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Establishment and evaluation of resistance identification method
for Pseudomonas syringae pv. actinidiae disease in
Actinidia arguta germplasm resources
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(1. Specialty Research Institute, Chinese Academy of Agricultural Sciences, Changchun 130112, China ;
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Abstract With 51 Actinidia arguta resources as tested materials, and Actinidia chinensis Planch ‘Hongyang’ and
Actinidia chinensis var. deliciosa ‘ Xuxiang’ as control, the resistance of the resources to canker discase was
evaluated by inoculating Pseudomonas syringae pv. actinidiae PSAM228 on the branches and leaves of Actinidia
arguta in vitro. The results showed that the infection in the inoculated branches were nearly the same in two
years, which reached a very significant correlation level, with the correlation coefficient of 0.935 9. Therefore,
inoculation of the in vitro branches could be used for identification and evaluation of the resistance to canker
disease in A. arguta. According to the disease index, the level of the disease resistance was divided into five
levels, that is highly resistant, moderately resistant, susceptible, moderately susceptible and highly susceptible.
There are 33 highly resistant resources and 18 moderately resistant resources, while no susceptible, moderately
susceptible and highly susceptible resources.
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Table 1 Standard grade of resistance of Actinidia arguta germplasm resources to Pseudomonas syringae pv. actinidiae

FRERE I3kt Standard grade
Crzes B L W F AL Bk A L
level Incidence of branch Incidence of leaf Incidence of leaf vein
0 UIETATIN - F e BE ke B 4
1 PR AALAE TP AL A5 48 0, BAOW BE R BE /N T M 2 B O B i BE T S TR I Bk R BE S /N F
1 cm FUNTF 1 em? 1.5 cm
5 AR R A GV B B RS BAORBE R BE IR A A B B o B T SR T K R S 1. 5~
1E 1~3 em(f45 1 cm) FH1~2 em? (345 1 em?) 3.5 em(f4% 1.5 cm)

AR BB AL ) 1 g H A FL E AR, AR R R B, 9 BE T P A T I Jk A R MR B 3. 5~
B A (G A AR B EEAE 3~5 em(f3 4% 3 cm) L 2~3 em? (fI4F 2 cm?) 5.5 em(fU§% 3.5 cm)
) 2 B R A SR BE R EEAE 5 em DA | (f M A K B s B T RN S SN

(3]

55 cm)

RT3 em? (F245 3 cm?) 5.5 em(f245 5. 5 cm)

1.2.4 HABEHHT
W Excel 2013.SAS 9. 2 B4k 4 75038 o047 .

2 HREHN

2.1 HRRIEEFREE

FIFHFAR T 450045 20 AS [ 8% 3% 15F 18] 17 91 vk
JE,12 h R 107 cfu/mL 7247, 18 h Bk
BN 10% cfu/mL 247,24 h BRH)E ~ 10° cfu/mL
Fidro B LL 10° cfu/mL S EL R 18 h 4%
FERE SR [A]
2.2 AEREHBHBRRMRZERELEESIEN
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A 2 5 (B D) A ORI R T AR AR 1
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o PREA E 2 ) A58 O 5 8 43 Tl o %k 15 9 o 422 3 £ 92
FEARTC RIS o W ME 1 5 o © 392 6 g 1 o
CEC61-174F, MR AR S 21 d AR AD
AN T LR 25 B . FLAS [R] B 2 ol 5 o B T AR
25, MRk S & A St B 3R G W Wk
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A UL WY S P A A A O AR e B4 (1A 2)
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R . HAE AN TR T, 2 A GFPuv bR ic (1)
PSAM228 & & 1Y~ A T Ak 125 1R A5 2% oK RIS M &
D23 48,75 5 o BRI G ATS LA 62 2 R 5 Ak R 4% 2 5 11
o BREA B85 A 0 A8 A
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a: 61-1; b: A12-1-1; ¢: FEAR 1S d: ZLKH; o 80 0 B FBRTE

a: 61-1; b: A12-1-1; ¢: Huanyou No.I; d: Hongyang; a: Inoculation
point; B: Range of lesion
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Fig. 1 Infection on branch of different Actinidia arguta
germplasm resources and ‘Hongyang’ against
Pseudomonas syringae pv. actinidiae
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a: HAOE FHIBERPERA W b: £Ei K485 nmEEAMEHCE Rt
Jikony LW S k5
a: The symptoms of the disease are not obvious under natural light
shooting; b: Under the excitation of ultraviolet light with wavelength of
485 nm, the obvious green fluorescence can be seen in the vein

B2 ‘JFEBER EEM R EKER 21 d BRER
Fig. 2 Symptoms on the leaves of ‘Jianfeng rose’ 21 days
after vein inoculation in vitro
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Table 2 Statistics of disease index of stems and leaves for two consecutive years

WG T8 %k Disease index

Germﬁfffiource 2018 ﬁf/&% 2019 ﬁ‘:/ﬁ(%?z W‘]ﬁ‘:/bj(%%qzﬁj 2018 ﬁEIH“H‘ 2019 ﬁﬂ]fﬂ]j{
Branch in 2018 Branch in 2019 Branch in two years Leaf in 2018 Vein in 2019
#1.fH Hongyang (73.42£9. 74)a (69. 14%4. 79)a (71.28%£3.02)a (65. 365. 30)a (71.42=+1.02)a
%7 Xuxiang (28.57%1.00)b (27.32%2.86)b (27.952+0.62)b (28.57=%1.23)b (33.33£2.82)b
#Ef 1 5 Huanyou No. 1 (22. 8643. 05)c (23.65%1.42)c (23.25%0. 39)c (0. 00=£0. 00)n (1. 4240. 34)qr
{E R Jiayuan (17.53=%1. 83)de (17. 3240. 44)d (17.43=+0. 10)d (9. 62+2. 44)fghi (15. 01=£1. 18)fg
Hf0> 5 Tianxinbao (18.5741. 54)d (16. 10£1. 69)de (17. 34=+1. 23)d (18. 0641. 53)de (25.8741.04)c
DLEEFIE Jianfeng rose (17. 3541. 59)de (16. 35%1. 58)de (16. 850. 50)de (17.14=£0. 87)e (23.71£2.11D)c
£ 12 Jiayuanl2 (16.57+2. 44)efg  (15.57F1.06)e (16. 07£0. 72)de (0. 0040. 00)n (22.58=+1. 44)cd
JHR 1 5 Danfeng No. 1~ (13. 09=£1. 48)hi (17.5243. 15)cd (15.31F£2. 21)ef (8. 67=0. 63)ghij (8. 27=0. 83)hijk
LR 1 5 Liaofeng No. 1 (17. 81=4. 93)de (11. 2740. 86)gh (14. 54=£3. 27)efg (19. 424£2. 47)d (6. 86=+0. 60) klmn

A4-91 (14. 2941, 51)fgh — (14. 2941. 51)elg (5. 7140. 4Djk -

A2-6-2 (14. 2940. 84)fgh (14. 11£1. 22)ef (14. 20£0. 09) efg (22.71£1.98)c (11. 424+0. 88)h
Al4-6-1 (17. 14=1. 00) def (9. 84=£0. 38)hij (13. 4943. 65)fgh (7.3220. 93)hijj (20. 11=£1. 40)de
Al2-6-1 (12. 94=1. 19) hij (13. 84=2. 35)efg (13. 397£0. 45)fgh (1.13%£0. 63)m (9. 50£0. 27)hi
Al2-1-1 (14. 65=%1. 26)fgh (11.52£1. 77)gh (13. 09=£1. 56){ghi (11. 42=+1. 32)1g (8. 25=£1. 13)hijk

F1 (12. 50%0. 89) hij (10. 43£0. 48)hi (11. 47=+1. 03) hij (0. 00£0. 00)n (14. 57=£2. 24)fgh

T6-3-1 (12. 60=41. 01) hjj (9.42+1. 14)hij (11. 01=£1. 59) hij (0. 00£0. 00)n (6. 33+0. 83)Ilmno
Al4-11-2 (14.2940.76)fgh  (7.37+3.75)jklmn  (10. 8343. 46)hijk (0. 0040, 00)n (8. 2940. 37) hijk

T4-1-1 (11.4341. 03 hijk (9. 86=-1. 00)hij (10. 642-0. 78) hijk (6. 4841. 06) (7. 43%1. 20)jklm

Hii4¢ Ruili (10. 79=£1. 2D ijkl (10. 21£0. 70) hi (10. 50£0. 29) hijklm (0. 00£0. 00)r (6. 39740. 77)Ilmno

T4-4-3 (15. 3742. 01)fg (4. 77%£0. 66)no (10. 07=£5. 30)ijklm (12.85F1. 091 (17. 14=F1. 27)ef

B8-6-2 (11. 37=£1. 02) hijk (8.19=£1. 46)ijkl (9. 78%£1.59jklmno (1. 0740. 13)m (4.85%+2. 14)no

F2% Fenglii (9.57+0. 90)ijklm (9. 2641. 22) hijk (9. 42+0. 15)jklmnop (3. 2940. 43)Im (8.81=F1.02)hij
Al17-3-2 (9. 32£0. 46)ijklm (9. 03=1. 59 hijk (9. 18+£0. 14) klmnop — (19. 04=£1. 81)e

IBE2R Kuili (7.527+0.50)Imnop (9. 32+0. 74) hijk (8.4240.90)Imnop (5. 32+1. 02)jk (2.7840. 62)pq

T9-9-3 (10. 54=1. 30)ijkl (6. 24=0. 46)Imn (8. 39%£2. 15)mnopq (0. 00£0. 00)n (9.33£1. 58)hi

I 2 5 Longcheng No. 2 (10. 244-0. 71)ijkl (6.12=+1. 05)Imn (8. 18+£2. 06)nopgr (1. 84+£0. 36)m (1. 20=£0. 17)gr

A2-4-1 (8. 14=+£1. 46)klmnop — (8. 14=+1. 46)nopqr (0. 00%0. 00)n —

B9-2-1 (8.57£2. 33)klmno (6. 67£0. 99) klmn (7.62%+0. 95)pgrs (0. 00£0. 00)n (1. 24=0. 14)qr
A17-10-2 (7.46=+1. 15)Imnop — (7. 46=+1. 15) pgrs (1. 26740. 16)m (7.3740. 81)jklm
A14-7-1 (7.4240.50)mnop  (6.5940, 85)klmn (7. 0120, 4D pgrst (4. 5940, 80)jkl (8. 0641 08)hijk

T5-5-3 (9.1942. 29)ijklmn (4. 27-0. 54)0p (6.7342.46)pars  (1.80+0.55)m (7. 2241. 55)jklm
4% Jialu (9. 2741, 02)ijklmn (3. 310. 70)pq (6. 2942. 98)qrst (0. 0040. 00)n (0. 00+0. 00)r
Al17-1-1 (11. 9841. 60) hijk (0. 00£0. 00)s (5. 994£5. 99)qrst (9. 44+0. 85)fghij (0. 00£0. 00)r
Al16-7-1 (6.78%1. 15)mnop (5. 01=£0. 62)no (5. 90+£0. 88)qrst (1.724£0. 24)m (9. 57£0. 40)hi

LA 808 Liangzao 808 (9.08+1. 17)jklmn (2. 45+0.54)qr (5. 7743. 3D rst (15. 1441, 14)ef (1. 1340. 18)qr

T4-2-3 (3.587+0. 39)rst (7.89=£1. 85)ijklm (5.74=£2. 15)rst (0. 00£0. 00)n (1. 9240. 78)qr
A16-9-1 (8. 1140. 52)klmnop (3. 18-£0. 43)pg (5. 652, 46)rst (0. 0040, 00)n (8. 53%1. 35)hij
LH1402 (3.73=£1. 05)rst (5. 84=£1. 23)mno (4. 794£1. 05)stu (0. 00£0. 00)n (7.56=0. 57)ijkl

61-1 (5. 71=£0. 65)opq (3. 74=+0. 56)0pq (4. 734£0. 98)stu (0. 00£0. 00)n (14. 28=+1. 29)fgh
I, Jianfeng (9. 25+0. 43)ijklmn (0. 00£0. 00)s (4. 63+4. 62)stu (9. 48+£1. 74){ghij (0. 00=£0. 00)r
Wiz Wanli (6.32+0. 78)mnopq (2. 58=+0. 31)qr (4. 4541, 87)stuv (1. 65740. 29 m (0. 0040. 00)r

B3t Xinlia (4.14=0. 42)qrs (3. 90=£0. 44)opq (4. 0240. 12)stuv (0. 00£0. 00)n (13. 21£0. 80)gh
T6-5-2 (5.407%1.06)opgr  (2.58+0. 30)qr (3.994+1. 4D stuv (6. 1840. 95)1j (0. 004-0. 00)r

SpE4k Pinglii (7.32740. 29)mnop (0. 00%=0. 00)s (3.664=3. 66)tuv (7.854=1. 17)hjj (7.86+1. 16)ijkl
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453K 2 Table 2(Continued)
. it H5 %k Disease index
2018 4ER 5% 2019 4EB % PIAER AT 2018 4Emt 2019 4tk
Germplasm resource . . . . ..
Branch in 2018 Branch in 2019 Branch in two years Leaf in 2018 Vein in 2019
2% F Litwang (4.62+1. 24)pgrs (2. 61740. 45)qr (3. 6141. 00) tuv (10. 284+1. 68)fgh (8. 3741. 29 hijk
T4-5-1 (6.0240. 75 nopq (1. 04740. 13)rs (3. 5342, 4D tuv (0. 004-0. 00)r (5. 2840. 38)mno
B7-7-1 (0. 00£0. 00) v (6. 93+1. 16)klmn (3.47+£3. 46)tuv (1. 15£0. 15)m (9.12£1. 07)hi
Al4-4-2 (3.27=£0. 22)st (2.52+£0. 33)qr (2.90=£0. 37)uv (19.92=+1. 54)d (8. 04=0. 93) hijk
B6-5-2 (5.7141.08)opgr (0. 00740. 00)s (2. 86+2. 85)uv (7.1440. 97) hij (0. 00£0. 00)r
A13-8-1 (2. 86740. 32)stu (2. 74740. 37 qr (2. 80=£0. 06)uv (0. 0040. 00)n (0. 0040. 00)r
T2-1-1 (2. 8640. 40)stu (0. 00£0. 00)s (1.43£1.43)v (1.7840. 18)m (1.29+0. 12)qr
B3-1-2 (1. 24=+0. 31)uv (1.47+0. 29)rs (1.36£0. 1D)v (0. 00£0. 00)n (4. 22%+0.79)op
KINK Dagujia (2.29740. 2D stu (0. 000. 00)s (1. 15+1. 15)v (0. 0040. 00)n (7. 4640. 92)jklm
1) "IN TC YA 5 RS0 ET I T8 BAS ) S B3 AN [ I B8 ) 25 57 3 (P<<0. 05)
“—” means no current year data. Different small letters in the same column indicate significant difference in different germplasm resources
(P<20. 05).
x3 HWEBBHRMARBRABEETR
Table 3 Variation of Pseudomonas syringae pv. actinidiae in Actinidia arguta
WitE T84 Disease index
P . o o S FRE %
FERN T P2 R ME e/ ME g
. SEH(E : o Coefficient of
Inoculation method Standard Maximum Minimum ..
Average .. variation
deviation value value
M S 5
ARRAREERER o 8. 24 5. 05 23.25 0.01 61. 27
Cutting inoculation on semi lignified branches in wvitro
KR I
BRIE RS 1,82 626 ol o 129, 84
Prick inoculation on leaves in vitro
X It )
AL PRI BT 7.76 6. 69 25. 87 0 86. 21

Injection inoculation on vein in vitro

2.3 AEEMTENEXESHT

AN FHERD 7 AR A5 A 25 R 4T Pearson ARG
ST ARG DFRIWL2018 4F5 2019 SRR A AL E A
B SR 3 IR A A R R r=0. 935 9; 7
PRI P b R A R 0 195 415 it 8 i 2% I
FHSG AR R B r=0. 781 4; BRI Mk 5K
AL B AR A AR B A 45 SR AR 1235 TEAH

KRKF o UL 3 FhI5EEE AT OB AR Bk i o B
IR IR IUTE R RE TT I P A IR R 2 D%
PETT R 42 5 4 RBONREE EF PR RCEE . IR
BRIz R A R AR AR AT LK RS A
BRI N BB DT A 5 1 207
o MR BRI R SRR A R — 2 ]
VER ARz DU E S B 5

® 4 REEMITNGEZ EREREEHEXE"

Table 4 Correlation of disease index between different inoculation evaluation methods

Inoju%jrizlfr‘node SI 52 2 12
S1 1
S2 0.935 9* 1
L1 0. 813 3** 0. 758 3** 1
1.2 0. 853 5** 0. 848 2 0. 781 4 1

1) s FTR PR RN J7 B R A0 7 48 B0 35 TEAR 5 (P<<0. 01)5 ST 2018 4 B AR AR 2053 Fh s S2. 2019 4R B RRLU AR ZI 345 s L1

2018 AR BRI £ RN L2: 2019 4 BRI b i Bk i S e b

%% indicate highly significant correlation between disease index obtained by two inoculation methods (P<Z0. 01). Sl: Cutting inoculation

on branch in vitro in 2018; S2: Cutting inoculation on branch in vitro in 2019; L1: Prick inoculation on leaves in vitro in 2018; 1.2 Injec-

tion inoculation on leaf vein in vitro in 2019.

2.4 BRERRRHM RE RS R G
AT L E Bl vl LA . AR AN )3 7 A4 2

A2 SRS AR 35 A 5 (H B MRS A 4 T 110 2 E 4
BONFERE » HBZIRTERE LR L A
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T 15 P S A ASE A B R AR A G 15402 93 o
SHRPUIEPEN Ttk . RIR TR 1R L0 R A bk
PPN ARAE B TR 51 3 PR BRI R 5T 55 U5 1Y

BUEBEATVRAN PR GS SR06 5 B . Horh P IR
33 4y, 5 64. 71% BT REIE 18 4y, /5 35. 29% . 1% A
TP FP ORI i SRR YR R

xS MEHFFRAETR

Table 5 Resistance evaluation of germplasm resources

HUHEEANY UPEPEA b i

Resistance Resistance evaluation .
. L. Germplasm resource Species
evaluation criteria
E/E& Highly susceptible TR AR EC>70 21 R ARk
1/ Moderately susceptible 50<JE1HT5%1=<70 i
JA Susceptible 30<JRIETE£=<50 7
13i; Moderately resistant  10<E 1454130 [ B NY
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