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Identification and biological characterization of the pathogen
causing tomato early blight and screening of dosage reduction
proportions of the fungicide

WANG Jiao', HAN Wengqing', SU Xiumin!", WANG Qiulan', LI Peng?

1 Millet Research Institute of Shanxi Agricultural University, Changzhi 046000, Shanxi, China
2 Bureau of Agriculture and Rural Affairs of Luzhou District, Changzhi 046000, Shanxi, China

Abstract: [Background] Dryland tomato is one of the characteristic industries in Huguan
County, Changzhi City, Shanxi Province. In recent years, increased rainfall has led to frequent
outbreaks of tomato early blight. [Objective] To identify the pathogenic fungi causing tomato
early blight in the experimental field and analyze their biological characteristics, we introduced
the adjuvant Jijian and screened the optimal dosage reduction proportion that minimize the
usage of difenoconazolet+azoxystrobin SC while maintaining the efficacy through indoor
antifungal tests and field trials. [Methods] Morphological observation and molecular biological
methods were employed to identify the isolated pathogen strain W1. The biological indicators
including optimal carbon source, temperature, light conditions, and pH value of this strain were
studied. The organic adjuvant Jijian was introduced, and indoor antifungal tests were conducted
via the plate confrontation method to optimize the dosage reduction proportion of the fungicide.
Furthermore, field trials were carried out to evaluate the control efficacy. [Results] Strain W1
was identified as Alternaria tenuissima. The optimal carbon source, temperature, and pH for the
vegetative growth of this strain was fructose, 28 °C, and 7.0, respectively, and the mycelial
growth was fastest under complete darkness conditions. Indoor antifungal tests showed that all
dosage reduction treatments of difenoconazole+azoxystrobin SC combined with Jijian had
inhibitory effects on the fungus causing tomato early blight. The 10% reduction+Jijian treatment
was superior to conventional dosage treatment, with an inhibition rate of 93.90%. In field trials,
the control efficacy of the 10% reduction+Jijian and 20% reduction+Jijian treatments was
77.54% and 72.94%, respectively, 7 days after the first application and 83.40% and 80.32%,
respectively, 7 days after the second application, surpassing that of the conventional application.
[Conclusion] A. tenuissima is the pathogenic fungus causing tomato ecarly blight in this
experimental field. Adding the adjuvant Jijian can reduce the usage of difenoconazole+
azoxystrobin SC while maintaining the control efficacy against tomato early blight, with 20%
reduction in difenoconazole+azoxystrobin SC+Jijian being the most suitable treatment.
Keywords: tomato early blight; adjuvant Jijian; biological characteristics; dosage reduction;
control efficacy

FAFIIR T M FEWEFZ—, MR HEFEAREf(Alternaria solani) . AHBEEE
)& (Alternaria) EL I 5158, fE4 it R &  ffi(Alternaria melongenae) 1 55 #% 1l (Alternaria
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E1 HEEmEERM
Figure 1 Field manifestation of early blight on
tomato leaves.
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A PDA 53Rk, F 25 °ClHIRH; 7
FEmE R FR, WA TR PDA K FF
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7 RN R L B TR VR A B SR L MLBE RS, R
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()T AL BRAL ) A= AR

Az R P 2R (%)= BE B 78 1 B -4 H
& EAR)/CoF BE TR ) AR TR DF EA2)x 100 (1)
1.8.2 HIEIFFHUA IR

H | B &l g At 7 M ab (R 2), X 4 IKEE
52, it 28 A/NX, B/NXERDY 72 m?,
PRRIE R 0.4 m, 17HER 1.5 m, BEiEEKIE ML
xR, R IEREZG 2 Ik, 2024 457 H 16 HES
1 Witizhi, 2024 4F 7 H 24 HES 2 Witizh, Jitizl
A1 d & 2 Witizh 7 d JREARTE, AR

The dosage of chemicals in different treatments (laboratory antibacterial test)

Ab 3 B 7 )

Treatment Test agent Dosage of drugs used (g)
BC 2R H - BE TR iR &L 7% F] Difenoconazole+azoxystrobin SC 0.134

BJ-1 2R - 10 T i Ak 17 7+ fidt Difenoconazole+azoxystrobin SC+Jijian 0.120

BJ-2 IR - 1 T i Ak 17 7+ f# Difenoconazole+azoxystrobinSC+Jijian 0.106+0.10

BJ-3 IR - 1 T i Ak 1 R+ f# Difenoconazole+azoxystrobinSC+Jijian 0.094+0.10

BJ-4 7R HH - T 1R =k 77 57+ f# Difenoconazole+azoxystrobin SC+Jijian 0.080+0.10

BJ-5 IR - 1 T I ek 17 7+ fdt Difenoconazole+azoxystrobin SC+Jijian 0.066+0.10

PC Bl f# Adjuvant Jijian 0.100

CK 25 FXF A CK 0

SC } suspension concentrate FJ4 5 . FIf],
SC stands for suspension concentrate. The same below.

%2 RELBZHFRERE B EHRE)

Table 2 Mass concentration of different treatments (field efficacy test)

Ab B HER L Jo R

Treatment Test agent Mass concentration (g/L)
BC 75 H - B T [ 2 7% 57 Difenoconazole+azoxystrobin SC 0.67

BJ-1 25 -5 TR T 2 V% ¥+ f Difenoconazole+azoxystrobin SC+Jijian 0.60+0.50

BJ-2 75 - TR T 2 V% ¥+ { Difenoconazole+azoxystrobin SC+Jijian 0.53+0.50

BJ-3 PR - 1% T i ek 1 59+ f Difenoconazole+azoxystrobin SC+Jijian 0.47+0.50

BJ-5 2K -1 T i 2 77 5+ {# Difenoconazole+azoxystrobin SC+Jijian 0.33+0.50

PC Bh3A B fd Adjuvant Jijian 0.50

CK K (= HA I CK) 0
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Figure 2 Colony morphology and spore morphology of strain W1 on the medium. A: Colony morphology at
4 d cultured on PDA; B: Colony morphology at 7 d cultured on PDA; C: Spore morphology.
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Figure 3 The phylogenetic tree of strain W1 based on ITS sequences. The GenBank accession number of
aligned sequences were shown in the parenthesis; The number on each branch nodes represent bootstrap
value; The scale bar represents the evolutionary distance.
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Figure 4 Leaf symptoms of strain W1 after re-inoculating treatment (A), colony morphology (B) and spore

morphology of strain J1 (C).
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5 AE%RFEA). XEB®B). BEC)F pH D)X EK W1 BLEKWEM  AF/NGFHRER R H

18 P<0.05 KPR EEER. T,

Figure 5 Effects of different carbon sources (A), light (B), temperature (C) and pH (D) on mycelial growth
of strain W1. Different lowercase letters indicate significantly differences at P<0.05 level among treatments.
The same below.

6 B WIEARLEFEFE 7 ROERBEHES MEIFRKOIA B CK (2= A IR) PC (e
AEFR) . BC (R HLFIZE) . BI-1 (U824 10%+8{dt) . BI-2 (U824 20%+idt) . BI-3 (U8 2y 30%+ifd) . BI-4 ()i
2l 40%+#tE) . BI-5 (W2 50%+ ).

Figure 6 Colony morphology of strain W1 cultured in different treatments on the 7th day. From left to right
are CK (Blank control), PC (adjuvant Jijian), BC (Conventional medication), BJ-1 (Reduce medication by
10%+adjuvant Jijian), BJ-2 (Reduce medication by 20%+adjuvant Jijian), BJ-3 (Reduce medication by
30%+adjuvant Jijian), BJ-4 (Reduce medication by 40%+adjuvant Jijian), BJ-5 (Reduce medication by
50%+adjuvant Jijian).
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Figure 7 Colony diameter of strain W1 under different treatments and cultivation times (A), as well as the
growth inhibition rate (B) of mycelium on the 7th day of cultivation.
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Table 3 The evaluation of dosage reduction ratio through additive adjuvant Jijian (after the first dose)

b3 255

Treatmemt Test agent

2T 1 15 5L

Disease index before

1R )R 7d
7 days after the first dose

applying pesticide (%) iS5 Bk
Disease index Control efficacy
(%) (%)
BC ZEH - TR S SC H LA & Benomyl SC 100%  0.77 3.77 68.68+0.09¢
BJ-1 RS SC &1 10%+E g 0.81 2.84 77.54+0.37a
Benomyl SC 90%+Jijian
BJ-2 R - BETA R SC R AL 20%+iE f 0.81 3.43 72.94+0.32b
Benomyl SC 80%+Jijian
BJ-3 AT TE SC A= /0 30%+E fg 0.78 4.66 61.79+0.15d
Benomyl SC 70%+]Jijian
BJ-5 R R ER SC R LI 50%+iE f 0.77 6.34 47.29+0.18¢
Benomyl SC 50%+Jijian
PC B4 Adjuvant Jijian 0.73 11.13 2.45£0.10f
CK 7K Water 0.74 11.56 -
—: TR, R,
—: No data. The same below.
MRS 2 25 7 d 5 REH G S, BI-1 3 3T

A0 3RS 2 Aot L2 B Bl IR BOR Ty 83.40%, BJ-2
A0 3RS 2 Aol LR I BT IR OR N 80.32%, 1
E =T BCAAHMB AR s PC BRI BT IR AL
R KT B CK A2,

B R T A3 i 5 B3 it - i A
A EEAR ALY S AT A TE XA T AR O B
A FH -5 0 o0 Ak, M AR
3 i B T R iR A A AN A AR
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Table 4 The evaluation of dosage reduction ratio through additive adjuvant Jijian (after the second dose)
phsi A2 5 SR U R R T7d

Treatmemt Test agent Disease index before 7 days after the second dose

applying pesticide (%)

T i 45 5 Bk

Disease index  Control efficacy

(%) (%)

BC 7 H - BE R e SC # ML & Benomyl SC 100%  0.77 4.69 73.99+0.26¢

BJ-1 AR H - BETA TR SC FH = I/ 10%+38 fa 0.81 3.15 83.40+0.21a
Benomyl SC 90%+]Jijian

BI-2 Z5H MR AR SC I /D 20%+i it 0.81 3.73 80.32+0.28b
Benomyl SC 80%+Jijian

BI-3 R MR B TR SC I D 30% -+ il 0.78 5.47 70.03+0.43d
Benomyl SC 70%+Jijian

BJ-5 R -MEEER SC & /D 50%+i fi 0.77 7.83 56.53+0.22¢
Benomyl SC 50%+Jijian

PC Bh3F {8 Adjuvant Jijian 0.73 16.79 1.72+0.03f

CK W 7K Water 0.74 17.31 -

(A. tenuissima), [B1 £ B0 50 B IE 73X — 4558 .
AL UL, RIA T AR 56 B3 R i A B 2 R
PE, FFAE—FhEORE SR . WAnEE i TE
BB, AT B R AL RUR IR | AR I B |
SESR MRS BRI S s BOVAE L2 Ao
P B 200 A% 1 5 2 700 7 S8 1 41 T 2121
P T b sl %) 22 Sk s SRR ) 2 A L R 2k
e AN G A R0 A= W A e R AR R BT o AR
SR A R . AR IRIERE . RRDE
HETH KRR pH Z50F F M ANEEAS L I AR W1
RIS EAR, AR HAER I, HHE R
PSR 2%

AR 5T H G 50 BT % AR AN B AR A B R W1
Xof SR R RO B, e ah R i e i 0
I R M4 M A TR AR ST Bl AR TIE R BE R, o
I DTG S A B AN BE S FU BT /R SNHS21B ¢
TEBRTE A2 200, DLk [ 58 S SR G A A 20
o gt 10 AT R e 3 A VR A A S SR AN — B

e A0 45 A% L Mk W1 BIIE AR KX N
25-28 °C, M4k 55 i e A BTHR TE (45 R —
., WA AER W1 EEERKIEE N
28 °C, L& 5 i e i S 131k T 1) A AN A 6

PR ST Fead A KRl 25 °CA5 SR A —3L

W ANEEAR FL R M W1 TE2 B A TR %
AR, S RS RFLIAR -k Uk A DO G
MIZER—8, SHmREEER | BEE P E
) s B 2K TR T A 240 A A A K R Ml AN K25 R
—3,

W ANBEMS AR W1 iciE pH (EN 7.0, I
S5 5 ORFLIAR -k B P DO E A 25 R — 3
5 e S gk [ o SEDSIHL A AR 20 B A 1
TERRE PR EE rh e B AR K A5 SR A — B

AR HIE , TEfb A 2 o & o A
5% 25 By 30 AT DA kst 24 W ) TR A R e, B
WA R S Tk 2D 25 VR A AT RO A T A
P B, AR RN EE TR
1092 A g g ARSI R B, S B 5
Ji S PRI A 2 0 19 2 T i 7 R I T fl o S 5
%, Z5Aent T b T e ga g, DRI
i, BERE SIS N RIS B . PRV
SRS FE I, 2R DA R0 (e R T B e ) T
B, TR 30%—50% 40 if k47 25 M- b 7
AT RLBT iR /N2 200 . AT 45 SR 3R 91 B 7
A e Ao R HH - R TR T R R R R D 20%
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G LT 3R 3 S 2 O T8 R 245 A B VAR RO
25 S5 A HRGE — B

A5 H (R) R 06 25 T 5 = 9 P 56 4
WA A, 52 HE R 5 5% B A R
X, HEPREEE R 2% H SR R4k, 1= N3
BB E . TEXT NSRS FL R R W1 1948
2EREPER 5T R R A AN AR F R AR W AR K
IR AR R . Fih e b Ak WA TR
e i HA e 18 pH (E8 8.42, J& Tk
PEIREE, TR R K G HE 22 B0 A 40 4 A
FITE R W1 A4, PRI HH ) B35 X6 0% 41 B A 7
EE W1 AGA —EimseER. HT—b
BHIF BRI h F T A7 52 b, DR e vk Ak 9 B
F BV . PR 2 I A R R S i B
FV AR T A AL 22 25570 FH 9D 10%F0 20% 1%
LR YR B B E LT H A MBA RO . H
T AW ST B 76 i 18 B 0R UF 25 20 09 7 42~ 2R
FH - 5 T 1 A T 1) P e RO/ 1, R O YR £ T i
25 - B i B VR R D 20% R A 5Y i S
LG, BEURAESE AT A H )G 08 A 4k 2 1 P it
Bl tg T

4 i

M58 45 SR 2 B AR AR £ A% FE.(A. tenuissima) B
B A R BRI, RS R A K
1) S5 35 e VR SR, il AR R Sl 28 °C, 1%
iE pHAE N 7.0, TEBRE ATt K
Tt FH ] e 2 2R 3% B S in B 590 % (gt e 8 7
R - TR T I R A > 20% s LT
SCELE E IR H Y, AR P A R e 2
Be bt o ASBHFFE B 16 A ¢ B ih 580
B 5 — R R AP 2, A o¢ B Al AAs P H
) 487 3 S 2 H AR BRI T 508 S 4F

(=GN

FAL: LRI, #ECE; wWO0E: SRR
Y5 IRFEH BUOCE; FRCE: Sl PRAf; G
Wt gk 5 93 Hr

& PRI A
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