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Abstract: [ObjectiveJKiwifruit is one of the most popular commercial fruit crops around the world be-
cause of its high vitamin C content and good taste. However, kiwifruit bacterial cancer caused by Pseu-
domonas syringae pv. actinidiae (Psa) has been widely reported as the biggest limited factor of kiwi-
fruit production. In particular, with the large-scale planting of susceptible cultivars, this disease has dis-
played a rapid spreading trend in recent years. Utilization of resistant kiwifruit cultivars has always
been recognized as the most cost-effective and environment- friendly strategy for disease control, but
there is still a lack of knowledge about the disease resistance of different cultivars in kiwifruit produc-
tion. This study aimed to screen out Psa-resistant kiwifruit cultivars through in vitro and natural induc-
tion method and to establish the evaluation criterion for local kiwifruit industry, which will be helpful
for effective disease control and resistance breeding in the future. [Methods]For indoor resistance iden-

tification, total 12 kiwifruit cultivars were selected for screening through the wounding method of de-

ks HH#A:2021-01-21 EZ HH#1:2021-04-19
EETE : VY4 E BRRHE A0 A AR A B 003 & /ETIH (020YFH0203) 5 PU 144 RHE 118175 H (2021YFN0026,2021YEN0120) 5
G R AAEH
FEZ B A N, 55, FE S W e AR, W 9E 77 ) < AL T 55 SR A BT A% . Tel: 18227551515, E-mail : 1253709626@qq.com; a A 3L A
W1,
*JB{51EH Author for correspondence. Tel: 15108218547, E-mail : guoshugong@126.com



1154 BowW 2R ¥ 384G

tached branches when the susceptible cultivars Hongyang and Hayward were used as the controls. The
bacterial suspension of Psa was prepared to use sterile water to obtain a concentration of 1x10°cfu-mL",
and kiwifruit cultivars were inoculated with 10 ul bacterial suspension on the annual healthy branches.
After 15 days of inoculation, the epidermis of the branches near the inoculation site was cut off, and the
size of the lesions was measured. The cultivar resistance was classified as: high susceptibility (HS), the
length of the lesion and the degree of browning are greater than those of Hongyang; disease resistance
(R), the length of the lesion is less than that of Hayward; medium susceptible (MS), the lesion length is
between Hongyang and Hayward, but closer to that of Hongyang; medium resistance (MR), the lesion
length is between Hongyang and Hayward, but closer to that of Hayward. For field trails, 23 kiwifruit
cultivars were identified by natural induction methods in the field. I n the canker disease-endemic or-
chard, the branches of these cultivars were grafted onto the rootstocks in the spring of 2011, and the dis-
ease characteristics and disease index were monitored and recorded from 2012 to 2019, when the dis-
ease index was used as the standard to rank the resistance of each cultivar. In addition, the canker dis-
ease rates of different cultivars grown in a large scale in Sichuan province were investigated to compare
their differences in disease resistance under large-scale planting conditions. Based on the resistant culti-
vars screened (such as Cuixiang, Cuiyu, Xuxiang, and Hayward) in this study, the reasonable utilization
of these resistant kiwifruit cultivars was conducted instead of those susceptible cultivars in the disease-
serious orchards, and its application effect on prevention was investigated, and finally the control of bac-
terial cancer was evaluated through calculating the disease incidence and disease level on 3-year re-
grafting plants during the peak period of canker disease. [Results]The results showed there were signifi-
cant differences in disease resistance among different cultivars. After 15 days of inoculation in vitro, the
symptoms of susceptible materials were characterized as brown lesion at the inoculation site, extending
from the wound to both ends in a long strip, followed by a large extension and pus formation at the
wound with disease development (e.g., Hongyang, Hort1 6A, and Jinyan). The symptom of disease-resis-
tant materials displayed a relatively smaller browning area at the inoculation site, with lighter color and
only spreading around the wound, which were typically observed in the cultivars such as Hayward,
Longshan, and Guihai 4. Based on the resistance grades to cancer disease, the tested cultivars were dis-
tinct in different resistance grades, among which, the high resistance accounted for 2 when medium re-
sistance and medium susceptibility were 2 and 6 cultivars, respectively. Among the 12 cultivars tested,
none of the highly susceptible cultivars displayed almost with close symptoms as Hongyang, while all
highly resistant cultivars showed a little lesion. For field resistance evaluation of canker disease, the
numbers of cultivars with high resistance, resistance, medium resistance, medium susceptibility, suscep-
tibility and high susceptibility were 3, 2, 6, 5, 4 and 3 through naturally induced inoculation in the field,
respectively. Among them, the plants of Hongyang, Hortl6A and Jinyan cultivars had almost dead
symptoms, when those cultivars including Jinkui, Huate and Kuilu did not show obvious disease symp-
toms from 2011 to 2019. Furthermore, the cultivars Hongyang, Hort16A and Jinyan belonging to Actin-
idia chinensis were highly susceptible in almost all kiwifruit producing areas, and the disease incidence
of these three cultivars reached up to 100%, eventually leading to the destruction of the entire orchard.
The disease incidence of Guichang also increased by 45.25%, and showed weaker resistance than that
of Cuixiang and Xuxiang. The cultivars with high resistance to the canker disease included Hayward,
Cuiyu and Kuilu, whose plants had less than 1% individuals over five years old suffered from the can-
ker disease. When high-sensitivity cultivars like Hongyang and Hort16A were replaced by Cuixiang,
Cuiyu, Xuxiang, Hayward and other disease-resistant cultivars in the diseased orchards, the disease inci-

dence had a significant decrease, and the relative control effect of canker disease was more than 85% as
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compared to the control orchards with almost 100% of disease incidence. [Conclusion] Through a com-

prehensive evaluation of the resistance among different kiwifruit cultivars, it is clear that the current

main kiwifruit cultivars have differences in resistance to canker disease. Actinidia arguta and A. erian-

tha had the highest resistance in all cultivars, followed by 4. deliciosa, while A. chinensis is of the low-

est resistance to canker disease. The combination method of the indoor inoculation of detached branch-

es and naturally induced inoculation is practicable for resistance identification of kiwifruit cultivars.

The results show that screening and utilization of disease- resistant cultivars is an important way to

avoid the harm of kiwifruit bacterial canker disease.
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Fig. 1 Lesions diameter of 12 kiwifruit cultivars after 15 days of inoculated Psa in vitro
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Fig. 2 Clustering of cultivars for resistance to Psa based on average lesion diameters
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Table 3 The disease index and resistant evaluation of different cultivars in the field nature induction identification

F R ¥ P Year itk
Cultivar No. 2012 2013 2014 2015 2016 2017 2018 2019  Resistance
I fH Hongyang 56 24.64 32.14 60.71 82.14 100.00 - - - HS
Hort16A 78 10.77 20.00 33.95 61.54 83.05 100.00 - - HS
436 Jinyan 630 438 12.19 20.69 37.31 75.94 79.05 87.31 - HS
4:F Jinyang 28 429 10.71 19.28 30.00 30.00 32.14 4571 57.14
425 Jinxia 21 2.86 8.57 19.04 22.86 26.67 34.29 38.09 55.23
4% Jinnong 30 6.00 16.00 20.00 26.00 30.67 34.67 40.00 46.67
441 Cuihong 44 4.09 8.18 11.36 16.36 16.36 21.82 30.27 40.43
et Zaoxian 19 6.32 9.47 12.63 25.26 33.68 33.68 36.84 36.84  MS
82 Kuimi 12 5.00 15.00 15.00 20.00 20.00 20.00 23.33 3333 MS
%3 Qinmei 13 0.00 9.23 13.84 13.84 18.46 18.46 24.62 3077 MS
74 Xianglii 14 0.00 0.00 429 429 7.14 11.43 28.57 2857  MS
Kb 5 Taishanghuang 14 429 8.57 8.57 21.43 35.71 2571 25.71 2571 MS
J& 1L Lushanxiang 17 0.00 3.53 9.41 9.41 11.76 14.12 14.12 18.82 MR
KK 15 Milang 1 13 0.00 0.00 4.62 4.62 9.23 12.30 16.92 1692 MR
#UH 3 %5 Wuzhi 3 20 0.00 9.00 9.00 9.00 9.00 12.00 14.00 1400 MR
£ Bruno 17 0.00 0.00 0.00 3.53 5.88 7.06 10.59 1294 MR
KA Hayward 17 3.53 7.06 7.06 10.59 10.59 10.59 10.59 11.76 MR
%7 Xuxiang 24 2.50 2.50 5.00 5.00 7.50 7.50 10.00 1083 MR
#6352 5 Huamei 2 12 0.00 0.00 0.00 0.00 0.00 5.00 6.67 6.67 R
#E Cuiyu 20 0.00 0.00 0.00 3.00 3.00 3.00 4.00 400 R
& Jinkui 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 HR
4E45 Huate 15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 HR
4% Kuilii 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 HR
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Table 4 Disease incidence rate of large-scale production

cultivars to bacterial canker in the field %

Culti Altitude/ Planting

ultvar time 2017 2018 2019
AN 650 2008 100.00a  100.00a  100.00 a
Hongyang
Hort 16A 660 2012 75.50b  100.00a  100.00 a
il 660 2012 7020b  92.30ab 100.00 a
Jinyan
g 145 900 2014 12.55¢ 5235¢  84.60 ab
Yidun 1
[igiS 1250 2014 0.00d 1530de  45.25¢
Guichang
A 740 2015 220d 560f 1250 cd
Cuixiang
A 1020 2013 9.50 cd 9.50def  9.50d
Xuxiang
IR 780 1991 1.50d 0.02 g 0.50 ¢
Hayward
BE 1100 2013 0.20d 0.13 g 0.05¢
Cuiyu
et 5% 880 2014 0.00d 0.00 g 0.0le
Kuilii

x5 Bumm R A i AR X B AL

Table 5 The relative control effect of changing susceptible varieties to resistant varieties

Hh g sl BRI VA EERA Bigse
Location Treatment Disease incidence/% Disease index Control effect/%
BT 1. Hongyang (CK) 81.25 76.25 -
Longwang, Cangxi 21 FH 3R Hongyang change to Cuixiang 6.12 4.90 93.57
21 FH 3 & Hongyang change to Cuiyu 10.61 8.18 89.27
B RNER 2L Hongyang(CK) 92.78 82.96 -
Xiaoyudong, Pengzhou ST BHE3 F Hongyang change to Cuiyu 025 0.11 99.87
WA T 21.)H Hongyang (CK) 100.00 85.71 -
Yongning, Cangxi 21 fH 4% % Hongyang change to Xuxiang 12.00 10.67 87.56
21 PH 32 % Hongyang change to Cuixiang 4.45 4.00 95.33
FRLIENT 14 £1.fH Hongyang(CK) 95.59 87.69 -
Hongkou, Dujiangyan 21 PH 20 PR 48 Hongyang change to Hayward 5.00 1.00 98.86
FRVLHEHT P14 Hort16A(CK) 84.00 78.25 -
Hongkou, Dujiangyan Hort16A HifFiR /% Hort16A change to Hayward 1.0 0.28 99.64

SR, AT B 2000 35 93.57%F1 87.56% 5 1E IR M,
BRI /)N fE TR R £1BH 504 R R AR 7 285043l
15 89.27%F1 99.87% ; 1E 15 1B 7K T EUR 21 FH eded A
B FHXT B 280 87.56% ; 7 HB YT HEHT M1 B0Ks 21 BH A1
Hort16A 2548 9 i IR A, AH X BI7 285253 A1)k 98.86% Al
99.64% . [FIBF , FR 48 FH (] S PR AL 22, 5 s b b
Jei 5 B R BEAR 1 AR R B S35t S 3 () BB T2 26, T 41 FH
F Hort1 6A £ /8% 44 15t 77 3 J5 T IR AE T 2 i i, TE K

Tou 2% A I A X LI S8l o A5 SRR B, A 2R
VR R I IRESE TR i Fa] A RO 5
PR R L BRI IR B fE T

3o i

EARENRER et S RN EPS I 90 N
HERAE DS TR PO JRE, e L AR I 4 5 T dd il s
KR TS R EDAERE UM 63 5.
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42 F5 \Hort16A . 4% 4 F FI &+ Uk S Fil o T
7 HH A 01 %5 52 v, 20 BH  Hort16A F1 4 #1 2% I =
&, HAEMR AT &P &R R O RIUK
9 s LA VL TR VAR AR AR B R IR JE
B OKR 15 U 35 A0 &0 IR E AR F R
L BB AAESE 2 5 RIPU ; &L ARRR R R4t
RKILEPL. ERBALFAE T, 20 FH \Hort16A Fl4:#
IF) 5 3% I v P TR, LR AR S [l 5 70 1 e B I 4T 1)
A PP TR A B R MBS, i BRI, AR
Hort16A #4155 v A8 RBRBERR P 5 22 , 20 BAR
Mok A E DO 1 R T AR B oK, DA N 4l
Fo0 LR R )RR Z B T g g R IRZ &
TR YA X3k 357 978 A P2 B, S0 AR 22 S [l it
15 55 ] o AT Ab A 21 BH R A Bk ot e 1 7l A JRy b 2
T H % RO 1 a5 R ik 2 W DL AR
5L PEE AT P b X 388 0 R T BH it Bl o 3 2 5 b
— AN AT AR R, SR, RIRLE R
2L BH ] B0, (2 RIRE B Tt i fa 5, 7=k 2 )
TULEIT . Wk, B & B AR A 1R = i T
Y\ o] B AH 2 BT 0350 0 5 T P i R 22, 1)
KHBRE 7 HR X, HE KR 15 ERES
F R R PUIE R AT, BAE AR At
P IR U o L rp i VR AL D) AR b A I 1 B
FPLLL = P %5 Ptk s, IRl 3 22 DA R 75
PR N R IE T 2R AK s J2 2 i AR R bk
PUME BRI S o, XI55 98 2 I = P, L DR XU
MURE P SR RRAE, AR 9 LA S 32 R R BB
AR s TE R AR Bk o X 3 8 e B R R
Prik A BT AT M B AN = B
AT R E—ANECRE K TR .

20174, FRBHEEPHRGE T LB AR T4 L AR
I FL AR AR B DA RO BE B AR ) S T R Bk R et
Bz BT EARAE , 2B E TEAHE 7T R F A & 1]
R HTIEAT E AP , P b s
FAARL T 978 B T DU o A EL 3 PP S, A 5
TE BRSO R B S SR T S B M v,
{ELEH 7] %5 58 5295 i T A% 4 4 P2 S0 Hh A G
PSS 2 PR R s, B e R A S ENE
SE 45 R FFA — B, SR IR BRI 0 R A T EL
DU )1 s R 72 DX 4 A U o P A ) 4 T ) — SR [l
F B R 5 % e AT FE )T PE VRN, AT 428 il <A
WL KR B ik OISR R, JF Hid s 24

(2012—2019 4 ) % 252 1 Wl HE B B 0% DR 25 0 70 12 1)
AN SsEE S R g G (S i AN E I U
Hort16A %5 1 18 ity Tl G4 9 SE AR I 5 7™ 2, A H i)
PUIE PO &5 S 5T R, A Ja AT A3k 75 5 0 A5
FolbA b R R B, JF R AT H TR 4 e iR
56, LAYk 2D 955 JiR B 5 B 32 K B Rk A e R S0
DI RE B 2 AR A T R R 2

2 2 I 4y R DN RN FH D) R B W
TG E PR AT, X AR R I A A
R & B /D HAR RN 68, ARG F A
PO rits P 50 2 SR [l 1) 45 AR A SR A 41 1 R AT
VG, 7E B R, SO IR IR R E AR
SEPUIR S, X5 B AR X B s i 85% , LA
JEA SRS AR R R, R B 5 B AR e T
S A AR R, A AR A [ T 5 S e 3 ) 42 B A
Ko Hort16A ¥4 252 5 76 2% 3= B AR K b, [ 3
X5t 9795 e PR B, — 3 ORI v 2 Rk el T
I 7 5% » 2011 4 Hort16A & 1% THI AR 5174 2589 hm?, 1
J WG B 3ET A Zesy002 (Gold3) , £ 2014 4F
Gold3 F 35 THIARIE 31 3863 hm®™, A BRIk 5t 957995 (1)
B iRt 7 8%, 1% 2 R PR A
an PP R D R R0 o AR, TR R A Bk T Bt
P50 7 B 5 R4S B PR d R P, — SR AE
B9 B A PUvE AR R Bl CU7E SR 30 X St
JSLF AT B A T ot o v AR A T 0

4 % w

AU R F Jee 1 = AR TR] 04 45 DL
PSR STVE LB IIEFC » X5 A [ A B et Aok (14
PUVEREAT 7 At vrpr, DI 1 24 i P S SR Y
BRAGEAE b Xt 3542 8 (0 U 22 5 0T L 00 i
LA 7= o i R 27 A1 R LR U & A F T A
FY R 2T AT A 42 35892 9 ) SR BREBOA
HBR0E 2 .
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