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Investigation of diseases and isolation and identification of pathogens in
facility pepper in Qinghai plateau region
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ment, Ledu District, Haidong City, Haidong 810899, Qinghai, China; 3. Key Laboratory of Agricultural Integrated Pest Management of
Qinghai Province, Xining 810016, Qinghai, China)

Abstract: To address the increasingly severe disease incidence and control difficulties of facility-grown pepper in the Qin-
ghai plateau region, and to clarify the disease species occurring on pepper, a disease survey was conducted in the major fa-
cility pepper production areas of Qinghai province. Fungal disease samples with typical symptoms were isolated and iden-
tified using the tissue isolation method, followed by morphological and molecular characterization. The results showed
that a total of 21 pepper diseases were recorded in Qinghai. Among them, phytophthora blight, powdery mildew, viral dis-
eases, and gray mold were observed at all survey sites and caused severe damage; Rhizoctonia damping-off and Pythium
damping-off of pepper occurred only in Huangyuan county; and multiple diseases occurred frequently in Ledu district.
Morphological and molecular identification of representative isolates revealed that the pathogens of pepper gray mold,
Sclerotinia rot, Phytophthora blight, Fusarium wilt, leaf spot, and black spot were Botrytis cinerea, Sclerotinia sclerotio-
rum, Phytophthora capsici, Fusarium oxysporum, Stemphylium lycopersici, and Alternaria alternata, respectively. This
study provides a theoretical basis for determining the species of peper diseases occurring in Qinghai region and for the ac-
curate identification of these diseases.
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Table 1 Types and occurrence severity of facility pepper diseases in Qinghai province

feHERE

ETRCARLEN I I faE AL Disease I3 X IR
No. Species Pathogen Affected part - Distribution area
severity
1 %W Phytophthora capsici 2R R ++ FUA SR
Phytophthora blight Leaf, stem, fruit Occurred in all surveyed locations
2 ORI Colletotrichum capsici .25 3 + P22 X R AR IX
Anthracnose Leaf, stem, fruit Ping’ an district and Ledu district
3 KEH Botrytis cinerea 2R e R 4+ FWAE R AE
Gray mold Leaf, stem, flower, fruit Occurred in all surveyed locations
4 ERWE Oidiopsis taurica - - S R
Powdery mildew Leaf Occurred in all surveyed locations
5 s Xanthomonas campestris 1,25, 5 + SRARIX IR B
Scab Leaf, stem, fruit Ledu district and Huangyuan county
6 HIER Pectobacterium 3 + IRARIX L HBhEL Bl L
Soft rot carotovora Fruit Ledu district, Huzhu county, Guide county
7 JRTE Cucumber mosaic virus, .25 3 — FIA R
Viral diseases tobacco mosaic virus, Leaf, stem, fruit Occurred in all surveyed locations
pepper mild mottle virus,
tomato spotted wilt virus
8 MBI Cercospora capsici I + IRHERIX
Brown spot Leaf Ledu district
9 HhNE Fusarium oxysporum KN + SRERIX | BN Kl
Fusarium wilt Whole plant Ledu district, Minhe county, Datong county
10 V55 Cladosporium capsici 1.5 + R R IX GRS
Sooty mold Leaf, fruit Huangzhong district, Ledu district, Huangyuan
county
11 EBH Stemphylium lycopersici It} + SRABIX L RANE
White spot Leaf Ledu district and Minhe county
12 WZR Sclerotinia sclerotiorum 2% + SRARIX
Sclerotinia rot Stem Ledu district
13 WBER Phaeoramularia it + SRARIX B EL RE B RS
Leaf spot capsicicola Leaf Ledu district, Guide county, Datong county,
Hualong county
14 IR Alternaria alternata R + IR IX AL B
Black spot Leaf, fruit Ledu district and Xunhua county
15 HEW Toiw i P + SRARIX R 2= B AR ZROR T BB Ol B s X
Sunscald No pathogen was detected Fruit Ledu district, Dulan county, Golmud city, Huzhu
county, Datong county, Huangzhong district
16 Hhh Ralstonia solanacearum  4=#k + SRR AR K E
Bacterial wilt Whole plant Ledu district, Minhe county, Datong county
17 ZEIJER Thanatephorus cucumeris 253 + SRAERIX L RAE K E B
Stem base rot Stem base Ledu district, Minhe county, Datong county
18 WJER Fusarium solani Ui ++ SRR R B AR RIS R X
Root rot Root Ledu district, Xunhua county, Hualong county,
Huangyuan county, Huangzhong district
19 STARYR Rhizoctonia solani EE1 + EIEE
Rhizoctonia Stem base Huangyuan county
damping-off
20 A5 Pythium aphanidermatum 257 + TR
Pythium damping-off Stem base Huangyuan county
21 HR&ELL Meloidogyne incognita 4R + P X R
Root-knot nematode Root Ping’ an district, Xunhua county
disease

TR F TR RN+ RN F BT & +++ RV F A F R

Note: + indicates mild disease damage; ++ indicates moderate disease damage; +++ indicates severe disease damage.
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T B B, 5 B8 T A8 4, AH LY 0% Fr 2 A
BY, 25 ACAH DL g RS AR 2 tH UK (B B B
TREBEBRRANKEKEEHEZE 1-A) . L
HMLA7 R M Bk, 75 PDA L IR 18 B V& 4] 1
A, B 22 AR REUR, JE AR 4 A8 S B L BR
KA 1-B) . 5~7d Gl = A %, IR A
M, B s ge 48 PDA b, 2B 2 NI R

54

12

14
43 31

0.5

KAt (B 1-C) o X B Pk HMLAT #E4T [m] 2, i
Jr R SE IR H R RARBLCE] 1-D)

TS ESRFY(E 1-E), HMLAT 5 Bk
5 Botrytis cinerea [ [A] Y5 14 4 98%~100% , H. {7 T
6] —HEA6 5 32, % HMLAT 43 B8 B bR 72 A Botrytis
cinerea, fifi 7€ T i 11 X BRI %5993 9 JiR B 32 B2 IR
%1% 119 14 (Botrytis cinerea) .

20 um
40x

Botrytis cinerea KY201464.1
90 Botrytis cinerea KY201460.1
100 pmia7
Botrytis fabae AJ705014.1
Botrytis fabiopsis LC814853.1
Botrytis euroamericana MW396976.1
Botrytis aclada LC079036.1
Botrytis elliptica AM231168.1
Botrytis hyacinthi AJ705023.1
Botrytis byssoidea MT360695.1

Sclerotinia sclerotiorum MZ388475.1

TE A HEDBADIR B, PDA ERIBTEILAS  C. SAEE T B S 1 1 22 )3t 15 D. [MHZAEAR;E. 25T G3PDH 7 A EE I R A I«
Note: A. Field symptoms; B. Colony morphology on PDA; C. Mycelia and conidia of the pathogen under microscope; D. Symptoms after re-in-

oculation; E. Phylogenetic tree constructed based on G3PDH sequences.

E1l #S#HRERESERFFENFLE
Fig. 1 Morphological and molecular biological identification of pepper gray mold

222 #HMWALA/  FBRAETEHMNE B
(150 BUAL 3 BE IR G o0 BUAL , R 2 Bk E B, K
o BLAR ) IR R 2 FIOT AL, AR A
A RISRIG /N EZ (B 2-A) . LLHML2 AR 1
7K, /£ PDA B AZAIN (0, 2 35 78 B0 R 3%
WA 2-B) o AT s HES, T EIE A, 246
[T (] 2-C) o X B #k HML2 3847 [F1 4% , A ik A0
iR 5 H (AR AR AL (] 2-D)

T RERH(E 2-E), HML2 43 & 1# #k

5 Sclerotinia sclerotiorum [ [/ J 14 A 98%~100% ,
AT — 45 32, % HML2 4 85 B ik e N
Sclerotinia sclerotiorum, fff & 7 i b [X B b E A% 5
975 JEL T 32y A% 4% 1 (Sclerotinia sclerotiorum) .

223 FRAMIEE BRI 1 R) A9 RE IR A B
I BORR B AR G0 , 4] S VR A R R IR B
JE B WAL R A, 5 BN S ARSI R
KA R, 5 R BEREE T (F 3-A).
DL YBOL AR MBI, 7E PDA 280K L 20K,
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A B

D E HML2
70 Sclerotinia sclerotiorum OR206375.1
Sclerotinia sclerotiorum MW375454.1
0 -Sclerotinia sclerotiorum OR206374.1
-Sclerotinia trifoliorum U01218.1
91-Sclerotinia trifoliorum KT986230.1
Sclerencoelia fraxinicola NR 154458.1

92 Sclerencoelia pruinosa MG029166.1
Scleromitrula shiraiana OR073510.1
99 Neometulocladosporiella eucalypti MH327800.1
. 99 Neometulocladosporiella seifertii MW175352.1
0.5

TE A HEAPALIR : B. PDA ERIETEILAS :C. SAEET B I T 22 S 3l 15 D. MR E. 2T ITS PRSI R G A
Note: A. Field symptoms; B. Colony morphology on PDA; C. Mycelia and conidia of the pathogen under microscope; D. Symptoms after
re-inoculation; E. Phylogenetic tree constructed based on ITS sequences.

B2 HMERBESFERS FENFEE
Fig. 2 Morphological and molecular biological identification of pepper Sclerotinia rot

A B

20 um
40x%
D E YB01
100 Phytophthora capsici OM212654.1
Phytophthora capsici GU111643.1
93 Phytophthora capsici ON680947.1

Phytophthora nicotianae OP945734.1
99 Phytophthora cactorum L41357.1
36 Phytophthora infestans MK507866.1
100 Phytophthora oreophila MG542976.1
Phytophthora gregata MG542999.1
64 Phytophthora ramorum DQ376176.1
73 Phytophthora cambivora MG543001.1
Peronospora sparsa MG552675.1

0.5
A HIEAFIEIR B, PDA LRI s C. R UBE IR BT B 22 [ A0 1 D. [BIAEIR E. BT 1TS RS KGR B
Note: A. Field symptoms; B. Colony morphology on PDA; C. Mycelia and conidia of the pathogen under microscope; D. Symptoms after
re-inoculation; E. Phylogenetic tree constructed based on ITS sequences.
3 HMERESERSTFEDFEE
Fig. 3 Morphological and molecular biological identification of pepper Phytophthora blight
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T vy DRt X R e AU 7 R S R R

B RIS EFF

%Ei% A B % (8] 3-B) . AIFEREAFLIN 23k

DI B, 4K, L 1.5~3.5 um, # 72 T A ARL
E—j(,}bﬁﬂ?ﬂi\ﬁlﬂﬁ’ B ALY 2K OV M E TR
FUAKEIU T (B 3-C) o X1 #k YBOL AT [ 4% , B
WU Bk B, R 2 3 EIR (BT 3-D)

TEE RV (E 3-E), YBOL 4 Btk S
Phytophthora capsici [ [7] Y5 1 & 99%~100% , H 17
T\ — #4432, K YBOL 4 B B Bk A 2 A Phy-
tophthora capsici , il & 7 i 1 [X B0 o 3 )5 B 32
H1R¥% 7% # (Phytophthora capsici) -

224 BRBAEER WG EMAKH IR ZE SR
2K SRR AR AR €, Y RE ORI, 2R3 R 1 H
HAad. aakEgamnE Ry (B 4+-A . L
LIGFO1 AR I Wi bk , 7E PDA “FAR L8535, 7%

g 7]

Xt B
CK 05

MR I

Pathogen-inoculated

AL HIEE AR : B. PDA LI IEE  C. WA

96

RIEZEW, M2 A Bi%, Wigh aa ke n
o, BT A KA, BT ORE R T AR UM 2R i (B
4-B) . /N AT T A L, A
T oy 5 e K A1, BR G, O [ T 5 R 2 40 A= A i U
., bV, 2808 3 (B 4-C) . Xt B fk
LIGFOL 47 [ml3%, it v B 1y b3 s 4k A 22 01
Jit v s 2R B B AR A , AR oy K EIRTE W,
R &b, BHw T 4-D).
TS e g R (E 4-B), LIGFOL 43 & B ik
5 Fusarium oxysporum [7]J 4 5 100% , H. {7 T [F]
— 42 3, K LIGFOL 43 B B Ak 6 %E 4 Fusarium
oxysporum , fiffi 1 T 1 i DX BARURS 229 19995 5 A 3 22
AR 7] B (Fusarium oxysporum) .
225 #iamm TEEFEM A, WA R

20 um
40x

-LJGFO1
100 Fusarium oxysporum OR467445.1
Fusarium oxysporum MN909179.1
Fusarium oxysporum OR958753.1
100-Fusarium equiseti LC648248.1
Fusarium ipomoeae OR975904.1
Fusarium venenatum FJ746660.1
99 Fusarium asiaticum PP087933.1
Fusarium fujikuroi LC499623.1

Fusarium keratoplasticum PP695662.1
100 Fusarium solani KM052872.1

96 Fusarium falciforme PQ062221.1
Colletotrichum gloeosporioides MH520670.1

86

83

THPRIEBE LT D, BHRADIR G E. T TS FAIE R ARG EM

Note: A. Field symptoms; B. Colony morphology on PDA; C. Conidia of the pathogen under microscope; D. Symptoms after re-inoculation;

E. Phylogenetic tree constructed based on ITS sequences.

B4 BMFEEREY

SERDTENFERE

Fig. 4 Morphological and molecular b|olog|cal identification of pepper Fusarium wilt

o RWH R I 1~2 mm 48 55, 510 % R AEAE
o, FF Rt WS RE , JC AR | 5 kR, T
U RGNS, R B WY A UK VR K 9
P R 5 RS B0 R B, S0 i A B P I

5-A). DL F155 AR M B Bk, B V& K IR £,
AN ER(E 5-B) . AEHFA, KR, %

Ui 4 [58] BA [5 7% , (5 0R , 48 5 (18 5-C) o W B bk
F155 BEAT [m]35, A IE ST AR R 5 H R R AR
L(E 5-DED.

T Y e S R (B 5-P), 7y Bk F155 5
Stemphylium lycopersici [F]J5 £ 4 96% , H.A7 T+ [F]—
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Note: A. Field symptoms; B. Colony morphology on PDA; C. Mycelia of the pathogen under microscope; D-E. Symptoms after re-inoculation;

F. Phylogenetic tree constructed based on ITS sequences.
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Fig. 5 Morphological and molecular biological identification of white spot disease in pepper
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Note: A. Field symptoms; B-C. Colony morphology on PDA; D. Conidia of the pathogen under microscope; E. Symptoms after re-inoculation;

F. Phylogenetic tree constructed based on RBP2 sequences.
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Fig. 6 Morphological and molecular biological identification of black spot disease in pepper
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