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RHIZOSPHERE CyAt'lOptlyCEAE OF SOyBEAl.,l

IN.IOCULATED WITH StiIZOEIUM .JAPONICLIM

U. sur lawlr ia*)

R I N G K A S A N

Penel i t i ,an terhadap ;peeies Cyanophyceae jang
terdapat, didaez,ah rh.izbsphere dan- no'nri"i"o"plhnn"n
akar kedele, telah dilakukan d,alun kondisi tunahka_
tja dengan nengguna.,karL pot. Sebelas species CAano_

4hyce.a1 
tu?l didapatkan. kehadtran nh.jepA1g*n

tenxjata. ti.dak nenpengaruhi diuersi',as spec7i-s g;G

1""_1; .,U"":t.o, "r,p?t 
spec.ies duLotn Qjwntah' jang sangaL

seaLKLt, ,dLdnpaLkan pada. pot  tanpa kedele.

. ^ -Pethatian 
sangat dituejudar, kayern kw,angnja

LnJopmasL mengenai ganggang didaerah rhizosphere,
serta kepenthqannja difuLan populasi jang ltbtero'_
tropx s .

A B S T R A C T

. A studA has been nade of tne speeies of Cyano_
phyeeae occttting in the rhiz-osphere- and. ,_r*hi"o_
sphet,e regions of soybeans i, pot eultut,e und.er
glasshouse condi t io-ns.  

,Eleuen "pn" i ""  
of  Cyanophg_

ceae uere de_tected, .  The algal  species uere- not '  i "n_
f luenced in d iuers i ty  by-  the- pres 'enee of  Rh, japoni_
9y. Very fea cells of only four spe'cie{o7i"r"na
in unpZanted pots.

Attentton is dtoun to the ,Iearth of Lnformation
auai lable on rh izosphere algu- and.  ,o ' their  t ikelg
importance for the heterotz,r,phic populations.

I. INTRODUCTION

. Ihe root  systems of  h lgher p lants are associated noE only wi th aninanlmate environment conposed of  organic and inorgani .c substances,
bu t  a l so  v i t h  a  popu la t i on  o f  me tabo l r ca l l y  ac t i . ve  m i c roo rgan i sms  t ha ta re  d l s t i nc t l y  d i f f e ren t  f r on  t he  cha rac te r i s t i c  so i l  popu la t i on
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(Katznelson L946, Karznelson et  a l .  194g, Starkey 195g, Tlnonin &
Lochhead 1948), This unique environment under che influence of plant
roocs is  cal lec the rh lzosphere (Hi l rner c i ted by Katznelson 1i4g).
Not onfy do the plant  roots af fect  n icrobia l  developnent,  but  a l .so the
plant  is  af fected by the increased act lv i ty  of  the Dlcroorganisns 1n
the rh izosphere reglons.  The detai ls  of  the causes and ef fects are
st i l r  obscure (cul l lnore & woodbine 1963, parel  & Brorm 1969, paterson
& RouatE 1967, Rovlra 1969, Srarkey 1958).

Most rh izosphere microorganisms are saprophytes,  but '  not  a l1 of
their  re lat ions to p lants are L 'c idental , ,  some l ive on the rooE sur-
face nhereas others penetrate the roots (DarE & Mercer 1964, e6n2slysg
& Yalavig i  1959, Katznelson er  a l .  1948).
The facts thar the soi l  n lcrobia l  populat ion on plant .  roots ls  dense
and occurs at  a l l  s tages of  p lant  growth,  have been ver i f ied repeated-
Iy (Harr is  1953, Ivarson & Karznelson 1960, Leval  6 Remacle 196i) ,

rnocurar lon of  leguminous plants wich Rhizoblup may st lnulace
their  grosth and cause great ly  increased crop y i l lds,  nut  the recipro-
cal  ef fecls of  nodulat ion on the rh izosphere f lora have not  been stu-
died.  Patel  (1969) reports that  inoculatron of  the root ing nedium of
non- legr:mlnous pranrs species wi th AzotobacEer st imulates rh izosphere
organisms bur algal species were n6E-GIiErEil soir argae have been
grossly neglected,  part icular ly  1n rh lzosphere studies,  and ln v iew - .1
thelr  potent la l  contr lhut ion Eo sol l  product lv i ty ,  they deserve c lose
at tent ion.  Soi l  a lg- ,  aLe Droolnent .  in Indonesla and include many
species of  n i t rogen-f ixhrg blue-green algal  forms. Thelr  importance
1n the ni t rogen economy of  the paddy f ie lds has been shown by Sur iarr l_
r l a  ( 1969 ,  1970  unpub l i shed ) ,

The pregent study was,  therefore,  underfaken !o determine dnd to
see nhether inoculat lon wl th rh lzobia af fected th is rh lzosphere cyano-
phyceae of  soybean. Clrcur0stances penni t ted that  th ls study be made
under g lasshouse condiEions in the School  of  Botany,  unlvers l ty  of  New
Sou th  Wa les ,  Sydney ,  Aus t f a l i a ,  1970 .

TI. MATERIALS AND METHODS

O p e n  p o t s  c o n t a i n i n g  1 , 2 5 0  -  1 , 5 0 0  g  o f  t h e  U . C . S o i 1  m i x .  C  w h l c h
lnc l udes  no  ava l r ab le  n i t r ogen  (Bake r  1957 )  we re  s team s te r l l i zed  and
se t  ou t  i n  a  g l asshouse  w l t h  a  day  t en ipe ra tu re  o f  l g  -  26 "C .  and  n i gh t
t empe ra tu re  o f  13  -  l 8 ' c .  The  so i l  m i x tu re  cons i s t ed  o f  50% f i ne  sand
and 50% peat noss wi th 8 oz potassium sulphate,  2!2 lb s ingle super-
phosphate,  7ta lb doLomlre l ime and 2Lz lb carc ium carbonate l lme oer
cub i c  ya rd .

L l e  and  Sems ta r  va r l e t i es  o f  soybean  we re  chosen  and  c l ean ,  un -
damaged seeds of  a reasonably unl forn s ize were selected by hand sort -
i ng  f o l l owed  by  we lgh ing .  They  we re  s te r i l i zec l  by  t he  ne thod  o f  V in -
cen t  ( 1970 ) :  r i nsed  w l t h  952  e thano l  f o r  30  seconds  and  t hen  i nmersed
fo r  I  m i . nu res  i n  0 .2% mercu r i c  ch l o r i de .  The  seeds  we re  t hen  washe t l
r t i o roug t i l y  w i t h  a t  l eas f  f i ve  changes  o f  s t e r i l e  wa te r .

' f l r r ee  i nocu la t i on  t r ea tmen ts  w i t h  con rne rc i a l  Rh , l apon i cu rn  i noc -
u l an t  ( ' rN i t r oge rm"  f  r om  Roo t  Nodu le  p t y .  L t d , ,  Syan$ ; - iEFusua l
(1 )  d i r ec t l y  on ro  t he  seed  su r f ace  f o l l owed  by  i n rned la te  p l an t i ng .
(2 )  d i r ec t l y  i n ro  " l i e  so i l  when  t he  seed l i ngs  had  emerged  above  t he

su r f ace  so i l ,
( 3 )  d i r ec t l y  on to  che  seed l i ng  roocs  be fo re  p l an t i ng .  T .hese  seeds
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r rere gentr lnated on nolst  ster l le paper 1n petr l  d iehea.
A contro l  ser les of  u:rp lanted pors l rae algo lncluded and al l  pote

eere \ratered every day.

Pacel
( 1 )

SaEpl-es of eol1 frox0 each treatnent were
stages of  grol l th:
(1)  when the f l rs t  leaves opened,
(2) at lntervals of two weeks fr,>m the date

opened,
(3)  at  the f lower lng atage.

The sol ls  were sampled as fo l lows (Gonzalves & Yalavlg l  1959 and
1 9 6 9 ) :

f roo the rh izosphere reglonel  the roots f ron soybeans vere taken
out careful ly  ar l th a ster l l lzed spatula,  and were cut  of f  n l th
eter l l lzed sclssors.  Ihe extra sol l  part lc les at tached ro thea
vere dls lodged by gent le shaklng,  so that  the roots held only the
sol1 part lc les c losely adher ing to them. The roots f ron planta
beteeen 2-6 weeks hrere put  into ster l l lzed 250 m1 conlcal  f laeke
conlaln lng 100 o1 of  ster i le d ist l l led Lrater .  The roots f rom
older p lanis up to the f lower lng stage were placed into ster l l lz-
ed 500 nl  conlcal  f lasks contaln lng 200 nl  of  sEer l le d lst l1 led
! /ater .
The f laqks were shaken v lgorously to obtaln a unl form suspenslon

of  the rh lzrsphere sanples.  Af t .er  the root  p leces vere iaken ouc
50 ml of  the sol l  euspenslon were Eransferred Co a f lask contaln lng
ster l le l lquld nedlun.
(2)  f ron the nonrhl-zosphere regLon: the sol l  samples L 'ere taken a few

crD away f roru roota and 10 g were added to 100 ml of  " r ter l le 
d ls-

r 1 l l ed  wa te ! .  50  n l  o f  t h l s  so l uE lon  we re  i n t r oduced  ro  t hd
f laske . ront .a ln lng ster l le l tquld medlum" The unplanted pots a lso
were sanpled ln th le way,

The llquld uedlum used by Wlerlnga
cul ture of  Cyanophyceae was enployed:

0.5 I  Na2C03, l0 ml  Fe-EDTA conlaln lng

and I  1 d let l l led rdater .

taken at  the fo l lonlng

when the f l rsE leaveg

(1968)  fo r  the  bac ter ia - f ree
5  I  K T H P O O ,  5  g  M 8 S O , . 7 H r O ,

50 ng  Fe,  I0  ml  rn lc roe l  rments ,

Al l  cul tures rrere sec ouc ln a g lasshouse, and examlned a!  ap-
proxlnately weekly lntervals.  The f t rst  exanlnat lon was maJe when
algal  Bror{ th appeared.  0nly a qual l tat lve record was kept  . r I  the
specles of  Cyanophyceae whlch occured ln the cu. l tures.

I I I .  RESULTS AND DISCUSSION

. .B!&gU!g lnocularlon oarkedly .turproved rhe growrh of the soy-
beans.  Hovever,  afLer approxlnately 6 weeks,  oany r f  the r- rn inoculated
plants developed nodules whlch were smal lo espec. laLly s lnce these
pJ-ants redalned snall and yellon.

The specles cf  Cyanophyceae lsolated f ron the washed rooc seg-
mentg of  lnoculated and unlnoculated plants were generar ly s ln l lar  at
a l l  acages of  p lanu growth.  I i  appears that  lngcu.Lat ion doea not  ln-
f l uence  t he  rh l zosphe re  a l ga l  f l o ra  (Tab le  l ) .

Eleven specles of  Cyanophyceae were lsolated f rom these experL_
Eents.  These belong to the geaera Anabaena( l  specles) ,  Chroococcup (Z
spec ies ) ,  Lvnsbya  (2  spec les ) , l i r c i i i i ! ?G  (1  spec res j , n@i - I J  up " -
c les) ,  Osci l la tor la (1 spectes) r"a t lSrr lg lgq f f  

"p"" i6 i l - t r .Ufu 
l ) .
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The four species,  Anabaena navlculo ides,  Chroococcus nlnutus,
Microcyst is  pulverea and Nostoc e1t lpsosporur,  were predoDinant ln a l l
of  the samples where soybean was growing.  Of these,  Chroocogcus nlnu-
tus,  MlcrocysEls pulverea and Noetoc el l lDsosporurn,  were also found in
smal l  numbers ln the unplanted pots,  as vel l  as a few cel ls  of  Chro-
ococcus  t u rB idus .

The nunber of  spe: ies was 6reater  in the rh izosphere reglon than
ln the sol1 a few crn ar . ray f rom the roots unt i l  the plants r . rere 4 weeks
o1d .  No  d i f f e rence  was  de tec ted  a f t e r  Eh l s  t i ne ,  s i nce  t he  poEs  \ r e re
f t l led wl th roots and water lng would wash the cel ls  or  their  sporee
throughout.  the soi l .

I t  waa noted that  greater  numbers of  a l l  species of  Cyanophyceae
occuled in the rh lzosphere and th is suggests that  the rh lzosphere
provldes a favourable envlroruoent for  these soi l  a lgae.  As the plants
developed larger root  sysEems, Ehe sol l  throughout the pot  became a
more favourable nedlun for  a lgal  growth.  Exudates f rom roots would be
penetrat lng throughout the whole poC (Katznelson 1946, Katznelson et
a1 .  1948 ,  Pece rson  1932 ,  Rov i r a  1965 ,  1969 ) .

From studies to date,  l t  appears that  the major i ty  of  organlsns
present 1n t .he rh lzosphere reglons are those which are capable of  de-
composlng f resh organlc matter  or  ut lL lz ing Lnorganlc and s imple or-
gan i c  nuc r {en ta  d i r ec t l y  -  Ehe  bac te r l a ,  f ung l  and  ac t l nonyce tes
( I ( a t zne l son  e t  a1 .  1948 ,  Leva l -  &  Re rnac le  1969 ) .
V1 r t ua l l y  no th l ng  1s  known  o f  a l ga l  r h l zosphe re  popu la t l one ,  bu t  i t  l s
l ikely that ,  belng autotrophs,  thelr  physlo loglcal  funct lons nay con-
t r l bu te  s i gn l f i can t l y  t o  t he  suppo r t  o f  t he  vas r  he te ro t r oph l c  pop -
u Ia t l ons .

Thls study has revealed the var lety of  Cyanophyceae specles that
occurs ln a lypical  g lasshouse 1n the Sydney dist r lc t  and that  cair
develop ohere hlgher p lants are growlng.  The roediurn of  the soybean
and algal  cul tures contain avai lable n l t rogen at  low concentra! lon
thaE the algae nust  e l ther be ol lgoni t rophl les,  n icrogen-f lx ing forms
o r  assoc ia ted  w l ch  n l t r ogen - f l x l ng  bac te r l a .

The presence of  species of  Cyanophyceae wel l  below the sol l  sur-
face ls  probably due to the washing down of  a lgal  forms f rom t t le sur-
face layers (Peterson 1915).  The l lght  requlrements of  Cyanophyceae
do not  conf lne them to upper layers of  the soi l  and the inportance of
Cyanophyceae ln rh lzosphere populat lonsr e?en at  considerable depths
has been over looked (Cul l lmore & Woodbine 1963).
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Table 1.: Cyanophyceae specles occurlng in the rhlzoephere and nonrhl-
zosphere reglons of soybeans cultures lnoculated wlth PJrt-
zobium laDonicr.rm, of non-Lnoculated controla and 1n un-
p l an ted  so l1 .

{

A lga l  spec les

Soybeans cuLtures

Inoculated Un-lnoculated
Unplanted

so l l

Anabaena navlculoides
F r l t s ch .

Chroococcus turgl.dus
(Ku t z . )  Naeg .

Ch. Mlnutus (Kutz.)

Naeg .

LvngbYa llnnetlca Lem.

L .  cev l an l ca  Wt1 le .

Mlcrocyst ls  pulverea
(Wood) Fort .

NoBtoc verrucogua
Vauch. ex Born.  et  F1ah.

N.eponglaeforne Agardh.
ex  Bo rn ,  eE  F lah .

N. e l l lpsosporum (Desn. )
Rabenh. ex Born.  et  Flah.

Oscl l laEor la pr lnceDs

Vauch. ex GomonE.

Phornldlun fraglle
(Menegh.)  Gomonc.

# #

# # # ffi

#

+ +

+ +

+ +

+ +

Note  i rhLzosphere reglon,  B
the  roo t s .
n o n e r + : r a r e l y r i f :

: .  sol - l  reglon a few cm away f ron

many, # :  abundant,

(Receiued qth nouenbet, L9?l)


