BB 2% R 2026,43(5): 1237-1246

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20250574

TR E [ T iR R
AR REFIERENMR
AW EERE K AV B EWE T

CPUIERMBHBOR 2 A fr B2 22 B, BRI 7121005 *PUIERMBHBOR AP IR B
BRIGE 7121005 VBT 5 e Rk - A T A SR 2, BRI 2. 712100)

2 LB B9 YW B V5 48 Bk 21 B M 1507397 18 (Pseudomonas syringae pv. actinidiae , Psa) [ 32 B2 437 it Jo HoAF
TERE ST, SRR TR ANR YR RS HE IR SR AR LA SR ) T & TR KL e 5% SRAW L 138 S A IR TORE &, LUAE
bt QPCR K I Psa 41 T 2R 5 3k N T 36 h B A4 bl 2% SR el 398 KK A, T 52 Psa 75 AN [RI R85 P A3 BE 0 3 SR -4
PR IE L R A KRR 85 AN IR A1 Psa B0 /1 L85 R Do i R VR MR 5% S 3R 2 LB AR T Psa“ =K
R ZE” B RIS M LR A 5 A6 4 o PR 2 DA B B L AR B AEAF IR R, Psa K HH 2R 1511 75.0% s v b A% 4% 02 79 1 “ FE Bl 3k
A7, Psa 15 B RFL 5 AP0 B IR 109 d, B 5 95 B AT 3 84S Bl 4% A7 0% S04, b LR A Psa A8 HE 3R R 37.8% s R R %% )2
3% Psa £ 3R 25.0% , Psa 155 R AR - 31755 10 35~43 d, ¥4 MU 2000 T B L3 S BOMAF T A IR . (iR i
AR (1 SR R AR, 45 b JFUIRFE AR Psa K6 H 56 551 80.0% , H. Psa e AEEME K 4735 77 d, AT B ZKARS 1. &
7o R 7 Rt 38 R 3R 109 d AR KA TR 2% 4 B8 1) Psa 1 #k BA12.BRS5.S16.M228-GFPuv | , 7E Mk & it
B PR PR AR N 34.31.25.45.25.71.39.80 mm’, 38 B “ — KB i B B & 5 T e S S5 AR AR - L4538 1A R AIR
IR B, T PR BRAT T TR S P 2 G o [RIR, SRV A -4 - K7 28, 1 &8 T AR A o L b o R4k
FRVE R 5% 5 L, MR SRS #1908 A BT U 5 19 T P T R R, Sl R 7K B ik K 75 2 ARSI 0 2, BELLT 282 4
BB TRAT » T B 8RBk I 0298 1 m] 4R va L

SEHEIA) R T (R PN B R B O AL o BRI T s AR R

FE 5 $ES:5663.4 RKFRASRD : A X EHRS:1009-9980(2026)05-1237-10

Study on the main overwintering sites and survival ability of the patho-
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Abstract: [Objective] Kiwifruit bacterial canker, caused by Pseudomonas syringae pv. actinidiae
(Psa), poses a severe threat to the healthy development of the kiwifruit industry in Shaanxi Province.
Identifying the main overwintering sites of this pathogen and understanding its survival ability in differ-
ent environments are of great theoretical and practical significance for precisely reducing the initial in-
fection sources in the following spring and effectively controlling the bacterial canker of kiwifruit.
[Methods] To determine the main overwintering sites of Psa, as well as its survival ability and patho-
genic activity, this study systematically collected samples of bark, canes, fruit stalks, soil, and exudate
during winter. A specific quantitative real-time polymerase chain reaction (QPCR) technique was em-

ployed to detect the Psa-carrying rate in these samples, aiming to accurately understand the distribution
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of the pathogen in different locations. Through artificial inoculation experiments on detached branches,
orchard soil, and water, and by regularly detecting the viable bacterial counts, the survival time of Psa
in these different environments was quantitatively analyzed. The leaf-disk vacuum infiltration method
was used to test the pathogenicity of Psa strains isolated and purified from winter bark, dead canes, soil,
and Nongda Jinmi canes that had been inoculated for 109 days. This was to clarify whether the overwin-
tering pathogen still maintained its pathogenic activity and to evaluate its potential to cause an epidemic
in the following spring. [Results] The detection results showed that the bark of diseased vines had the
highest Psa detection rate, reaching 75.0%. The detection rate of dead canes on the ground was 37.8%,
which was significantly higher than the 10% detection rate of canes piled in ditches and fruit stalks of
diseased trees. The Psa detection rate in the surface soil of diseased orchards was 25.0%. Among the ex-
udates, the rust-colored waxy samples had the highest Psa detection rate, up to 80.0%, while the detec-
tion rates of reddish-brown and milky-white samples were 46.2% and 36.8% respectively. Studies on
survival ability indicated that Psa had the longest survival period on detached canes, up to 109 days. In
sterilized soil, it could survive for 55-65 days; in non-sterilized soil, the survival time was shortened to
43-55 days; and in soil containing residues, it was further reduced to 35-43 days. Psa had relatively
strong survival ability in water environments, surviving for 63 days in tap water and 77 days in irriga-
tion water. When the pathogenicity of the isolated Psa strains was tested, the average lesion areas of
Psa strains BA12, BR5, S16, and M228-GFPuv1, which were isolated from winter bark, dead branches,
soil, and Nongda Jinmi branches inoculated for 109 days respectively, on detached kiwifruit leaf disks,
were 34.31, 25.45, 25.71, and 39.80 mm’ in sequence, all showing obvious pathogenicity. [Conclusion]
This study identified that the main overwintering sites of Psa in the kiwifruit- producing areas of
Shaanxi Province are the vine bark, fallen canes, and surface soil, which together form the “three major
pathogen reservoirs” of Psa. Specifically, the bark of diseased vines provides a stable overwintering en-
vironment for the pathogen; the dead canes widely distributed on the orchard ground are important carri-
ers of the pathogen on the surface; and the surface soil of diseased orchards is also a key site for the
pathogen to overwinter. There are obvious differences in the survival ability of Psa in different environ-
ments. Detached canes can serve as long-term storage sites for the pathogen, where Psa can survive for
up to 109 days, making them an important source of initial infection in spring. The soil environment has
a significant impact on the survival of Psa, and the soil microbial community inhibits the survival of the
pathogen. Water is a potential transmission route for the pathogen. Psa can survive for 63 days in tap
water and 77 days in irrigation water. During the exudation period, rainwater scouring or irrigation can
cause the spread of the pathogen-carrying bleeding sap, which is a high-risk link for pathogen transmis-
sion. The Psa strains isolated from winter bark, dead canes, soil, and Nongda Jinmi canes inoculated for
109 days all showed significant pathogenicity, indicating that the overwintering pathogen still has the
potential to cause an epidemic in spring. Based on the above research, a comprehensive prevention and
control plan of “cane cleaning-soil purification-water control” is proposed. In terms of cane cleaning,
fallen canes should be the focus of winter- spring orchard cleaning. Timely removal can reduce the
amount of overwintering pathogens and the initial infection sources in spring. For soil purification, deep
plowing and soil improvement of the surface soil should be carried out to improve the soil structure and
microbial community, inhibiting the survival and reproduction of the pathogen. At the same time, the
“two-before and two-after” medication strategy should be implemented to reduce the pathogen amount
in vines and soil. Regarding water control, rain shelters should be set up during the bleeding sap period

to reduce the spread of bleeding sap. Regular detection and disinfection of irrigation water and water
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storage containers should be carried out to block the secondary transmission route through water. This

plan aims to precisely reduce the overwintering pathogen sources from the source, effectively block the

epidemic of canker in the following spring, and provide a scientific and effective strategy for the sus-

tainable control of kiwifruit canker.
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vival ability
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Fig. 1 Partial sample collection display
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®1 AEHET Psa HEFMR

Table 1 Psa presence in various samples

R 2 T it A ioRlllss Psa BHPERE A S0 F 1 32
Sample type ~ Sample source No. of samples tested ~ No. of Psa-positive samples  Detection rate/%
Wz i Diseased tree 20 15 75.0 a
Bark {#H} Healthy tree 20 0 0.0e
s Hb LR Dead branches in the field 37 14 37.8 be
Branch Vi IEHERY Piled-up branches in the ditch 40 4 10.0d
i WA Carpopodium , diseased tree 10 1 10.0d
Carpopodium {ER A Carpopodium , healthy tree 10 0 0.0e
135 Toi Rl 3% )2 Surface layer, healthy orchard 8 0 0.0e
e IR e IE 3K JZ Surface layer, diseased orchard 20 5 25.0¢
ToHs R )Z Cultivated layer, healthy orchard 8 0 0.0e
K RIE#HE)Z Cultivated layer, diseased orchard 20 0 0.0e
Pt FL A Milk white 19 7 36.8 be
Exudate fluid 13 ¢4 Reddish-brown 26 12 4621
I R Waxy 5 4 80.0 a

T AR T RRRZG RN RS AE P<0.05 KT EHEHE.

Note: Different letters indicate significant differences at the P<<0.05 level after statistical analysis.

RSB RZMIESRRB TS, HAFRFEL 22 Psa EREISER BT AN

SIS R P AR ZE S AN A PsafE 221 Psa 2 B A LB ER D E XA
[ 5 B BB R AR IR EE IR AR SR HEAT BRI, W Psa FE B2 TP I 7735 1
IR 4R Gl s Ui R VIR 22 5 LM B R 1 e SR EBIR (R 2D, Psa fEAX K & 7R AN 32 B Bk
A S Fo P BRI B 0 JR T BEVE R ik 80%, RSk N HUAFIEIN M AFAE 22 5 36AT S 99 d, KRR
I AL HE 1 R KU B s SR IR HER MR JZ . RN 2R 2 2 T Aer I 9 TR 5 5109 d, BR A AL I 45
BRI Psa FIVER BAR, HHEBEFWAER SN ROZMVE, A KSRV REREIN 1 Psa; 119 d N #
T B I T O R B AL R T A0, AR RN R RSN . Psa fEBREHE BB R P
HERFRNPREEE. BRI HIATIE 3, BAER K & orbisk ERIAF

®2 Psa EATEMEZ EHNFER
Table 2 Survival period of Psa in Kiwi branches with Psa M228-GFPuv1 inoculated

A R ] Testing time / d

Variety 7 14 21 28 35 60 70 79 89 99 109 119
K4 7% Nongda Jinmi + + + + + + + N N 4 N B
2 7F Cuixiang + + + + + + + + + + - _

e B B ERAEAI Y Psas—. ARES B EANRERI Y Psa. TR,

Note: +. Psa could be isolated or detected; —. Psa could not be isolated or detected. The same below.

TR LE R A K JAAN , Psa 7EAR K& 57 H BIAF IS I A T30 4, #E
995 T A 5 R R (B 2D, R Psa J5 0~ WIS RIE Ik B MR B IO AT AE
21 d, RAKERMBEDHELWE ETF21~28d, 222 Psafe 2E PO AEERS  EHIHTEEKS
SRR R R R TR R G SRR R K v WL S5 RER I (R 3D, Psa fEAS R 26 24 4 358 vp (R 773
RESE LB P R PR T R AR E GBI s B BRI R RIS A MR AR e B . RS
J5i 28~35d, P B R 2 N HAE35~60 d, 35 d, TR R AR RN HE R AA 39 2 TR I B Psa, (H &
SRR NS KW, MR LT, 2 JERER 43 d IR G SR 24 i B T AR DR R I R K
BRlR B RIS B TIA RN 1 5 KA AR 43 d BT T AS I Y Psa, A KT
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2500 < f< K58 Nongda Jinmi - Jpi 5% M 13 Soil containing diseased organisms
= = 34 Cuixiang 3000~ - {th ek R T3 Soil containing healthy organisms
o0 i ~ - A K # 1 Unsterilized soil
- 200F 7 — K 13 Sterilized soil
© =
i = 150F &n 60007
o ~3
LE g 25
VO =
= 100 Z E 4000
= SE
3 QLY
s :
o
m < 20001
0 P Z
7 14 21 28 35 60 70 79 8 99 109 A
0

FEANI 8]
Inoculation time/d
XK KT Z MR e, W LD P<0.05 Jybril s #+RoR
P<0.0001, ***%& 75 P<0.001,**&/R P<0.01,*3# /K P<0.05, %
FARFMAbRE. TR
Statistical significance was determined by two- way ANOVA with
P<C0.05 as the threshold. Significance levels are designated as fol-
lows: ***%P<(0.0001, ***P<0.001, **P<<0.01, *P<<0.05. Non-sig-
nificant differences are not marked. The same below.
B2 FREBHEEER Psa BAEIREREE K
PSEN
Fig. 2 Dynamic changes of the number of bacteria in

kiwifruit branches inoculated with Psa

R3 Psa EATHEMITEFNEENR
Table 3 Survival period of Psa in soil with Psa M228-
GFPuvl inoculated

B2 Hor T 7] Testing time/d
Sample type 28 35 43 55 65
ik i 3%

Soil containing diseased organisms + + - - -
f e A 14

Soil containing healthy organisms + + - - -
A K 1# 123 Unsterilized soil + + o+ - -
K 13 Sterilized soil + + o+ L -

BT 55 d IR 45 S D9 [ KT 3 D RF 45
TR 265 do R BT, Psa £ KB LI H A7
TE I A (55~65 d) BB TR K B 1338 (43~55 D A
EHRAR 1358 (35~43 A, B L E UEM I AEE R 4
JL7 PR AT BN (] AR DG B ER 2%

H R 28 d g, DL 3 AE ) RNA $R HL-51
I 5 7E 2 PCR B (b itk #1285 R >0.99) 3125 M
Psa BB (K 3) . 45 R EIR, &I MR,
Psa-DNA WK FESRFEE T B b, KB 38 1) Psa-
DNA ¥ B4R 26 v T R KB 3%, HOR K I
Psa-DNA ¥R JE 1F 43~55 d [%1iE Ok, 0 L E 5k
VDAFAE N TE 7 0 i B P 3 ek . 7 R Ak - 458 1) Psa-
DNA ¥ B 5 K T K B S AR KB 11 (P<<0.05),

FAIN ]

Inoculation time/d
3 TIEFEM Psa BAERTERE DNA JRER
ST

Fig.3 Dynamic change of the number of bacteria in soil

after Psa inoculation

T WA TR TT IR Psa I T

223 PsaftKPeGERS  EHALIGNE RNA $2
H- S 252 0 58 & PCR B Chy fE i 26 R°>0.99) X
VEBEK A E SRAKH Psa fA15 sh A AT . 450 5
N(GR4A), Psa f£ HRK T FEE 2 63 d, fEREIE K h
AIAFIE 2 77 d, 3R W HE IR /K A A% 45 350 2 9 1R
Boro PRIk, 5 el X oA o 7K IR AT BV B BB 4, 1
RERIERE 5| R — kIR G

F 4 Psa FEANTIEMKFHEER

Table 4 Survival period of Psa in water with Psa M228-
GFPuvl inoculated

RS K6 R 7] Testing time/d

Sample type 7 14 21 28 35 42 49 56 63 70 77 84
H Rk o+ o+ o+ o+ o+ - -
Tap water

HEBL K o+ 4+ o+ o+ o+ o+ o+ o+ -
Irrigation

water

BB BB I Y Psas—: ANRE BB RERT I Psas
Note:+: Psa could be isolated or detected; —: Psa could not be isolat-

ed or detected.

SR 9% 52 2 PCR 45 SR B R (B 4) , JEE K AN
H 2K 7K H Psa-DNA ¥ F5 it B[R] 4 2 1 28 40 5 2 .
1E0~49 d N , BEBL /K 1Y) Psa-DNA WK i 55 35w T 1 ok
JK(P<<0.05) ; % # ] Psa-DNA ¥ J& 15 B 41 K [%
B AH EH SR KTE 7~14 d 4 H B2 B2 sk , 3 B L pp
RIS Psa BA R IHHIER .
2.3 Psa BiRIIHM

B ETEBERRERER(ESD, AL
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S 4

43 %

1250007,

- MK Irrigation water
= [ KK Tap water

p(DNA)
DNA concentration/(fg-uL")

‘7 1‘4 2‘1 2é 3‘5 42 49 56 63 75 77 84
P[] Inoculation time/d
4 KM Psa EAEIRTE)FRE DNA SKREMNEIASTK

Fig. 4 Dynamic change of the number of bacteria in water

after Psa inoculation

M228-GFPuvl

BRS

BAI2

S16

A B, B, AR R AR

KA TR b 4% (P 109 d) A& Z 0 MR 1z - 3 B AG A
Ko 3R B 4y 85 3R 45 1 Psa T Bk M228-GFPuvl
BA12.BR5 5 S16, BRI FEBR MRk v E IR i M 2
BE , SF ¥ 995 BE T ALK IR A 39.80 mm’, 34.31 mm’,
25.45 mm’ 5 25.71 mm’. ¥ B 7 B AR 4% T 2 /b
T2 34 H R R B0 77, WA B 2 2B R 2
IR G (R AZ 0 SR U 5 A2 SR Tl s LA A 5 0 i 36 2
I R AR B AR G g 1, NBR AR Gl R,
A ZEB ¥R TIE BRI B IR BUAE B R, FEC &
B3 B A ) TR AR AR B R -, DA K PR B 1R e

e

=L
ES=ENS

40? % a

30F b

201

9o B THT AR
Infection area/mm’

HL RFTR 0.5 CMANR) 7 REROR 28 LI 3R 7 20 BT i 7 P<<0.05 /K- P Z 57 5%

A. Disease spot of vitro leaves; B. Infection area of leaves. The scale indicates 0.5 cm; Different letters indicate the significant difference at the P<<

0.05 level after testing by one-way ANOVA.

El5 Psa HEETZEREER

Fig. 5 The area of vacuum infiltration lesion on Psa leaf discs

3o #

BB Psa 1176, 2 3% BT J FE A7 B P, 2 B 17 281
EYMZ Y SRS HERT R IR e k2 . ATFFE T4
ZEAE B PG 48 ML RO I X R SRR 7 K 2% IR
W AR S AR A, 456 PCRE AL, X Psa
(R A RS AT R S A R T EAT T 4B AL .

W58 R I, 5 W B Psa £ 2R =18 75% , H 4%
BB bR BAL2 75 B 4 A b ) 5P 359 B T AR
34.31 mm’, WESERE ARy T X E A B PE . XTI,
RS PAT PE AC AR MRBH R ZEAE A R 3 2 B R Hit ]
PAHE HH 1R« P BT J5 7 BB 45 2 R, RIFE R FR T

TERTTEAE T KR B 5 T TR O s 24
RENE R G0 WA Psa B &2, BRHA AN, 2%
Bl M A B KB A B B . MR R R Y B R A
37.8% , 5 % U IR HE R (10.0% ) F15 B 5 A
(10.0%) 5 F A< K4 3k 2% (Fe 109 ) Ko b BLAG
73 B8 1) Psa T Fk M228-GFPuv1.BR5 7£ 2 /& M- 4%
)1 220998 BE T A9 49 531035 39.80 mm* AT 25.45 mm?, b
HURGRE B T3 40 3R, W K B SR ARARTR %,
R SRt T AR E TR 5 VA SRR AL BT IR R UG,
KT B WA SO IR R R . N M s A 2%
RIS —PAE S, Psa ATTER A NAFTE 3N H L, 5 Ty-
son Z52HR I ) 11 8 A7 I 1) — 80, RS 7“4 K



55

HRUTEHE S 55« i bk A0 1 1k 350 7 1 BB 3 T I HL A3 e T IR 7 1245

IR-HFZE RGN, X575 MR R
T BRI 05 AW, FEER Hh A B, Ak 7 b

R S e 2 2 T B 2R IR 25% , 43 B TR
Psa S16 76 Z AR5 _F P40 BEHAR N 25.71 mm?,
W3R 2 MR 9 iR B B B ) B e R
N THRR6 45 B R R, Psa (6 KB H3g b o] 7735 55~
65 d, M 7EA K 1 35 R U E it se A E L 3L
TEIG I 4506 2 43~55 d, X 5 HI GRS TER K
18 L35 Psa 7GSRI BUE R Fe s AR & o ANH
FURE— 2 RIS R RAR B Rk A 3% b Psa A7 I
[F) 5T (35~43 ) , R PHBRAR M AR P R T A= P 5 5
B R 35 55908 R A7 & Re 0. DRI, &2 [ Je ]
KRB 15~20 om FEFF7 55 B0V B 2K S f i, IF
SiEEHAIESARPE, LA LIRMA SIS .

A0 I TR A TR A8 R ) DBV AR Bk o o SR [
15T T B L 1 (36.8%) 046 £2.(46.2%)
B0 J5IR (80.0% ) 1Z A2 Tty , 15 1 A S PRI 2
SRR T - 20 S AR Y B AW
& UESE T BRI, Psa W2 B EFF. MK
FEA B ARG Psa, (B /KAR BRI LG R B , Psa 7
IR IR 55 Hp () A7 1% e D805 , 75 H SR K o T A7 T
63~70 d, EE /K Kk 77~84 d, HEDK A A A
TR AR S T2 Psa {H TR R 2% .
I, [ B Bt ) B 05 2 1 R Uk 24 PR B 4 1 9, 38 7
535 A5 300 v W 3O Jom 5 W ) 38 O M 5 9 F5 S B
SUH BRI AR A, e 1T e B B REK R, D)
W7 A5 I T - I K - L A R R B, TR v B
IR — T A8 A 47 S R AR 1) IR B 2 A A1

g5 L FTIR , 428 Psa 95 4% S0 N7 [ 58375 1 — 1
TR = AN KRB R . SR RIS B R
24 h W BRI TR, HREAT 55 °C LA I il MK b
7 d; 1% R FREHE 20 om J5 7 B A ESE T IR, [F]
IHEH 15~30 g m* M FEIEAT AR BB 25, BRIR R )2 +
138 D BB 5 1K ) 5 A AL B A R L A5 FH IR
PR AR VAR A 25, 0.5 mg - L' AL E 22 R
Fr UV K B 2 G5 A B R 7K AT U0 W i A4 A I
FE% . L2 U EIBA S, SEBLN Psa 4 B 2R O AS
AL, SR 22 A 2RI 70 1) P Rp 8276 B B4 LAl

AHFFEAFAE— 52 R BR 1, — & B A X IRAN 2 S
B, HME DL SRS [F] LS (5 R Psa & 5 4%
TR, H MR R I 2 5, 5o 2 SR 1)
TEE s TR IR AR AR LI JZ 1, A TR It

R T A RVBR AAS B2 fff 52 10 Psa A3 I 18], (HLF
PN AL AN B AR 0 2% AN BB . 5 ST FUR TR
FEAS DX IAN A, 23 B AN R 5 5 A op Psa )R
Ve, 45 & 75 R N AL BOR AT 38 5 Psa LA
1705~ WL T e FH T U SCSR Bidie , k si [X
SR 2% LB A R PR S

4 #& w

W B Bk S R AT BBk 5 T
AR Co B A A 0T LA T R ) DR FR A 2 1) B80T i
Ve UESEH R S HEFRAT R ITE 1. T 0L, S
RRTET 5 i B o NS VA S S DI E b LSS 1 FBURTE] 25
T S 2 K LW 0 i U FR S5 I AR PR AR 1R
G H, %07 SR HE B B Ak o S 41 1
HIg KRS KBRS .
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