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Research progress in citrus melanose

LU Songmao® LIN Xiuxiang

(Fujian Institute of Tropic Crops, Zhangzhou 363001, Fujian, China)

Abstract: Citrus (Citrus spp.) is the top fruit production in the world, including many varieties
such as C. reticulata, C. sinensis, C. grandis, C. limon and C. paradisi, etc.. They are deeply
popular with consumers, because of their rich nutrition (vitamins, polysaccharides, organic acids,
proteins, dietary fiber and antioxidants) and delicious flavor. The global citrus production for 2019
is estimated at almost 144 million metric tons. In China, the citrus production for 2021 is at 55.96
million metric tons, and its annual value of production is more than 200 billion yuan. Therefore, it
is the vital majored industry of agriculture in China. However, in recent years, the citrus melanose
was seriously occurred in major citrus production regions all over the world, including China,
India, Brazil, Spain and Mexico, etc.. In China, the citrus melanose was widely distributed in
Guangxi, Hunan, Hubei, Zhejiang, Jiangxi, Fujian, Yunnan province and other major citrus
production areas, and the disease incidences in some orchards were up to 100%, which the typical
disease symptoms including melanose, gummosis, and stem-end rot were formed on leaves, shoots,
or fruits of citrus. The disease fruits usually showed many black to reddish-brown raised spots on

the fruit surface or stem-end rot, which seriously affected the appearance and economic value of
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fresh citrus fruit, causing major economic losses. Diaporthe citri (anamorph: Phomopsis citri) is
the dominant species of citrus melanose pathogen all over the world, which it could infect all
citrus cultivars. At present, the genome information of D. citri has been sequenced and annotated,
which provides an important reference for studying its infection mechanism and population
genetic evolution etc.. The genomes of D. citri (MAT1-1 and MATI1-2 strains) contains
15977~16622 genes, including 1231~1287 putative pathogenicity genes, 1837~1885 secretion
proteins, and many carbohydrate-active enzymes (CAZymes), which they may be associated with
the pathogenicity of D. citri. The populations of D. citris are abundant in genetic diversity, due to
its frequent sexual reproduction in nature. And the genetic differentiation of D. citris is closely
related to geographic separation, whereas it is weak correlation with its host. The species-specific
primers have been designed for the PCR method to distinguish D. citri from related Diaporthe
species, based on the sequences of rDNA internal transcribed spacer, translation elongation factor
1-alpha, beta-tubulin, histone H3, and calmodulin gene, which contribute to monitoring and
forecasting of citrus melanose in the field. It has been reported that the successful infection host
by D. citris is related to its pectinase secretion, and the infection of leaves can cause an increase in
the population of antagonistic microorganisms in the citrus leaves. The RNA-Seq analysis results
performed by Li et al. (2023) profiled the defense response pattern of citrus leaves against D. citri
infection, including high induction the expression of plant cell wall biogenesis-related genes at 3
days post infection (dpi), and high upregulation expression of the CYP83B1 genes, pectin
methylesterase gene, and phytoalexin coumarin synthesis-related genes at 14 dpi. After the
infected shoots becoming withered, a large number of alpha conidia (non-septate), beta conidia
(long, slender) and a small number of ascospores (ellipsoid to cylindrical, septate) were produced
on dead wood, using as the source of infection. Conidia are carried by raindrops and were
dispersed to nearby citrus, which contribute obviously to the citrus melanose severity in an
orchard, whereas the ascospores were carried by the wind for a long distance spread. Under high
humidity and warm climatic conditions (at 25 °C), the young leaves, shoots and young fruits of
citrus (within 12 weeks after flowering) were seriously infected by D. citri, however the mature
citrus tissues are more resistant to this pathogen attack. Therefore, these phenological periods of
citrus are also a critical stage for the prevention and control of citrus melanose. The copper
fungicide can act as a good preventative against citrus melanose, but it is susceptible to rain
erosion, and is phytotoxic to citrus plant when it is used in hot weather. The other pesticides such
as mancozeb and strobilurin etc., play a good control effect on citrus melanose, but they are also
facing the risk of increasing resistance to D. citris, because of long-term use of the same
fungicides. Some antagonistic microorganisms such as Burkholderia gladioli, Pseudomonas pudia,
P. fluorescens, Bacillus subtilis, B. velezensis, B. amyloliquefaciens, Trichoderma asperellum, and
T. asperelloides etc., all play a strong inhibitory effect on the mycelial growth or conidia
germination of D. citrus, which could provide a reference for commercial application on

management approaches of citrus melanose in the field. These above results indicate that, in recent



years, some progresses such as species identification and detection, genetic diversity, genomic
information, infection cycle, pathogenic mechanism, occurrence rules, prevention and control
measures of D. citris have been made by many researchers at home and abroad, but the following
issues still need to be further explored. (1) Whether the D. citris formed a special infection
structure to successfully penetrate the leaves and peels of citrus with a waxy layer. (2) The
pectinase secreted by D. citris is an important virulence factor, but the types, encoding genes and
functions of pectinase still need to be clarified. In addition, the presence of other important
virulence factors such as toxins, effector proteins etc., need to be further analyzed. (3) The
propagules of D. citris are only formed on dead wood, but not on non-dead branches, so the
molecular regulation mechanism of asexual spores and ascospores development needs to be
studied in D. citris. (4) The community of antagonistic microorganisms was increased in the citrus
leaves, when the leaves were attacked by D. citris. So, how the citrus plant recognizes the
molecular signals of D. citris to regulate autoimmunity, and the molecular interactions between
citrus and D. citris remain to be understood. In conclusion, an in-depth understanding of the
infection structure, virulence factors, molecular mechanisms of sporogenesis of D. citris, and the
molecular signaling pathway of the recognition of D. citris by host will help to provide resources
for citrus disease resistance-breeding, and also provide new targets for accelerating the
development and application of fungicides for the prevention and control of citrus melanose. At
the same time, the population of D. citris is abundant, and it is a heterogeneous fungal, with
frequent sexual reproduction. So it is necessary to strengthen the monitoring of its sensitivity to
pesticides such as mancozeb, etc.. And these measurements such as mixing pesticides
scientifically and reasonably, using biocontrol agents and plant resistance inducers, will reduce the
case of fungicide resistance against D. citris, and improve the comprehensive prevention and
control ability of citrus melanose.
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A. Orange fruit (C. sinensis); B. Lemon fruit (C. limon); C. Grapefruit leaf (C. paradisi); D. Grapefruit branch (C.

paradisi).

Fig.1 The typical symptoms of citrus melanose pathogen infection on various tissues of

different citrus plants
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A. colony morphology of Diaporthe citri grown on PDA plate at 26 °C for 7 days (front); B. colony

morphology (back); C. sporulation on citrus branches inoculated with D. citri; D. morphology ofaconidia; E,
morphology of # conidia.
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Fig. 2 Morphological characteristics of colonies and conidia of Diaporthe citri

3 RE IR R BRI

A 1) 2 58 B ) 2 2B A7 5 95 2 i, B3RO RO 208 B @ AT T 1) A T
JZ, I LT 22 A RH A3 B 200 D0 B 2 T) ) R SR A I R MRS BE L A, A AR KDL,
AT 5] J38 572 T 73 0 R R I (pectinase) [t T BE AT 0 PRI O B, LA 2 B S VBRI v
FJTZ S RS VERCIR YD BT, AR 5 1 BORELRES (1 R (0 siA o G010 420, A, FEAIAR SR sk
FSG FAS T, G 1) SR Tl E AR a2 SR S B IR 4 T Bt BAT ) S FR (s A 010 43441,
Gai S VST Py A2 B 1 A A (] 86 5 18 ) 2R DL A5 B, 0K 5 4 1231~1287 4 PHI

(pathogen-host interaction) &K, EAG 1837~1885 Nrilh 1 LA & 1600 Z Mk AKAL & VTG
41§ (carbohydrate-active enzymes, CAZymes), BIHEHETH /KMESE (glycoside hydrolases) .
PEIL AL (glycosyl transferases) /KA E YIRS (carbohydrate esterases). 2 HH 2L iy
(polysaccharide lyases) 55, Al 1F] i 5 ki 8] 52 5 B A BOR PEAH O, (HIX L8 ) DR

Ryt —0 o MRS AIE « BEAN, A M 1] P 5 P A2 75 1 AR IR BROAR G )« TR ol ) SR I il A
8 LA Ay e 4 SRR -5 1 ) 1R AR AL A S5 A 2 I RS A R 1 — 2D I

Li SEUSIF SR ], AT 18] J38 70 TR AR QAT G T Fr J5 T B 2 D 2 R T T 15 50 Y 355 B
&, (B H BAHEPUETERZ I Pantoea asv90 FH AT B Methylobacterium asv41 [ 7% 1
I, X AT RE S MG B S B S AR G . ST, A T OV A v OB 8 T 2 Hr
DRI T53%, UERH T AHAGG - Py A2 52 A 18] 52 52 R 9 Ja S as FE Y Dt S N, B4 75 S AR
REE—06,7- " HAHREFTEREF LA (6,7-dimethoxy coumarin) [FJFERLEE, FR il AH A7 (] 52
FCEA E AT E A )k — AR G g Rie-4s], Li SEWER A RNA-Seq J77% 50 M 1 MG 1] K6 76 B
RYAAE 3 d Ja M 14 d J5 i A8, KIS A 4i g B A= A 4 Ceell wall
biogenesis) MHICHIFERAERZ YL 3 d o KR T FRIE, S5 PIRBTITTE RBAR K H) A
R AL SRS (pectin methylesterase, PME) JE[K UL J Fr 528 M HAT AW G BT O B il ———
R 2R EE 4 S A 6'-F21LEE 1 (Feruloyl-CoA 6’-Hydroxylasel ) FIZRE 5 2% 8-32 L (scopoletin
8-hydroxylase) K SEIERZ YL 14 d Ja# KiEIF FRIL, #—2 N7 /KF BIEW] 1 MiA&EH A
WA IR] e ST B AR G Je 0S5 AR R B A8 B 2 o SR, A SR AR fan fmr ) FH G o e
LAt 52 A 2 13 VR M7 18] J88 72 TR AR %, BRIV 05 SR TR Rk — B9 e, DA BT AR 1) JA2 5 7T
ey R EE B 3 R G 8 SN 21 EAEATLAR S5 1) BT A AR gk — 2B 0T 9T
4 M B RO A R K Bl v i it



4.1 RENE

R A7 160 JE2 572 B4 1 27 3 RSB TR A SR A 1220 WA B R R R AR TRAT 5 12 R R R 2
T AU MR SR RS DL S SR Tl R A it A5 DU AR DG 42 S0 R A AT R 5%
2 AT (7] 8 5 A ok AR S 1) B 37 42 511, 10 R TR A7 8 58 R A 1) R A2 R i
BER 2% LT R AR AR 2R B AR T IO BORE S SE AU R AR IR P AR | MR R L IR AR
B /NGERE ORI 520, A R, 1 AR BB 1 T A5 2% AN T JATE AR 43 A - 28 B AR 7152
DRI, R A BE A SF A R A7 S8 5000 BT 7 77 T S AR U . SR, AT R YRR A7 [R) )3 7 T
Tot 7 A7 B 1R B BT T RS I A A i — D

A I o 5 1 1 23 A A BE R KA 3, B A b 28 RML BB EE BB S5 R R, T TR
T E SRR T RALVR, B R ALY, B A IR PR S R R )
MATT TR G 25 S MG REOR I . RS2 GRS WREE) SEBYIAHOC. MG, )
LA RBHAE G 12 J& N B9 5350 b T 5 S 3, A2 TS5 RS0 2 A B w50 R AR I DG B T 3
MR HT I 58 4 R I 5 B0 AR5 12 J8 DAE AR &0 SRR R A7 [ o2 5 B8 PR v s i b o . N
a6 22 B, £E 25 °C A& A T MEA 8] 2 52 181 3 26 61T F D422 At A7 75 22 10~12 h IR 264142,
ARG 2E sUR I R AT B W 4~7 AP FEARFMT, S PBAREART 22 °C M 4EfE

BIRFEH 20 °C, I AR B R -5 HTH B8 RO IR AR B DA G0, ZEAN IR B R b X
HH T S5 A DA SR ARG it ol ) 22 57 R ) 71 B P2 el Ve S A E 22 5, (HL SRR 1) 2 I
Yo 1 PIAH SRR 52 541,

4.2 iR RE

4.2V AF B s A A B AR 2 B A R A B8 U ) 2 BTV o AR R R AR S S R
A 27 BT 7R R R A R 08 B A B B FRST MR A A IS 55-590, LA o) 751 F) D4 4 T 4 2 R T K
PR R, RN R CR T 35 °C) 25N 3 F AR 7775 5 7= AR 2 T 192 600, FI 5 100 pg-mL!
TEAAGEERN 200 pg-mL FEEALEY) (FREERD 1S AR R 7R A8 T AR R A ) B
PR, fAh, 783 FE M A 2B S0 Aom ™ R R, AR AR (4g LD EUEX
THEFRMHE (1.34 g LD 3, KRETREME AR EREE S GERAETT T 0.1 g L
Pl (kresoxim-methyl) 11 g-L! AR EER A PIIA RS 2.66 g L ARG 11
B3 R 4102, ARG EE S (3D B SE R R =% e (GE an)) IRAEHE
A LA i HO M AR B RO B 800 A, TR M R AR i o AT T 8 ) 3% TR R AR
T B U BT R0E T3% A F, fEAR P F BATHE) R AT 56,

2577 itk PERE B R (pyraclostrobin) B (azoxystrobin) %5 5 = /EHi M, 16 1 FE N 1%
KA H R KA RIS 2 k™. RBEE B (E-2-[2- (2,5-dimethyl-phenoxy )
-phenylmethyl]-3-methoxyacrylic acid methylester ) & & [E B 3= #F & 19 2% B b 355 400 1 71



(quinone outside inhibitor, Qol) FEANTR T, 4wl T 1A 75 [ J82 52 B A A 0T FLAT) SR UK,
AT A A 2 i B iR [RIE, 0.1 pg-mL-! BB R A5 e Ctrifloxystrobin) fg 56 441
1] KT A7 1) 8 56 B 0 AR T I 02 B Ah, R BE Ctrifloxystrobin ) R AL P TR B S
(pyraclostrobine ) 737 55 4l il 751 Vi & FH 353 W 42 s oo M AR B8 A0 B 77 9 AR (65661, SR T,
AT DR A ) AR T R 576 B 4 A A8 4% T BRI 3% T 77 1 i A 0 1520, R IR IR IR SR 1 2R T R

BRCRBLELT,
4.2.2 £hlis RIS HUMCE BT 6 A0 T AT LA DR A FH AR 24738 i ) P B 7 %
iR, JF H— s e e s ARG SO s ) pi R BE R R, R ENH
5 FE IR BB TR Burkholderia gladioli~ =% R AR H. M B Pseudomonas pudia R 6 A ML P
Sluorescens X M 8] Jo2 5 B E AT FE BTG VRS, a4t 73 AR M7 A, 910 iR B B0 70 B
FEAIRISO) . AR ZF AUAF B Bacillus subtilisU0 DUIREFAIAT I B. velezensis"V. VE¥n 5 fF 14 B.
amyloliquefacienst 55 XA A ] J98 76 B 1) 18 22 A K 570 AR f 1 B9 R 380 BOm s E AT, &8
I AEPUE PR OB T A AE R SR B R B IG B8Ok 74%73Y . jeAh, BRAT I Thiobacillus
species I HE AR (bio-sulfur) FE 5 280D A AE 28 R0 R AEUY . RAKEE Trichoderma
asperellum FEHIAR S T asperelloides 57 b AL B3N HIF A7 R B 72 B AR, 180T BLoy
WS (laccase) FEMFMIAGRGEL, J A EAR YIRS SR, XL BA A= i
DI TR RAE 7 428 R A B8 U008 8 R b A B FH 7 TR I AT A 3k — 2B AT SO AR
4.2.3 R ig Bk FAEApsu INGRATRG R R R B B, SR 5Bk, BICR
Pel e, 39 A HUICABEER L, SR e FRPUmtE, I H A Biv6 3 d S 8t m] 0 S B A
17 B R IR AR FR R 70l R, ER Pt i R E ) (Oxycom. Serenade. ReZist. Aliette.
Nutriphite. Actigard 1 Benlate) FI{FH, W& ZFRSHEMPORET Ak, HurdukEds
SIAE T V6 AR 8 0 7 T B8 b AR N TR D
54

FRE ARG A K, A P ML AR SR AR RSO« SEBL 2 IR M AR A b R e 45 777
B B AR, (A 2R 00 BT AN D 7 B R AR AR AT S LA, 2 A
PNV R R o AR, B MEAR B U R SR . RS E L FRRAE R B 2R
PEV ARV ERRE ARG IEIN . BURALE] . AR R 1 i e A T T S T —sedk e . SR,
PAR JUAS 1) REATS AT fRp gk — B IR AR T (1) M 5] J88 52 T A2 75 T2 BURF IR R AR G 45 1) AT
I 28 53 AT I 52 RO ARR I SRR o (20 AT A 11 J2 58 B 70T 1) SR Tl 2 L B S B0 |8 1
FITTE B SR A 2« G i D5 DA K D REATI A A W A o (RIS, MR AR A ARG ) 36 57 T 0 2k R 4. 7>
Friviigs e on, HEARKEREIERIER . 25 A LK EER, hi1ghs
5 HEOREREE Ryt — 2 004 (3) WA 528 B AE AL B8 (R G A 2% BB A A%, 1
FERFEFCHIEL 2% EA= 1, M Je Ik 7 A0 T 2901 K B W 20 T AL R 7. (4) M

i



fa P 2 B AR () e AR G Jm, I N A B ST P AR 1), a7 2 T R A A A
[E1 JR8 58 B8 ) 93 A 5 R VAT B S e F), AR A7 1) J 7 T a3 S A 00 ) 75 400 e 2 ) 4
HAR R AT 15 WA o

S RANINIRAAE 1] 38 72 B AR Qe 0« B0 A7~ 7P i #2207 B LB 2 3237031
AbA ) 2 T2 1R (14 73 15 5 B S5 T I A A KT B T O R PUm & R LB, tinl oy
A B U B 245 70 B RIE R AN S P S A A AR . [RIIN, MR F) e S Bl ORI R, R o
Po& FO, A VERIEANEE, SO I O AR P R A U, R A SRR 2,
gh - AR AR AE D DU S, RGP B, R B R A A 2 SO 1 4%
HPiERETT.

22 3CHk References:

(1] &=, bk, 28, E, SEEE, RITK, B8P 10 NG AR ICE TR 4 5 iR R SN
[7]. EsEEE, 2020, 41(8): 228-233.

LI Xunlan, HONG Lin, YANG Lei, WANG Wu, HAN Guohui, NONG Jiangfei, TAN Ping. Analysis of nutritional
components and comprehensive quality evaluation of citrus fruit from eleven varieties[J]. Food Science, 2020,
41(8): 228-233.

[21ZO0U Z, XIW P, HUY, NIE C, ZHOU Z Q. Antioxidant activity of citrus fruits[J]. Food Chemistry, 2016,
196: 885-896.

[3] X758, A S R R, ZE54Rk, 2005, 32(6): 1140-1146.

DENG Xiuxin. Advances in worldwide Citrus breeding[J]. Acta Horticulturae Sinica, 2005, 32(6): 1140-1146.

(4] T, sk, XIMSE, Bai sy, S, MR M E IR AH BRI, 1825440k, 2012, 39(9): 1687-1702

DING Xiaobo, ZHANG Hua, LIU Shiyao, LIAO Yijun, ZHOU Zhiqin. Current status of the study in Citrus
nutriology[J]. Acta Horticulturae Sinica, 2012, 39(9): 1687-1702.

[5] FAO. Citrus fruit statistical compendium 2020[M]. Rome, 2021.

(6] x4t A, PESGHELEM]. JbiT: RESH R, 2022

National Bureau of Statistics of China. China Statistical Yearbook[M]. Beijing: China Statistics Press, 2022.

[7] flkbk, EBREE, Reteds, B, e, Empk. MHRSRD RO B 4 K 3 N 2RI I iR AR 0], AR
Rl2£, 2019, 46(11): 92-97.

HE Yonglin, HUANG Xiaoqin, LI Qiqin, LU Wen, LIN Wei, YUAN Gaoqing. Pathogenic identification of citrus
melanose and indoor screening of fungicides[J]. Guangdong Agricultural Sciences, 2019, 46(11): 92-97.

(8] WREEIPK, ZEENSE, fRik=, 2. Biif A B s 24 770 0 2 440 ) SR 0], WiiloR 2 A (Rl 5 4
R, 2010, 36(4): 440-444.

CHEN Guogqing, JIANG Liying, XU Fasan, LI Hongye. In vitro and in vivo screening of fungicides for controlling
citrus melanose caused by Diaporthe citri[J]. Journal of Zhejiang University (Agriculture and Life Sciences),
2010, 36(4): 440-444.

[9] LWL, IRE=, BHIRAR, W, BRER, ZE40rt. NGB AU IR UERFIB A ], WAl A4k,
2012, 24(4): 647-653.

JIANG Liying, XU Fasan, HUANG Zhendong, HUANG Feng, CHEN Guogqing, LI Hongye. Occurrence and



control of citrus melanose caused by Diaporthe citri[J]. Acta Agriculturae Zhejiangensis, 2012, 24(4):
647-653.

[10] BACH W J, WOLF F A. The isolation of the fungus that causes citrus melanose and the pathological anatomy
of the host[J]. Journa 1 of Agricultural Research, 1928, 37(4): 243-252.

[I1]XIONG T, ZENGY T, WANG W, LIPD, GAIY P, JIAO C, ZHU ZR, XU J P, LI HY. Abundant genetic
diversity and extensive differentiation among geographic populations of the citrus pathogen Diaporthe citri in
southern China[J]. Journal of Fungi, 2021, 7(9): 749.

[I2]LIUH, WANG X, LIUSJ, HUANGY, GUOY X, XIEW Z, LIUH, TAHIR UL QAMAR M, XU Q,
CHEN L L. Citrus Pan-Genome to Breeding Database (CPBD): A comprehensive genome database for Citrus
breeding[J]. Molecular Plant, 2022, 15(10): 1503-1505.

[13] WU GA, PROCHNIK S, JENKINSJ, SALSEJ, HELLSTEN U, MURATF, PERRIER X, RUIZM,
SCALABRIN S, TEROLJ, TAKITAMA, LABADIE K, POULAINJ, COULOUXA, JABBARIK,
CATTONARO F, DEL FABBRO C, PINOSIO S, ZUCCOLO A, CHAPMAN J, GRIMWOOD J, TADEO
F R, ESTORNELL L H, MUNOZ-SANZ J V, IBANEZ V, HERRERO-ORTEGA A, ALEZA P,
PEREZ-PEREZ J, RAMON D, BRUNEL D, LUROF, CHEN C X, FARMERIEW G, DESANY B,
KODIRA C, MOHIUDDIN M, HARKINS T, FREDRIKSON K, BURNS P, LOMSADZE A,
BORODOVSKY M, REFORGIATO G, FREITAS-ASTUAJ, QUETIER F, NAVARROL, ROOSE M,
WINCKER P, SCHMUTZ J, MORGANTE M, MACHADO M A, TALON M, JAILLON O, OLLITRAULT
P, GMITTER F, ROKHSAR D. Sequencing of diverse mandarin, pummelo and orange genomes reveals
complex history of admixture during citrus domestication[J]. Nature Biotechnology, 2014, 32: 656-662.

[14]LIQ, QIJJ, QINXJ, DOUWF, LEITG, HUAH, JIARR, JIANGGJ, ZOU X P, LONGQ,
XULZ, PENGAH, YAOLX, CHEN S C, HE Y R. CitGVD: A comprehensive database of citrus genomic
variations[J]. Horticulture Research, 2020, 7: 12.

[15]WU GA, TEROLJ, IBANEZV, LOPEZ-GARCIAA, PEREZ-ROMAN E, BORREDA C, DOMINGO
C, TADEOFR, CARBONELL-CABALLEROJ, ALONSOR, CURKF, DUDL, OLLITRAULTP,
ROOSEM L, DOPAZO J, GMITTER F G, ROKHSAR D S, TALON M. Genomics of the origin and
evolution of Citrus[J]. Nature, 2018, 554: 311-316.

[16] GAIY P, XIONGT, XIAOXE, LIPD, ZENGYT, LIL, RIELY BK, LIHY. The genome sequence
of the citrus melanose pathogen Diaporthe citri and two citrus-related Diaporthe species[J]. Phytopathology,
2021, 111(5): 779-783.

[17]LIU XY, CHAISIRIC, LINY, YINWX, LUO C X. Whole-genome sequence of Diaporthe citri isolate
NFHF-8-4, the causal agent of Citrus melanose[J]. Molecular Plant-Microbe Interactions, 2021, 34(7):
845-847.

[18] UDAYANGA D, CASTLEBURY L A, ROSSMAN AY, HYDE K D. Species limits in Diaporthe: molecular
re-assessment of D. citri, D. cytosporella, D. foeniculina and D. rudis[J]. Persoonia, 2014, 32: 83-101.

[19] MONDAL S N, VICENT A, REIS R F, TIMMER L W. Saprophytic colonization of citrus twigs by Diaporthe
citri and factors affecting pycnidial production and conidial survival[J]. Plant Disease, 2007, 91(4): 387-392.

[20] F4K, W14, #REEl, EEE, T4, SR, BHDI, YO, AR B STRE R R R A
FISEN[I]. EZ 2R, 2015, 42(10): 1889-1898.

ZHOU Na, HU Junhua, YAO Tingshan, WANG Xuelian, WANG Juan, PENG Fengge, HONG Qibin, JIANG

Dong. Evaluation of anti-expansion capacity of different Citrus germplasm against Diaporthe citri[J]. Acta



Horticulturae Sinica, 2015, 42(10): 1889-1898.

[21] 561, Bhazib, W E, EOL AR IR R R S S ERE PHa ). T ERETTRR, 2013,
42(2): 94-95.

GUO E’ ping, LU Xuezhong, YANG Shuguo, WANG Ya. Occurrence characteristics and comprehensive
prevention and control of citrus melanose in Shiyan City [J]. South China Fruits, 2013, 42(2): 94-95.

[22] CHAISIRI C, LIU XY, LINY, LUO C X. Diaporthe citri: a fungal pathogen causing melanose disease[J].
Plants, 2022, 11(12): 1600.

[23] MAHADEVAKUMAR S, YADAV V, TEJASWINI G S, SANDEEP S N, JANARDHANA G R. First report
of Phomopsis citri Associated with Dieback of Citrus lemon in India[J]. Plant Disease, 2014, 98(9): 1281.

[24] CHAISIRIC, LIUXY, LINY, LIJB, XIONG B, LUO C X. Phylogenetic analysis and development of
molecular tool for detection of Diaporthe citri causing melanose disease of Citrus[J]. Plants, 2020, 9(3): 329.

[25] AGUILERA-COGLEY V, VICENT A. Etiology and distribution of foliar fungal diseases of citrus in
PanamalJ]. Tropical Plant Pathology, 2019, 44(6): 519-532.

[26] GOMES R R, GLIENKE C, VIDEIRA S TR, LOMBARD L, GROENEWALD J Z, CROUS P W. Diaporthe:
A genus of endophytic, saprobic and plant pathogenic fungi[J]. Persoonia, 2013, 31: 1-41.

[27] £S5, 2, PG, EEE. SUNREEA R BESER & Diaporthe IFISE]. WA, 2022, 41(8):
1151-1164.

WANG Xianhong, JIANG Jiaqi, HONG Ni, WANG Guoping. Diaporthe species causing pear bud witherings in
Guizhou, Southwest China[J]. Mycosystema, 2022, 41(8): 1151-1164.

[28] ZHANG QM, YU CL, LI GF, WANG C X. First report of Diaporthe eres causing twig canker on Zizyphus
Jjujuba (jujube) in China[J]. Plant Disease, 2018, 102(7): 1458.

[29] SEMEAR. VLG4 HERS SR AU A S A 7T (D] sl ek, 2018.

CHALI Sirui. Characterization of the populations of Diaporthe species on citrus in Jiangxi province, China[D].
Wuhan: Huazhong Agricultural University, 2018.

[30] HUANG F, HOU X, DEWDNEYMM, FUYS, CHENG Q, HYDE KD, LIHY. Diaporthe species
occurring on citrus in China[J]. Fungal Diversity, 2013, 61(1): 237-250.

[31]CUIMIJ, WEIX, XIAPL, YIJP, YUZH, DENGJX, LIQ L. Diaporthe taoicola and D. siamensis,
two new records on Citrus sinensis in China[J]. Mycobiology, 2021, 49(3): 267-274.

[32] UDAYANGA D, LIU X Z, CROUS PW, MCKENZIE E HC, CHUKEATIROTE E, HYDE K D. A
multi-locus phylogenetic evaluation of Diaporthe (Phomopsis)[J]. Fungal Diversity, 2012, 56(1): 157-171.

[33] FARR D F, CASTLEBURY L A, ROSSMAN A Y. Morphological and molecular characterization of
Phomopsis vaccinii and additional isolates of Phomopsis from blueberry and cranberry in the eastern United
States[J]. Mycologia, 2002, 94(3): 494-504.

[34] FARR D F, CASTLEBURY L A, ROSSMAN AY, PUTNAM M L. A new species of Phomopsis causing twig
dieback of Vaccinium vitis-idaea (lingonberry)[J]. Mycological Research, 2002, 106(6): 745-752.

[35] M, WhiRE. EAR R SR (Diaporthe citri) LAMP A SALA B A I SL[T]. fE Rl
2R, 2022, 37(11): 1470-1475.

LAI Baochun, YAO Jin’ ai. Establishment of a LAMP assay for rapid detecting Diaporthe citri on pomelo[J].
Fujian Journal of Agricultural Sciences, 2022, 37(11): 1470-1475.

[36] HAftez, medk, ZRant. MG S E (Diaporthe citri) PUE 3 FRIEA[T]. Wil &k2#Hk, 2022,
34(7): 1457-1465.



ZENG Yating, XIONG Tao, LI Hongye. Rapid molecular detection of Diaporthe citri, the pathogen of citrus
melanose[J]. Acta Agriculturae Zhejiangensis, 2022, 34(7): 1457-1465.

[37] REAk. FHAR ) 8 55 T (103 (A8 A5 25 R A ME AR BT 78 [D]. WM. WL K%, 2021

XIONG Tao. Population genetic structure and sexual reproduction of Diaporthe citri[D]. Hangzhou: Zhejiang
University, 2021.

[38] v iV, SRF, ALSHE, BIFSIR, REEW], BHRAR. TR ROBAE - 88 OB HOR MR R AR
(Diaporthe citri) KB FRBACHI I, AR, 2023, 63(6): 2472-2487.

PU Zhanxu, ZHU Li, DU Danchao, HU Xiurong, LU Lianming, HUANG Zhendong. Development-associated
metabolites of Diaporthe citri: A metabolomics analysis based on UPLC-MS/MSJ[J]. Acta Microbiologica
Sinica, 2023, 63(6): 2472-2487.

[39] VLADIMIRO G, CROUS PEDRO W. Species of Diaporthe on camellia and citrus in the Azores Islands[J].
Phytopathologia Mediterranea, 2018, 57(2): 307-319.

[40] 75K & HGRD BT 73 125 508 AV R ERT FE[D]. Kib: WAL RS, 2017

FANG Tianlu. Isolation, identification and biological characteristics of Diaporthe citri[D]. Changsha: Hunan
Agricultural University, 2017.

[411HONG S J, YUN S C. Effects of dryness, moisture interruption, and temperature on germination of Diaporthe
citri pycnidiospores on Yuzu[J]. Research in Plant Disease, 2018, 24(2): 132-137.

[42] GOPALK, LAKSHMILM, SARADA G, NAGALAKSHMIT, SANKAR TG, GOPIV, RAMANA K
T V. Citrus melanose (Diaporthe citri Wolf): A Review[J]. International Journal of Current Microbiology and
Applied Sciences, 2014, 3(4): 113-124.

[43] BAHGAT M. The action of Phomopsis californica in producing a stem-end decay of citrus fruits[J]. Hilgardia,
1928, 3(6): 153-181.

[44] PRUSKY D, ALKAN N, MENGISTE T, FLUHR R. Quiescent and necrotrophic lifestyle choice during
postharvest disease development[J]. Annual Review of Phytopathology, 2013, 51: 155-176.

[45]LIPD, ZHU ZR, ZHANG Y Z, XUJ P, WANGHK, WANG ZY, LI HY. The phyllosphere microbiome
shifts toward combating melanose pathogen[J]. Microbiome, 2022, 10(1): 56.

[46] ARIMOTO Y, HOMMA'Y, OHSAWA T. Studies on citrus melanose and citrus stem-end rot by Diaporthe
citri (Faw.) Wolf. Part 5 Identification of a phytoalexin in melanose spot[J]. Japanese Journal of
Phytopathology, 1986, 52(4): 620-625.

[471ARIMOTO Y, HOMMA'Y, MISATO T. Studies on citrus melanose and citrus stem-end rot by Diaporthe citri
(Faw.) Wolf. Part 4. Antifungal substance in melanose spot[J]. Japanese Journal of Phytopathology, 1986,
52(1): 39-46.

[48] ARIMOTO Y, HOMMA'Y, MISATO T. Studies on citrus melanose and citrus stem-end rot by Diaporthe citri
(Faw.) wolf. Part 3. Mode of reaction in citrus fruit and leaf against infection of D. citri[J]. Japanese Journal
of Phytopathology, 1982, 48(5): 559-569.

[49]LIPD, XIAOXE, WANGJR, NIUF, HUANGJN, XIEBY, YEL, ZHANGCF, WANGDL,
WU Q, ZHENG X L, GAIYP, LIHY, JIAO C. Transcriptional insights of citrus defense response against
Diaporthe citri[J]. BMC Plant Biology, 2023, 23(1): 614.

[50] DAVIS R M, WILHITE H S. Relationships between melanose incidence and dead wood in Texas
grapefruit[J]. Journal of the Rio Grande Valley Horticultural Society, 1983, 36: 41-49.

[S1ITKIM K H, KIM GH, SONK I, KOHY J. Outbreaks of Yuzu dieback in goheung area: Possible causes



deduced from weather extremes[J]. The Plant Pathology Journal, 2015, 31(3): 290-298.

[52] MONDAL S N, AGOSTINIJ P, ZHANG L, TIMMER L W. Factors affecting pycnidium production of
Diaporthe citri on detached citrus twigs[J]. Plant Disease, 2004, 88(4): 379-382.

[53] AGOSTINIJ P, BUSHONG P M, BHATIA A, TIMMER L W. Influence of environmental factors on severity
of citrus scab and melanose[J]. Plant Disease, 2003, 87(9): 1102-1106.

[54] # K, KEE, HAG Far, BUESR. LHHE R 05 HIRGAT SRR RPTL]. MRy,
2022, 48(2): 139-144.

JIANG Fei, ZHANG Xixi, XIAO Xiaoe, LI Hongye, ZHU Zengrong. Relationship between citrus melanose and
precipitation in Shanghai[J]. Plant Protection, 2022, 48(2): 139-144.

[55]1 IDREES M, NAZ S, EHETISHAM-UL-HAQ M, MEHBOOB S, KAMRAN M, ALI S, IQBAL M. Protectant
and curative efficacy of different fungicides against citrus melanose caused by Phomopsis citri under in vivo
conditions[J]. International Journal of Biosciences, 2019, 15(2): 194-199.

[56] ANWAR U, MUBEENM, IFTIKHARY, ZESHAN M A, SHAKEEL Q, SAJID A, UMER M, ABBAS
A. Efficacy of different fungicides against citrus melanose disease in sargodha, Pakistan[J]. Pakistan Journal
of Phytopathology, 2021, 33(1): 67-74.

[57] XUk, EEA, HHR, ZWEIE, FHEDS, ZEaimb. A e AR B I U v &
BRI L], PR ], 2018, 45(2): 373-381.

LIU Xin, WANG Mingshuang, MEI Xiufeng, JIANG Liying, HAN Guoxing, LI Hongye. Sensitivity evaluation
of Diaporthe citri populations to mancozeb and screening of alternative fungicides for citrus melanose
control[J]. Journal of Plant Protection, 2018, 45(2): 373-381.

[58] INUMA T. Decreasing the frequency of conrol of citrus melanose by using the fungicides dithianon for
satsuma mandarin cultivation[J]. Annual Report of the Kansai Plant Protection Society, 2014, 56: 85-87.

(591 Mty FWRHE, FBI5E, ZREE, L0 RS o TOAREE SR BTN HH A B O IR B A R EEER ).
HRE SRR, 2020(5): 98-102.

LI Weilong, ZHOU Xiaoxiao, GUO Qiaohui, LI Cihai, LI Hongye. Comparison of the prevention and control
effects of fungicides such as oxime and prosenzinc on citrus melanose[J]. China Fruits, 2020(5): 98-102.

[60] GRAHAM J H, DEWDNEY M M, MYERS M E. Streptomycin and copper formulations for control of citrus
canker on grapefruit[J]. Proceedings of the Florida State Horticultural Society, 2010, 123: 92-99.

[61] YOUNG M, OZCAN A, RAJASEKARAN P, KUMRAH P, MYERSME, JOHNSON E, GRAHAMJ
H, SANTRA S. Fixed-quat: An attractive nonmetal alternative to copper biocides against plant pathogens[J].
Journal of Agricultural and Food Chemistry, 2018, 66(50): 13056-13064.

[62]LIUXY, CHAISIRIC, LINY, FUYP, YINWX, ZHUFX, LIJB, XIONGB, WUH, XUA,
LUO C X. Effective management of citrus melanose based on combination of ecofriendly chemicals[J]. Plant
Disease, 2023, 107(4): 1172-1176.

[63] /Mg, JEEJE, WA, fLIHE, HARE, (. VM-8R D G B e )], o
R, 2020(3): 84-86.

CHENG Xiaomei, GONG Biya, PENG Yajun, KONG Youhan, XIAO Fulian, LI Xianxin. Test on prevention and
control of citrus melanose by combination of mineral oil and fungicide[J]. China Fruits, 2020(3): 84-86.

[64] TR, BRIFER, FD4LL, AREN, ZEL00T. 3 kAo Ji S0 0 f 46 15 B 15 A 8 I PP PR UL R 2 0], i
TLRZZR CRlb 54 a R #A0D, 2013, 39(1): 62-68.

HOU Xin, CHEN Guoqing, WANG Xinghong, ZHU Li, LI Hongye. Baseline sensitivities of three fungal



pathogens of citrus to strobilurin fungicide and difenoconazole[J]. Journal of Zhejiang University
(Agriculture and Life Sciences), 2013, 39(1): 62-68.

[65] MUHAMMAD I, SUMERA N, SAIRA M, MUHAMMAD L. In vitro management of citrus melanose caused
by Phomopsis citri through commercially available fungicides[J]. International Journal of Biosciences, 2019,
14(6): 179-183.

[66] BAEE, JHNEAR, ELWNAR. 4 Fofr bk P v 15 520 700 A AR D B A F ] B 26 0], BARAR 24, 2022, 21(2):
65-68.

ZHAO Xia, XI Yadong, XIA Lijuan. Control effects of 4 types of pyraclostrobin mixtures on citrus melanose[J].
Modern Agrochemicals, 2022, 21(2): 65-68.

[67] WHITESIDE J O. Sites of action of fungicides in the control of citrus melanose[J]. Phytopathology, 1977,
67(8): 1067-1072.

[68] KOYJ, KANGSY, JEUNY C. Suppression of citrus melanose on the leaves treated with rhizobacterial
strains after inoculation with Diaporthe citri[J]. Research in Plant Disease, 2012, 18(4): 331-337.

[69] KO Y J,KIMJ S, KIM K D, JEUN Y C. Microscopical observation of inhibition-behaviors against Diaporthe
citri by pre-treated with Pseudomonas putida strain THJ609-3 on the leaves of citrus plants[J]. Journal of
Microbiology, 2014, 52(10): 879-883.

[700 NNAM M H, SHINJH, CHOIJP, HONG S I, KIMY G, KIM H T. Identification of rhizo-bacterium
inhibiting Diaporthe citri causing citrus melanose[J]. The Korean Journal of Pesticide Science, 2009, 13(4):
332-335.

[711LEE DR, MAUNG CE H, CHOIT G, KIM K. Large scale cultivation of Bacillus velezensis CE 100 and
effect of its culture on control of Citrus melanose caused by Diaporthe citri[J]. Korean Journal of Soil
Science and Fertilizer, 2021, 54(3): 297-310.

[72] LEE D R, CHAW E H M, AJUNA H, KIM K Y. Effect of large-scale cultivation of Bacillus
amlyoliquefaciens Y 1 using fertilizer based medium for control of citrus melanose causing Diaporthe citri[J].
Korean Journal of Soil Science and Fertilizer, 2019, 52(2): 84-92.

[73] Z=/fh, Wiz, ZFHC, Mo, MR, SEEN, RE 5K, MEZFERTE M-23 SHHIG &
TR B MG T B 20 B R VA 2 REVERISEMALT]. R A0k, 2020, 51(7): 1699-1705.

LI Shenwei, HONG Yanyun, LI Xinwen, HE Kejia, DAI Liangying, LU Xiaopeng, SONG Na, YI Tuyong.
Effects of Bacillus subtilis M-23 on Diaporthe citri and diversity of bacterial community in the citrus
phyllosphere[J]. Journal of Southern Agriculture, 2020, 51(7): 1699-1705.

[74]SHINYH, KOEJ, KIMSJ, HYUN HN, JEUNY C. Suppression of melanose caused by Diaporthe citri
on citrus leaves pretreated with bio-sulfur[J]. The Plant Pathology Journal, 2019, 35(5): 417-424.

LIU Changli. Biocontrol fungi screening , identification & formulation develpoment for citrus melanose[D].
Hangzhou: Zhejiang University, 2021.

[76] $%%, e, skeeoe, WRIESC, R WYL ARV 48 ft 0 b AR A% AR 95 A1 5 JEC3 () i 1) 42 ) £ (0.
Bl E R, 2010, 26(4): 26-30.

ZENG Rong, LU Jinping, ZHANG Xueying, YE Zhengwen, DAI Fuming. Synergistic effects of agronomic and
chemical measures on controlling citrus melanosis and anthracnose[J]. Acta Agriculturae Shanghai, 2010,
26(4): 26-30.

[771 AGOSTINI J P, BUSHONG P M, TIMMER L W. Greenhouse evaluation of products that induce host



resistance for control of scab, melanose, and Alternaria brown spot of citrus[J]. Plant Disease, 2003, 87(1):

69-74.



	1柑橘黑点病的症状与分布
	1.1症状
	1.2分布

	2病原种类、遗传多样性及生物学特性
	2.1病原种类
	2.2遗传多样性
	2.3生物学特性

	3侵染过程及致病机制
	4柑橘黑点病发生规律及防治措施
	4.1发生规律
	4.2防治方法
	4.2.1化学防治  施用杀菌剂是当前防治柑橘黑点病的主要方法。铜制剂和代森锰锌等保护性杀菌剂对柑橘
	4.2.2生物防治  利用拮抗微生物防治植物病害可以减少因过度使用农药造成的环境污染等问题，并且一些
	4.2.3农业防治及诱导植物抗性  加强柑橘果园的栽培管理，合理密植与修剪枝条，降低果园湿度，增施有

	5展望

