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Study on the chemical control of hypertrophic sorosis scleroteniosis dis-

ease in mulberry
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Abstract: [Objective]The hypertrophic sorosis scleroteniosis caused by Ciboria shiraiana is a destruc-
tive disease in mulberry production. Carbendazim and thiophanate-methyl are currently being used as
the main fungicides to control the disease, which have caused severe impacts on environmental pollu-
tion and food safety. To safely and effectively control the disease, high-efficiency fungicides were se-
lected by mycelium growth rate method and used for field trial in 2019 and 2021. The high efficiency
and safe fungicide screened from 2019 field experiment was used for study on the efficacy of control-
ling the disease at different stages, and the two common biological fungicides Trichoderma harzianum
and Bacillus subtilis were also compared in 2021. The fungicide residues of each treatment were detect-
ed. [Methods] The inhibitive effects of 13 different fungicides on the mycelia growth of C. shiraiana
were determined. There were four replicates for each treatment, and the untreated PDA medium was
served as the control. Those with better inhibitive effects were used in field trials. Four treatments were
set up in Wuhan city, Hubei province in 2019. Carbendazim, prochloraz- manganese, pyraclostrobin -

fluxapyroxad, and water as the control were used to evenly spray the whole mulberry tree canopy and
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surrounding ground for four times. The above treatments were randomly arranged with each treatment
having 3 replicates. The corrected control efficiencies of different fungicides were investigated, and the
fungicide residues were detected 20 days after the last spray. For calculation of the corrected control ef-
ficiency, nine branches of each mulberry tree were randomly selected, and the number of total and dis-
eased fruits on each branch was recorded, sampling one meter in length. The effects of different fungi-
cides, different control stages and biological control method were evaluated in Xiaogan city, Hubei
province in 2021. Carbendazim, prochloraz- manganese, pyraclostrobin - fluxapyroxad, procymidone,
and water as the control were used for the assessment of different fungicides efficiency. Prochloraz-man-
ganese, the best efficiency and safe fungicide screened from the field experiment in 2019, was then
used for the study on the effect at different control stages. The fungicide was sprayed at four different
stages, February 23 (magpie mouth stage), March 3 (leaf opened stage), March 11 (flower spike forma-
tion stage) and March 22 (initial blooming stage), and the application was stopped on March 28 (full
flowering stage). The corrected control efficiency of biological fungicides, 7. harzianum and B. subtilis
was compared. The treatments in 2021 were arranged randomly with 3 replicates for each treatment.
The corrected control efficiencies of different fungicides were investigated, and the fungicide residues
were detected 22 days after the last spray. For calculation of the corrected control efficiency, three
branches from each mulberry tree were randomly selected, and the number of total and diseased fruits
from each branch were recorded, sampling one meter in length. [Results]50% prochloraz- manganese
and 42.4% pyraclostrobin - fluxapyroxad had the best inhibitory activity, with both showing ECs, of 0.01
ng-mL", followed by 50% carbendazim, 50% iprodione, 30% pentazole - carbendazim and 50% procy-
midone, and 72% curzate had the lowest inhibitory activity, with £Cs, of 15.10 ug-mL"". In 2019, the
corrected control efficiencies of 800 fold dilution of carbendazim, 1000 fold dilution of prochloraz-man-
ganese and 2000 fold dilution of pyraclostrobin - fluxapyroxad were 100%, 100% and 96.04%, respec-
tively. The residues of carbendazim and prochloraz-manganese were 5.67 and 0.68 mg - kg, respective-
ly. In 2021, the corrected control efficiencies of 800 fold dilution of carbendazim, 1000 fold dilution of
prochloraz- manganese, 2000 fold dilution of pyraclostrobin - fluxapyroxad, and 1000 fold dilution of
procymidone were 98.21%, 99.58%, 95.95% and 88.11%, respectively. The residues of carbendazim,
prochloraz-manganese, and procymidone were 5.86, 0.68, and 2.94 mg - kg, respectively, and the resi-
dues of pyraclostrobin - fluxapyroxad was under detection. The corrected control efficiency of pro-
chloraz-manganese sprayed at the magpie mouth stage, leaf opened stage, flower spike formation stage,
and initial blooming stage was 96.98%, 97.65%, 96.39% and 91.40%, respectively. The corrected con-
trol efficiency at the initial blooming stage was significantly different from the above three stages. The
fungicide residues at the four stages were 0.54, 0.49, 0.52 and 0.50 mg - kg'', respectively. The corrected
control efficiencies of 300 fold dilution of 7. harzianum and 300 fold dilution of B. subtilis were
54.74% and 61.74% , respectively. [Conclusion] Carbendazim, prochloraz- manganese and pyraclos-
trobin - fluxapyroxad had the best corrected control efficiencies (above 95%) in two years field trials.
Procymidone had the lowest corrected control efficiency of 88.11%. The residues of carbendazim ex-
ceeded the standard, while prochloraz-manganese, pyraclostrobin - fluxapyroxad and procymidone were
found in the safe range. To prevent resistance of the pathogen to the fungicide, prochloraz-manganese
and pyraclostrobin - fluxapyroxad can be sprayed alternately from the flower spike formation stage to
25-30 days before picking with an interval of 7 to 10 days. The method can safely and effectively con-
trol the disease, which can meet the food safety requirements. The efficiency of biological control is un-
satisfactory and needs to be further explored and optimized.
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ological control
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W X K B (Trichoderma harzianum) 7] 18 TE ¥ 771 1 %
10°CFU - g, Il RSB VR A R A A .
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Table 1 Comparative the inhibition of 13 different

fungicides to Ciboria shiraiana

BRI RE ARG AR HL

P27 X CECy/

Funeicide Toxic regres- Correlation (ue-mL™)
g sionequations coefficient, HE

50% MWK il y=6.50+0.69 x 0.94 0.01

50% Prochloraz-manganese

42 4%k « FUE N =6.70+0.89 x 0.96 0.01

42.4%

Pyraclostrobin - fluxapyroxad

50%% B R 50% Carbendazim y=5.62+0.50x 0.92 0.06

50%5 # Ik 50% Iprodione  y=5.88+0.92 x 0.94 0.11

30% M 2 T R y=6.3242.21 x 0.98 0.25

30% Pentazole-carbendazim

50%JiE EF1 50% Procymidone y=6.67+3.00 x 0.98 0.28

70% F BB A y=5.24+0.59 x 0.98 0.39

70% Thiophanate-methyl

40% B 1% 14 40% Dimethachlony=6.44+3.71 x 0.98 0.41

30% < ik F ER y=5.04+0.64 x 0.94 0.87

30% Difenoconazole

60% M ik « A AR I y=4.98+0.60 x 0.93 1.08

60% Pyraclostrobin - metiram

40%JREME 40% Flusilazole  y=4.92+1.26 x 0.99 1.16

12.5% VY et ik e v=4.74+1.00x 0.97 1.81

12.5% Tetraconazole

T2%Fa IR 454F 72% Curzate  y=3.71+1.09 x 0.95 15.10

96.04%. o 1 T2 20 d g KFERI , 2 1 2 (1)
BR B E N 5.67 mg- kg, WKER iR 21 11 5% B & 0.68
mg-kg' (82,

2021 AEAEZE T R R EE M5+ 2 H 23 H(#

F2 2019 FARERAFINREER B EZHE A EPIAKR

Table 2 Field trials of different fungicide treatments on mulberry fruit sclerotiniosis disease in 2019

#5 RIRH R IE; 3 RUFRE

l;ug cide Disease Corrected control Pestcide residue/
g incidence/% efficiency/% (mg-kg")

%1 R 800 5 800 fold dilution of carbendazim 0b 100 a 5.67

Ik A 20 £k 1000 4538 1000 fold dilution of prochloraz-manganese 0b 100 a 0.68

Ik » GEC B M1 2000 £ 2000 fold dilution of pyraclostrobin - fluxapyroxad 2.17+1.24 b 96.04 £3.96 a —

TH7KXSHE Control 54.91£20.54 a

T R EHE N CP B BEhR ) . RPN F/NS T RRORE LSD ERIRE p < 0.05 ZREFH "Rl TH.

Note: The data shown in the table are (mean + standard error). Different small letters in the same column indicate significant difference at p < 0.05

by LSD test. “—” indicates not tested. The same below.
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H 22 HHIAER) <3 H 28 UKAE ) HE4T H 18] 25750 B
BT, 25 R (B DR, DK e 4 2 2 1 R A
Tk « 960 I i (1) A% 15 BT 2% 53 3 29 99.58%  98.21% Al
95.95%, H 2 e AN B2, JE 8RR 1T 2508 88.11%,
HHAI ARG ARAFAEREESR . BE—IK
W55 24 22 d J& SRAEAR I , 0k 3 e 4 56 1Y) 7% BE oM 0.68

mg-kg', % B R IR B 9 5.86 mg kg, K - SR
i 1) 5% B I TR R PR, TS R 1 vk BE N 2.94

mg-kg'(E3).
2.3 FEREZET R SRR AR K B B AR R A 5 TR 3L
RFM

1% FH 50% WK 6 e 26 20 ) F 9 5% 2 H 23 H (8
D3 A3 HOFHED 3 A 11 HEREE D .3
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A. Magpie mouth stage; B. Leaf opened stage; C. Flower spike formation stage; D. Initial blooming stage; E. Full blooming stage.
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Fig. 1 The growth situation of mulberry fruit during spraying fungicides in 2021
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Table 3 Field trials of different fungicide treatments on mulberry hypertrophic sorosis scleroteniosis disease in 2021

5 Ak BIEB 2% RERE

l;ur; icide Disease Corrected control Pestcide residue/
& incidence/% efficiency/% (mg-kg")

IR % £ 1000 £ 1000 fold dilution of prochloraz-manganese 0.19+0.28 b 99.58+0.60 a 0.68

% B R 800 1% 800 fold dilution of carbendazim 0.82+0.41 b 98.21+0.89 a 5.86

Ik « RUBE % 2000 17 7 2000 fold dilution of pyraclostrobin - fluxapyroxad ~ 1.87+1.04 b 95.95+1.30 a —

J& 2R 1000 £ 1000 fold dilution of procymidone 5.48+£2.05b 88.11+4.45 b 2.94

TE KX Control 46.07+5.63 a

H 22 H (WIHEI) FFUf st it , 25 L3 00, 85 113 FF i
HH A A B W 5 T IR 25 8 1E BT 2K 4 N
96.98%97.65%F1 96.39% , ¥] 4t } HF 46 Jite 25 15 1E Bl

RN 91.40% , 5185 1A I i SAFIFERE R i 0 HF U
WA PR RAAE R E R B2 2.3.4.5 MK
2R B 079 0.50.0.52.0.49.0.54 mg - kg ' (£ 4).

R4 2021 FAERRAITHI REER R EZHEIEERERER

Table 4 Field trials of different control stages on mulberry hypertrophic sorosis scleroteniosis disease in 2021

i N >R 3% ‘IE 2 7

W26 ] 75@%‘1 RIEBT % Z@Eﬁ)’%% _

Spravine time Disease Corrected control Pestcide residue/
praying incidence/% efficiency/% (mg-kg")

2 H 23 HE I February 23 (Magpie mouth period) 1.39+0.15b 96.98+0.33 a 0.54

3 H 3 HOFH) March 3 (leaf opened period) 1.08+£0.31 b 97.65+0.67 a 0.49

3 A 11 H (fERUE ) March 11(Flower spike formation stage) 1.66+0.09 b 96.39+0.20 a 0.52

3 H 22 H®#I{EM) March 22 (Initial blooming stage) 3.96+1.17b 91.40+4.40 b 0.50

KA Control 46.07+5.63 a
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Table 5 Field trials of different biocontrol strain
treatments on mulberry hypertrophic sorosis
scleroteniosis disease in 2021

oy b 72%?\5‘ x R IERTRL
Biocontrol strain treatments Disease Corrected control
incidence/% efficiency/%

W EAIATE Bacillus subtilis 17.6243.94b 61.7448.55a
W& YK FE T Trichoderma harzianum 20.85+3.83b 54.74+8.31 a
5 7K Xt ## Control 46.07+5.63 a
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