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Occurrence, epidemical regularity and control strategies for grape trunk
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Abstract: Grape trunk Diseases (GTDs) is a general term for the grape trunk diseases caused by a vari-
ety of pathogenic fungi, includes ESCA complex disease, Eutypa dieback, Botryosphaeria dieback,
black foot disease and Diaporthe dieback. At present, GTDs happen in grape production area both at
home and abroad, and it leads to a gradual increase in the risk of global grape yield and quality decline
in case of lacking of efficient prevention and control technology. This paper provides a comprehensive
review of the occurrence and damage of grape trunk diseases worldwide, their symptoms, pathogenic
species, occurrence pattern and control measures, as well as an outlook on future research directions for
grape trunk diseases. Firstly, this review documented most of reports of grape trunk disease from thirty-
six countries in world, eight countries have found five kinds of GTDs, which are France, Spain, Ameri-
ca, Australian, South Africa, Italy, Czech Republic and China, and seventeen countries have reported
two or four kinds of GTDs. The more details were described in section one. Secondly, we listed typical
symptoms of five main grape trunk diseases and their related pathogens. Thirdly, the epidemical regular-
ity of each kind of GTDs is in detail documented and their developmental conditions (air temperature,
relative humidity, rainfall, etc.) are described. Their main pathogens can be detected at the wound area
caused by pruning or curved for covering with soil. Spore maturation and sporulation need humid envi-
ronmental conditions and a wide temperature range from 5 to 40 ‘C. After successive rains, conidia and
sporangium of four kinds of GTDs spread through the air, except for black foot disease. Campylocar-
pon spp. and Cylindrocarpon spp. are the main pathogens of black foot disease, which lives in free wa-
ter of the soil. Wounds at root site and interface of grafting position are probably the entrance for patho-

gens to infect black foot disease. Wounds caused by pruning supplied infection sites for the pathogens
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of other four kinds of GTDs. Moreover, integrated control strategies of GTDs were highlighted in
fourth part. Some preventive strategies include advance or delay the pruning time and spray pesticides
on the wound area, which aims to avoid peak period of spore releasing and reduce the contact between
tree wounds and pathogens. Hot water treatment is also a commonly used method to reduce pathogens
in plants. Once GTDs happens, cutting off the infected branches, injection of hydrogen peroxide into
the canes, usage of wooden pegs inoculated with endophytic strains of Trichoderma atroviride to insert
the infected parts of the canes are effective to control GTDs. In last part, we discussed biological and
abiotic stresses (drought stress and water stress) related to GTDs. The stresses maybe induce the patho-
gens to change from latent state to pathogenic state. The expression of symptoms caused by stress is
probably due to the reduction of host resistance. Other host stress factors, including freezing damage,
damage to roots by transplanting, infestation of pathogenic nematodes, and non-optimal environmental
conditions for growth (malnutrition or high-salt soil) are also related to GTDs symptoms of a variety of
hosts However, some areas lack of a more detailed and in-depth understanding, for example, initial
pathogen source and invasion conditions. Looking forward, field spore monitoring, molecular identifica-
tion technology and X-ray scanning equipment can assist in quantifying the amount of field spores and
judging whether the pathogen has successfully invaded. The cytological and genetic knowledge of fun-
gal pathogenicity and toxicity can greatly promote the research on GTDs, clarify the role of pathogens
in the occurrence and development. More important, genomics technology has been widely studied due
to its pathogenic mechanism and excellent germplasm resource mining. This technology can also be ap-
plied to the analysis of important pathogenic factors or to screen out genetic loci or materials resistant
to GTDs as a method to improve grape’s resistance. In summary, GTDs widely happen in world and
lead to heavy loss. The research on the occurrence, epidemic pattern and action mechanism of GTDs
are important to understand how to control them and also other fruit trunk diseases in the future.

Key words: ESCA complex disease; Eutypa dieback; Botryosphaeria dieback; Black foot disease; Dia-
porthe dieback
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Table 1 Countries where the main grape trunk diseases have been reported
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Note: + means the disease has been reported in the countries listed in the same line, — means the disease has not been reported in the countries list-

ed in the same line.
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“Tiger stripe” of leaf symptoms (A) and vertical section of grape cor-
don showing vascular necrotic (B) caused by ESCA complex disease);
dieback (C), small and chlorotic leaves with marginal necroses (F)
caused by Eutype disease ; elongated black lesions on the shoots
caused by Botryosphaeria dieback (D); Delayed germination (E) and
the cross section of grape stems showing dark irregular necrotic lesions
(G) caused by Diaporthe dieback; dark necrotic on vertical section of
root (H) ¥ and infection on root (I) ™ caused by grape foot disease.
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Fig.1 Symptoms of grape trunk diseases
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Table 2 Typical symptoms of five main grape trunk diseases and their related pathogens

Disease name Typical symptom The main pathogen Reference
A R a. “PRYBL” “Tiger-stripe” Phaeoacremonium aleophilum — [78-79]
Esca complex b. “HH R “Apoplexy” Phaeomoniella chlamydospore
disease c. A AT IR 0. 8L Dark streaking in wood xylem Fomitiporia mediterranea

d. A5 B White rot in wood xylem
4 TR 99 a. J7[EA2 % Short internodes Eutypa lata [9,14,80]
Eutypa dieback b. MR/ KB4k, i 243K BE Leaves are small chlorotic with marginal necroses

c. KTy B3 T 8L 577 Sectorial wood necroses or wedge-shaped cankers
RS9 a. AJH IR L BT C B 595 Dark or brown wedge-shaped cankers in wood — Diplodia seriata [7.15]
Botryosphaeria b. Hi 2 EAA YRR I B 495 BE Elongated black lesions on the shoots Neofusicoccum parvum
dieback Lasiodiplodia theobromae

Botryosphaeria dothidea

Lk 2] a. AR B IR EA M IRFE Dark irregular necroses in wood Diaporthe spp. [57,81]
Diaporthe dieback  b. $5244 4 Berry shriveling

c. M5 RSk, U INIE, R EI8%%, K 43R Leaf wilting, leaf chlorosis

with necrotic margins, stunting, budbreak delay
i %) A a. MRIBAIRIEEE, fili KR IE Kecrotic root lesions, rootstock wood necroses Campylocarpon spp. [9,71,82]
Black foot b. W 2 AREk, I EIRGE, K AR, KZFAEIR Leaf wilting, leaf chlorosis Cylindrocarpon spp.
disease with necrotic margins, stunting, budbreak delay

CEEBR A A JLR 2 N AR ZE 35 8B T, Eskalen and
Gubler, 2001) s it F b= A7 JE UL 572 ] %) T Ak
P HAEIR 2 — (B 1-A) o & 3290 5L B /& Phaeo-
acremonium aleophilum Phaeomoniella chlamydo-
spore M1 Fomitiporia mediterranea™ . X895 Ji B H.
MELH B AR G2 5 BOUK R 0 R 8 8 I0
HETS ] ] TR 5 1 B RSRE R 2 Al 5% 719 [|) AR 0, i
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WL %2 B 3X EEE IR J5 1Y) 3~5 a J5 1] (8 5] A K SR
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ta™ o T 5T R L ARRE R 2 A A R A
TR B, A% 5505405 » ANRERA 2, IR A 25, DA R SR SK
s 1-D) . H T CARIE 1 45 M 5 3§ Al 580
1% E , B AFE Diplodia seriata~ Neofusicoccum
parvum K1 Botryosphaeria dothidea™" . %] = %
SR T EE AR  A R R AR, SR B
ok RV 78] 28] TURE s FRDRESRARABA o 2098 T 0] SRR R 2
REFIEIR (B 1-B), P2 A B, 5 — i B
AR, WA R B AT NSRRI R AR
MRS (B 1-G), FERAEFEMEATE. %
T AR B, Sl Gy RN 8, SRS 4 . E
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T3 5 T AR PR RE R AR, SRS RER £ 35
R L, GG, K TR, KRR, EKAE T
R RN B R BERIE(E 1-HM D, 5] %

M9 1) 9 I B T 22 & Campylocarpon fasciculare-
Campylocarpon pseudofasciculare. Cylindrocarpon

destructans~ Cylindrocarpon macrodidymum %5,

3 AR T IR A RAT R
3.1 HEZEHMIF(Esca complex disease)
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3.2 EZETn#%% (Eutypa dieback)
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3.3 EZER%% (Botryosphaeria dieback)

23 ot 9z I )93 B A S BT 4L R B T A
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ZEPERT R, ARV e B R B AR, B RN TR
BMAREMMKERE. SRPHEE TR T
FEA AR I 3], (23 d B BA REEZE
5o Neofusicoccum spp. T Fefil B L H T MAZE
5, 3—4 A Ak« Diplodia spp. T3 7 &1E1
HhME = 5,45 AR e, 11 A&k,
TR T BRI B AR IR E A2 8.4~19.9 °C , B AEAHXY
WL S T7%~94%", [ W 8L £ 0.2 mm BL 11,
THRAT AR AN, B AL 2] 10 m iz (1 FE
B, A7 G MEPE B HETE T HETETE 25 AN A 28l i 1
EAER AR ANFERAR N . Amponsahnt S5 M %]
WA R A57 35 73 1 380 1 Je8 1 R Y T 110 6 A i
P, Ho T H AT 42% , BT 17%, 1 FEARSRA
19% , BY #F I BT L2306 8%, 241 8%, M i g
3%, ZE HIIEH 3%, SRR B AEEMR N )2 500,
Ui T R 2 ERALE N B AT RE . AR A
7] 975 5 T TR 22 ) Bl AR K IR AP A — 8 2 7 (3R
3), 41 : D. seriata, N. luteum F1 N. parvum B 22 f¢
AR KR AL, 7F 20~30 °C 2 18], B. dothideaju
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Table 3 Cardinal temperature for mycelium growth of main pathogens of grape trunk diseases

2 KT R
i AR i ?;mperature for mycelium growth/C 253
Disease name Pathogen —_ - - — p—— - Reference
f2i& Optimum  #¢/k Minimal 1% 51 Maximum
T AP P. chlamydospore 20~25 5~15 30~35 [85,87-88]
Esca complex disease F. mediterranea 30 15 35 [79]
P. aleophilum 25~30 5 40 [85]
H % A% Eutypa dieback E. lata 20~25 2 35 [85,88-89]
%1 107997 Botryosphaeria dieback L. theobromae 29~35 4 40 [17,90-91]
B. dothidea 18~24 4~6 30~40 [17,90,92]
D. seriata 20~30 4 40 [17,90-91,93]
N. parvum 22~30 4 40 [17,90-91,93]
N. luteum 29 10 40 [91]
175 E A9 Diaporthe dieback Diaporthe spp. 25 15 35 [34]
%) AR Black foot disease C. fasciculare 30 10 35 [94]
C. pseudofasciculare 30 10 35 [94]
C. destructans 20~25 4 30 [94]
C. macrodidymum 20~25 4 30 [94]
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3.4 HZEE#%% (Diaporthe dieback)

PR ] AT PR I R A A AR i A
B AR EREAR , 55 8 0 V5t S e AR ) TR 9 [P RE R
AL, H 7, eEF1-a. TUB. CAL 1 ITS [ 51 4§
AENS, DA R Bom ST CA HE , (H5 R R B OGS
SEFERIE. C51 Phomopsis sp. 53 4 17 7£ [
B B AR 11 A 23542 A K2 A
KGR E N 25 C LT 15 CHIE T35 T2l
il A
3.5 BHEZiRH(Black foot disease)

] 2 AR P i e e o e A R R Y R
AR R B ok, 2 5 R A5 o
)7 A M RAT AR R UK 73 A TR0 S e b b S
1%, MIMIZEIE Bt Bk B AR H A ZE
i # Cylindrocarpon destructans 1 C. macrodidy-
mum T 22 ) 55l AR A B 20~25 °C , il FE AN
= N 4 “CHI30 ‘CP; Campylocarpon fas-
ciculare M1 C. pseudofasciculare ¥ 22 W) i& H. 5% = i
J£(30 C), {HAK T 10 C s T35 C 2 i) K AR
Ko AHEFE N NIZIRE I LA R ATA, BN
e AR G A 38 AL TR T A Y 2~12 em™Ys
(LT %67 5 (Rl A P [F8] s 0 AR s 9 i v I,
HO0.17% 0 R Z o FERG AP I 3 Bl AR 2 15
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