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Table 1. Isolates of mango stem end rot pathogens used in this study
Isolates Taxon Host Origin
T1-17B Lasiodiplodia theobromae Irwin mango Chiayi 
E1-20B L. theobromae Irwin mango Chiayi
S2-2B L. theobromae Irwin mango Chiayi
S2-12B L. theobromae Irwin mango Chiayi
E3-18B L. theobromae Irwin mango Chiayi
P4-B L. theobromae Kyoho grapevines Xihu, Changhua 
S4-25B Botryosphaeria dothidea Irwin mango Chiayi 
S3-19B B. ribis Irwin mango Chiayi
NH8-B B. ribis Irwin mango Nanhua, Tainan 
NH-7P Pestalotiopsis sp. Irwin mango Nanhua, Tainan 
E2-9X Phomopsis sp. Irwin mango Chiayi
E1-14X Phomopsis sp. Irwin mango Chiayi
WAC-003 Colletotrichum acutatum Wax apple CAES 1

MAC-003 C. gloeosporioides Mango (Tainung no.1) CAES 1

1 Chiayi Agricultural Experiment Station (CAES), Taiwan Agricultural Research Institute.

Lasiodiplodia theobromae (A) (B)
(C)

Fig. 1. Symptoms of mango stem end rot (A) caused by Lasiodiplodia theobromae, its colony morphology (the black arrow
is conidiomata) on potato dextrose agar (B), and conidial morphology (C).



14 ( ) PCR

ITS5 ITS4 PCR

( ) DNA ITS 

L. theobromae T1-17B GenBank

GU059257

GenBank (blast) L.

theobromae T1-17B 
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Fungal endophyte (AF413049 AF413047)

(B. ribis:

AF243393 AF243394) (B. dothidea:
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GCA GAC-3' ITS4 PCR 

60 58 56 54 52

Lth1/ITS4 L. theobromae

420 bp DNA 52

60 ( )

PCR ITS5/ITS4

Lth1/ITS4 

L. theobromae B. ribis

C. acutatum C. gloeosporioides

Pestalotiopsis sp. Phomopsis sp. DNA

ITS DNA 

L. theobromae Lth1/ITS4 

56 C.

acutatum B. ribis Phomopsis sp.DNA 

500 bp-600 bp PCR PCR 

58 L. theobromae 

( ) 58

PCR 

Lth1/ITS4 L. theobromaeDNA 

L. theobromae DNA PCR

DNA 1.25 pg

PCR 

DNA 125 fg ( )

L. theobromae 

2004 3 ( ) 4 

( ) 5 ( ) 2005 1 (

) 3 5 

/

L. theobromae

2004 2005 

(K) 

30%~35% 100%

(F)

30% 50%

70% 100%
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Lth1/ITS4 Lasiodiplodia theobromae DNA 
Fig. 2. Analysis of the optimized annealing temperatures of PCR for Lasiodiplodia theobromae total DNA with primer pair
Lth1/ITS4. M: 100 bp ladder maker; N: negative control (sterile water was used as the template). 



(F5) 

0% 18% 27%

11% 35% 57%

PCR 

L. theobromae

2004 (K1 K2 K3)

5 

5 

PCR (

) PCR 

(F1 F2 F3) ( )

(F2 F3) (

)

45.5%

(63.3%) (72.7%) 

15 ( ) 

2004 

PCR L.

theobromae

22 32 

54 13.6% 0% L. theobromae

18 4 2009230

PCR Lasiodiplodia theobromae DNA 12.5 ng 125 fg
Fig. 4. Analysis of the sensitivity of the seminested PCR (20 cycles of the first PCR reaction and 35 cylces of the second
PCR reaction) for Lasiodiplodia theobromae detection. M, 100 bp DNA ladder; Lane 1, 12.5 ng; lane 2, 1.25 ng; lane 3,
125 pg; lane 4, 12.5 pg; lane 5, 1.25 pg; lane 6, 125 fg; lane 7, 12.5 fg; N: negative control (sterile water was used as the
template). 

Lth1/ITS4 58 Lasiodiplodia theobromae

Fig. 3. Analysis of the specificity of PCR for Lasiodiplodia theobromae total DNA with primer pair Lth1/ITS4 at 58
annealing temperature. M, 100 bp ladder maker; lanes 1 and 2, Lasiodiplodia theobromae; lanes 3 and 9, Botryosphaeria
ribis; lane 4, Pestalotiopsis sp.; lane 5, Colletotrichum gloeosporioides; lane 6, C. acutatum; lanes 7 and 8, Phomopsis sp.;
N: negative control (sterile water was used as the template). 



PCR 18.2% 6.3%

109 33.3%~

82.1% PCR 23.1%~76% 

51 39.2% PCR

15.7% ( ) 2004 

(0% 33.3%)

(6.3% 26.6%) 

(13.6% 48.0%) (18.2% 76.0%)

(82.1%) (28.6%)

(73.1%) 

(23.1%) (39.2%) (15.7%) 

L.

theobromae 2005 

(70.8%) (29.2%)

(20%) (36%)

(92.9%) (81%) 

231

PCR Lasiodiplodia theobromae
Fig. 5. The seminested PCR detection (ITS5/ITS4, Lth1/ITS4) of L. theobromae from branches DNA samples of Irwin
mango trees. 1, a 500 bp band was amplified by primer pair ITS5/ITS4; 2, 420 bp bands were amplified by primer pair
Lth1/ITS4. M: 100 bp DNA ladder; P: positive control.

L. theobromae 

Table 2. Isolation rate of Irwin mango stem end rot pathogen L. theobromae of different mango branches positions by
traditional tissue isolation

No. 1 Year/month
No. of positive/ sample size of different branch positions Isolation rate 3

Old branch Junction 2 New branch total (%)
K1 2004/03 1/3 1/3 0/3 1/3 33%
K2 2004/04 1/2 0/2 2/2 2/2 100%
K3 2004/05 3/3 2/3 2/3 3/3 100%
K4 2005/01 4/26 9/26 0/26 9/26 35%
K5 2005/03 1/3 1/3 0/3 1/3 33%

F1 2004/03 1/3 0/3 0/3 1/3 33%
F2 2004/04 1/2 1/2 0/2 1/2 50%
F3 2004/05 3/3 1/3 0/3 3/3 100%
F4 2005/03 1/3 0/3 0/3 1/3 33%
F5 2005/05 6/10 7/10 4/10 7/10 70%
Total 22/58 22/58 8/58 29/58 50%
1 K, non-spraying; F, spraying (Cyprodinil + Fludioxonil); F5, Tainan Guantian orchard samples. The branches of Irwin mango

were collected from experimental orchards in CAES. Each branch of 1 cm in length was longitudinally cut into two sections, one
for tissue isolation test with isolated medium (PDA with 40 g/ml streptomycine sulphate), and the other for semi-nested PCR
test with the primer pairs of ITS5/ITS4 and Lth1/ITS4 in Table 3. 

2 Junction is the connection point between old branch and new branch. 
3 Isolation rate = (L. theobromae isolated from branch samples/total branch smples) 100%
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PCR 

PCR 
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PCR Lasiodiplodia theobromae 

Table 4. Lasiodiplodia theobromae detection rate of pre-plucked mango samples collected from different orchards by
seminested PCR and their disease rate. Pre-plucked mango samples were collected from 7 orchards in Pingtung, Tainan,
and Chiayi. The pathogen in fruit stalk and the skin near stalk was detected by seminested PCR. The pre-plucked samples
were treated with ethylene and stem end rot symptoms appeared in 9-12 days, significantly after 12 days

Date Seminested PCR
Y/M/D

Origin No.
detection rate 4 disease rate

2004/05/26 Fangliao Township, Pingdong County 1 22 18.2% 13.6%
Fangliao Township, Pingdong County 2 32 6.30% 0.0% 

2004/06/08 Yujing Township, Tainan County 1 25 76.0% 48.0%
Yujing Township, Tainan County 2 26 26.6% 33.3%
Nanhua Township, Tainan County 1 30 23.1% 73.1%
Nanhua Township, Tainan County2 28 28.6% 82.1% 

2004/07/02 Chiayi County 3 51 15.7% 39.2% 
2005/06/27 Yujing Township, Tainan County 1 24 29.2% 70.8%

Yujing Township, Tainan County 2 25 36.0% 20.0% 
2005/06/29 Guantian Township, Tainan County 42 81.0% 92.9%
1 non-bagged mango fruits. 
2 bagged mango fruits.
3 Mango fruits were collected from the mango field with drugs treatment (cyprodinil + fludioxonil). 4 Cut 0.8 cm 2 area of mango

peel around mango stem end

PCR Lasiodiplodia theobromae

Table 3. Detection of Irwin mango stem end rot pathogen Lasiodiplodia theobromae from different positions of mango
branches by seminested PCR

No. 1 Year/month
Old branches (cm) 2 Junction New branches (cm) 2

15 10 5 0 5 10 15
K1-1 2004/03 / 4 - + - - - / 4

K2-1 2004/04 / 4 + + + - - / 4

K3-1 2004/05 + + + + + - / 4

K4-1 2005/01 - - - - - - / 4

K4-2 2005/01 - - + + - - -
K5-1 2005/03 + + - + - - -
F1-1 2004/03 / 4 - + + + - -
F2-1 2004/04 / 4 + + + + + -
F3-1 2004/05 / 4 + + + + + / 4

F4-1 2005/03 / 4 + - - - / 4 / 4

F5-1 2005/05 / 4 + + - + - / 4

Total (%) 3 50% 63.6% 72.7% 63.6% 45.5% 20% 0%
1 K, non-spraying, presented no drug treatment in the mango fields. F, spraying drugs (Cyprodinil + Fludioxonil).
2 Old branches were collected away from junction 5, 10, and 15 cm toward the stem, respectively. 
3 Total (%) = (L. theobromae detected from the position of branch samples/the position of tested branch samples) 100%
4 non-collected.
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ABSTRACT

Yu-Ju Lin 1, Yen-Ting Wang 2, Hong-Ren Yang 3, Pi-Han Wang 4, 5. 2009. Detection of quiescent

infection of mango stem end rot pathogen Lasiodiplodia theobromae in shoot and pre-plucked mango

fruit by seminested PCR. Plant Pathol. Bull. 18: 225-235. (1 Department of Microbiology, Soochow

University, Taipei, Taiwan; 2 Department of Medical Research and Education, Cheng Hsin General

Hospital, Taipei, Taiwan; 3 Department of Plant Protection, Chiayi Agricultural Station, TARI, Chiayi,

Taiwan; 4 Department of Life Sciences, Tunghai University, Taichung, Taiwan; 5 Corresponding

author, E-mail: phwang@thu.edu.tw, FAX: +886-4-2359-0296)

A seminested PCR-based method was developed for specific detection of mango (Mangifera

indica L.) stem end rot pathogen Lasiodiplodia theobromae Griffon & Maubl. (=Botryodiplodia

theobromae Pat.) in plant tissues. A specific primer Lth1 was designed from rDNA internal

transcribed spacers (ITS) region of L. theobromae. Under stringent PCR conditions, a 420-bp

amplicon formed from L. theobromae DNA but not from other stem end rot pathogens such as

Botryosphaeria dothidea, B. ribis, Pestalotiopsis sp., Phomopsis sp., Colletotrichum acutatum, and C.

gloeosporioides. Seminested PCR using primer pairs of ITS5/ ITS4 and Lth1/ITS4 was sensitive

enough to detect 125 fg of genomic DNA. The technique was used to detect L. theobromae and study

the colonization of the pathogen in shoots and pre-plucked fruits. The pathogen in asymptomatic old

branches was detected by seminested PCR. It survived endophytically. During March to May, it grew

into new branch and extended to inflorescence. The endophytic pathogen seems to be an important

inoculum source of the post-harvest disease. In infected orchards, the pathogen was detected in 45.5%

of the base of new shoots, in 63.2% tissues between new shoot and old branch, and in 72.7% old

branch top. Pre-plucked mango samples were collected from 7 orchards in Pingtung, Tainan, and

Chiayi. The pathogen in fruit stalk and the skin near stalk was detected by seminested PCR. The pre-

plucked samples were treated with ethylene and stem end rot symptoms appeared in 9-12 days,

significantly after 12 days. In 2004, 0%-82% fruit samples developed stem end rot and the detection

rate of L. theobromae was between 6.3%-76%. In 2005, the disease rate of the fruit was 20%-92.9%

and the detection rate was about 29.2%-81%. The detection rate of pre-plucked samples was not

always consistent with the disease rate. However, when the detection rates in these samples were

higher than 10% by seminested PCR, their disease rates were higher than 10%. Based on the

standards of mango export orchards, the mango stem end rot disease rates need to be lower than 10%.

The seminested PCR assay showed promise as a monitor tool for the mango stem end rot pathogen. 

Key words: Stem end rot of mango, Lasiodiplodia theobromae, Semi-nested PCR, monitoring

technique


