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KT AL E Rk 5 1z - iR DA BREE B4R 0 8%
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W B IR L 30 pL 7 fil R0 > BN 3 [VI#EHY
Rz MER - fhalE R BERINAE | mL fEE



e 2 BEE R T < IR R 45
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Fig. 1. Disease severity of coffee leaf rust observed

in the branches of the upper and lower canopy of coffee
plants.
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2. H Hemileia vastatvix 5 [FERYIIMEEE P EE = PR 7 HURE - (A) B BItEm Bk = EBE  (B) Fy
ey L eI ¢ (C) DL SEM BIZEE R E 14t ¢ K (D) SER s TS 2T AIRk -
Fig. 2. The symptoms caused by Hemileia vastatvix on coffee leaves and morphology of urediniospore. (A) Yel-

lowish spots on the coffee leaf in initial stage; (B) orange, powdery blotches occur on the underside of leaves; (C)
scanning electron micrographs of urediniosporic sorus on the underside of a coffee leaf; and (D) light microscope of

urediniospore.
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Fig. 3. Effect of temperature on the spore germination
of Hemileia vastatvix.
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Fig. 4. Effect of 4-4 Bordeaux mixture (Bor) and
neutralized phosphorous acid solution (NPA) (1 g L™)

on disease severity of coffee leaf rust, respectively. CK:
mock control.
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Fig. 5. Application timing of 4-4 Bordeaux mixture
for the management of coffee leaf rust. A: application
once on rainy season (June); B: each application once on
rainy season (June) and at initial stage of coffee leaf rust
emerging (July); C: application once at initial stage of
coffee leaf rust emerging (July); and CK: mock control.

F 1. 44UHZIRE YRR E R T % 2%
2 .
Table 1. Bordeaux mixture effect on spore germina-

tion of coffee leaf rust (Hemileia vastatvix) at 25°C after
6 h of incubation.

z

Spore germination (%)

Treatment In vitro” Detached leaves®
4-4 Bordeaux mixture 0a" 0a
CK" 60.1 b 60 b

“ Spore germination (%) = (numbers of spore germinated/100
spores) x 100%.

¥ In vitro, the experiment was conducted on micorslide.

* Detached leaves, the experiment was conducted on coffee
leaves.

“Means within the same column followed by the same letter
are not significantly different at 5% by Fisher’s least signifi-
cant difference (LSD) test.

" CK: control check. Treated with distilled water.

kR B2 SREEERER > AR
BHiREmMYEER ETESBR S 20T - &
REUR > 44 FHLRRZEH (6 H)
S EE 2% 493.00 mg kg % 1-2 (§ H
(7-8 A) HA5E & B 55 H1A 472.00 mg kg
333.00 mg kg > HEIFFHE 3 mo (9 F) §75%
HETEZE 91.00 mg kg 5 H4h » ninykRE R
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9 HISHEFTERGE e - SMTR A B 8.43 mg kg
(F2) - AR 2 B - EEREER SR
B HigRE 2 RN 843 mg kg (£2) -

HE:

UE SR Ry B TRk E B R E RN E
FREZ— » [ERIRnyEzE M R £ (Silva
et al. 2006) » g% B 2 BE0E AR FE R R R AU
A RBRIAMRFAEE R 8GR TR
LU & 2 o e 5 AR R R A 4 R %
VBT 8-12 H & 4 B8 (Chen 2007) - [ AW}
TN 2018 FE E R A FELE R B B
G & 2 uinE S IR A 8-12 H - $59K
(H. vastatvix) T ZHHE AR A RZ
FHEY) - = AR - RS B KA A
Ry R IR AR+ A28 38 Bk 8% 95
B 2 s KR T 15-30CE 2R %
BE61%  Hf Dl 20-25CH#FRRME - &
IR AT B 15-30°C 2R > B E YRS N
32 RILEE BRI SRR - F
HEKIFEE RRBASRE R - BB % R
NHRZE » RIAZZEAIR AR - 68— F 2%
LL5-6 H IR 2 R 7-9 H Y e JE\ 2 [ R 5%
% U PR R R 1 K 25 R R e R IR IR
IE 21 it i /K B A 17 75 95 T B F AR 4 -
A EFRBIRBE R ABEEBHRE > &
IR RBHHEE  FRERZERE - RER
L EE &R B 3 24 (http://e-service.cwb.
gov.tw/HistoryDataQuery/index.jsp) ¥ 7 2
RO 2018 i ME 5 HEREE 51 mm o
FEKHEE4d o6-8 HHMZEHENR
=B A 365 mm - [FKHEEHIRKR 20
d 9 H k%I R & ke 7K B 8RR R

2. A 4-4 FORRE R | TRWEER 2§ & -

e /L 2018 FEEBZRFEERR 6-8 H
i o AN IR E R 2R R BB R
HH (incubation period; IP) %4925 3—6 wk » fiff A
T RERERBBEZIN - B2
(Pohlan & Janssens 2010) - EHUA LB LS
R RRZERY 8 ARlGHEREE  NRBER
%2 10-11 JAI R RER Ry S I - 55— 05
[ ABHZEEE IR EEE R N B T S A AR IR
[E#r FIRERE - PR BLYERY T EER L8
AR > B BT > B T R R
= AT KR Y R R TR T
R ERZLRARE o INASURRTEH » ik e 24 28
PR R R - R ERE Z B RN SR A
HitE (Waller 1982) o SR 2K A 5 & & 2 1fi ok [
& DA B 50 2 SR N B S AR
B E RN E T s e R BRE
MR T AFEREREREZ L FEUEE
IS s R T B EE R g A R 1
AN i 2 AR AR R
B aunEFAR A - ABZEFIA 1 gL' 2 NPA
K 4-4 SRR % RAE R bia &t - A5 & e
A e 2 B a2 R - HE sl bR aE R &
T 0 B AT R i R 5 YRR R T H
DL 4-4 0K B 2 7 A Th A i Ry 82 » NPA &
REFF RSN WA 2 BN E - BRTE AT
SR MEEE DR EINE SR E
(oomycetes diseases) ~ {EVIAVIZ IR ~ WRI= A K
E % B ER S B A BFHIERER (Cohen
& Coffey 1986; Ann 2001; Johnson et al.
2007) + KFT A UIBERE 752 36 (Ogoshi
et al. 2013) - SHWE LR )6 H B W = 2 7F H &
Hl - HATC S ERR T 0] M aEs S Y s bt
PtEZAh AR FE B B S R B 2 B4R EL
AT F LUE R RES TAYHM (Grant et al.

Table 2. Residue of copper (Cu) after application once with 4-4 Bordeaux mixture.

Cu (mg kg")
Treatment No. of leaves No. of berries
Sampling date 2019/6/19 2019/7/10 2019/8/19 2019/9/18 2019/9/18
4-4 Bordeaux mixture 493.00 472.70 333.00 90.97 8.43
CK* 4.93 3.40 1.70 1.60 1.60

“ CK: control check.
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1990; Guest & Bompeix 1990) - #73KHI| A W%
SBE > nobilNs$5 (manganese phosphite) FYE
= B e o B T PR R EE R Ay S Ak 0 B
JE R A] 7 58-63% (Costa et al. 2014; Monteiro
et al. 2016) - H AR EARGH IR FEH 2
NPA M #5 - o8 5 B8 55 A B /a3 SR Ry B -
HrTgE [ A Ry no b BE o] 55 L AE V) SR LR 1 2
Sp (Monteiro et al. 2016) » SR Z gt E 0]
RS RR A B EY) (total soluble phenols;
TSP) BEUR'E E (lignin) Z AR » #E T35 5801
W Z BiEE R RE AR (Pérez et al. 2020) - A
ZE LA NPA Jiiii FH 45 5 3 B » BB /I P EC o R 2%
TSRO 2 RS - R AT — D ERET NPA
W3 2 B i NPA RS - 50
FRAAFE B A kS5 % 2 Dhai - #5 DU E NPA
e SR B 7E R

R 2 R BERURE R A WS
HEMAAHMEHEEIEBIEIIR - BAI
T2% 7 FR 25 Ry IR EE B0 ~ W4 B D B 0 K
WG EERERE 2 aMEHEE - FH2R
(Y E AR R R E BT (Cu®) o sk
Tl BB E R T35 SF MR < B R E T -
177 $L i £ 38 oF B 28 O i TR A R U 52
(Liu et al. 2015) « AbFE 45 5845 B 009k E% I
WL 4-4 HORMZ KRR 6 h 1% - HE
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Evaluation of Control Efficacy of 4-4 Bordeaux Mixture
Against Coffee Rust

Hui-Fang Ni', Sui-Li Hsu’, Su-Yu Lai’, Shu-Fen Chang’, and Ching-Yi Lin*"

Abstract

Ni, H. F., S. L. Hsu, S. Y. Lai, S. F. Chang, and C. Y. Lin. 2021. Evaluation of control
efficacy of 4-4 Bordeaux mixture against coffee rust. J. Taiwan Agric. Res. 70(1):43-53.

Coffee rust disease caused by Hemileia vastatvix is one of the main limiting factors of coffee
production worldwide. In Taiwan, coffee rust disease mainly occurs from August to December, and
lower coffee tree canopy has more disease severity. With free water at 20-25°C, the spore germina-
tion ratio over 72% in 6 h. Spore germination was inhibited under 10, 35 and 40C. Because currently
recommended fungicides are not available for control coffee rust in Taiwan, the work present here
was to evaluate the effects of neutralized phosphorous acid and 4-4 Bordeaux mixture on coffee rust,
respectively. In field experiments, both materials suppressed the coffee rust disease with a reduction
in disease severity, and noticeable suppression efficiency was found on the coffee trees sprayed with
4-4 Bordeaux mixture. Applicable timing and frequency of spraying 4-4 Bordeaux mixture were also
conducted in field. The results indicated that spraying 1-2 times before rainy season was effective in
suppress coffee rust disease. The disease severity was 5.45% at 3 mo after spraying once, while dis-
ease severity was 4.23% at 3 mo after spraying twice. In vitro inhibition of germination of H. vastat-
vix urediniospores was observed and indicated that 4-4 Bordeaux mixture exert some toxic effects to
the fungi. In addition, coffee berries showed 8.43 mg kg of copper residues at 3 mo after spraying 4-4
Bordeaux mixture. The copper residues of coffee berries observed in this study are far under the Euro-
pean existing maximum residue levels for copper compound of coffee bean. Thus, it suggests that 4-4
Bordeaux mixture may be used for controlling coffee rust effectively and safely. The study provides
important reference for management of coffee rust disease in Taiwan in the future.

Key words: Bordeaux mixture, Neutralized phosphorous acid, Coffee, Coffee rust disease.
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