0.998 5
97%K{E%Z 97% prochloraz y=13288x+6.1559 0.1349 0.985 3
98%FRIENE 98% fluazinam y=1.0982x+58175 0.180 1 0.963 2
97.5%MtMEfk B EE 97.5% pyraclostrobin y=1.7617x+3.2384 9.998 7 09715
95%3IEME 95% flusilazole y=1.800 3x + 5.876 0 0.326 1 0.9619
93%N I 93% propiconazole y=1.649 1x+5.176 2 0.7819 0.984 5
96% "% i liE 96% azoxystrobin y=0.7460x+5.1455 0.638 1 0.985 8

75%AME L R £
y=19380x+6.129 5 0.2613 0.978 0
75% imazalil sulfate




0.625 pg/mL JRMW:EE 0.625 pg/mL K&
0.625 pg/mL tebuconazole 0.625 pg/mL prochloraz

0.625 pg/mLIRE 0.1 pg/mL MK 4 15 0.625 pg/mL JRAEME
0.625 pg/mL fluazinam 0.1 pg/mL pyraclostrobin 0.625 pg/mL flusilazole

0.625 pg/mL 5 M 0.1 pg/mLIE 2 pg/mL SRR AL A
0.625 pg/mL propiconazole 0.1 pg/mL azoxystrobin 2 pg/mL imazalil sulfate

tr/N=1 cm. Bar=1 cm.
1 ARIKRER 8 FREFIMEEEITE (B. dothidea) 225 K<HIHNFIER

Fig. 1 Inhibitory activities of different concentrations of fungicides against mycelial growth
of B. dothidea
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75% 5 T B - TR EE WG >25 gL WS i SC>42. 4% MRk Sk I SC>25%IK & i EC>75%
ME MG L & SG>250 g L' M B SC; Hrh 75%]15 B Bg - I MERE WG XT3 & PRI i (B
dothidea) WITRIIRURELLT, TEMEZ )5 24 h. 72 h BFh I, 152053 519 78.15%H 70.65%.
25 g L TS SC X & FEE B (B. dothidea) TIPS BUREATF, FEWEZ 5 24 hy 72 h Hefh
993 JEL R, 5 28090 A 71.98%F11 68.36%; 250 g- L' W B g SC 7By SR B % , Bl 53731 46.17%-
35.61%.
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Table 4 The preventive effects of six fungicides in fruits with B. dothidea

Ak WS 24 )5 24 h %Pk WEZ4J5 72 h R
Treatment Inoculation 24h after spray fungicide Inoculation with 72h after spray fungicide
W EAT TR B SERBI Rk
Spot diameter/mm  Control effect/%  Spot diameter/mm Control effect/%
75%J15 T B T EE WG 6.35+0.60 e 78.15+2.07 a 7.1240.80 e 70.65+3.32 a

75% trifloxystrobin-tebuconazole WG

25 gL % HA R SC 8.14+0.61 d 71.984+2.08 b 7.67+0.92 ¢ 68.36+3.78 a
25 g-L! fludioxonil SC

42.4% Mg - SR G SC 10.14£0.69 ¢ 65.11£2.36 ¢ 10.53+1.10d 56.59+4.54 b

42.4% pyraclostrobin- fluxapyroxad SC

25%K i i EC 10.80+2.66 ¢ 62.84+9.16 ¢ 11.56+1.68 cd 52.33+6.93 be
25%prochloraz EC
T5%IMEMEREL £E SG 15.13£0.83 b 47.93+2.85d 13.13+2.20 ¢ 45.85+9.08 ¢

75% imazalil sulfate SG

250 gL' Mg SC 15.65+0.27 b 46.17+0.92 d 15.62+0.99 b 35.61+4.10 d

250 g-L! azoxystrobin SC

KR R 29.07+1.52 a — 24.25+0.83 a —

CK
e BMEN T AR HEZE, PHMEAR 3 AN ES . F—FARFEEERRL p<0.05 AZERH
Goitaem 0 CRAJBEERT7 Z 00 Wi/ 22 22 53k LSD R 3a k4T 2 B EHBD .

Note: Each value is mean + SD and the average include three biologically independent replicates. Different letters
indicate significant differences at p <<0.05 in the same column (one-way ANOVA followed by two-sided least
significant difference (LSD) test for multiple-comparisons).
2.2.2 AN[RVZ 7 B Bk SR 96 (196 T RCR VAR

H# 5 NI 2 AT 50, 6 AR T 7D BBk B8 98 406 — € AT RBOR, M 72 h )5, 25%
BKEEfE EC A1 250 g L' MEE G SC AR B % (p<0.05) T HAhZG5], By thsi B 554K N
25%IKEENZ EC>250 gL' MEEE I SC>42.4% MM - RBEEZ SC; Horh 25%BKEF % EC i 7 2] )8
JE B (B. dothidea) WIETT RCREATF, TEFMH R 24 hy 72 h JEWEZ), Bk ilh 89.38%.
84.24%; 25 g-L' MEEA T SC VAT AR I %, Bl &sr mlh 52.30%. 45.33%.
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Table 3 The curative effects of six fungicides in fruits with B. dothidea

HeFhJE 24 h 52 FEF S 72 h w524
sl Spray fungicide 24 h after inoculation Spray fungicide 72 h after inoculation
Treatment TR EAR FHIBTR B E AR FRIBTRL
Spot diameter/ mm  Control effect/% Spot diameter/mm Control effect/%
25%Wk i EC 25% prochloraz EC 2.64+0.50 d 89.38+2.03 a 2.94+0.25 ¢ 84.24+1.32 a
250 g-L ME B G SC 250 g-L! azoxystrobin SC 2.82+0.71d 88.66+2.87 ab 3.73+1.16 ¢ 79.97+£6.25 a
42.4% Mk I K SC 42.4% 4.14+0.83 d 83.31+3.33 b 6.24+0.89 d 66.49+4.79 b
pyraclostrobin-fluxapyroxad SC
75%J5 T R IERE WG 75% 7.94£1.52 ¢ 68.036.13 ¢ 7.9540.67 ¢ 57.30£3.58 ¢
trifloxystrobin-tebuconazole WG
T5%ME ML Eh SG 75% imazalil sulfate SG 9.17+1.45 ¢ 63.07+5.83 ¢ 8.83+2.41 be 52.5912.95 cd
25 g-L' ME R I SC 25 g-L! fludioxonil SC 11.84+1.05 b 52.30+4.21 d 10.18+0.98 b 45.33+5.29d
KM CK 24.83+2.32a — 18.63+0.57 a —
FAUHCK st prochorar P o itrobn tritonyroi. | WO s

fluxapyroxad tebuconazole

T %t preventative
activity

TRITBUR curative 3 . ‘
activity A e

I FAMEN PRI R i, SPEME S 3 AV E R . F SR T RN L p<0.05 NERH iR LCR

FHERR 3275 22 3 A B /N S5 2 22 5 LSD At AT 2 F LA
Note: Each value is mean + SD and the average include three biologically independent replicates. Different letters indicate
significant differences at p<<0.05 in the same column (one-way ANOVA followed by two-sided least significant difference (LSD)

test for multiple-comparisons).

B 2 BBk ARTRRIR (%5 72 h [3#) FIRTTHUR (3Fh 72 h [RREZE) AOFRBE
RIEIR
Fig. 2 Representative soft rot lesion development in preventive (applied 72 h

pre-inoculation) and curative (applied 72 h post-inoculation) treatments
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[F] B ST 25 1 25 4 Y0 4 PR BRI PR 3 FIORH BRI B 5 B 8 AR AECLT, 75 % R - TR
Wl WG B RUE 3 T HAh 2557 (p<0.05), N 92.30%; FLIKAE 42.4%MEfik- JREEZ SC Al
250 g-L' MG SC, B4 AN 80.90%F1 76.46%; LA 400 gL JihEME EC Biia R e 22,
1% 32.84%. MEZG I ESE A, o8 B AL B X BRIk I AR = A 258

= 6 4 FhFE I BrAEE R E 7 B R B A BUR

Table 6 Control efficacy of four fungicides on kiwifruit soft rot in fields

s TE TR IR
The percentage of
Treatment Disease index Control effect/%
diseased/%

75%I15 T B TR EE WG 15.93+4.38 d 2.51£0.96 ¢ 92.30+2.96 a
75%trifloxystrobin-tebuconazole WG
42.4% Wik R SC 35.21£5.87 ¢ 6.22+1.90 ¢ 80.90+5.84 b
42.4%pyraclostrobin- fluxapyroxad SC
250 g-L R g SC 26.71+4.34 ¢ 6.91£1.92 ¢ 78.78+5.89 b
250 g-L" azoxystrobin SC
400 g- L' M EC 76.46+6.32 b 25.10+2.13 b 32.84+6.53 ¢
400 g-L-! flusilazole EC

CK 87.57+7.80 a 31.18+9.81 a —

e BAMENPRMERMEZ, PIEOSE 3 ML ER . /S ARFRRIRE p<0.05 AZFH
it AR S0 CRARR R 5 22 0 M A i /N 25 22 595 LSD i it AT 22 JLEHO .

Note: Each value is mean + SD and the average include three biologically independent replicates. Different letters
indicate significant differences at p <<0.05 in the same column (one-way ANOVA followed by two-sided least

significant difference (LSD) test for multiple-comparisons).

2.4 TOGEHARG I IE R R &N
2.4.1 FLEIE AT 2 10 B R E

B3R 7 AT, 5 PR B A SR R 06 — B BRSO, VREECHR 90 d JE I A,
25%WKEE [ EC i RCR B fE, 1K 95.98%, H A 40%055 M SG 1 75% M7 B g - [P I
B 2053 R 91.14%F1 86.30% « fi 1T Ie - IR IE | R 6 Jiie 1 Jis AT T 7 SR SR i V2 S A B 0]
BRERJE 3 IR B A SR B, TR R B AT 250, B kR A AR AT AT S A L, 25 A T 771
Kb P S5 SRR R 38 R P AR 25

= 75 PR IR AR AR AR R R R O B A TR

Table 7 Control efficacy of five fungicides on kiwifruit soft rot during storge period

Ak 2E Y SES AR RE2IE S




Treatment The percentage of Disease index Control effect/%

diseased/%
25%WK i EC 25%prochloraz EC 0.51 de 0.25f 9598 a
40%J5 M SG 40%myclobutanil SG 0.81d 0.54 de 91.14a
75%I17 # B - [ MERE WG 75%trifloxystrobin-tebuconazole WG 1.51d 0.84 cd 86.30 ab
75%INE B IR 5 SG 75%imazalil sulfate SG 293¢ 124 ¢ 79.81b
25 g-L &4 SC 25 g-L! fludioxonil SC 391b 2.15b 64.97 ¢
TEAKATIR CK 10.51 a 6.13a —

e AMEOFMERME R, FIE O 3 RAEYMSIMER . [FJ—SARTFERRE p<0.05 A ERH
Gt S R OSCCRT R 207 220 W A/ .35 72 7 LSD K i it AT 2 JE ELERD)

Note: Each value is mean + SD and the average include three biologically independent replicates. Different letters
indicate significant differences at p <<0.05 in the same column (one-way ANOVA followed by two-sided least

significant difference (LSD) test for multiple-comparisons).

2.4.2 LW AT 2510 2 41T

TR RS 58 993 KT ZE AR v, ke bk SR S 7 D i 3 110 3% B 7] e K B S VP ) 19
TR R G 5 B e B B . B3R 8 AL, I KO IR A B R bk b e S B T
KL% (AR B B 0.015. 0.011 1<<0.01 mg-kg'; FH 75%M5 Mg RMEEE WG 3= BALFE 90 d
(BRI Fp MR 5 1 G 1) % R 40 i 0.45 mg kg ! R 0.22 mg-kg's FH 25% K i EC
RRALEE 90 d FUBRIGERE HH DK A % (5% B BN 0.59 mg-kg e R T T B AT IO A6 i A R
FEARBAT B, AL SRR A /NRK R 5 P A BB KRR E (MRL), £X¢
bb, 3 i b B () A 245k BR 3 /N TAE BRI R BT 47 B MRL A, R IR 23R B s -

% 8 FSEME. [KMEFRPKEERL BRI P R LB E

Table 8 Terminal residues of trifloxystrobin, tebuconazole and prochloraz in kiwifruit

I K BR R S Fl5E bRt S
AbFE Tor I B 7y Amount of
Maximum residue Reference Decision standard
Treatment Testing components residue/
limit/ (mg-kg") product number
(mg-kg™
75%J¥5 B R - TR EE WG TR Bk
[ Tebuconazole 0.45 5.00 GB 2763—2021
75% Kiwifruit
trifloxystrobin - tebuconaz Ji5 i T
0.22 3.00 #1%j Grape GB 2763—2019
ole WG Trifloxystrobin
25%MBK &£ EC 25%
WK )i Prochloraz 0.59 2.00 %] Grape GB 2763—2019

prochloraz EC




TrfERk
JRMEE Tebuconazole 0.015 5.00 GB 2763—2021

Kiwifruit
THEAR CK Ji5 H
0.011 3.00 % Grape GB 2763—2019
Trifloxystrobin
WK Ji% Prochloraz <0.01 2.00 %] Grape GB 2763—2019
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