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A B ST R A C T

D ragon fru it (Hylocerus spp.) is a new ly in troduced  fru it crop and has becom e a 
popular cash crop in Sri Lanka. In N ovem ber 2010, a new  destructive d isease w ith  stem  
spots w as reported from  m any regions o f  Sri L anka. Botryosphaeria dothidea  (M ong. 
Fr.) Ces and D e N ot. (A nam orph : Fusicoccum aesculi) w as identified  as the fungal 
pathogen o f  stem  spots on dragon fruit. A  very  high disease incidence (100% ) and  
severity (60- 80% ) w ere observed  in the highly susceptib le red-fleshed  species w h ile the  
w hite-fleshed  species w as to lerant to stem  spot disease. L ow er incidence (5% ) o f  
anthracnose caused by Colletotrichum gloeosporioides  (R enz) Sacc. w as also observed  in 
both species. Botryosphaeria dothidea  is a quarantine pathogen  and has the poten tia l to 
cause serious-econom ic losses in dragon fru it and in other local fru it crops in the future. 
Both fungal pathogens can spread through p lanting  m aterials. L ack  o f  pathogen-free  
planting m aterials and poor know ledge on proper cu ltural and d isease m anagem ent 
practices w ere identified  as the key constraints to dragon fru it cu ltivation .
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IN T R O D U C T IO N

The D ragon fruit (Hylocereus spp.), also know n as P ithaya (L atin  
A m erica) or straw berry  pear (English), is an edible v ine cactus native to  
M exico, Central and South A m erican  countries (V alencia et al., 2003a). 
Presently, it is grow n com m ercially  in m ore than  20 countries in the tropics 
and subtropics (M izrahi and N erd, 1999) due to its edible qualities such as 
delicious taste and nutritional value (rich  in v itam in  C, Phosphorus and 
Calcium ). The fruit contains m edicinal properties such as an tioxidants, w hich  
help to  prevent the developm ent o f  colon cancer and diabetes. It can be 
consum ed as a fresh fruit or used to prepare  salads, ju ice , jam , syrup, ice 
cream , yoghurt, je lly  and candy.

The edible vine cacti species belongs to tw o d ifferent genera Hylocerus 
and Selenicereus, based  on the nature o f  stem  habit, skin and pulp  color. 
Three species o f  Hylocerus undatus (w hite flesh w ith  red  skin) H. polyrhizus 
(red flesh w ith  red  skin) and Selenicereus megalanthus (w hite flesh w ith  
yellow  skin) are cultivated in the w orld  (G unasena and P ushpakum ara, 2006). 
D ragon fruit w as first in troduced to Sri L anka in 1997 (Pushpakum ara et al.,
2007) and now  is a popu lar fru it crop grow n b y  m any  farm ers for the export 
m arket. The cultivated extent o f  dragon fruit in Sri L anka at p resen t is about 
1200 ha, w hich includes com m ercial cu ltivations and sm all scale hom e 
gardens distributed in low  country  w et, in term ediate  and d ry  zones {personal
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com m unication  w ith  p la n tin g  m a te r ia l p ro d u c e rs  an d  fru it e x p o rte rs) . T he  
w h ite -f le sh e d  d ra g o n  fru it  sp e c ie s  w e re  in tro d u c e d  e a r lie r  to  Sri L an k a  fo r  
c u ltiv a tio n  an d  la te r  th e  re d -f le sh e d  sp e c ie s  w e re  im p o rted  fro m  T h a ila n d  fo r 
c o m m e rc ia l c u ltiv a tio n . T h e re  is a p o te n tia l  fo r  in tro d u c tio n  o f  n ew  p a th o g e n s  
to  th e  c o u n try  w ith  im p o rte d  p la n tin g  m a te r ia ls  o f  d ra g o n  fru it.

R e c e n tly , a n e w  d e s tru c tiv e  d ise a se  w ith  s tem  sp o ts  fo llo w ed  by  
y e llo w in g  a n d  ro ttin g  o f  a ffe c te d  s tem s, w a s  re p o rte d  fro m  re d -f le sh e d  d rag o n  
fru it  f ie ld s  g ro w n  in  M a ta le , M in u w a n g o d a , K u ru n e g a la , K ir in d iw e la  and  
W a d d u w a  a re a s  in  S ri L an k a . S e v e ra l d ise a se s  o f  d ra g o n  fru it c au sed  b y  fu n g i, 
b a c te r ia  an d  v iru se s  h a v e  b e e n  re c o rd e d  in  th e  w o rld  (M a sa n to , 2 009 ; 
M a sy a h it  et a l., 2 0 0 9 ). R e se a rc h  o n  d ra g o n  fru it  in  Sri L an k a  h as been  
c o n c e n tra te d  m a in ly  o n  d e v e lo p in g  c u ltiv a tio n  te c h n o lo g ie s  an d  h en ce  
in fo rm a tio n  o n  d ise a se s  o f  d ra g o n  fru it  in  S ri L a n k a  is scarce . Id en tif ic a tio n  o f  
p a th o g e n s  is the  f irs t s tep  in  d e v e lo p in g  c o n tro l m ea su re s . T h e re fo re , the  
o b je c tiv e  o f  th e  s tu d y  w a s  to  d e te rm in e  th e  in c id e n c e  an d  se v e rity  o f  the  
d ise a se s  a s so c ia te d  w ith  d ra g o n  f ru it  c u ltiv a tio n , to  id e n tify  the  cau sa l 
o rg a n ism s  a n d  to  c o n firm  th e  p a th o g e n ic ity  o f  s te m  sp o ts  o n  d ra g o n  fru it.

M A T E R IA L S  A N D  M E T H O D S

Isolation  and Identification  o f Pathogens

D ise a se  sy m p to m s  w e re  re c o rd e d  fro m  th e  in fe c te d  fie ld s  a t M a ta le , 
M in u w a n g o d a  a n d  K u ru n e g a la  a reas  in  S ri L a n k a  a n d  a lso  fro m  sa m p le s  
re c e iv e d  to  th e  la b o ra to ry  o f  H o rtic u ltu ra l  C ro p s  R e se a rc h  a n d  D e v e lo p m e n t 
In s titu te  (H O R D I), G a n n o ru w a  fro m  W a d d u w a , G a la h a  a n d  K ir in d iw e la  a reas 
o f  th e  c o u n try  d u r in g  D e c e m b e r  2 0 1 0  to  M a rc h  2 0 1 1 . S te m  p a rts  an d  fru its  o f  
th e  in fe c te d  p la n ts  o f  b o th  re d -f le sh e d  a n d  w h ite -f le sh e d  sp e c ie s  e x h ib itin g  
d if fe re n t sy m p to m s  w e re  c o lle c te d  fo r  p a th o g e n s  iso la tio n . T h e  fu n g a l 
p a th o g e n s  w e re  iso la te d  fro m  le s io n s  o f  s te m  a n d  fru its . A  sm a ll p ie c e  o f  
tis su e s  w e re  su rfa c e  s te r iliz e d  in  70  %  e th y l a lc o h o l fo r  2 -3  m in  an d  p la c e d  on  
p o ta to  d e x tro se  a g a r  (P D A ) c o n ta in in g  s tre p to m y c in  0.1 %  w /v  an d  w ere
# o

in c u b a te d  a t ro o m  te m p e ra tu re  2 6 ± 2  C . W ith in  o n e  to  tw o  d ay s , su b -c u ltu re s
o

w e re  m a d e  to  o b ta in  th e  p u re  c u ltu re  a n d  in c u b a te d  fo r  5 - 7  d ay s  a t 2 6 ± 2  C.

Iso la tio n s  w e re  a lso  m a d e  fro m  tis su e s  ta k e n  fro m  th e  x y le m  an d  p ith  
o f  a ffe c te d  s te m s  to  d e te rm in e  i f  th e  p a th o g e n s  h av e  in v a d e d  sy s te m ic a lly . 
T h e  m y c e lia l  g ro w th  a n d  c o n id ia  d e v e lo p m e n t o n  P D A  w e re  o b se rv ed . 
F u n g a l c o lo n ie s , w h ic h  w e re  su sp e c te d  to  b e  fro m  d if fe re n t g e n e ra  o f  fung i, 
w e re  re - iso la te d  o n  P D A  a n d  s in g le  sp o re  in o c u la n ts  o f  fu n g i g e n e ra  w ere  
m ad e . T h e  iso la te d  p a th o g e n s  w e re  th e n  id e n tif ie d  b a se d  on  m ic ro sc o p ic  
o b se rv a tio n s  o f  c o n id ia  a n d  c u ltu re  c h a ra c te rs  o n  P D A .
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Pathogenicity test

The inoculation techniques w ere carried  out according to the m ethods 
explained by  M ichailides (1991). B oth  red -fleshed  and w hite-fleshed varieties 
w ere used in the experim ents. Tw o healthy  p lants o f  15-20 cm  tall from  each 
variety  raised in pots contain ing  au toclaved soil w ere used  to confirm  the 
pathogenicity. The inoculum  w as prepared  from  single spore culture on PD A , 
spores w ere suspended in sterile d istilled  w ater and the concentration  o f  the 
collected spore suspension w as adjusted  by  heam ocytom eter to obtain  a spore 
concentration o f  105 conidia/m l. E ach fungal pathogen  w as w ound inoculated 
into stem s o'f healthy dragon fruit (red-fleshed  and w hite-fleshed) p lants. The 
control plants w ere inoculated  w ith  sterile  d istilled  w ater. E ach inoculated  
p lant w as covered w ith a m oist poly thene bag for 72 hrs to create a high 
hum id condition and kept in the greenhouse for 3 - 4  days. P lants w ere kep t in 
m oist environm ent for 2 w eeks to observe the developm ent o f  disease 
sym ptom s.

Assessment of disease occurrence

A ge o f  the p lants o f  the inspected  cu ltivations w as about 1 -2  years and w as at 
vegetative to reproductive  stage at the tim e o f  observation. T he disease 
assessm ent w as taken from  five locations from  the infected  fields at M atale, 
M inuw angoda and K urunegala  areas in Sri Lanka. F ifty  dragon fruit plants 
from  each species w ere random ly  sam pled  from  each location  to assess the 
disease occurrence. D isease Incidence (D I) w as calculated  by  using  the 
follow ing equation.

N o. o f  in fected  p lan t units

DI = x 100

Total no. o f  p lan t units assessed

The D isease Severity  (D S) w as determ ined  according  to the alternative 
rating scale p roposed  by  B row n and B ritton  (1986) using  the scale 0 = no 
spots, 1 =  0-20%  , 2 =  20-40% , 3 -  40-60% , 4 =  60-80%  and 5 =  80-100%  
stem  affected, respectively . A dditional in form ation  such as m anagem ent 
practices w as also recorded.

R E SU L T S A N D  D IS C U S SIO N

Disease symptoms

Tw o m ajor d iseases sym ptom s, stem  spot and anthracnose w ere 
observed during the investigation  period. Stem  spots first appeared as sm all, 
round, chlorotic spots, w hich  enlarged  to  a m axim um  o f  0.5 cm  in d iam eter
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and  la ter b e co m e  re d d ish -b ro w n . O n the  fru it, le s io n s  b egan  w ith  sm all b ro w n  
spo ts , s lig h tly  ra ised . T he  fu n g u s-in fec ted  fru its  cou ld  no t be so ld  as fresh 
fru its  due  to th e ir  p o o r a p p ea ran ce . T he les io n s co a lesced  and  m ade  large 
y e llo w in g  a reas  fo llo w ed  by  ro ttin g  and  fo rm ed  can k e rs , and  the stem s d ied  in 
the  la te r s tage  o f  the  d ise ase  d e v e lo p m e n t. N u m e ro u s  b lack  p y cn id ia , w h ich  
are  g lo b o se  in sh ap e , w e re  fo u n d  on the  c an k e rs  (F ig u re  1).

F ig u re  1. S tem  sp o t sy m p to m s  on d ra g o n  fru it; la -  S tem  sp o t in itia lly  y e llo w , b ecom e red  
an d  f in a lly  b ro w n  lb -  S y m p to m s on fru it

A n th ra c n o se  sy m p to m s a p p ea re d  in itia lly  as red d ish  b ro w n  les ions 
w ith  c h lo ro tic  h a lo e s  n e a r  rib s o f  the  s tem  and  on fru it, and  then  c o a lesce d  to 
ro t (F ig u re  2). L ater, b lack , m in u te , s lig h tly  ra ised  a ce rv u li ( f ru itin g  b o d ies) 
w ere  d e v e lo p e d  as the  d a rk  c o n ce n tr ic  rin g s  on the  le s io n s  and  then  co a lesced  
to  rot. P in k  m asse s  o f  c o n id ia  d e v e lo p e d  from  the  ace rv u li u n d e r h igh  h u m id  
c o n d itio n s . S o m e tim es  m ix e d  in fec tio n s  w ith  stem  spo t co u ld  be seen  in red - 
f le sh ed  v a rie ty .

F ig u re  2. A n th r a c n o se  sy m p to m s on d ra g o n  fru it; 2a . b row n  les ion s n ear  to rib ed ge  
an d  L esio n s  c o a le sc ed  to rot, 2b . S y m p to m s on fru it
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Isolation and identification of pathogen

Two different fungi were isolated, namely Eotryosphaeria sp. and 
Colletotrichum sp. The Botryosphaeria sp. was isolated from white spot and 
brown spot lesions on stem, in the xylem and in pith tissues, thus indicating 
that this fungus has potentail to spread throughout the plant.

Cultures o f  Botryosphaeria sp., initially white to olive green in both 
sides, but after 2-3 days become gray to black and a consistently fast-growing, 
wasisolated from these diseased stems and fruits. The conidia observed in 
these bodies were one-celled, hyaline and ellipsoidal to fusoid with truncate 
bases. The isolated fungus similar to the anamorphic Fusicoccum state o f  B. 
dothidea (Moug.:Fr) Ces & De Not. The teleomorph was never observed in 
culture, but was seen on infected plants.

Colletotrichum sp. was isolated from the reddish-brown sunken lesions 
near ribs o f  affected plant stems. The fungus had whitish orange colony and 
turn dark grey when older. Reverse o f  colony grey, black with age and formed 
perithecia. Conidia are hyaline, aseptate, unicellular and cylindrical with 
obtuse ends. Isolates o f  both fungi were then identified by comparison o f  their 
colony characters and morphology on PDA and m icroscopic observations o f  
fruiting bodies and conidia with the published data (M ordue, 1971; Valencia et 
al., 2003b; Brooks and Ferrin, 1994). Based on above literature, 
Botryosphaeria species was identified as B. dothidea (Moug: Fr) Ces and De 
Not. (Anamorph: Fusicoccum aesculi) and Colletotrichum sp. was identified 
as C. gloeosporioides (Penz.) Sacc.

/

Pathogenicity test

Typical symptoms o f  stem spots and anthracnose were developed on 
the stems o f  both dragon fruit varieties within 3-4 and 5-7days after 
inoculation, respectively. Both pathogens were re-isolated from artificially 
inoculated plats satisfying the K och's postulate. All o f  the control plants 
inoculated with distilled water and maintained under same conditions 
remained healthy.

Based on disease symptoms o f  the infected plants, pathogenicity test, 
colony and morphological characters o f  fruiting bodies and conidia, and 
microscopic observations, two pathogens were identified as B. dothidea 
(Mong. Fr.) Ces and De Not and C. gloeosporioides (Penz.) Sacc. causing 
stem spots and anthracnose, respectively. Infections o f  stem spot disease and 
anthracnose in fruits reduce yield and quality on susceptible varieties under 
favorable environmental conditions. This pathogen can survive in infected 
crop debris and can also be transmitted through planting materials. Heavy
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rains tha t p revailed  during  the early tnaha season coupled  w ith susceptib le  
dragon fru it varie ty  seem ed to have favored the developm ent and spread o f  the 
d isease. D estruction  o f  crop debris w ill reduce the  infection w hile  the use o f  
healthy  p lan ting  m ateria l is im portant to control the d isease.

Stem  spot caused  by B. dothidea  has been previously  reported  to cause 
panicle  and shoo t b ligh t and canker d iseases o f  p istachio , peach, apple and 
fruit rot o f  avocado , guava, m ango and forest trees, chaparral bushes (B rooks 
and Ferrin , 1994) and m any o ther p lant species. T he d isease  has a lso  been 
recognized  as one o f  the  quaran tine  pests in the  w orld  (B row n and B ritton, 
1986; M ichailides, 1991; M enge and P loetz, 2003; Ploetz, 2003; Jayaw ardena 
and Silva, 2010). H ence, it has the  potential to  cause serious econom ic  losses 
in d ragon fru it and  o ther local fru it crops in the  future.

Assessment o f disease occurrence

T he stem  spots sym ptom s first appeared  during  the  early  maha  season 
2010/2011 in all the  areas w here  red-fleshed exotic  d ragon fru it species w as 
cu ltivated , but low  infections w ere reported  from  the w hite- fleshed species 
p lanted ad jacen t to  th is red-fleshed  variety . Stem  spot d isease  had 100 %  
incidence and the h ighest severity  a t a score scale  o f  3-4 (40- 80% ) in red- 
fleshed d ragon  fru it in m ost o f  the  locations. H ow ever, a low  incidence (1-5 
% ) w ith  few  spo ts w ere  found in the w hite-fleshed  species im plying  that the 
species is to le ran t to  the  stem  spot d isease. A nth racnose  had rela tive ly  low er 
incidence than  stem  spot at a range o f  1-5 %  in both species. In fec tions o f  both 
d iseases could  no t be observed  in the  dragon fru it cu ltivation  a t HO RDI 
research  fie ld s (T ab le  1).

T he d iseases w ere low  even in red-fleshed dragon fru it varie ty  in one 
location  put o f  th ree  at M inuw angoda area  due to that the  crop  has been 
m ain ta ined  w ith  good m anagem en t practices (includ ing  fertilization , 
irrigation , w eed  con tro l) and field  sanitation (includ ing  pruning  o f  infected 
stem s and destroy ing  them , p roper d isin fec tion  o f  prun ing  equ ipm en ts), w hich 
has helped  reducing  the  d isease  severity  and incidence.

Som e farm ers had no t m anaged the crop well and the stem  spot d isease 
w as w orse  in such cu ltiva tions and the  affected stem s form ed cankers due to 
m o istu re  stress. T he  stem  cu ttings used from  the  infected fields to raise a new  
crop also  found to be infected  w ith  stem  spots, w hich  c learly  indicated that the 
m ain m ethod o f  spread  o f  the stem  spot d isease is through the d iseased  
p lan ting  m ateria ls . Even though , the  grow ers sprayed several chem icals 
availab le  at the  m arke t to contro l the stem  spot d isease, the disease 
m anagem en t has failed . C urren tly , there  is no fungicide recom m endation  for
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dragon fruit cultivation. Therefore, there is a need to identify effective 
chemicals to control the stem spot disease o f  dragon fruit.

Table 1. Incidence and severity o f stem spot and anthracnose in red-fleshed and white- 
fleshed varieties of dragon fruit in different locations in Sri Lanka.

District/province Red-fleshed White-fleshed Fungi isolated
- Dl (%) DS* DI (%) DS*

Matale 100 4 2 0-1 Stem spot /

Kurunegalla ; 100 3 1 0-1 Botryosphaeria dothidea
Minuwangoda 1 20 I - -

Minuwangoda 2 100 3 - -

Minuwangoda 3 100 4 5 1

Research “ “ “ “
fieids/Gannoruwa

Matale 5 1 3 1 Anthracnose /
Colletotrichum

Kurunegalla 1 1 gloeosporioides

Minuwangoda 1 “ - -

Minuwangoda 2 • “ 2 1

Minuwangoda 3 2 1 5 1-2

Research - - - . .

fieids/Gannoruwa
'DS score: 0= no spots, 1= 0-20%, 2== 20-40%, 3= 40-60%, 4= 60-80%, 5= 80-100% stem affected (Brown and
Britton, 1986), - no incidence

Lack o f  pathogen-free planting materials and knowledge on cultural 
and disease management practices were identified as the key constraints to 
dragon fruit cultivation. Awareness programs on the risk o f  introducing new 
pathogens through importation o f  planning m aterials to the country and to 
follow the quarantine regulations is a im perative^ is also important to conduct 
training programs for growers o f  dragon fruit on good cultural (weeding, 
fertilizing, sanitation, etc.) and disease management practices.

CONCLUSIONS

Stem spots and Anthracnose on red-fleshed dragon fruit have been 
identified as fungal diseases caused by Botryosphaeria dothidea (Moug. Fr.) 
Ces and De Not. (Anamorph: Fusicoccum aesculi), a quarantine pathogen and 
Colletotrichum gloeosporioides (Penz) Sacc., respectively. Both diseases can 
be transmitted through planting material. Further studies on identification on
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new  pre- and  post-harvest pathogens o f  dragon fruit and th e ir econom ic 
im pact and screen ing  o f  new  chem icals are needed.
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