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Abstract

On the basis of morphological and physiological/biochemical characteristics, 4 genera and 5
species of yeasts were isolated and identified from cultivated soil and 16 species belonging to 12
genera from garden soil. The identified yeast species included anamorphic and teleomorphic
Ascomycetes and Basidiomycetes which have not hitherto been reported from Pakistan.

Introduction

Yeast is a group of fungi in which unicellular form is predominant. Most of the
yeasts are represented in Sub Division Ascomycotina and Basidiomycotina of the
kingdom Mycota. As a group of microorganisms yeasts have cosmopolitan distribution.
They have been isolated from natural substrates like leaves, flowers, sweet fruits, grains,
fleshy fungi, exudates of trees, insect, dung and soil (Spencer & Spencer, 1997). They
play their role in the dynamics of biological and chemical turnover in soil, plants, animals
and water (Rose & Harrison, 1987-1993). There are about 100 genera and 700 species of
yeasts (Kurtzman & Fell, 1999) of which only 5 genera and 7 species have been reported
from Pakistan (Mirza & Qureshi, 1978). It seems that no progress has been made since
then.

In the present work effort has been made to study the yeast mycoflora present in two
different kinds of soil. These have been identified up to species level on the basis of their
morphological and physiological/biochemical characteristics.

Materials and Methods

Thirty-five soil samples were collected from a cultivated wheat field and 15 from a
garden at the Karachi University campus. Yeasts associated with soil were isolated by
serial dilution method (Waksman & Fred, 1922). Soil dilution made up to 10,000 were
inoculated either on malt yeast glucose peptone (YM), malt extract or yeast morphology
agar medium and incubated for 5-7 days at 25+1°C. Three isolates from morphologically
similar looking growing colonies of yeast per plate were selected as representatives of the
yeast flora. Yeast cultures were purified and maintained on yeast-morphology agar buffered
at pH 4.5. All yeast isolates were primarily classified into 7 different groups viz., I-pink,
I1-methanol assimilating, I11- cap-, hat-, saturn- or walnut- shaped ascospore producing,
IV- round-, oval-, conical- or reniform shaped ascospore producing, V-ballistoconidia
forming, VI-basidiomycetous and VI1I-glucose fermenting. Identification of yeasts up to
species level was carried on the basis of standard morphological and physiological/
biochemical tests proposed for each group by Barnett et al., (1990) and Kurtzman & Fell
(1999).
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Table 1. Yeast flora isolated from soil*.

Cultivated soil Garden soil
No. Yeast species Occurrence| M.cfu+SE |Occurrence| M. cfu+SE
% %

1. Bensingtonia phyllada - e 2.86 0.27+0.27°
2. Bullera pyricola 6.66 0.02+0.02* ——— e

3. B. pseudoalba 6.66 0.04+0.04% - e

4. Candida succiphila — e 2.86 0.18+0.18°
5. C. valdiviana — e 2.86 0.02+0.02°
6. Cryptococcus albidus — e 5.71 0.25+0.22°
7. Debaryomyces castellii e 2.86 0.01%0.01°
8. D. hansenii 6.66 0.41+0.41° 5.71 0.05+0.03°
9. Debaryomyces yamadae —— e 2.86 0.02+0.02°
10. Fibulobasidium inconspicuum — e 2.86 0.002+0.002°
11. Filobasidiella neoformans — - 2.86 0.023+0.01°
12. Filobasidium uniguttulatum - e 2.86 0.02+0.02°
13. Phaffia rhodozyma — - 2.86 0.02+0.02°
14. Pichia euphorbiae — e 2.86 0.02+0.02°
15. P. jadinii T 2.86 0.02+0.02°
16. P. lynferdii 6.66 0.35+0.35° —— e

17. Rhodosporidium toruloides —— e 2.86 0.02+0.02°
18. Rhodotorula pilati 6.66 0.26+0.26" — e

19. Sporidiobolus ruineniae e 5.71 0.25+0.24°
20. Zygosaccharomyces bailii - e 2.86 0.09+0.09°

*=Values of mean colony forming unit/g (M. cfu) and standard error (SE) are in 10,000.
Mean values in each column having different letters are significantly different at p<0.001 (Bonferoni test).

Results and Discussion

Four genera and 5 species of yeast from 35 samples of cultivated soil and 16 species
of yeast belonging to 12 genera from 15 samples of garden soil (Table 1) were isolated,
and identified on the basis of their morphological (Table 2) and
physiological/biochemical characteristics (Table 3 & 4). Debaryomyces castellii
Capriotti, D. hansenii (Zopf) Lodder & Kreger-van Rij, D. yamadae (van der Walt & E.
Johannsen) van der Walt, M. Th. Smith & Y. Yamada, Pichia euphorbiae van der Walt &
Opperman, P. jadinii (A. & R. Sartory, Weill & Mayer) Kurtzman, P. lynferdii (van der
Walt & E. Johannsen) Kurtzman, and Zygosaccharomyces bailii (Lindner) Guilliermond
were identified as teleomorphic ascomycetous yeast species, whereas, Candida
succiphila J.-D. Lee & Komagata and C. valdiviana Grinbergs & Yarrow as anamorphic
ascomycetous yeast species. On the other hand teleomorphic basidiomycetous yeast
species included Fibulobasidium inconspicuum Bandoni, Filobasidiella neoformans
Kwon-Chung, Filobasidium uniguttulatum Kwon-Chung, Rhodosporidium toruloides
Banno, Sporidiobolus ruineniae Holzschu, Tredick & Phaff and anamorphic
basidiomycetous yeast species were Bensingtonia phyllada (Nakase & M. Suzuki)
Nakase & Boekhout, Bullera pyricola Stadelmann, B. pseudoalba Nakase & M. Suzuki,
Cryptococcus albidus (Saito) C.E. Skinner, Phaffia rhodozyma M.W. Miller, Yoneyama
& Soneda and Rhodotorula pilati (F.H. Jacob, Faure-Raynaud & Beron) J.A. Barnett,
Payne & Yarrow. All yeast species appeared newly reported from Pakistan.



175

YEAST FLORA FROM SOIL OF KARACHI

ndija=11a :pajesuoa=ofa i
pyMm ysiuel=yacy Syurd=td :asu

0qo[3 qns

1

"PaIS ) SAB[OSI JO Iaqunu Ay} Juasaidal
ayds=rds i
2] =UB) JUMOIG=I( ‘MO[[2L=]A “WEII=ID 9Ny Mm=Lm

3

AD=AOQ IpUNOd=I

sads yoea uo sanjea jduosiadng,

. - - . A0-ds ] 1]1DG Sa0AMOADYIO0S08A7 ()L
. - - - - £2-A0 1d - _apmuaumng snjogoipiiods |
z
. - - - - - AO 1M ‘uppd ppaoiopoy 8]
- - - - - ola-yds pat-1d saproprao) winiptiodsopoyy L]
- - - - . A0-yds DM Jpaafud] 9]
- - - - - Ao-yds 19YM 111 ol g 6l
- - - - - AO-1 1M 111 amgaoydna Dol p]
. . - - - - pat-id HATA builzopoya mifforrg €|
- - - - - QIR A wpmpnSun wnpispgojty - 71
- - - - - 19YM IA  SupuLIofoau plapIspgolly 1|
- - - - - - M A wmnordsuoour wmpispgomngly Q|
- - - - - 19YM Al . aoppund (7 6
) ) ) } ) JERITY Al Jasuvy (7 '8
) ) . . . ‘1d-10 Al 121802 sa0lwoNpga L
- - - - - - gb) A snprgpp snosodoydlel) 9
. . - Ao-|3 Um A pupIAIpioa ") ¢
- - - - . ym I pjuydioons ppipun)  f
} ) qm A ! pgpopnasd g ¢
- - - TATIQI A A pjooudd paayng g
- - - - 1]2-A0 19YM A ppopayd pruoiSuisuag 7|
i - o e .
o v ook o0 - o0 - n - dnoan LSaads sea . oy
EZ2 % ¢ & 2 & £ 2
] [x] o s
s E3 23 E E = g 3 5
RES 28 B 3 2 g 2 2
EZ S 2 &8 L B 3 -
[ T =% =] = Bl -~ =]
S o = ~ =] — ] o] =
= o A - -~ = = o, = -
- E & =] = = =
T e = ® T =
L =. =
= ﬂ_m__r = =
£32 B =
- w
g

*$2109ds 1seaA Jo sopsuaeaeyd [edsojoydiopy "z dqe L



176

species.

s by yeast

f carbon compound

ion o

lat

Ss1mi

Table 3. A

Y east species

19 20

9 10 11 12 13 14 15 16 17 18

8

w,

g S80I HIIDSs 0547

AVIUUINL SH]OGOIPII0dS)

yopd pjniojopoyy|

saprojnio] unipriodsopoyy
npLafudy “d|

upnf g

aniqroydna vryorg

vud2opoys niffvy g
MIIDIRNSIHN WIPISDGOofL]|
suDLLofoau pijIPISngoyLy|
wnnordsuoour wmpisngongLy

appvud (|

nuasuny

121502 s2281okinga(g)

supIqIY sn220201dL4)
DUDIAIPIDA D)

vy dioons ppipup)
pjoatidd g
pgopnasd viang

ppondyd pruopsuisuagl

tests

10n

imilati

Carbon Ass
D-Glucose

No.

«(+)

«(+)

+

D-Galactose
L-Sorbose

2

v
n
v

n
-(+)

+ o)
+
+

+(-)
n
+(-)

v
n
v

+ +(-) +
+
v

+H-) +

L-Arabinose

D-Arabinose

D-Glucosamine

D-Xvlose

3
4
5

n
n

+

+ He) )
wi= -(+) ()

n
n

wi- +(-)

n
n

+

6

n
n

v

=)

v

7
8

9

)

v

L-Rhamnose

Sucrose

n

M. MUSHTAQ ET AL.,

+
n
n
n
4

+(-)

+
n
n
n
n
+

1
1

+ wiHt +

+
1
1

n

n

+
n
n
n
n
-(H) () -(H)

+ ==+ =
+ 4+ + + +

+
n
n
+
n
+

+ =0+ =+
+ = + =+
+ 4+ + + =0

W

=

‘T

=]

]

=

U &

w 0

i=Na)
o o L d
£ 38 7
L W — a0
7z == 'g.5.2
SH 2o 5=E
= 5 = [=)
c Jog 2w
_— e W -
2 52 U= 2




177

PauIWLI2IEP 10U=U “2ANTAU = - “dAIISOd 10 Yram= {/m
DANTAU IO Yeam= /M DAIsOod awos yum aAnETaU A[Isow = (4)- :2aneFau awos yum aanisod Apsow = (-)+ 2ainsod = 4 :sasuodsay

YEAST FLORA FROM SOIL OF KARACHI

u u u u + + u u u u u u - u u u u u u u [oIp €77 aueIng  (f
u u u u u u u u u u u A () A u u u u u u Joip-z°1 auedold 6¢
+ + + tH+ + 4+ v 4+ - 4+ 4+ 4+ U A H + 4+ o+ o+ joueyly 8¢
- - - - () - - - - - - - - - - - + - - u [ouBRYIdN L€
- | - - ! ! Fo()- - A - | | Fo()- A | | | | Aenly 9¢
+ u u u u u u u u u u u u u u u u u u u ajeudonNg <<
- u u u + + + + u u u u + (- u + + - + u AePREIA PE
u u u - () - u (+)- u } } - - u I ) T u } u druUOIMPE[BD-(] €€
u - + (+)- u u u - + + (- wu u u + u u + A - aeuondN|D- 7§
u u u u (- - + - u u u - A + + A + u u u areuoan|n-( €
u u u - u u u u u u u u u u u u u u u u JRUOIN|D-([-012Y-C (€
- - u - u u - + u u u u + u u u + u u - ArUOIN|E-([-012Y-T 6T
u - - u - u - u + o+ u A - u + o+ - +  + u Jonisour-odzy - 8¢
u } - (+4)- wu u u () A A (=M } u u A } (=M } } |omdeen) /7
| u | | A A u | | | } } A } } (-)4 | | u u [oNuuRN-(1 9
u u u u u u + u u u u u u u + + u u u + jonan|n-q <g
- } u u u u u u u u u } A A u u u u } u [oHuLqeIy - $T
- u u u A (=) | - u u u () () (-1 u (- u u u u [ONAY €

- - - - + - - - - A - - (+) - A - + - - - [ATRIVERN =
- } u u u u u u u u u } } } u u u u u u [0120A1D [T
u u | Fo(H- - - | | | | - - u A - u (- u | yaiels 0g
u u u u + A u - u u u u A u u A u - - u ulnup 6|
u () o Fooe+ | | | | | | | u | | Foe A | WONZAPRIN 81
| | - A | oMy | | | A | | | | - | | - asoulyey /1
u -+ - A () - - () - - - + )+ + A (+) u + A S01ET 9|

(Cpauo)) “ganqe],



178 M. MUSHTAQ ETAL.,

= upnqg sa2luo4nyIonso547| Lo == L= o
= anmaurnd snjoqoipriods) c e = = = Lo e 4 e
* pvpd vpuopopoyy) L - - - - L L o= o
- —
z = saprojnao} wnipriodsopoyy - T oS
= T T
S s upaafud; -q + =2 = = = + 4+ + 2%
= + 7
® mpof~g) . oL oL
< — - z
=
=]
2 - aprqioydna vrydrd| | - - o - Ve = o =
5 " vuitzopoyd niffoy g - e . . < o444 F
3| |~ =T = -
5 A= WIDINIIRSIUR WRIPISDGO]L] e = o= e P+ g s >
= =
= 2 - SUDULIOJOIU D]]2IPISDGO]L] e = = = s g s s
El H™ c T T -
El @
ARAE wnndsuedur WnipISngoingLy e = = o= = Vs e s
=| 5 .
EHPE anpownd (| > 4o 1 . T
S
s ® nuasuny ( o+ -5 Ve oo s
: 1 ]
o 394 ¥ —_
> . upapspo saodwodangaq | - . . T == 4 s
;- e snp1qIw sn330301d11) e = = o= = . T .5
& - 7
7 w pUDIPIDA ") o = L L= .
g ¥ v = . F T
- _—
i - vprydioons pprpun’)y L D e e e <4 e
=] + =
o
7 pqnopnasd g o = = = o= o=
] " e - s 0T
b
= ~ vjoaradd vaagng e = = = D e
g .
S _ vpuyiyd vruopsuIsuag| e = = o= = L = o
v = = = = =
P
= @
= 7
= =
—~ -
21 £
= g
- @ 2
s ] 1 .
z 2 2 =
—_— . - =
— (5] =
R 2 = 3
P =g @ 2 o
3 e n ] r
< 2|5, 20 2 o o E
= s EBla 2 0L =] E u .E E
= = = O O © = [ —
— -] ol 0 & — 2 = 5 o 3
£ Y5 = 2L gl =7 > 8
I I = i | I = s
|59 Y 5 2= g2 3
= wl ! ! = = #l-= = 5 o
~Elcocozan Sl 000
— ] e o= o — ] e =t




179

PAUILLIRIAP 10U=U *3ANBFAU = - dAINSOd JO YraM= /M
DANETAU IO YeaM= -/M DAINSOd JWOS UM ANEFAU A[ISOW = (4)- 2dANRTaU aWos Yum aamsod Appsow = (-)4 2amsod — 4 :sasuodsay

YEAST FLORA FROM SOIL OF KARACHI

u u u 4+ U U U 4+ U 4+ A - - u - u u u - u uonoeal g anjg wniuozei(q [
u u - - u u u (=) - - - - u u (-)+ u u - - u uoneuLof yaels 9
- u u u (=)+ A u - u u u 4 A AU - - u u u asoan|B-(J (A/M) %09 YIIA\ €
+ u u u 4+ (-+ + + 4+ uwu u 4 AU U 4+ 4+ U u u asoon|B-(J (A/M) %06 YIAN ¢
} u u u - - u - u u u A () A u - - u u u IMOIS PIOY 21100 94 YA €
- u u - u u u u u u u 4 - u U 4+ U U U U pruIXayoRAd (A/M) %010 P T
u4 u U u u wu wu U u A U u - U u u A U U U IPIWIXAYO[IAD (A/M) 051070 I |
+ + + + 4+ + + + + + + + + + + 4+ + + 4+ 0+ 2,073 €
+ + + + 4+ + + + + + + + + + + 4+ + + 4+ 0+ DLEW ¥
| | | | | | | | | | | | | | | | | | | | D861y €
+ 4+ + + 4+ + + 4+ + + + 4+ 4+ + + 4+ + + +  + 2,06 T
+ + + + 4+ + + + + + + + + + + 4+ + + 4+ 0+ D.SCW |
*duR) “PJip Ie IMoan)
u u } } u u u } } } } u u u } u u } } u apozuaqoune-d INOYIIAN 6
+ U U U 4+ 4+ U 4+ U U U 4+ 4+ 4+ U 4+ U 4+ U U URBIN INOYHA 8
u u u u u u u u u u u u u u u u u u u u QUIXOPLIA] 29 UIWBIYL INOYNA L
u u u } } } } } u u u u } u u } u u u u JUIXOPLIA] INOYILAN 9
u4 4+ U U U 4+ U U U U U U U U U U U 4+ U u urwieiy ] 2 unoig moyyy - ¢
u } } } } } } } } } } } } U () 4 } u } - UIWEBILYL INOUITAN t
u } u u } } u } u u u u } u u } u u - u unorg Moy €
+ U U u 4+ 4+ U 4+ U U U 4+ 4+ 4+ U 4+ U U U U [ousoup-odwr INOYNAN T
} } - } u } u } u u u ()= (- 4 - u A u u u SUIUBIA INOYILAN |

(S)UTWEIA INOYIM [ IM0AE)

(‘pJuo))) ‘paqe],



180 M. MUSHTAQ ET AL.,

Cultivated soil yielded lesser number of yeast species as compared to garden soil.
Univariate ANOVA of yeast species from soil revealed that their occurrence was
significantly different (p<0.001) in cultivated and garden soil. Bonferroni test also
confirmed significant differences among yeast species. The population of yeast ranged
form 9.3x10* to 0.23x10* colony forming unit (cfu)/g soil. The population of yeast cells
in soil is greatly dependent upon the type of nutrients reaching them. Garden soil showed
greater occurrence of yeast probably due to presence of different nutrients from dead and
decaying plant parts as compared to cultivated field. Competition for nutrients is
probably the single most important factor in yeast ecology. Among physiochemical
factors that affect the ecology of yeasts, most important appear to be the energy sources,
nutrients, temperature, pH value and water (Rose & Harrison, 1987-1993).

In the present study we also isolated some of the economically important yeasts e.g.,
Pichia jadinii in its imperfect state (Candida utilis), used for the production of feed yeast
in animal diets. It does not require added vitamins and has the ability to utilize
ammonium or nitrate nitrogen and many carbon sources including Cellobiose and D-
xylose and grows at 37°C. Similarly methylotrophic yeast, Candida succiphila, is used
for the production of single cell proteins (SCP). Contrary to strains used in industry, we
isolated strains of Phaffia rhodozyma that is able to grow at high temperatures of up to
40°C. This pigmented and fermentative yeast has potential in biotechnology because of
its carotenoids contents mainly astaxanthin that costs about $ 2400/Kg (Andrewes et al.,
1976). This pigment is responsible for the orange to pink color of salmonid flesh and the
reddish color of boiled crustacean shells. Lack of information on yeast flora from
Pakistan soil would suggest that there is need to evaluate yeast flora from different
habitats that could include industrially useful species as well.
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