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TABLE 1. Effect of different temperatures on the
development of carrot sour rot.

Temperature (C) Disease severity®
28 467 &
25 433 a
20 2.67b
16 133c
12 1.00cd
4 od

- Inoculateted carrot root blocks were incubated; Disease
severity: 0=no symptom; 1=1-20 % of tissues were
infected; 2=21-40 % of tissues were infected; 3=41-60 %
of tissues were infected; 4=61-80 % of tissues were
infected; 5=81-100 % of tissues were infected.

- Data, mean value of 4 replicates of 2 experiments, followed
by the same letter were not significantly different by
Duncan's new multiple range test (P=0.05).

(P=0.05) ( )
15C RH 100 70
25C

fenpropimorph  flutriafol

25C 15C
1

TABLE 2. Effect of relative humidity on the development of
carrot sour rot at 25 and 15 C.

RH (%) Disease severity®
25C 15C
100.0 433a 2.33ab?
99.0 3 3.33a
96.0 433a -
95.5 - 3.33a
86.5 - 1.67 ab
85.0 433a -
80.0 433a -
76.0 - 2.33a
75.5 400a -
70.0 - 1.00¢c
62.5 3.00a -

- Carrot tissues were incubated for 7 days. Disease severity:
0=no disease symptom; 1=1-20 % of tissues were infected;
2=21-40 % of tissues were infected; 3=41-60 % of tissues
were infected; 4=61-80 % of tissues were infected; 5=81-
100 % of tissues were infected.

- Data, mean value of 4 replicates of 2 experiments ,
followed by the same letter were not significantly different
by Duncan's new multiple range test (P=0.05).

% _: non- test.

G. candidum (P=0.05)
( ) 10 ppm (P=0.05)
10 50 100ppm  fenpropimorph
flutriafol
50 ppm 10 ppm (P=0.05)
flutriafol G.
candidum

Geotrichum candidum

TABLE 3. Effect of fungicides on the mycelial growth of
Geotrichum candidum on potato dextrose agar.*

Fungicide 2 Colony diameter (cm) at Conc. of fungicide (a.i. , ppm)
10 50 100
Fenpropimorph 2.16b° 269b  2.20b
Flutriafol 249b 1.05¢c 1.08¢c
Control 823a 823a 8.23a

1 Colony diameter was measured 14 days after incubation at

28 C.

- Each fungicide was added to PDA with the concentration
of 10, 50, 100 ppm (a. i.), respectively; PDA did not amend
with fungicides was used as controls.

" Data, mean value of 4 replicates of 2 experiments, followed
by the same letter were not significantly different by
Duncan's new multiple range test (P= 0.05).

Fenpropimorph flutriafol
(P=0.05) ( ) Futriafol 50 ppm
(P=0.05) Fenpropimorph
100 ppm

G.
candidum  PDA
G. candidum
10 10 PDA 1/2CZ 20 V-8

SA CMA CA ©6
26 34 52 224

26 34 52 224

(P=0.05) 52 224
( )



TABLE 4. Effectiveness of fungicides to control carrot sour
rot.!

Fungicide 2 Disease severity
Conc. of fungicide (a. i. , ppm)
10 50 100
Fenpropimorph 3.00 b* 2.33b 0.67¢
Flutriafol 3.00b 167c od
DCK 4.67 a 4.67 a 4.67 a
HCK od od od

! Disease severity was measured 14 days after incubation at

28 C.

* Each fungicide was applied to carrot root blocks with the
concentration of 10, 50, 100 ppm (a. i.), respectively; DCK:
Each carrot root blocks was inoculated with 0.5ml G.

candidum suspension (1x 10* spores/ ml); HCK: Each Bacillus amyloliquefaciens (#224)

carrot root blocks was inoculated with 0.5 ml sterile

distilled water. Fig. 3. The effect of Bacillus amyloliquefaciens (#224) to
3 Disease severity: 0= no disease symptom; 1=1-20 % of control carrot sour rot. DCK: disease control, HCK: health

tissues were infected; 2=21-40 % of tissues were infected; control.

3=41-60 % of tissues were infected; 4=61-80 % of tissues
were infected; 5=81-100 % of tissues were infected.

- Data, mean value of 4 replicates of 2 experiments, followed
by the same letter were not significantly different by
Duncan's new multiple range test (P= 0.05).

TABLE 5. Effectiveness of microbial antagonists to control
carrot sour rot *.

Antagonist? Disease severity®
26 4.00 ab*
34 3.69b
52 0.67c¢c
224 0.33¢c
DCK (Disease control) 4.67a
HCK (Heslth control) Oc

* The concentration of G. candidum was 1x 10 spores/ ml ;
carrot roots were cut to produceal  deep cavity with a
cork borer (0.6 in diameter at the center of the surface).

* Carrot roots were inoculated with 0.5ml (1x 10° cfu / mi
suspension) of antagnoist after the inoculation of pathogen
; DCK: carrot roots were only inoculated with 0.5 ml of G.
candidum suspension ; HCK: carrot roots were inocul ated
with 0.5 ml of sterile distilled water.

" Disease severity : 0 = no disease symptom ; 1=1-20 % of
tissues were infected ; 2 = 21 -40 % of tissues were
infected; 3 = 41-60 % of tissues were infected ; 4 = 61-80
% of tissues were infected; 5 = 81-100 % of tissues were
infected.

- Data , mean value of 4 replicates of 2 experiments,

52 followed by the same letter were not significantly different

by Duncan's new multiple range test (P=0.05).

Flutriafol (100 ppm) 3
Fig. 2. The effect of Flutriafol (100 ppm) to control carrot
sour rot. DCK: disease control, HCK: health control.

224
52 Pseudomonas fluorescens 224
Bacillus amyloliquefaciens
P. fluorescens # 52 B.
amyloliquefaciens # 224 G. candidum
Pseudomonas fluorescens#52  B. amyloliquefaciens #
224 G. candidum « )
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Geotrichum

Bacillus amyloliquefaciens #224
candidum
Fig. 4. Bacillus amyloliquefaciens #224 adhered to hyphal
surface of Geotrichum candidum, and caused deformation of
the fungal hyphae. GC=Geotrichum candidum, BA=Bacillus
amyloliquefaciens.
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ABSTRACT

Wu, H. C.%, Chen, T.W.}, and Wu, W. S.*? 1999. The etiology and control of carrot sour rot. Plant Pathol.
Bull. 8:1-8. (* Department of Plant Pathology, National Taiwan University, Taipei, TaiwanR. O. C. ; *
Corresponding author, E-mail: hoganwu@ccms.ntu.tw , Fax No: 23660148)

In 1996, carrot sour rot was first found in the traditional market in Taipei. This disease was identified
to be caused by Geotrichum candidum Link ex Pers. Carrot sour rot occurred mostly at the tip of the tap
root. The early symptom was a water-soaked appearance on the infected tissue. A thin, cheese-like layer of
white mycelium formed on the infected areas during the late stages of disease development. These diseased
tissues were crumbly and rotted rapidly, exuding juices that smelled strongly sour. The optimal temperature
for the disease development was 28 C. Below 20 C, disease severity was reduced. Carrot sour rot did not
occur below 4 C. This disease occurred readily on carrot tissues under 28 C, regardless the relative humidity
(e.g. 100% vs. 75.5%). While the storage condition was at 15 , disease did not happen when the relative
humility was 70%, and disease was mild when RH was 100%. This simply indicated that temperature was
the critical factor to affect the development of carrot sour rot. 10 ppm of Fenpropimorph (75% a. i., Corrbel,
Mistral) and flutriafol (12.5% a i., Impact) were able to inhibit significantly the growth of G. candidum.
Antagonistic microorganism isolates # 52 and # 224 were isolated from the surfaces of carrots and selected
by means of dual and concomitant cultures. Both of them were able to cause the hyphae of G. candidum to
become deformed, besides this occurred clarifying and swelling on the affected hyphae. The amount of
sporulation was also reduced significantly. The two antagonistic isolates (i.e. #52 and #224) were identified
as Pseudomonas fluorescens and Bacillus amyloliquefaciens, respectively, by BIOLOG system. They had
the capability to reduce the disease severity in this test.

Key words : biocontrol, carrot sour rot, chemical control, etiology, Geotrichum candidum



