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Abstract Considering the increasing disease problems of kiwifruit in Liupanshui City, the kiwifruit diseases were
investigated in 26 representative kiwifruit orchards of 12 townships in October 2015, April and August 2016, re-
spectively. A number of samples with typical disease symptoms were collected and the pathogens were identified.
The results of biological characteristics analysis, molecular identification and pathogenicity tests of the isolated
pathogens indicated that the main kiwifruit diseases in Liupanshui in summer, autumn and winter were bacterial
canker disease, postharvest soft rot, grey leaf spot and brown leaf spot, followed by anthracnose and black spot.
In spring, fungal disease of kiwifruit was lightly occurred, and bacterial canker disease was also found in some orchards.
Qur results provide a theoretical basis for forecasting and integrated control of kiwifruit disease in Liupanshui City.
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Table 1 Detailed locations of sampling orchards

PREATIE e PR X 25
e GLERE o TR GLhPE :
No. of ST s Wi/m BURZH | Noof D it Wil /m R S
X i Longitude and i gt X Sampling Longitude and X .
sampling Sampling season . Altitude Township sampling i Altitude  Township
latitude season latitude
orchard orchard
1 & HE . HZE 105°10'22'E 26°13'24"N 1150 Kk st 12 #Z=  104°47'35"E  26°18'44"N 1321 kI E-% B4l
2 & FE HEE . EHFE 105°07'41"E 26°13'17'N 1024 K E 54 13 #HZ  104°45'02'E  26°16'45"N 1 383 7KIRE & H4H
3 Tz 104°57'48"E 26°25'09'N 1103 /K EL ka4 14 £ 104°39'20"E  26°18'37'N 967  sKIRE &R HA4H
4 T 104°58'20"E  26°24'29'N 1073  KIfHEKE S 15 £ 104°40'18"E  26°15'49"N 1223 /K EEE S
5 & HEE . HE 105°2348'E 26°04'25"N 1305 A5 AHRX BB A4 16 HZ  104°41'06"E  26°17'58'N 1088 7KIH %S
6 A& FHE HE 104°49'51"E 26°04'38'N 1370 MHEEH S 17 £Z&  105°08'48"E  26°24'15"N 1272 7KI EW% Iy 4
7 B HE 104°48'08"E 26°04'25"N 1199 sKIREAGZ S 18 #HZ 105°07'21"E 26°21'27"N 1232 sKIRELwE 4
8 Fh&ZE A 104°41'24"E 26°20'27"'N 1070 7KIRE#BHE & 19 HZ 105°07'45"E  26°17'17'N 812  /KIR Efizbs
9 Tz 104°53'00"E  28°27'00'N 1260 /K¥kEATK S 20 #HZE 104°58'51"E 26°22'00"N 1255  skIkH k4
10A [ &ES 104°51'17"E - 26°29'38"N 1269  sK¥kEL s & 21 #H2 104°58'13"E 26°11'54"N 1181 /KIkHLE4h 2
0 04°51'29 6°14'00 61 7 i 04°47'5 6 470 ]
10B H 104°51'29"E  26°14'00'N 1261  /KIkE Gz & 22 B 104°47'51"E 26°18'28"N 1470 Kk E 475 &
10C 5% 104°52'39"E  26°13'51"N 1334 sk ELIi3% & 23 HZ  104°49'00"E  26°36'02"N 1157 skdkH ka4
XZ=. 0 < 5 55 7 04749 25'E 0 7]
11 & HEE 104°35'26'E 26°13'45"N 1255  sKIgE K& 24 B2 104°49'25"E 26°36'03"N 1 113 K H k&4

L2 REEHSBMEST
L2.1 @HEEREEWSERER

KB 1 em BT L 2w A R Bk 2% 1 £
SERALFTH 3 204 ] 70% Z B T RIS
ek o ZVE T 1.5 mL B0 AR CREE
A 400 pLL 10 mmol/L. MgSO, fl 2 kiER) . XJ4)
FWGHAT 10"~ 10" B BEFR B L 100 pl 10" Hi
FECIHWR AT T M T & AT 0 B 15 R i KB
CFC [ 5L BT 27~28 CH5 5%, 2 d J5 Hk K
BB IR ST R LA B . X AE Y SRR R AL T A
1 BRI B 0 46 Bk B0 A8 B Pseudomonas syrin-
gae pv. actinidiae(Psa) Bt B 7% Y17 & Ak B 3
A E AL I R W T . AR E
3AHEM,
1.2.2  FO MR R oo B A

X RHEA R ER 1 em Tl
IS FARFTH 3 it 4148, 7006 S BEtEA T
RIMHFE, BT PDA B0k 25 CHEIEE IR 3 d. X
TRSAEAS, FITC B TR 7197 B i 28 5 ik iy SR 1A
HEUVE T PDA K35k 25 CHEEFE 3 do AR
PP T Ja PRI 22 935 T8 PDA SF-Ai F 2k, B2
PAFLMER ., BHMEARE 3P EE,

1.3 REENS FEYMFERE
1.3.1 ¥ W% PCR

Peiboprfif ;v BT 20 pl TCR K Hr, 98 C 24 fig
10 min 2Z Ji5 8 i o PR A0 8T B0 O 2 pl VTR
YE DNA Bif, 2B Rees-George 55 [ )5 132
i Psa #5 % 5| %) PsaF1 (TTTTGCTTTGCACAC-
CCGATTTT) #1 PsaR2 (CACGCACCCTTCAAT-
CAGGATG A T2, RHRR A 10 L. 3
8 Mg® ) 10 X PCR buffer 1 pl., 10 mmol/L
dNTPs 0. 2 ul., 100 pmol/L PsaF1 5|4l PsaR2
B4 0.1 pL,1. 10 g/mL DMSO 0. 2 uL,5 U/pL
Taq 0. 1 pL, V&R 2 pL JTCR 25 57K 6.3 pls
PCRY W F2F N 94°C 5 min; 94°C 30 s,55C
30 s,72°C 1 min, 30 P™ME#H;72°C 10 min, PCR ¥~
W=y 2 200 BE R WEE A AR A H A
BT . Psa WA 1452 280 bp i H By A4
1.3.2 ZHITS %%

AL MRAE PDA SPAR B 25 CHE 5 d e
FIALAR TS E AR 5 mm WD B DA 40 mL
PD Wi 37 b, 25 C i B 9% 5~8 d JR AW
22, B A TR TR CR) B A B A
Ezup #ECE LA 4 DNA fli#2 100 & 32 BO% A 4H
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DNA, 36 DNA B F—20C&H.

SR FH L R A R AR i DR 4 2 3 1) B DX FH 51 40
ITSA/TTS5 % HL PR S i I JE R 24 DNA #5475 PCR 3§
8 (1TS5: GGAAGTAAAAGTCGTAACAAGG ; ITSA:
TCCTCCGCTTATTGATATGO) , W AK £ K 40 pl.,
H Mg™ ) 10 X PCR buffer 4 pL, 10 mmol/L
dNTPs 0.8 L., 100 pmol/L 514745 0. 2 pl.. 1. 10 g/mlL
DMSO 0.8 pl,5 U/pl Tag fifE 0. 25 pL. DNA Hiff 2
pLs TR KB FIK 31, 75 pl., PCR 4 B4 ROW AT N
94°C 5 min;94°C 30s,55C30 s,72°C 1 min,30 Mg
#£;72°C 10 min, PCR ¥ BIF=#2% 2% B S It 1k
HL UK A H A5 600 bp. 4 PCR =ik te K
FERI A FIY . FH 25 R 5 NCBI 2 & R F R T
G 4T BLAST Bt o A [R5 AR AL 22 514 23 1
SE AR I 73 AL
1.4 Em Ak

W78 PDA 8558 5L B35 SR 7 d R JT 5 mm
T FTALAR S B k. [R5 S 1) 2 T
FH 2 5 i B0 BE AT R0 SR SRR EE D 2~
3 mm, fF B PHER T O AL, T2 R, PR
MR ER IO G % BRI L6 d SRS Ab

;-
w

a~b: BEDURBENG BB BEIER; o SERURIHIREIR; d: BERLBTEAER; e~f: BEMURIH B RIER

UGG OL. LA3ERD PDA BiigHe fy ot B, A4 1
PRAE A SRS BRI B R 3 . A
A BREFR U 73 15 4 S 90 R 5 DL Bl T PR 2R 4T L

2 HBRESW

2.1 REFRAEIR

RAEIITR] 27N B K T8 i A B A 475 el DX 0L
SXENBEADIAE LM o K B B 9 15 9 9 1 5 A
AR (& 1D BRI IR 5 2 B4 D AR
SRR — B BE R B R AR < T L Y
TRBERL/N 29 3~15 mm, T BTE = ARUIE ; i BESH
B R IR . BERURKBERTBORAE IR « AT IAE
ARG AR BERFH D 70 TXEPRAR €0 o 1 165 o 22 KA
@ BENBIEDIGIBATAR « ISR 11 35 25 4 o ft
SCHULE R BEH RN K A I RAE . BERL
ALK « iR EASRUUIE 88 2 A 46 G B AT
TRBEJE AT 3~5 mm B Y8 (21l . BELEE
T TEREAR - I AL B HH BSR4 R IR BRE
FITMIBE R K il b DR A 3L B o A LR A
LR KBTI,

(S

a-b: Suspected symptoms of grey/brown leaf spot; c: Suspected symptoms of anthracnose; d: Suspected symptoms of bacterial

canker disease; e—f: Suspected symptoms of postharvest soft rot

B 1 ANEATNHER RS EX EFEREBRER

Fig. 1 Symptoms of main kiwifruit disease in cultivating orchards in Liupanshui City

2.2 HAEMREEHNEEER

A 20 G R DU A S A5 R SR AE R 16,18,
2.20,10B,10C.5.6 MRS S H REAR #5747 Psa I
VTR . AR I R A S E AR SRR 5.6

I R REAS TG Psa IR o B A2 200 T P i R
(S E 2 R FE AL 1.3.4.5.6 I I i FEA 4517
0w 5t T (8T 2)



. 128 5 4Ly 2018

80 10 11 12 113 14 15 16] M 17 18 19 |[M 20 21 22 23 24

2 000
1 000
500

250

a: FEEA. 1 SRAE L6, BIT; 2~3: RAE T8, BT 4: RAE T2, M5 5~6: SRAE 5120, BLF; 7~10: SRAEKT10B-10CHEJ5 11~14: SRAE£IS, B
F5 15~16: RAERO6, BFJ55 br ZERF T FEAR. 17~19: IR RAE SRS, 5, CREEMIE T AEA; o KA TR AR, 20240 IR RAE AL, 3, 4,
5, SRR FEAS. M: DNA Marker

a: Spring samples. 1: Orchard 16, Trunk; 2-3: Orchard 18, Trunk; 4: Orchard 2, Leaves; 5-6: Orchard 20, Trunk; 7-10: Orchard 10B-10C, Leaves;

11-14: Orchard 5, Trunk; 15-16: Orchard 6, Leaves; b: Summer samples (Leaves). 17-19: Samples from orchard 5, 5, 6; ¢: Autumn and winter
samples (Leaves). 20-24: Samples from orchard 1, 3, 4, 5, 6. M: DNA Marker

2 B EMEFBRERXMEAR Psall/PsaR2 HE % PCR #1EE
Fig. 2 Gel electrophoresis of colony PCR products of infected samples collected from

orchards in spring, summer, autumn and winter using PsaF1/PsaR2 primers

2.3 HEMREERNNFSERETRNKE PR AR 2RI R 2 1) B AR D1 32 S 45 SR R 110
TERS Bl X IB A B3y BB 2R (B 3. Bl Ik 2.

10 pm

. e . 4 = h
a~br /NEDEE LB M1 1 S A TR A o~d: RS 52 T T V4 LR FIB A e~f: REMS FURT 1 V4 S LA RS, o~h: RS BRIV R AT
a-b: The colony and conidia characteristics of Pestalotiopsis microspora; c—d: The colony and conidia characteristics of Diaporthe phaseolorum; e-f: The
colony and conidia characteristics of Alternaria alternata; g-h: The colony and conidia characteristics of Nigrospora oryzae

3 FEEMMEERERTFESE
Fig. 3 Morphology of colony and conidia of isolated strains
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Table 2 Fungi isolated from samples and predicted disease of each orchard

T o = S =) STIE
A LEET G N BLAST XL A R e G DT
Orchard no. Accession no. Closest species i Identity i

season no. closest species disease
1 V&&= LPS-1  KX355167 £ [|EE5E K G AR Diaporthe phaseolorum var. sojae JF430489 100
1 Az LPS2 KX355168 JR{aEARFEE Bionectria ochroleuca EU326186 100
2 Fk&ZE LPS3  KX355169 ZMIUSEZ T Pestalotiopsis neglecta KT337391 100 BRIEG KB
2 &ZE LPS4  KX355170 ZAMAUEEZL T Pestalotiopsis neglecta KT337391 100 BRI K B
3 &z LPS5  KX355171 ZMIFLZ T Pestalotiopsis neglecta KT337391 100 BRI K B
3 Fk&ZE LPS6  KX355172 ZMIUSEZ ML Pestalotiopsis neglecta KT337391 100 BRIEG KB
3 Fk&ZE LPS7  KX355173  JRAURIERE Colletotrichum gloeosporioides KT390195 100 HRAELIG
4 &z LPS8 KX355174 ZMIFLZLZ T Pestalotiopsis neglecta KT337391 100 BRI K B
4 F&ZE LPS9  KX355175 SEHAIEESE K G A5 Diaporthe phaseolorum var. sojae JF430489 100
4 FhAZFE LPS10  KX355176 #Hictefl Neofusicoccum parvum KF923242 100
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P = =y = S
acais S0 b SR Nem g BLAST ARG DA CEMRREES g DS
Orchard no. Accession no. Closest species . Identity .
season no. closest species disease
5 A& Z LIPS 11 KX355177  ZMAUELZ Tl Pestalotiopsis neglecta KT337391 100 BRI KBS
5 F&Z= LPS12 KX355178 ZMIELZL EA Pestalotiopsis neglecta KT337391 100 BRI K B
5 FhA&Z LPS13  KX355179  ZMAUILZ T Pestalotiopsis neglecta KT337391 100 BRI KB
5 A& Z LPS14  KX355180 WE#F[A]|EEST A Diaporthe hongkongensis NR_111848 99 BRI G
6 FA&ZE LPS15  KX355181 #Hisetidfl Neofusicoccum parvum FJ904817 100
6 A& Z LPS16  KX355182  E[a)JHESE K SASFE Diaporthe phaseolorum var. sojae JF430489 100
6 & Z LPS17  KX355183 /ML Z Tl Pestalotiopsis microspora KR703275 100 BRI KBNS
7 Fh&Z= LPS18  KX355184 JRftiscIH # Colletotrichum gloeosporioides KU136388 100 WS
7 k& Z  LPS19  KX355185 Hf@§EM T Alternaria alternata KT345696 100 HRJE G A8 BE
7 A&Z LPS20 KX355186 TR Z T Neopestalotiopsis egyptiaca KP943747 100
8 FhAZE: LPS21  KX355187 ZEZEAEEMEHL Alternaria brassicicola KU293595 100
8 FhAZ LPS22 KX355188 ZMAUILZ T Pestalotiopsis neglecta KT337391 100 BRIGEIR KB
9 A&7 LPS23 KX355189 #ij#jHl L2 A Pestalotiopsis biciliata KT337374 100 BRIEI KRB
9 &2 LPS24 KX355190 H.PEEEAEHL Alternaria alternata KT345696 100 RIS B
9 A&ZE LPS25 KX355191 FHEA Nigrospora oryzae EU436680 100 SRR e B
10A A&7 LPS26 KX355192 {52 B Pestalotiopsis sp. JQ341110 100 BRIEG K PEG
10A F&Z= LPS27 KX355193 ZMIELZLTEA Pestalotiopsis neglecta KT337391 100 BRI K B
10A A& Z LPS28 KX355194 RTRMAE Xylaria apiculata KP133330 99
11 A& Z LPS29 KX355195 ZAAUELZ LAl Pestalotiopsis neglecta KT337391 100 BRI KB
11 &Z LPS30 KX355196 ZMIELZLEA Pestalotiopsis neglecta KT337391 100 BRIEIG K B
11 kA& Z LPS31  KX355197  E[a)EESE K SASFE Diaporthe phaseolorum var. sojae JF430489 100
11 kA& Z 1LPS32 KX355198 WA EESEH K AR Diaporthe phaseolorum var. sojae JF430489 100
1 HZ LPS-33  KX588102 [HHEAIEE Irpex lacteus KU844327 97
1 HZE LPS-34 KX588103 KW I i Fusarium equiseti HQ332532 100
11 K% LPS-35 KX588104 HHEALYTIE Irpex lacteus JX311924 99
10C HZ LPS36 KX588105 [M#EfEE Irpex lacteus HQ331028 100
10B HZE LPS-37 KX588106 4itk44E4& T Alternaria tenuissima KF951149 100
10B K% LPS-38 KX588107 HHEALYTIE Irpex lacteus JX311924 99
10B HZ LPS39 KX588108 [M#fE T Irpex lacteus EU273517 99
10B HZE LPS-40 KX588109 H [t Alternaria alternata KT192329 99 BRI e B
6 K% LPS41 KX588110 HHEALYT I Irpex lacteus HQ331096 98
6 HZ LPS42 KX588111 [H#EfIEE Irpex lacteus JX311924 99
5 RS LPS-43 MF379313 & [a]E5E# K G AERN Diaporthe phaseolorum var. sojae KX355198 100
5 - E LPS-44 MF379314 3Z.[R|EEFEH Diaporthe phaseolorum KT951298 100 BRI
5 Bz LPS45 MF379315 @7t Neo fusicoccum parvum KX355181 100
5 HZ&  LPS46 MF379316 H.[RHEK I Alternaria alternata KY977416 100 ERJEHG B BER
5 HZ LPS-47 MF379317 #jZj eI B Botryosphaeria dothidea KU686880 100 BRI G
6 eSS LPS48 MF379318 #i7etifl Neo fusicoccum parvum KX355181 100
6 HZ&  LPS49 MF379319 HFEHEK I Alternaria alternata KY977416 100 ERJEHG B BER
22 HZ LPS-50 MF379320 #0255 % Phomopsis sp. FJ037768 99 BRI
22 HZ&  LPS51 MF379321 H.[RfEMsf Alternaria alternata KY977416 100 RIS B
22 S LPS52 MF379322 WeHIAIA T Colletotrichum gloeosporioides KX355173 100 VRIS
22 HZ LPS-53 MF379323 K GIZE S B RENG T Phomopsis longicolla FJ755236 99 BRI G
7 e LPS-54 MF379324 HH#8[E]4E5¢1# Diaporthe eres FJ478132 99 RS
7 WA LPS55 MF379325 H[GHEMR I Alternaria alternata KY977416 100 HKJE S A8 BE
7 HZ LPS-56 MF379326 BEIZES % Phomopsis amygdali GU133063 100 BRI
7 B LPS57 MF379327 WeHIBIH A Colletotrichum gloeosporioides JX258757 100 BRI
7 S LPS58 MF379328 £ F#{8 Corynespora cassiicola KR336546 100
7 B LPS-59 MF379329 3Z.[R|EEFEH Diaporthe phaseolorum KP182395 100 BRI
7 B LPS-60 MF379330 @7t fl Neo fusicoccum parvum KX355181 100
7 RS LPS-61 MF379331 #fliZE )R Neopestalotiopsis sp. KU252219 100
23 - E LPS-62 MF379332 3% &i[A|EEFE K S AR RN Diaporthe phaseolorum var. sojae KX355197 100
23 BZE LPS63 MF379333 FEfAm AT Xylaria hypoxylon KF306342
23 ) S LPS-64 MF379334 SR [alfE5¢# Diaporthe phaseolorum KX866879 100 BRI
23 - E LPS-65 MF379335 JRHIBIA A Colletotrichum gloeosporioides KT390189 100 VR IER
23 BZ LPS-66 MF379336 ¢&.[aJE5CH Diaporthe phaseolorum KP182395 100 4R
23 S LPS-67 MF379337 442 BfJE Pestalotiopsis sp. KU252298 99 BRIGEE KB
23 B LPS-68 MF379338 SZH.[R|HEFEH Diaporthe phaseolorum MF185352 100 BRI
24 BZ LPS-69 MF379339 &[0 JE5CH Diaporthe phaseolorum KX866879 100 4R
24 HZ&  LPS70 MF379340 XURELSEEJE Biscogniauxia sp. KJ542314 100
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473 2 Table 2(Continued)

el DX 2= *ﬁéﬁ ﬁﬁ% NCBI %535 BLAST X b e A %W*"’E’ﬁ‘?‘% AR/ %0 ﬁrﬂﬂfﬁ%
Orchard no. Saglhory - Stiios Accession no. Closest species AEESEEen 5. ?f i Identity P{edlcted
season no. closest species disease

24 HZ= LPS-71 MF379341 RAIRIE# Colletotrichum gloeosporioides KT390189 100 RN
24 S LPS-72 MF379342 WA FEETE Botryosphaeria dothidea KY788311 100 4R
24 ES LPS-73 MF379343 T IR Colletotrichum boninense MF076585 100
24 K7 LPS74 MF379344 HRHEEM AL Alternaria alternata KY977416 100 EKIEEHS HEBERT
24 - LPS-75 MF379345 FEABATE Xylaria hypoxylon KF306342 100
24 HZ&  LPS76 MF379346 S 6 i) JE 55 1 Diaporthe phaseolorum KX866879 100 BRI
2 HZ LPS-77 MF379347 KR GINZE S EFERGTE Diaporthe longicolla MF125057 100 BRI
2 HZ&  LPS78 MF379348 SE S| PEFE I Diaporthe phaseolorum KX866879 100 BRI
2 G ES LPS-79 MF379349 WAL IRIEH Colletotrichum gloeosporioides KT390189 100 TRIELIR
2 HZ= LPS-80 MF379350 MIRFER Nectria pseudotrichia GU232860 99
2 S LPS-81 MF379351 AW Xylaria bambusicola GU300088 99
2 HZ&  LPS82 MF379352 S 6 i) JE 55 1 Diaporthe phaseolorum KP182395 100 BRI
1 B LPS-83 MF379353 % THEAE Corynespora cassiicola KR336546 100
1 S LPS-84 MF379354 W ZE 55 Phomopsis liquidambari FJ478124 99 4R
1 HZE  LPS85 MF379355 {1758 Diaporthe sp. EF423549 99 I
1 K% LPS86 MF379356 T RHEERS AL Alternaria alternata KY977416 100 EKIEEHS HEBERT
1 ES LPS-87 MF379357 S RESE T Diaporthe phaseolorum MF185352 100 4R
1 HZ  LPS88 MF379358 [AlE75 8 Diaporthe sp. EF423549 100 I
1 HZ LPS-89 MF379359 %G E WS Botryosphaeria dothidea KY788311 100 BRI
1 BZ LPS90 MF379360 AR ZE 15 5 Phomopsis heveicola KY379053 100 RIS
1 Bz LPS91 MF379361 IR Nemania primolutea EF026121 100

a~d: KU/ L B IRAURIER . RS R RS R R A6 diy LLR MR ; e NEIIE S BAEEA6 diy

DBRVS SR, £ B RRBEAS AU HeRho diy S SR 9

a-d: Symptom on leaves of ‘Hongyang’ 6 days after inoculation with Pestalotiopsis microspora, Colletotrichum gloeosporioides,

Alternaria alternata and Nigrospora oryzae, respectively; e: Symptom on fruit of ‘Chuanmi No.1” 6 days after inoculation with

Pestalotiopsis microspora; f: Symptom on fruit of ‘Jinkui’ 6 days after inoculation with Alternaria alternata

B4 FEBEFREMNNFFREHER
Fig. 4 Symptoms on kiwifruit leaves and fruits after inoculation
2.4 EHyRMEWIE TSGR ER 2 N SO A o 25 5R R A 2 B

fik

BOR AR A R KWL R R IAE 6 d 22 FIBERS SR BRIAR S ) 5 kS SR S s 13 2 B At
S AR IR B Oy B B T IR IR 58 BIRR TS DRI BENN 5 AL IR R 22 5 S BN 5 A%
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2 B0 B 5 A R A 2 5 B B 048 B0
A J5 T P BBORG E 25 R AN 20 A2 i o
—BHfiIk.

3 e

BAelk i T B 28 AU A A AR R B A2 18 AR K
B AEE W AR TR SR AR SRR B S R
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