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Microbial Ecology of  Bacillas thuringiensis

VI. Germination ofBacillas  thuringiensis

           Spores in the  Soil
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   To  elucidate  whether  Baciglus thuringiertsis spores  germinate in natural  soils,  the  population
dynamics ofvegetative  cells  ancl  spores  ofB,  thuringiensis in soils  were  studied  using  peptone-

polymyxin  medium  and  BTV  meclium,  a  selectivc  mcdium  for vegetative  cells,  B, therringiensis

spores  were  capable  of  gerrninating in sterilized  soils  but not  in natural  nonsterilized  soils,

B. thuringiensis vegetative  cells  inoculated inte natural  soils  disappeared rapidly  in 1-2 days,

B. thuringiensis vegetative  cells  were  able  to  form spores  in natural  soils, depend!ng  on  the soil

type, It is suggested  that  the spore  is the only  state  in which  B. thuringiensis persists in natural

soi]s.

INTRODUCTION

   The  fate of  Bacitgus thuringiensis spores  introduced into soils  has been studied  by
several  investigators fl'om the viewpoint  of  microbial  ecology  (SALEH et al., 1970;

MATsuMoTo  and  AizAwA,  1971; UTsuMT,  1974; MoRiTA  and  KusuNo, 1977; SEKiJiMA

et  aL,  1977; AKiBA  et  al,,  1977, 1979, 1980; KRiEG,  1983). These  results  have shown

that  in general the growth ofB.  thuringiensis does not  occur  in natural  soils. However,

it is unknown  whether  B. thuringiensis spores  germinate  in natural  soils,  since  there  have

been some  difilculties in counting  vegetative  cells.  To  mitigate  these  diMculties, WEsT

et al. (1984) reported  the  use  of  an  immunofluorescence  technique  for assessment  of

the  number  of  vegetative  cells, spores  and  crystals  in natural  soils, More  recently,

AKiBA  and  KAToH  (1986) developed a  novel  technique  fbr vegetative  cell  count

using  BTV  medium,  a  newly  defined medium  $elcctive  for B, thuringiensis v ¢getative
cells.

   The  present paper  deals with  the results  ofa  study  using  BTV  medium  on  whether

B. thuringiensis spore  germinates in natural  soils.

MATERIALS  AND  METHODS

   Soits. Soils used  were  collected  frorn the  fo11owing three  mulberry  plantations
in Saitama  Prefecture, Japan. (A) Kohnan  soil: Diluvium, volcanic  ash  soil, clay

loam-clay, pH  6.8. (B) Arakawa  soil:  Alluvium, sand,  pH  6.9. (C) Ohata  soil:

Alluvium, loam-sandy loam, pH  5.8. To  prepare sterilized  soils, soils were  autoclaved

at  121eC  for 3e min.
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    Bacteria, Type  strains  of  B. thuringiensis subsp.  thuringiensis and  subsp,  morrisoni

were  supplied  by Dr. K, AizAwA, Kyushu  University. Bacteria were  grown  on  nutrient

agar  at  30eC. To  prepare'the spore  suspension,  the  14-day  culture  was  harvested in
sterile  distilled water  and  heated at  800C for 10 min.  Vegetative cells  were  used  as

the  inoculum for the  14-hr culture  on  nutrient  agar  at  300C. The  18-hr culture  used

was  a  preparation of  the  vegetative  cell-spore  mixture.

    inoculation of B, thuringiensis into soils,  The  experiments  designed in this study

were  as fo11ows. (1) B, theeringiensis spores  were  inoculated into nonsterilized  soils.

(2) B. thuringiensis spores  were  inoculated into sterilized  soils. (3) The  vegetative  cell-

spore  mixtures  of  B. thuringiensis were  inoculated into nonsterilized  soils. A  suspension

(8-10 ml)  of  B. thuringiensis in sterile  distilled water  was  mixed  with  the  soil  (50 g)
using  a  sterile  glass stick,  The  number  of  cells inoculated was  about  105-10G cellsXg
of  soil. Bacteria-inoculated soil was  incubated at  300C.

    Fiable cetl count  in soils.  One  gram  of  the  soil  was  sampled  O, 1, 2, 7, and  l4 days
after  inoculation. The  soil was  suspended  in 10 mt  ofsterile  distilled water  and  diluted
decimally with  sterile  distilled water.  Dilutions were  plated on  2 difll2rent rnedia,

PP  mediurn  and  BTV  medium  (AKiBA and  KAToH,  l986). Total count  of  viable  cells

(vegetative cells and  spores)  was  done  on  PP  medium  (pH 8,5) consisting  of  peptone
(10 g), NaCl  (5 g), agar  (15 g), distilled water  (1,OOO ml)  and  polymyxin  B  (5 mg)
after  incubation at  300C  for 24 hr, The  number  of  viablc  vegetative  cells  was  counted

on  BTV  medium  (pH 7,O) censisting  of  NaN03  (1 g), KH2P04  (1 g), MgS04-7H20
(O.5 g), KCI  (O,2 g), sodium  acetate  (1 g), sodiurn  citrate  (3 g), Difeo purified agar

(15 g), polymyxin B (5 mg)  and  deionized water  (l,OOO ml)  after  incubation at  300C
for 5 days, The  number  of  spores  was  counted  on  PP  m ¢ dium  (300C, 24 hr culture)
after  B, thuringiensis suspension  was  heated at  800C  for 10 rnin.

RESULTS  AND  DISCUSSION

Rzte ofB. thuringiensis spores inoculated into natural  soils

    T'he spores  ofB.  thuringiensis subsp.  thuringiensis and  subsp.  morrisoni  were  inoculated
into nonsterilized  soils.  Figures l and  2 show  the  total count  ofviable  cells  (vegetative
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 Fig. 1, Change  in the, number  of

viable  cells  of  Bacillus thuringiensis subsp,

thuringiensis in nonsterilized  soils  in-

oculated  with  spores.  A:  Kohfian s'oil.

B: Arakawa  soil,  : total' ccll  count

(vegetative cells  and  spores).  ----:

vegetative  cell  count.
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 Fig. 2. Change in the number  of  viable  cells  of

Baciilus thuringiensis  subsp,  merrisoni  in nonsterilized  soils

inoculated with  spores,  A:  Kohnan  soil.  B: Arakawa
soil, C: Ohata  soil,  ･: total cell  count  (vegetative
cells  and  spores).  ---: vegetativc  cell  count,
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 Fig. 3. Change  in the  number  of

viable  cells  of  Bacillus thuringiensis subsp.
thuringiensis in sterilized  soils  inoculated

with  spores.  A:  Kohnan soil.  B: Ara-
kawa soiL  :total  ccrl  count  (vege-
tativecells and  speres).  

----:
 vcgetativc

cell  count.
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 Fig. 4. Changcin  the  number  ofviable  cells  ofBacitlus

ihuringiensis subsp,  morriseni  in sterilized  soils  inoculated
with  spores.  A:  Kohnansoil.  B:Arakawa  soil,  C:  Ohata

soil.  : total cell  count  (vegetative cclls  and  speres).

----: vegetative  cell  count,

cells  and  spores)  ancl  the  number  ofviable  vegetative  cells  in different soils.

    Total count  ofviable  cells  ofB.  thuringiensis subsp.  thuritagiensis gradually decreased
from  105 cellstg  to 104 cellslg  ofsoil  during 2 weeks.  On  the  contrary,  B. thuringiensis
subsp,  morrisoni  persisted fbr 2 weeks  at  the  same  initial cell  number  level. On  the BTV
medium  selective  for vegetative  cells, these  two  strains  formed no  colony  during the
2 weeks.  This reveals  that  B. thuringiensis spores  did not  germinate  in natural  soils.

thte ofB. thuringiensis spores inecutated into sterilized  soils

    As shown  in Fig. 3, when  sterilized  soils  were  inoculated with  spores  of  subsp.

thuringiensis, the  total  count  of  viable  cells (vegetative cells  and  spores)  in Kohnan  soil

increased by IO times  in 24 hr. In contrast,  there  was  no  change  in the total cell  count

in Arakawa  soil  during the test period. In both  Kohnan  and  Arakawa  soilss a  grcat
increase (4-6 log) in the number  of  vegetative  cells  was  observed  in 24 hr after  inocu-
lation, and  then  it decreased gradually during  the  2-week  test period.
    The  results  with  subsp.  morrisoni  are  shown  in Fig. 4. The  number  of  viable

cells  (vegetative cells  and  spores)  of  this  strain  increased by 3-6 times  2 days after  inocu-
lation, and  this  level continued  throughout  the  experiment.  In Kohan  and  Arakawa
soils,  the number  of  vegetative  cells  increased by 5-6 log in l-2 days, and  then  it de-
creased.  On  the contrary,  the  number  of  vegetative  cells  in Ohata  soil  increased con-
tinuously  for 7 days and  then  becarne lower.

    It appears  from  the  above  results  that  the  germination  ofB.  thuringient'is spores  and

the  subsequent  growth  of  vegetative  celis  occur  in sterilized  soils. In another  study

(AKmA, unpubrished),  the sporulation  of  such  vegetative  cells  was  evident  since  the

number  ofheat  resistant  cells  increased with  decreasing nurnber  of  vegetative  cells.

FZite ofB. thuringiensis vageative  cells  inoculated into natural  soils

    Figures 5 and  6 show  the  change  ip the  total count  of  viable  cells  in nonsterilized

soi]s inoculated with  the  vegetative  cell-spore  mixture.  Total count  of  viable  cells

 (vegetative cells and  spores)  decreased from 106 cellslg  to 3-5 × 104 cellstg  of  soil  in 2
days. Thereafter, the  cell  number  remained  unaltered  at  a  density of  104 ccllstg  of  soil

throughout  the test period, At the initiation of  the  experiment,  vegetative  cells  were
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 Fig, 5, Change  in the  number  of

viable  cells  of  Bacitlus thuringiensis subsp.

thuringiensis in nonsterilized  soils  in-

oculatedwithamixtureofvegetativecells

and  spores,  A:  Kohnan  soil,  B: Ara-

kawa  soil,  :total  cell  ceunt  (vege-
tative cells  and  spores).  ----: vegetative
cell  count.
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 Fig, 6. Change in the number  ef  viable  cells  ef  Bacitlus
thuringiensis subsp,  merrisoni  in nonsterilized  soils  inoculated

with  a  rnixture  of  vegetative  cells  and  spores.  A:  Kohnan

soiL  B: Arakawa  soiL  C:  Ohata  soiL  : total cell  count

(vegetative cells  and  spores).  
----:

 vegetative  cell  count.
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 Fig. 7. Change  in the  number  of  viable  cells

of  Bacillus thuringiensis subsp.  thuringiensis in non-

sterilized  soils  inoculated with  vegetativc  cells.

A: Kohnan  soil,  B:  Arakawa  soil, :total

cell  count  (vegetative ceils  and  spores).  ----:

vegetative  cell  count,  
-･-･･-:

 spore  cell  count.
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 Fig, 8. Change in the  number  of  viable  cells

of  Bacitlus thuringiensis subsp,  morrisoni  in non-

sterilized  soils  ineculated with  vegetative  cells.

A:  Kohnan  soil.  B: Arakawa soil.  : total

cell  count  (vegetative cells  and  spores),  
----:

vegetative  cell  count.  
-･-･-:

 spore  cell  count.

detected at  a  density of  I06 cellsfg  of  soil, however,  no  viable  ve.ffetative  cell  existed

2 days after  inoculation.

    Figures 7 and  8 show  the  change  in the  number  of  vegetative  cells  and  spores  in
nonsterilized  soils  inoculated with  only  vegetative  cells. In Kohnan  soil, the  number

ofspores  ofboth  subspecies  increased by 4-5 log in l-2 days. On  the  contrary,  no  viable

vegetative  cell  existed  2 days after  inoculation. In Arakawa  soil, no  spores  of  either

subspecies  were  detected during the  2 weeks.

    These  results  indicate that  vegetative  cells  ofB.  thuringiensis disappear shortly  after

inoculation and  that  a  vegetative  cell  is able  to form a  spore  in nonsterilized  soil, de-
pending  on  the  soil  type.  ･

    In conclusion,  the  present study  showed  that  (1) a  B. thuringiensis spore  is able  to

germinate in sterilized  soils  but not  in natural  soils,  and  (2) B. thuringiensis vegetative
cells  inoculated into natural  soils disappeared rapidly  in 1-2 days. From  our  results,

it is also  suggested  that  in natural  soils  B. thuringiensis persists in the  spore  state.

    The  soils used  in this study  did not  contain  any  soil  animals  such  as  the  earthworm.

NII-Electronic  Mbrary  
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SMIRNoFF and  HEIMpEL  (l961) reported  that  B.

earthworm  body. HEiMpEL  (1966) also  reported

[[blister
 diseasc'' of  the  earthworm.  It is likely,

insects are  growth  sites ofB.  thuringiensis.

thuringiensis was  able  to grow  in the
that  B.  thuringiensis  associated  with  a

therefore, that  soil  animals  including
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