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Seasonal variation in the incidence of yeast rotters 
of tomato fruit in soil and on various parts of torn* 
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Departtment 06 P h n t  Science, UnivemiZy ad Zde, Zle-Zde 
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Abstract 
GEOTRICHUM CANDIDUM and PICAIA RLUYVERI, the two im- 
portant yeasts which i n c i t e  ro t s  of tclmato f l u i t a  i n  
southern Nigerian were frequently isola ted from f i e ld /  
s o i l  and various par ts  of the  host plant during the  
vet season but r a re ly  during the dry eeason. Hwever, 
the  frequency of t h e i r  i so la t ion  remained uniformly 
high i n  fo res t  s o i l  in both reason@. G. CANDIDUn van 
ieolated from the  shoots and roots of seedlings aa 
well a s  the f lovers  and f r u i t s ;  it was a lso  a f re-  
quent contllminant of tomato seeds extracted during 
the vet  season. P. KLUYVERY on the  other hand, was 
more prevalent on the stems and leaves of mature 
plants.  

Additional Index Words: GEOPRICHUn CANDIDW, 
PICHIA KLUYVERI. 

Introduction 

I n  1973, GEOTRICHLTM CANDIDUM Lin  e x  Pers.  caused a 
rapid  extens ive  damage t o  f r u i t s  of tomato (LYCOPER- 
SICON ESCULENTUM Mill . )  i n  t h e  Western S t a t e  of 
Nigeria (Ladipo & Amosu, 1975). This fungus has  a l s o  
been repor ted  t o  cause very  heavy l o s s e s  i n  canning 
tomatoes i n  Ca l i fo rn ia  (But ler  1959, 1960). I n  a 
s tudy c a r r i e d  out  a t  I l e - I f e ,  Nigeria,  Onesirosan and 
Fatunla (1976) a t t r i b u t e d  approximately 40X of tomato 
r o t s  i n  t h e  f i e l d  t o  G. CANDIDUM and PICHIA KLUYVERI 
Bedford. They a l s o  found t h a t  these  two yeas t s  were 
responsible  f o r  t h e  ma jo r i ty  of r o t s  i n  s to rage  and 
i n  t h e  market. 

The high incidence of yeas t - inc i ted  r o t s  of 
tomato f r u i t s  has s t imula ted  i n t e r e s t  i n  t h e  ecology 
of these  organisms. Studies  a t  I l e - I f e  (Onesirosan 
and Fatunla,  1976) indica ted  t h e  presence of G. 0 1 -  
DUM and P. KLUYVERI i n  s o i l  and var ious  p a r t s  of t h e  
tomato p lant .  Bu t l e r  (1960) repor ted  a s i m i l a r  f ind-  
ing f o r  G. CANDIDUM i n  Ca l i fo rn ia .  The present  s tudy 
was done t o  l e a r n  about t h e  seasonal  v a r i a t i 0 n . h  the  
incidence of these  f r u i t  r o t t e r s  i n  f o r e s t  and f i e l d  
s o i l  a s  wel l  a s  on var ious  p a r t s  of t h e  hos t  p lant .  
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MATERIALS AND METHODS 

S o i l  Samples 

For 13 months, s t a r t i n g  from June 1976, s o i l  
samples were co l l ec ted  from various a reas  with known 
cropping h i s t o r i e s  a t  the  Univers i ty  of I f e  Teeaching 

and ~ e s e a r c h  Farm. The f i r s t  s e t  were co l l ec ted  from 
tomqto p l o t s  a t  a  Dam S i t e  where a v , a i l a b i l i t y  of irri- 
gat ion made cropping poss ible  a l l  t h e  year round. The 
second s e t  of samples were co l l ec ted  under cassava,  
MANIHOT ESCULENTA Crantz and pigeon pea, CAJANlJS CAJAN* 
(L.) M i l l .  i n  an a rea  where tomato had not been grown 
f o r  3 years.  Samples were a l s o  taken from th ree  loca- 
t i o n s  i n  a f o r e s t  area  which, a s  f a r  a s  could be ascer- 
ta ined,  had not been cropped i n  t h e  previous t e n  years. 
Samples taken from crop s tands  were co l l ec ted  from 
around t h e  plant  roo t s ,  between p lan t s  wi th in  rows and 
between rows. A l l  sampling was done t o  a depth of 15 
t o  20 cm with a s o i l  auger and were taken from 25 t o  
30 locat ions  i n  each area.  Samples from each s e t  were 
thoroughly mixgd aAd a por t ion of eadh of the  th ree  
composites was taken t o  the  laboratory  and assayed f o r  
t h e  yeas t s  wi th in  one hour of c o l l e c t i o n  t o  minimize 
the  p o s s i b i l i t y  of mul t ip l i ca t ion  of the  propagules 
p r i o r  t o  assay. 

Seeds were ext racted from the  va r i e ty ,  I f e  1, 
grown a t  the  Universi ty of I f e  Teaching and Research 
Farm during both the  wet and the  dry seasons. The 
wet season seeds were obtained from s i x  harves ts  
made i n  July  and September, 1976 from two plantings 
made i n  t h e  a rab le  a rea  of the  farm. 'Following 
ex t rac t ion  and "fermentation", the  seeds were dr ied  
on f i l t e r  paper i n  an oven a t  30°C f o r  48 hours and 
then assayed immediately f o r  t h e  yeas ts ;  the  remain- 
ing seeds were ~ t o r e d ~ a t  40C and each batch of s tored 
seed was subsequently separa te ly  assayed a t  2-weekly 
i n t e r v a l s .  ~ o l l o w i n g  t h e  ex t rac t ion  and assaying of 
the  harves t ,  a l l  t h e  lef t -over  seeds from the  wet 
season seed l o t s  were bulked, stored a t  4@C and 
assayed a t  regular  monthly i n t e r v a l s  t i l l  June, 1977. 
The dry season seeds were a l s o  obtained from s i x  har- 
ves t s  taken i n  February and March, 1977 frqm two 
plant ings  a t  the  old Dam S i t e  area o f  the farm. The 
seeds were t r ea ted  i n  the  same way a s  indicated f o r  
the  wet season seed samples. 
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Beginning from Ju ly ,  1976, I f e  1 comato seeds 
were sown a t  monthly i n t e r v a l s  i n  l m  x 2m beds a t  a  
spacing o f  ca. 2cm w i t h i n  rows and 5cm between rows. 
Two s e r i e s  of p l an t ings  were made us ing  seeds  from 
t h e  wet and t h e  dry  seasons.  Seeds used f o r  t h e  plan- 
t i n g s  made from J u l y ,  1976 t o  June, 1977 were ob ta ined  
from h a r v e s t s  made i n  J u l y  t o  September, 1976 and 
correspond t o  "wet-season" seeds whi le  t hose  used f o r  
t h e  second series of p l an t ings  made from February, l977 
t o  June, 1977 were obta ined  from h a r v e s t s  made i n  
February and March, 1977 and correspond t o  t h e  "dry- 
season" seeds.  The beds i n  each c a s e  were covered 
w i t h  a  d r y  g r a s s  mulch t h a t  was g radua l ly  removed 
a f t e r  s eed l ing  emergence so  a s  t o  prevent  t h e  seeds  
from being washed away and p ro tec t  t h e  emerging seed- 
l i n g s  from t h e  d i r e c t  f o r c e  of  t h e  r a i n .  For each 
month's p l an t ing ,  samples of  r o o t s  and shoots  were 
taken  from fou r  s e e d l i n g s  and assayed f o r  t h e  fungi  
when t h e  seed l ings  were 2 weeks o ld .  Also a t  t he  age 
of 4 weeks, 10  seed l ings  were t r ansp lan ted  t o  an adja-  
cent  p l o t  and grown t o  ma tu r i ty .  From the  l a t t e r ,  
samples of leaves ,  stems, f lowers  and f r u i t s  were col-  
l ec t ed  f o r  assaying  a t  ma tu r i ty ,  w i th  t h e  samples of 
l eaves ,  stems and f lowers  c o l l e c t e d  a t  t h e  onse t  of 
flowering. 

An enrichment medium was used t o  a s say  f o r  t h e  
presence of t h e  y e a s t s  and it comprised of 4% glucose,  
1% yeas t  e x t r a c t  and 50mg/l of aureomycin. 100 m l  of 
t h i s  medium without  t h e  a n t i b i o t i c  was autoclaved i n  
250-1111 con ica l  f l a s k s  f o r  20 min end cooled be fo re  
the  a n t i b i o t i c  was added. A s o l i d  medium was used 
f o r  t h e  i d e n t i f i c a t i o y  of y e a s t s .  It cons i s t ed  of 
4% g lucose ,  1% yeas t  e x t r a c t  and agar .  Af ter  it had 
Qeen autoclaved a s  before  and allowed t o  cool ,  20 m l  
each of t he  medium was poured i n t o  p e t r i  p l a t e s  con- 
t a i n i n g  2 drops o f  25% l a c t i c  ac id  and designated 
acidi:ied glucoke-ye?st e x t r a c t  agar .  

10  g of each composite s o i l  sample were added t o  
l O m l  of s t e r i l e *  ddist i l l e d ,  water  i n  a  250-1 con ica l  
f l a s k  and a g i t a t e d  f o r  20 min on a shaker ;  0.5 m l  of  
t h e  bupchnatndafrom t h i s  w4s then p i p e t t e d  i n t o  each 
of fou r  4B0,rfi.h of t h e  enrichment medium. The f l a s k s  
were then shaken t o  d i s p e r s e  t h e  s o i l  suspension,  
incubated near  a  window (Hesse l t i ne  e t  a l . ,  1952)and 
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examined da i l y  f d r ' t h e  next four  days f o r  evidence of 
yeast  growth. P e l l i c l e  formation and the  character i -  
s t i c  odour of fermentation were used a s  a good indica- 
t i on  of the  presence of G. CANDIDUM while a white sedi- 
ment was ind ica t ive  of the  presence of P. KLUYVERI. 

Four f l a sk s  of the  enrichment medium were a l so  
used f o r  each plant pa r t .  The roots ,  stems, leaves 
and f r u i t s  were i n  each case washed f r e e  of s o i l  i n  
running water and dr ied between t he  fo lds  of t o i l e t  
paper which had been s t e r i l i z e d  i n  an autoclave f o r  
20 min. Root and stem samples were obtained from four 
seedlings,  while samples were a l so  obtained from four 
branches taken from four plants  a t  the  flowering stage.  
The leaf  samples consisted of leaves taken from four 
flowering plants  and punched i n to  d i scs  with a s t e r i l e  
5- cork borer, while the flower samples consisted of 
16 newly opened flowers col lected from four plants .  
Four each of the following categor ies  of f r u i t s  were 
cut i n to  small pieces : immature green, mature green, 
and f u l l y  r ipe .  2 g of each type of t i s sue  and 2g of 
the  dry tomato seeds were separate ly  assayed using 
four f l asks  of enrichment medium i n  each case. A l l  
f l a sk s  were incubated and observed as  indicated pre- 
viously f o r  the  s o i l  samples. 

In  addit ion,  s i x  times during the course of t h i s  
study, four  ac id i f i ed  glucose-yeast ex t rac t  agar 
p la tes  were exposed t o  the  a i r  i n  a tomato p lo t  f o r  2 
hours before being brought back i n to  the  laboratory 
f o r  incubation and observation as  indicated pre- 
viously f o r  the  f l asks .  

After 96 hours of incubation, d i l u t i ons  of the 
Liquid cu l tu res  were made with s t e r i l e  d i s t i l l e d  
water and plated on the  so l id  medium f o r  incubation 
a t  2S°C f o r  48 hours. The p la tes  were then examined 
under the  miscroscope t o  iden t i fy  the  species of 
yeas t s  present.  

Pathog k c i t y  
For each t e s t  perlod, the pathogenicity of 2-5 

representat ive  i so l a t e s  of - the  two pathogens was 
tes ted on r i pe  f r u i t  of I f e  1 tomato according t o  the 
method used by Butler (1960). The or.ganisms were 
grown i n  tomato broth shake cu l tu re  f o r  '24 hours 
p r io r  t o  inoculation.  The f r u i t s  t o  be inoculated 
were f i r s t  swabbed three  times with absorbent cot- 
ton wool soaked i n  70X ethanol and the  alcohol was 
allowed t o  dry o f f .  Four such f r u i t s  were then 
pierced with a flamed t r an s f e r  needle which. had been 
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dipped i n t o  t h e  inoculum; two punctures a. 2cm deep 
were made abotlt 2cm from t h e  stem end of  each f r u i t .  
Another s e t  of fou r  f r u i t s  were a l s o  p ierced  wi th  a 
flamed needle  dipped i n  s t e r i l e  d i s t i l l e d  water  t o  
s e r v e  a s  c o n t r o l s .  Inocula ted  and c o n t r o l  f n i i t s  
were placed i n  s e p a r a t e  polythene bags and sea led  up. 
P r i o r  t o  being used, t h e  polythene bags were t r e a t e d  
wi th  0.5. NaOCl and r i n s e d  f o u r  times wi th  s t e r i l e  
d i s t i l l e d  water .  The f r u i t s  were incubated at  2 5 ' ~  
and examined d a i l y  s t a r t i n g  from t h e  t h i r d  day, f o r  
t he  e x t e n t  of r o t t i n g .  

Results 

The r e s u l t s  a r e  presented i n  Tables 1 and 2,from 
which t h e  fol lowing observa t ions  a r e  evident:  

TABLE 1 

Frequency of  i s o l a t i o n  of  G. candidwn and P. from 
s o i l  taken  from t h r e e  d i f f e r e n t  h a b i t a t s  i n  1976177. 

I?requency5 of I s o l a t i o n  of Yeasts 

P l o t s  without  
Sampling d a t e  Tomato P l o t s  tomatoes Fores t  

f o r  3 yea r s  S o i l  

June, 1976 
Ju ly ,  1976 
August, 1976 
September, 1976 
October, 1976 
November, 1976 
December, 1976 
January,  1977 
February, 1977 
March, 1977 
Apr i l ,  1977 
May, 1977 
June, 1977 

 o our f l a s k s  of enrichment medium were inocula ted  wi th  s o i l  
i n  each case  and the  f i g u r e s  i n d i c a t e  t he  number of f l a k s  tha t  
y ie lded  G. can&dum and/ P. fi.euy~'&Li a f t e r  96-hr. incubat ion  



IFE JOURNAL OF AGRICULTURE 

During the  wet season (June - October), 
G. CANDIDUM and P. KLUYVERI were i s o l a t e d  f requent ly  
from f i e l d  s o i l ;  a l l  o r  almost a l l  of t h e  four  f l a s k s  
inoculated wi th  each composite sample yie lded one o r  
both yeas ts  (Table 1 ) .  This was t r u e  even f o r  the  
s o i l  on which tomato had not been grown f o r  over three  
years. The frequency 'of i s o l a t i o n  however, f e l l  a s  
the season progressed. From January t o  Apr i l ,  these  
yeas ts  were no t  i s o l a t e d  from e i t h e r  of the  composite 
samples. With t h e . s t a r t  of the  ra iny  season i n  1977, 
the  yeas t s  were again i s o l a t e d  from these  s o i l s .  

F o f ~ u i  S o d  
I n  f o r e s t  s o i l ,  t h e  frequency of i s o l a t i o n  of 

the y e a s t s  ( e spec ia l ly  G. CANDIDUM) remained uni- 
formly high i n  both  seasons. The population of G. 
CANDIDUM appeared t o  be higher  i n  f o r e s t  s o i l s  than 
i n  f i e l d  s o i l  a s  indicated by the  f a c t  t h a t  p e l l i c l e  
formation and the  c h a r a c t e r i s t i c  odour of fermenta- 
t i o n  were detected i n  f l a s k s  seeded with f o r e s t  s o i l  
i n  l e s s  than 48 hours.  Comparative r e s u l t s  with 
f i e l d  s o i l  were obtained only a f t e r  72hr of incuba- 
t ion .  

Tomato @bt p 0 ~ 3  

Seeds ext racted from f r u i t  during the  wet season 
were heavi ly  contaminated with G.  CANDIDUM (Table 2 ) ;  
P. KLUYVERI was a l s o  occasionally i s o l a t e d  from them. 
Neither yeas t 'was ,  however, i s o l a t e d  from seeds ex- 
t r ac ted  from f r u i t s  i n  the  dry season. 

See- 
Only G.  CANDIDUM was f requent ly  i s o l a t e d  during 

the wet season from roo t s  of seedl ings  ra ised from 
seeds ext racted during e i t h e r  season. It was a l s o  
the  only one i so la ted  i n  t h e  dry season even though 
it was i s o l a t e d  only from roots  of seedl ings  ra ised 
from seeds ext racted i n  the  wet season. 

In  t h e  wet season, shoots of seedl ings  yielded 
both G.  CANDIDUM and P.  KLUYVERY and i n  addion, a 
number of unident i f ied  budding yeas ts .  I n  the  dry 
season however, only the  unident i f ied  budding yeas t s  
were i so la ted .  
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TABLE 2 

Incidence of G .  can- and P.keuyvehi on various parts of the 
tomato plant during the vet and dry seasons. 

Yeast Isolated 

Plant Part Wet season Dry season 

Seeds G. candidum; P. keuyuehi None 

Seedling root tx wet season seeds G. c~ndidum G. candidum 

Seedling foot Cx dry season seede G .  candidum None 

Seedling shoot PX wetldry season G. can(tidllR1; P. &gu& unidentified budding 
seeds unidentified budding yeasts only 

yeasts 
Stems ot mature'plants P. kClii~u&; unidentified unidentified budding 

buddging yeasts yeasts only 

Leaves of mature plants 

Plowers 

Imnature green fruit 

Mature green fruit 

P. h&o/vehi; unidentified unidentified budding 
budding yeasts yeasts only 

G.  carldidum; P. k f t i f j v e h i ;  unidentified budding 
unidentified budding yeasts only 
yeasts 

G. canilidum. P .  kPuy&; unidentified budding 
unidentified budding yeasts only 
yeasts 

G. can&&; P. k luyveh i ;  unidentified budding 
unidentified budding yeasts only 
yeasts 

Ripe fruit G. candidurn; P. heti+Jehi; unidentified budding 
unidentified budding yeasts only 
yeasts 

Xemn arzd lcaven oh matuhc @a& 
G.  CANDIDUM was no t  i s o l a t e d  from stemps and 

leaves  of mature p l a n t s  i n  e i t h e r  season. P.KLWVER1 
was i s o l a t e d  only dur ing  t h e  wet season. The un- 
i d e n t i f i e d  budding y e a s t s  were, however, p re sen t  i n  
both  seasons.  

Flowem 
During t h e  wet season,  G .  CANDIDUM was very  f r e -  

quent ly  i s o l a t e d  from tomato f lowers whie l  P.KLUYVER1 
was l e s s  f r equen t ly  i s o l a t e d ;  n e i t h e r  y e a s t  was i so-  
l a t e d  from the  f lowers i n  t h e  d ry  season.  The un- 
i d e n t i f i e d  y e a s t s  were i s o l a t e d  a t  a l l  t imes.  
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The two pathogens were i s o l a t e d  from tomato f r u i t s  
a t  var ious  s t ages  of development during the  wet season. 
Ripe f r u i t s  appeared t o  conta in  the  h ighes t  number of 
propagules a s  evidenced by t h e  r a p i d i t y  with which 
p e l l i c l e s  of G. CAEiDIDUM and sediments of P.KLUYVER1 
formed i n  f l a s k s  containing pieces  of r i p e  f r u i t .  
I n  add i t ion  t o  these ,  o the r  un iden t i f i ed  yeas t s  were 
a l s o  i s o l a t e d .  I n  the  dry  season, the  i s o l a t e d  yeas t  
microf lora  was genera l ly  low and the  two patIiogens 
were not  i so la ted .  

No y e a s t s  were i s o l a t e d  from the a i r  i n  the f i e l d  
but  a number of fungi  were i s o l a t e d .  

A l l  i s o l a t e s  of G. CANDIDUM t e s t e d  were highly 
pathogenic. A l l  t h e  P. KLUYVERI i s o l a t e s  were a l s o  
pathogenic, though l e s s  v i r u l e n t  than those of G. 
CANDIDUM, a s  measured by t h e  speed of symptom appear- 
ance and r a t e  of r o t  progression.  I n  f r u i t s  inoculated 
with G .  CANDIDUM, symptoms ( i n  t h e  form of a so£ t de- 
p ress ion  around t h e  points  of inocula t ion)  appeared 
wi th in  24 hours and a l l  four  f r u i t s  inoculated with 
each i s o l a t e  were t o t a l l y  r o t t e d  wi th in  f i v e  days o r  
l e s s .  F r u i t s  inoculated with P. KLUYVERI showed symp- 
toms i n  about 48 h r  but  the  f r u i t s  were no t  completely 
r o t t e d  u n t i l  seven days. None of t h e  control  f r u i t s  
were r o t t e d  wi thin  the  same period.  

The r e s u l t s  he lp  t o  shed l i g h t  on a number of 
important aspects  i n  t h e  epidemiology of yeast- incited 
r o t s  of tomato f r u t t .  I n  the  f i r s t  p lace ,  inoculum is  
not air-borne; n e i t h e r  i n  Ca l i fo rn ia  (But ler ,  1960)nor 
a t  I l e - I f e  were the  pathogens i s o l a t e d  from the  a i r .  
The s o i l  i s  t h e  source of inoculum and t h e  d i s t r i b u -  
t i o n  of t h e  propagules i n  t h e  f i e l d  i s  not  necessar i ly  
associa ted  with t h e  tomato crop. I n  t h e  present  study, 
t h e  two yeas t s  were r e a d i l y  i s o l a t e d  during t h e  wet 
season both from s o i l  under tomato and from s o i l  on 
which tomato had not  been grown f o r  over 3 years ;  i t  
was a l s o  i s o l a t e d  from f o r e s t  s o i l  a t  a l l  times. 

The inoculum, c a r r i e d  on wet season seed a s  sur- 
face  contaminant, seemed t o  d i e  ou t  r ap id ly  when t h e  
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seeds were planted during the  dry  season and i t  did 
not lead t o  a  contamination of the  s o i l  o r  o the r  p lant  
pa r t s .  This observation, together with t h e  very low 
frequency of i s o l a t i o n  of the  yeas t s  from f i e l d  s o i l  
during the  dry season, ind ica te  t h a t  f i e l d  condit5vns 
were not conducive t o  the  survival  of these  pathogens 
i n  t h a t  season. I n  con t ras t ,  the  frequency of iso- 
l a t i o n  from f o r e s t  s o i l  remained uniformly high i n  
both seasons. Differences i n  the  two environments 
probably accounts f o r  t h i s  d i f f e r e n t i a l  surviva1,with 
the  temperature perhaps being the most s i g n i f i c a n t  
f ac to r .  The f o r e s t  s o i l  with i t s  vegeta t ion cover re- 
mains cool a t  a l l  times whereas the  cu l t iva ted  f i e l d  
with i t s  s o i l  l a r g e l y  exposed w i l l  be very hot  during 
the  dry season. 

Population build-up of these yeas t s  with the re- 
turn  of the r a i n s  very l i k e l y  r e s u l t s  from propagules 
carr ied  i n  surface. water from the  f o r e s t  o r  from new- 
l y  opened land. Residual propagules i n  f i e l d  s o i l  it- 
s e l f  might mul t ip ly  rapidly  i n  the  rhizosphere of 
crops. Contaminated seeds could a l s o  help t o  r a i s e  
the  propagule densi ty .  

This study has es tabl ished t h a t  G. CANDIDUM and 
P. KLUYVERI a r e  p a r t  of the  normal microflora of the  
tomato p lan t  during the  wet season. This f a c t  may 
have implications i n  the  epiphytot ics  inc i t ed  by these  
organisms i n  the  f i e l d .  The presence of na tu ra l  cracks 
or  punctures made by insec t s  such a s  the  unident i f ied  
f r u i t  p ierc ing moths suspected t o  have been involved 
i n  the  1973 epiphytot ics  (Ladipo and Amose, 1975)might 
provide entry  points i n t o  which t h i s  surface  inoculum 
can be washed t o  i n i t i a t e  in fec t ion .  Thus. an un- 
~ s u a l  increase i n  the  population and a c t i v i t y  of the  
moths might be o n e o f  the  f a c t o r s  responsible f o r  such 
epiphytot ics .  However, f u r t h e r  experiments would be 
nEehed t o  support t h i s  argument. 
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