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Research on chemical control of peach shoot blight and the association

between phloem volatile compounds and resistance
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Abstract: [Objective] Prunus persica (L.) Batsch, a member of the Rosaceae family, is native to China
and has a cultivation and evolutionary history spanning thousands of years. In recent years, peach shoot
blight caused by Diaporthe amygdali has been one of the most prevalent fungal diseases in major peach-
producing regions of southern China. This study aimed to screen out highly effective chemical fungi-
cides for controlling peach shoot blight, and investigated the relationship between volatile compounds
in the phloem of peach shoots and resistance to the disease, providing a scientific basis for integrated
disease management strategies and resistance breeding programs. [Methods] The inhibitory effects of
15 fungicides against D. amygdali were evaluated in vitro using the mycelial growth rate method. The
active ingredient information was as follows: difenoconazole, pyraclostrobin, propiconazole, boscalid,

carbendazim, hymexazol, flusilazole, fludioxonil, hexaconazole, prochloraz, azoxystrobin, trifloxys-
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trobin, tebuconazole, Iprodione, and dithianon. A series of concentrations were prepared for each fungi-
cide. The effective medium concentration (ECs,) values were calculated based on the correlation be-
tween fungicide concentration and mycelial growth inhibition rate by DPS in this study. At the same
time, healthy and disease-free one-year-old shoot phloem tissues were collected from 22 peach variet-
ies, which exhibited varying levels of resistance to D. amygdali. After rapid freezing within the liquid
nitrogen, the samples were transported to the laboratory for volatile compound analysis. Volatile com-
pounds were extracted and analyzed using Headspace Solid- Phase Microextraction coupled with Gas
Chromatography-Mass Spectrometry (HS-SPME-GC-MS). The correlation between the relative content
of each identified volatile compound and the resistance level of the corresponding variety was exam-
ined. In addition, two typical peach cultivars (Fenghua Pantao, susceptible; and Hakuho, highly suscep-
tible) were selected for inoculation with D. amygdali. Phloem tissue around necrotic spots was collected
7 days after inoculation, flash-frozen, and used for volatile compound analysis. Key volatile compounds
significantly correlated with resistance (identified in the correlation analysis) were quantified in these
tissues to observe pathogen-induced changes. [Results] The toxicity test of fungicides showed that pro-
chloraz had the strongest inhibitory effect, with an ECs, value of 0.004 2 mg- L. Difenoconazole, pyra-
clostrobin, propiconazole, fludioxonil, flusilazole, hexaconazole, and tebuconazole also showed strong
activity. Boscalid showed the weakest inhibitory effect, with an ECs, value of 49.025 2 mg- L. Analysis
of volatile compounds content showed that volatile compounds were identified in 22 peach samples. A
total of 121 volatile compounds were identified, falling into 12 distinct categories: 30 terpenoids, 22 es-
ters, 17 alcohols, 16 ketones, 13 aldehydes, 5 alkanes, 4 fatty acids, 3 phenolics, 3 furans, 2 acids, 1 lac-
tone, and 5 other compounds. Among the samples, Richuan Baifeng and Reddomun had the highest
number of volatile compounds, with 85 and 80, respectively. In contrast, the samples Baihua and Zhoux-
ingshantao had the fewest, with 52 and 51 compounds, respectively. To identify volatile metabolites as-
sociated with resistance to D. amygdali, we conducted a correlation analysis between the volatile sub-
stance content and germplasm resistance to D. amygdali across 22 samples. Sixteen compounds were
significantly and negatively correlated with resistance, and six were significantly and positively correlat-
ed. Negatively correlated compounds included one acid, one aldehyde, two alkanes, two esters, one fat-
ty acid, four ketones, one phenolic compound, and four terpenoids. The ester compound icosyl oleate
had the strongest negative correlation, with a coefficient of —0.676 5 (P<<0.01). Positively correlated
compounds included one alcohol, two aldehydes, one ester, one ketone, and one terpenoid. Among
these, the aldehyde 2-heptenal had the highest positive correlation, with a coefficient of 0.570 4 (P<<
0.01). The distribution of two volatile compounds (a: n-Hexadecane; b: 1-Nonanol) with different resis-
tance level to D. amygdali of 22 peach varieties was revealed. To further validate the relationship be-
tween volatile compounds and shoot blight resistance, we selected two peach cultivars with different re-
sistance levels and inoculated them with D. amygdali. After 7 days, lesion diameters reached 52.62 mm
in Fenghua Pantao and 84.50 mm in Hakuho. Volatile compounds in the phloem tissue around the le-
sions were analyzed in both samples. After inoculation, the content of the volatile compound 2-hep-
tenal, positively correlated with resistance, rapidly increased in the susceptible germplasm Fenghua Pan-
tao, in comparison to the highly susceptible germplasm Hakuho, suggesting that higher 2-heptenal lev-
els may enhance resistance. Benzoic acid, negatively correlated with resistance, was induced in both
germplasms, but the increase was smaller in susceptible peaches, suggesting that lower accumulation
may reduce resistance. [Conclusion] Among the 15 fungicides, prochloraz exhibited the strongest inhib-

itory effect, with an effective medium concentration value of 0.004 2 mg- L. Correlation analysis iden-
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tified 16 compounds that were significantly and negatively correlated with resistance, with the ester ico-

syl oleate showing the strongest correlation (» = -0.676 5). Six compounds were significantly and posi-

tively correlated, with 2-heptenal showing the highest correlation (» = 0.570 4). This study layed an im-

portant theoretical foundation for achieving sustainable comprehensive control of peach shoot blight.

Key words: Peach shoot blight; Diaporthe amygdali; Fungicide screening; Volatile compound
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Table 1 22 peach germplasms with different resistant to Phomopsis amygdali
Gl i AECYEHh B Al b/t
Germplasms Species Origins or breeding location The level of resistance
i JE 1Bk Zhouxingshantao itk P. davidiana 484k North of China =Pt High resistant

21 4% 111k Honghuashantao

(14 H 7 Bk Baigengansutao Hlibk P, kansuensis
Z7H H 7 Wk Honggengansutao Hli#k P, kansuensis
1y 8% 9 5 Zhongyoupan 9# Hi@sk P. persica
H 8% 7 %5 Zhongyoupan 7# WIEk P, persica
ik 13 5 Zhongyoupan 13# i@k P, persica
9155 % 7% Hujingmilu Hi@sk P. persica
H 1€ Baihua WIEBE P, persica
1Bk 4L K Zhongtaohongyu Hi@sk P. persica
7K F1#k Shimizu Hakuto Yk P persica
Z21L 1% Bk Fenghua Pantao Hi@Esk P. persica
51 55 Xiahui 5# WIEHk P, persica
ik 11 %5 Zhongpantao 11# WIEBE P, persica
W {£#% Yuhualu sk P, persica
K% R K #% Changling Zaoyulu Yk P persica
Z2{t. & #% Fenghua Yulu i@k P, persica
HIE Zhaohui WIEBk P, persica
& Yingzui W@k P, persica
H Il =1 A Richuan Baifeng EiEBk P, persica
21 H # Reddomun Wik P, persica
1 Hakuho i@k P. persica

Wik P davidiana

*H[EJT 7* Liaoning, China
A1 [E H 7 Gansu, China
A1 [E H 7 Gansu, China
A1 [E] i B Henan, China
1 [} B Henan, China
1 [} B Henan, China
FHE VTS Jiangsu, China
FHE YT 5 Jiangsu, China
Hi[E 77 ¥ Henan, China

FI 4 Japan

1 [E[#TYT. Zhejiang, China
FHE VLS Jiangsu, China
1 [E 77| B Henan, China
FHEYLJF Jiangsu, China
HF [E WL Zhejiang, China
i [E[#TYL Zhejiang, China
HHE VLS Jiangsu, China
H[E] %24 Anhui, China

H A Japan

H A Japan

H A Japan

=91 High resistant
Pt High resistant
=Pt High resistant
HL Resistant

B Resistant

P Resistant

PR Resistant

P Resistant

P Resistant

P Resistant

J&J7 Susceptible
B Susceptible
J&JPi Susceptible
JBJ7 Susceptible
J&Jpi Susceptible
JBJ7 Susceptible
&% Susceptible
J&JPi Susceptible
#1/2% High susceptible
{=1/#% High susceptible
1=1/2% High susceptible
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M (Tebuconazole) 5 24 (1L ZR b5 EAL T %Ay
AR A A 96% 5 B Ik (Lprodione) Ji 25 C 1l = ¥ 3
T =EAE T A BRA 7)) .95% — B & i (Dithianon)
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816 mg- L, HAth 24 77 (¥ it £ R 41 49k FE 24 0.01
0.033.0.1.0.33. 1.3 M9 mg-L". 7EJ5 B - 1E %14

T, BB & 257515 25 PDA AR . BEANALEE 3 R ER
S, BEAT AR EAE NS BN 5 TR
(R0 25 A5 A R e P 1) % P AR P e, TR 26 °C
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bR AR R 528 SO 2 %5 AL BRI B T JE AR
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M7 d)a, it R RN ERMERE . REAHE
J RS S5 SR FE B ] Bl 1 ) B A2 21, A AR )i
FH 00 PR 2 &
1.4 FEFIEERE L MRS E/NE

FRELUS g Bk R 2690 B S M4 kL B B8 )5, %
B ERE S, NN 3 mL 20% CaCL & .3 mL
200 mmol - L' EDTA ¥ #{ , 30 uL P 4% , ¥ e >J o
40 °CF-4 30 min J& , H 65 um Carboxen/Z¢ — 1 3 fit:
S5t (PDMS) [B FH A AL B A HY 30 min 5 1HEAE

It F ) GC-MS B A R 55 [ Agilent 23 7] 4 7
1) 7890-5975C 14 . MS & F- Y il & 230 °C, & F1b
IR T &G HE, BTREET70 eV, IR E
9150 °C , A% B 2% 15 B 2 250 °C 5 3EFE 1 : A48
250 °C, J% /1 48.954 5 kpa, BB FHM A & 3 mL -min',
BEREAENAN AL ; 38 4E : 30 m DB-WAXCZA4#E),
M 1 mL-min’, [k /148.954 5 kpa, [HE &, J5iafT
1 mL-min'; 7 58 : 7 #6165 B HF 5 40 °C, ) iR 15
40 °C£ %5 2 min; LA 3 °C - min"' J} & 100 °C, f L
5 °C-min" Ft % 245 °C; f s . ¥ 5,250 °C; 1)
] 3 min, T HT £ 50, K £ 550, BME 150, F34

1562 u-s™, I ZEIR 3 min.
1.5 EEZMYIRNEES T

JT 1 P AR R AR A R S, 7E GC-MS &R i 4T I
NIST14.L 5 il & , 75 W3k £ S {5 B R A AR A
ARG B E A, DA U B A 0 s R ot L, R s
D S H 11 U T 52 6 R M P o gk AT s M3 AT

RN S BT E BN A0 & &
(g - kg D=7 2H 43 1 W T AR/ A i 14D 0 T AR > PA) A o
2 (ug) < 1000/FF 5 & () , AR A .
1.6 BUESH

K Excel X i 58 B AT Ge vk 20 A, AR 4
B 23 700 B 0 BB B Xk IS () 875 25 M 2R AL A [ 13 4
BT TR S 2GR [0 0 7 2 A 5% R BRI 30h ik
(ECs)MH»

2 AR50

2.1 AEZHFI kAL RREAE S0 E

WSE T 15 T2 700t BRSO I8 T 1) 55 7, 45 R K
B, 15 R 24 7t W SR 1 A 30 (B EC fl 22
LR, 7£0.004 2~49.025 2 mg- L' 2 [W](£2). Hrh
IR i fiaz PR 0 5 4 FH B 58 » H ECso B4 0.004 2 mg - L'
2% Tk FE A A | bl A T R B L D R I R G SRR
LM 3 A T o Bk A A 9 B A5 L R A A
ECofd#/NF 1 mg- L' KRN Z W R EH R 71
RN SR, ECso EAE 1~10 mg- L 2 [8) ; FE N A5
PRI 6 N5 T i ECso {29 50l 9 14.379 2 mg - L' Al

F2 15 AT HEAE R E NS SINE
Table 2 The toxicity of fifteen fungicides to D. amygdali

2557 E I Epiy AR R BRI ECo B 5
Fungicides Virulence regression equation Correlation, ECs/(mg-L" ECs Confidence limit
IR % Prochloraz Y=7.4153+1.015 9X 0.978 4 0.004 2 0.001 8~0.009 9
SAIEME Flusilazole Y=6.684 0+1.050 6X 0.976 5 0.0250 0.014 6~0.042 7
2Kk FH PRI Difenoconazole Y=6.034 9+0.837 2X 0.961 6 0.0572 0.030 4~0.107 6
NEL Rk B i Pyraclostrobin ¥=5.996 0+0.807 3.X 0.9553 0.058 4 0.0258~0.132 1
JXMeEE Tebuconazole ¥=6.098 1+1.112 9X 0.965 8 0.103 1 0.062 9~0.169 1
LM Hexaconazole Y=5.792 4+1.113 8X 0.966 1 0.1943 0.116 6~0.323 8
% B i Fludioxonil Y=5.735 4+1.363 9X 0.976 0 0.288 9 0.192 7~0.433 2
P Propiconazole Y=5.441 7+1.168 6X 0.957 1 0.444 3 0.241 8~0.816 6
S B Ik Lprodione Y=4.998 8+1.076 7X 0.9516 1.002 6 0.487 5~2.062 3

% W R Carbendazim Y=4.652 0+0.909 3X 0.964 6 24136 1.143 0~5.096 7
A Dithianon Y=4371 5+0.844 9X 0.9532 5.544 8 2.067 0~14.873 7
%5 R Hymexazol Y=2.916 2+2.380 5X 0.962 2 7.505 1 5.167 2~10.900 9
J15 B 1 Trifloxystrobin Y=4.640 9+0.310 2X 0.924 4 143792 2.282 1~90.600 5
I [ B Azoxystrobin Y=4.718 0+1.015 9X 0.986 4 253709 12.322 7~52.235 6
W I 14 % Boscalid Y=4.124 7+0.517 8X 0.969 4 49.025 2 14.330 0~167.722 9
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25.370 9 mg- L s WE P B fi 5ok Bk A A 995 T 1) 4100 o) 4
F 5t % , ECfH N 49.025 2 mg - L.

o3 257 B IR RO W B 1 R, KA fi L e
A A% T Y A A S 0 o) 2850 SR AL 1) 3 AN 24705 S T

277 Jo R
Concentration

IR A5 2
Prochloraz

FERGEELE
Flusilazole

TR e

Difenoconazole

J15 T i
Trifloxystrobin

W T i

Azoxystrobin

WE Tk A
Boscalid

Omg-L' 0.0l mg-L" 0.033mg-L" 0.1 mg-L"

Vi P T R ORE I e g ) 0 SR AL 22 14 3 A 2435
22 2B AEHR MR EREIE BEL RS
20

) T 2 TR ol B = i R FH 52 A X 22 43

0.33mg-L" 1mg-L'

1 AFRRAERENEAS R

Fig. 1 In vitro experimental results of fungicides against D. amygdali

BB (3 D AT R PRV BRS I E , (R
AL LUK 121 MR R . X SR AT Lo
1225 W05 30 Fh, BG 2R 22, BE S5 17 Fh, B2 16
Tl BES 13 Fl, e k2 S Fh, R IR DS 4 Ff, 13 2K 3 b,
WRIRG 2 3 i, BRI 2 B, R | B, AR S Fh e AN
BANFE R IO R R A B, B IA R H
T AR EV AR 8 2%, 5377 9 85 Fh A1 80 F s
TEFI T T LI BRHE R SRR 2 /D>, 733l 9 52 A5 1
o

PR 22 4 BRI T R FE R PE O B ) Y LA
46449.55~581121.78 ngkg ', F454279726.80 ug-kg™ ;
SR YY) oS B BRI 3 4 4 O T LBk
R 5 3 77 2 &5 N 66 229.10.66 116.43
H146 449.55 pg-kg' s ¥E KV TS BB 1) 3 4
eSO A H B g7 5, 800N
420 383.33.425 214.70 f1581 121.78 pg-kg'.

23 HESBENMMSHELMEYRA S HE
ESIE R

%55 5 UMK ZE £ B R A S P R
XoF 22 f Bkl AR R PR A o B AR T R Bk AL
X SEWMPUEREAT AR T RILE 16 B
PR R AW RS Pt 22 2 U O, 6 PR R MY IR
5t R REEMX. FRE AR+, B
1AHER < 1 AHES L2 Fiobe e 2 Fv s < 1 b i 0 R < 4 v
1 vy AT 4 Tl s SR o, 7 % R R R TR 2R
VIR IR — e B ES X B 7 -0.676 5(P<0.01)
3 IE M R R S 1R 2 PR 1 BR G 1 Rp
i FH 1 A S R A I, e H TE AR G R B R 1) O
FW I 2- B 35 2 7 0.570 4(P<<0.01).

B AP FE TS BEA 1- T B, A
RSPk ZE AU R RGO R, w2 F
Ne HH B AHIERBEMHEFHSERERST
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Fig. 2 The distribution of contents of two volatile compounds with different resistance level to

D. amygdali of 22 germplasms
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