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Identification of the pathogen causing black spot of Chinese rose and
fungicide screening for the disease control

Feng Baozhen” Li Peigian

(Life Science Department, Yuncheng University, Yuncheng 044000, Shanxi Province, China)

Abstract: In order to prevent and control rose black spot effectively, the rose leaves with typical black
spot symptoms were collected from the flower nursery of Yuncheng University from June to July 2017,
and then the pathogen was isolated and identified with morphology, molecular biology and pathogenici-
ty test. In addition, the sensitivity of the pathogen to five common fungicides was tested in the laborato-
ry, and fungicides that effectively inhibited the mycelial growth and spore germination were screened.
In total, 12 strains were isolated with the same morphological characteristics, and their amplified se-
quences of ribosomal RNA gene and internal transcribed spacer (rDNA-ITS), glycerol-3-phosphate de-
hydrogenase (GPD) and elongation factor-la (EF-Ia) were identical, respectively. According to the
morphological characteristics and phylogenetic tree constructed based on rDNA-ITS, GPD and EF-Io,
the pathogen isolated from black spot of Chinese rose leaves in Yuncheng was identified as Alternaria
alternata. Among the five fungicides, 50% fludioxonil and 50% iprodione showed better inhibitory ef-
fect on rose black spot pathogen, with the inhibition rates of mycelial growth and spore germination
reaching 95.2% and 96.6%, respectively. Followed by 70% mancozeb, the inhibition rate of mycelial
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growth ranged from 84.1% to 87.2%, and the inhibition rate of spore germination was above 93.5% at

three test concentrations, among which the inhibition rate at 600-fold solution was the highest, reaching

98.1%. However, 80% carbendazim and 12.5% myclobutanil showed the worst control efficacy, with

the inhibition rates of mycelial growth and spore germination lower than 42.4% and 46.3%, respective-

ly. The toxicity test results showed that 50% fludioxonil exhibited the strongest virulence with an EC,
of 25.8 mg/L, while 12.5% myclobutanil had the weakest toxicity with an EC;, of 160.3 mg/L; the other
three fungicides had EC;, values ranging from 30.4 mg/L to 60.7 mg/L. Therefore, fludioxonil and ipro-

dione could be the primary fungicides for control of rose black spot.

Key words: Chinese rose; leaf black spot; Alternaria alternata; fungicide screening

R B R A ) i M B 75 56 B aTT
T FElE AR HA TR & BB, IR AT S
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FRU PR IE , AR, o B Ry JR /N o 5 B35
B, B SRR B R A, e & B oAl B
W%, ZBRCT OEARIR T E AT AR SO bR AR T
(R AN, 2007) . A ZRRBEEH 5 KA, B
R RIXE , AN FE 520 ) 2= LB A AT B LA,
I BRI 2B i e e FH (X455, 2015) o

HA, H 2= BB 1 I o 2 i i — A
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Gachomo et al.,2010) ; # #i & — 2 e H =1 |
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al.,2010; 4 — 555 ,2013) 5 5K #E 55 (2015) xf J =28
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9% ; Abbas et al.(2017) 15 U iz iE 7 P B 30 2 A& 1Y
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AMFFE LA F 32 3002 B v I R A 1 E AT BB B
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S FNEURYE R 454 rDNA-ITS .GPD Fl EF-1 o
A R R B RIS B kT %, IR %
INE 80% Z TR R\ 70% ARG FE .50% SRR 5 F
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T IR AR B SR B SR BERY A 220 5 P 26
S WmE AR K 44 H 2SR AR IR
A8 H 10 H H iz W2 B bl ks o Jeph R4k

24571 : 80% 2 1 R (carbendazim) A Y PE 5 71,
LI AR 8 3Rk T A BRZ ] 5 70% 10 #5465 (mancozeb)
AR I, R R AL T AT BR 5 AR 7 5 50% 5 14 Ik
(iprodione ) & IF 7], FEHAEYBL# (thED A RRAF
50% & TR i (fludioxonil ) AT #4571, i - Se 1E I8
WA PR 512.5% fifi BRIP4 (myclobutanil ) ZL7HI
IS E A A TR AR

B 9% 3 . B B 276 % 0 B JIg (potato dextrose
agar, PDA) K5 #3ik : Th44 2200 ¢ H % B 20 ¢ Bl
20 g, ZRIRK B R 21 Ly AN by T 4% S5 4 2 b
(potato dextrose , PD ) {415 F235k ,

IR R S AY#S - PCR 973 1L 7] & | 2xTug PCR
Mix ,DNA Marker DL2000, H 4~ TaKaRa 2 7 ; H. B
S [H 4] DNA $2BGRH &, bt 3 A PR
A e iR o B A gl . BMI-250 B R B
FeAf, IR BT AR W IR A FR A W] s BXS 1
B, H A Olympus 28 F] ; T100™ Thermal Cycler
PCR ¥, 5[ Bio-Rad 2 7 ; JY-3000 %4 Ha k4%, Jb 552
BERIKSARATH
1.2 Fik
121 HARELRRAS B

2017 4F 6—7 H H iz ke e i W oR 48 B Rt
I B PR (4 7 2RI R LS, P K e nt
FIE B FE e fd A FLAL BT HK 5 mm | FE 2~3 mm
IR ITTEARA LA, 0.1% THREEWIN T S min, F
FHTC K ERVE 3 K, HL#E R 2 PDA VA I, K Pij 1k
YHTR V5 Y%, PDA F-H LA 2~3 3 25% FLIR . B4~
REFR ML A 3~5 HprA gl 40, TR 25°C HHXT
MR 70% JERH 12 L 12 D K548 R IR G 5% L 1F
TR R PR BGh 1R 22, P14 T PDA AR L, T
FHIF S T 35595 7~10 d, 18 77 fJ5 PR RS0 - 3E 4 7
K% A Al SR AR
122 AZFZsRRRANIFESTANFER

F 75 BB R R T A8 2 5 B alifb e 1
12 KRR 23 BIFERD T PDA AR |, B TR 25°C .
FXFRREE 70% 6 JE 9 12 L: 12 D B 3548 o9 8 76 5
F£7~10 d, WESIFIL R RVE LA B, Pk
BB 22 25 3% 1 A6 W AUE T SR R 224
o, AT RIEAS (B0 K™ 25 A R AR A, )
T RN EAR . A REIES 10 4S8
BB R 10 N0 A1

J 2 BEBE I R 1) A 2 Al
12 BRERIFE IR PD AR SR 3k b  $R RG2S d,
WCHE T 22, 12 PR EL A R 4 DNA HEBGR ) & isd i 45
PR L T PR L R 4 5L DNA, R B EE 51
ITS1 (5-TCCGTAGGTGAACCTGCGCGG-3' )/ITS4
(5-TCCTCCGCTTATTGATATGC-3') ( 1 K 21 %,
2015) . GPD1 (5-CAACGGCTTCGGTCGCATTG-
3')/GPD2 (5'-GCCAAGCAGTTGGTTGTGC-3") (4
4%, 2016) 1 EF1-728 (5-CATCGAGAAGTTCG-
AGAAGG-3')/EF1-986R (5'-TACTTGAAGGAACC-
CTTACC-3") (£/Ni&%5,2017) 4T PCR U 14, 514
YA TAEY TR () B A BR ARG . 25 uL
PCR JZ W {& £ : 2xTag PCR Mix 12.5 uL . DNA F#
1 ul. FE RS9 4 1 ul, ddH,0 #b & & 25 uL.
PCR S W #2 ¥ : 94 °C A8 5 min; 94°CAEE 1 min,
55°CiE & 30 s, 72°CHEfH 1 min, 30 MG ; 72°C ZE{H
10 min (R RUEE, 2015) o K BEXT 5198 14 J5 1Y
PCR ™ Wi#E4T 1.5% BrBEWHEE RS FRL UK ARSI, A6r 0 /5 22
FOAE TAY TR (i) e A BN Rl R4 T, U
J7 45 F 7% GenBank B4 4 H #E4 T BLAST HX 34T o
FIJ I NCBI #%: 1) BLAST 1. EL7F £k 48 2% [A] 5 1 458
TN A, £ Bio-Edit 4 B L ¥ %% | 1] CLU-
TALX 1.83 it 17 Z & )5 51 b X . 3 F rDNA-
ITS .EF-1a 1 GPD 214 T3 H0 504l , R FH 4B 42 1A H
MEGA 6.06 A R G0 & B, 43 Bz I b 1
BRSH BRI RS R, e H o FE AL (Xu et
al.,2015;Zhou et al.,2015)
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O A e R S s BT AR 7 mm B BB A3 10 o T D T
LL NG T AT 1, 220 DL R PDA K5 5% 560 XF
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TR EE IR Rl | )5 A WS 7 i A REAR, #2
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Mt FH 28 S e A A BRI B S AR TR
27 KA R IR A5 5, 2017) o BEVE A=
AR EAS B 22 A KA R = BRI VR LA -
ANBREAVE EAR) /X R TE HAEx100%

¥ I T bk 42 R ) PDA AR b, E TR
25°C HHXHREE 70% SEJE 12 L 12 D s34
TR E 10 dJ5 7746, HERBE R iz @l 22 B LS T
A 10 mL JGR# /K B85 37 ML 76 624 s 3T
B 5 e BE R 1.0x10° > /mL B9 J5L B 20 AR 1
TE. 0 M BORTRI 25 AN [V PDA 24 2 mL #2428
IRTETCR B A b RS FFHC 100 pL f 7207 )
VR R A, LAUJIN TG TR 7K A9 PDA SR A X6 R 4
WPRE A 3R . W R TR 25°C AHXHREE
70% T 12 L: 12 D A E 248 T EE B 9% 8 h
J& , T AR N B A AR T 2 O,
ST, TR R A R (R RREE,2010) , 16
T & o) 2= O BR 96 1 4 30— A B9 T 1 A
B/ BRI T & F0<100% (F /N4 ,2017) . LA
Qb B ()R BIOE kg 19 A, LA 0 o] 56 A PRI A
A EE T RN R AR 1A O R BT 4 2
FUXF H 2 BB I P 22 050 A A (0 I v
[ ECsy0

3

1.3 HIESH
I JH SPSS 16.0 A4 %k B 4ls #E 47 48 1+ 0 b, %
F Duncan [GGHT 5 W 22 001 T 24 55 T B EAG 6

2 ERESH

21 AZEEIURHEEREFEENSEEL

HZERBORNEZEEA T 5, w7em A L
TE R TE AT, B BEAE T KR B Y 28 5
B, [58 BREAFZE JR o R I 1 AN B JR (/I
JEl FBl R AUV 804 o B34F 7—8 H O A iy g
W1, R AR R B EDEAPIR, Y =R
(F D). S0 BaiAeILRAT 12 BRRAR , UK 5
YJHB-1~YJHB-12,

E1 AZEZEDURmekEEER (A) BRI (B)
Fig. 1 Field symptoms (A) and leaves (B) of

Chinese rose black spot

22 AZEEMRRERESZETE

3B 04 12 B L TR PR AR A AR — 2, P
TEAE TN K A (T 2-A) |, Je s Ay B 0, 28 75 4 €4 5
O R B O, WiE A1 10 d BV R4 5%
FRML(E2-B). BZZICt JohalE, BAE29°42.0~3.1 pm,
SRR A A A A 3, BT e il (] 2-C) 5 43
SRS A BIROY I S EIRTE bt L, A
3~8 I, 1~4 A YNB , 50 B Ak s e 4 , A AR
W, K/ A 18.3~32.6 umx3.5~7.2 um (& 2-D) . R
PIE S FRIERI A H 25 BB 5 R 4 5 A% 76
Alternaria alternata.
23 AZEWMRFREES FENFETE

) BB 38 FH 51 4 ITS1/ITS4 . EF1-728/EF1-
986R .GPD1/GPD2 X 43 5 1) 12 #k B PR H: H 41 DNA
AT R B bk YIHB-1~YJHB-12 ¥ 6345 H
(4 7= 4 L P 45 R — 3, R e s % YIHB-6 AR 3%
FMRWEE R G L BW . 243N FEFA 555 1
560.279 F1 621 bp 1Y [ Bt , ¥ PCR =¥ 2lifb 5 247
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M T, M JF 45 R348 2 GenBank, MRS L
g R s, (R 3R W MR YIHB-6 (& X5k
MH248150 . MH248151 il MH248152) 5 % jik - B

W & Alternaria alternata YI1 B TF— 0% (KE 3),
SR TEA AR S E 455 B H 2= BB i i TR 2
TE NG A, alternata

20 pm | 20 um |

El2 AZEEBURRERTPDAERE FIEFIERTIS £ FRSHHE
Fig. 2 Characteristics of colonies and morphology of the pathogen causing rose black spot on PDA medium
A: HYEIET; B: WKSI; C: W& KM/ MTFH; D: 43-/ETF . A: Front of colony; B: back of colony; C: mycelia

and conidiophore; D: conidium.

Alternaria alternata 116-2 (KM052595.1, KJ830930.1, KJ830922.1)
Alternaria tenuissima SKN3 (LT670913.1, LT707522.1, LT707524.1)

Alternaria alternata AA133 (KX056308.1, KX020030.1, KX064167.1)

Alternaria alternata 15-319 (LC131447.1, LC131646.1, LC132709.1)
0.05 Alternaria tenuissi 15-241 (LC134321.1, LC134316.1, LC136862.1)

79| Alternaria alternata 15-321 (LC131449.1, LC131648.1, LC132711.1)
\lternaria alternata HNT-2 (KP684928.1, LN864507.1, LN864506.1)

100| |Alternaria tenuissima 15-245 (LC134324.1, LC134319.1, LC136865.1)

Alternaria tenuissima 15-238 (LC134320.1, LC134315.1, LC136861.1)
Stemphylium lycopersici MAFF 306896 (AB704312.1, AB704323.1, AB828257.1)
— YJHB-6 (MH248150, MH248152, MH248151)

! Alternaria alternata YJ1 (KR232656.1, KP851963.1, KP851968.1)
&3 ETFrDNA-ITS. GPDFlEF-I« EFFFIR ABEIME AZERRER SRREMES ENREENREL TR
Fig. 3 Phylogenetic tree of the pathogen of rose black spot and related species
based on multiple sequences of IDNA-ITS, GPD and EF-1a
YIHB-6 A A 2 BB % 5 1 CR H AR, 355 PRI iDNA-ITS \GPD % EF-1a 3% P F51f) GenBank % 5% 5. YJHB-6 is
the representative strain of rose black spot pathogen. GenBank accession numbers in brackets belong to rDNA-ITS, GPD and EF-

la, respectively.

24 AZENFERERENERNE

fit R &) A 220 B B2 R JRL A 24 h S T IR &
WL B E AR 2 R 2 mm B SR A BRI RE, 72 h J5 0%
BEEARY R E 10 mm A2 A7, RIEA L EARBLRA T
22 D\ WS B S R BERER, i B TE I B ARk
(FE4) o 44 H 25 it R & B 1] & R JC BH
W25, AR AR 0T R 1 A 2 A5 B BUR
B, AR IR, A SRR R R — SRR T
2.5 AZENEREENERNAFIFE

TESFRZ55]H, 50% W% TR i F1 50% S B IR 45k
JE X F 7 PR I B 0 B0 R R A ey, v 24

A1 ) 28 I F6L - W A 3 4 i Gk B 95.2% F
96.6% LI, 50% & B IE 3 -k B 22 0] Al 2R 22
SN RE  HUOE 70% SRR EE, 3 MR BE B i 22 2E
KA R AE 84.19%~87.2% Z [, 3 Ve J&E 1) 43
RAMH 21155 T93.5% , Herh 600 fE i 817 &4 il
R, 15 98.1%; 80% 2 1 R 1 12.5% JIfE Xt H
7 RT3 i TR A T R B 2, TR 22 A KA 3R
FNL 1 & A 2R 2 53 MK T 42.4% 1 46.3% (%
1)o 50% & T8 i 5 J1 5k, ECy, 4 25.8 mg/L; 12.5%
i T M TR J1 855, ECy,  160.3 mg/L, He 3 Fh2 7
EC,, 41T 30.4~60.7 mg/L Z [a] (F 1)
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1 Back side

1ETH Front side

4 A\IEMSBRREEASH R EERER
Fig. 4 Symptoms of artificial inoculation of the pathogen on the leaves of Chinese rose
BEFE: CK; AL E: FHIEHEA 0 F; B, F: XA ZFE0F; C. G: BA W Z=0Fh; DL H: ¥k 2= fl. Black
circle: CK; A, E: White Christmas; B, F: Golden Medal; C, G: Mahinah; D, H: Powder Fan.

F1 SHEKATIN A ZRRFRERRLERS S ERFHRHZM

Table 1 Effects of five fungicides on the mycelium growth and conidial germination of Alternaria alternata

27 TR Eﬁ%ﬁﬁjﬁﬁé . %ﬁ 22 RN R ' ?@%Bﬁwﬂ] il 3 EC,
Fungicide Dilution fold verage colony Inhibition rate for mycelial Inhlblt.loln rate for (mg/L)
diameter (mm ) growth (%) conidia (%)
80% Z TH X WP 1000 38.3 424421 a 46.3+3.1 a 60.7
80% carbendazim WP 2000 41.1 38.142.2 b 40.4+2.0 b
3000 45.1 323+14c¢ 37.5+1.6 b
70% QARG EF WP 300 8.6 87.240.4 a 93.5+23 b 458
70% mancozeb WP 600 9.3 86.3£2.7 a 98.1+3.1a
900 13.3 84.143.5a 94.6+3.6 b
50% S #ifk SC 1 000 0.0 100.0+0.0 a 97.442.8 a 30.4
50% iprodione SC 1500 3.0 95.542.7b 98.2432 a
2000 2.9 95.943.3 b 97.742.5a
50% % Bifil; WP 3000 2.2 98.3+0.5 a 97.3+1.2a 25.8
50% fludioxonil WP 6 000 3.0 95.6+1.6 a 96.6+0.6 a
9000 3.0 952443 a 98.4+0.3 a
12.5% i #Mk EC 500 52.9 20.5£0.7 a 30.642.1 ¢ 160.3
12.5% myclobutanil EC 1 000 54.5 18.142.6 a 354426 b
1500 53.6 19.4+19a 42.643.1a
iR CK - 66.5 0.0£0.0d 0.0£0.0d 0.0

B RS . [RIFP IR SIAS ] 7378 28 Duncan [CHT 2 M 25 7A K B0 /% P<0.05 /K V-25 5% R % . Data are
mean+SD. Different letters in the same column of the same fungicide indicate significant difference at P<0.05 level by Duncan’s

new multiple range test.

3 iTig Simmons (2007) ¢ THEM B RYHIA — . CARK
Wt ALY YIRS SRR i, RO AT Y
iR, 4 A M R, T BRSO FOR A S SIEM DR, XU R WG4, 2 MK
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AN WS, T e TR (X A 20095 2R
2012; 4 —455,2013) , SARMFFL LS LA 5 1fif Ab-
bas et al.(2017) & PR7E PDA 55553 3555 o4& il
PRVETFRR N I 6, R S RO s AR, o3 A 7
TFHA A RUE sRIE , 2 0~3 YARRASE, 2~6 i [
S, S5 A I (R R R G S — 3. BERS TR N dE
AT G, R 45 G TR FRAE L & 2 3 751
BT A e X H 3 47 ME B %€ %2 (Woudenberg et al.,
2013;2015) . Woudenberg et al. (2015) iff 57 45 2 .
7, SSU \LSU .ITS .gapdh .rpb2 .tef1 (EF-1a) Alt al .
endoPG F1OPA10-2 X 9 FhEE R F B RE S 1K X /356
MA@ AR 1 B A ITS .GPD \EF-1a KPR K
B BT A 25 S AE O, SO 98 SR TS \GPD
EF-1a 3R PR 50T 53568 F 2 BB 993 i o
TP E 455 A 2 BB 5 5
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