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The rhizosphere microflora is a resull of interaction between sevd stoface am1 
soil microfforu. As the planr grows older the organisnas jkorn the seed sloiz~ly 
(fiminish and the soil organisms dominate. The patiern of rhizosphere colmization 
was ana(vsed using model iyslem. Pure culiz~res of different bacteria and rnould.~ 
(Pseudomonas, Azolobacter, Arthrobactor, Bacillus, Micrococcus, Aspergillus, 
Mucor.) were added lo pre~+ously sterilisedseeds andsoil in different cornbhations. 
The relative it~cidence was Iraced it1 lhe rhizosphere. I t  was observed tho1 
or;.anisms /,.om soil can ahvqa es~ablish better than those from seed coots. Also, 
rhat bacteria are better competi~oi.f lhan moulds and rhat among bacteria the 
Gram itegtlri~~es wefe the mosl eficient colonizers. 

The high dcnsity of microbial popularion in the vicinily of plant roots 
:is compared to soil away from them (i.e. the rhizosphere effect) is conspicuous 
even -within 6 hr of germination of the seed"2. The primary source of 
these organisms may be the seed and/or the soil and the rhkosphere 
microflora has been generally assumed to be in t e rmedky  between seed surface 
and soil p ~ p u l a t i o n s ~ ' ~ ' ~ .  Generally speaking, the organisms on the seed 
surface can establish on the roots after germination but they may, however, 
soon disappeai6". Thc olganisms on the seed coat may also afkcr 
germination and post-emerger.ce survival of the seedlingss-'' but the extent 
to which germinating seeds may affect the m;crcfora on their coats is not 
hell elucidated thcugh a few instances of antimicrcbial subslances exuded by 
prminating s x d s  have bcen ieportcd'2'1'. 

Literatbrr reporls seem to suggest that the nature of the rhizosphere 
population in the early stiges of growth is influenced by the metabol;~ 
activities of the germinating seed as well as by the intrraction bawecn the 
seed coat and soil micrcflora. The exact source of tlie rhizcsphere micrcfora 
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is, however, indehi te  and no explanation has been offered for the qualitative 
distribution of the microftora. Previous reports from this laboratory have 
brought out some interesting interrelations between so11 microorganisms and 
the mulberry (~Morus indica) plants. In this paper are presented the efforts 
%nade to elucidate the microbial factors affecting rhizosphere colonization with 
the a ~ d  of known n~ircoorganisms and mulberry plant as model systems. 

2. MATERIALS A N D  METHODS 

See&. Mature mulberry fruits were collected from the Institute's 
and tht seeds were extracted. 

i2.iicrobiological Stu&s. All microbiological studies, i. e. sampling, 
platins,  sola at ion, derer~nination of physiological and nutritional properties, 
were carried out as described e a r l i ~ r ' ~ .  

Set,d surfice microflora. 5 g of seeds were shaken in 100 ml of sterile 
water and serial dilutions were prepared and plated on appropriate media. 

Changes in the microbial population during germination. Mulberry seeds 
were sown in garden soil placed in petridishes. Germinating seeds were 
collected in sterile petridishes after 3, 7, and 10 days of sowing. Adhering 
soil was removed with sterile forceps and then transferred into sterile water 
blanks. The microbial population was studied as before. 

For obtaining rhizosphere samples of the seedlings were removed 
aseptically and freed of loosely adhering soil by gentle tapping. The roots 
were then clipped off and collected into a sterile water blank and examined as 
usual. 

Seeds were surface sterilised with 0.2% Hg CI,. for 3 minutes and soil by 
autoclaving on three days at 126O C for 30 min. 

Colonization of rhizosphere by seed surface microflora. Soil was sterilised 
in petridishes and 30 to 40 non-sterile c;eeds were sown in each dish 
(Fifteen dishes were kept sown). Periodically all the seeds from 1 dishes at 
a time were removed and the n-iicroflora was studied as usual. 

Colonization of' rhizosphere by the soil microorganisms. In this case the 
seeds were surfice sterilised and sown in soil kept in petridishes. Rhizosphere 
samples were collected and studied as usual. 

Rhizosphere coionization in mod12 sysfems. The proportionate contribution 
of soil/or seed surface microflora to  the rhizosphere population and the 
~elative ability of different microorganisms to inhabit the rhizosphere were 
exmined in mcdel systems. For this purpose representative isolates of 
different genera of bacteria and fungi, viz., (1) Pseudomonas (2) Azorobacter 
(3) Micrococnts (4) Arthrobncrer (5 )  Bacillus (6) Asprrgillus (7) Mucor 
were chosen. All these wltures were originally isolated from mulberry 
rhizotphere. 



Soil w.is sterilised in pctri6;siws a n J  seeds wcre surface sterilised 
1-lp C1,. as c-sriier. Soil and seeds were reinfected with a suspension one of 

(hi- above org311is~1i9. ?ri Case of soil cell or spore suspension was added and 
miaed well. Seeds were waked in simiiur slrspmsions for I hour before they 
were aowa in soil. Uninoculated controls were kept with about 30 to 40 
seeds sown pi-r plate. In this way 3s many as  (8 :. 8) 64 dilkrent combi. 
nations of trea(inmts were obtained and daplicate sets were kept. Five seeds 
vvcre sampled from each sct Tor microbiological cinalysis. They wcre suspen. 
ded in sterile water :ind the relative incidence of the two organisms (i.?. the 
sccd inoculnnt, and the soil inoculant) was eslin~ated by the usual plating 
nlethod. 

it is clear t h x t  the microorganisms proliferakd actively on the seedv 
during germination and that they increased even more considerably on the 
roots. The moulds were lcss stimulated lhan the bacteria (Table 1). From the 
qualitative distribution of bacteria on rliizosphere of mulberry under differen; 
conditions soil and/or soil sterility (Tables 2, 3 and 4), it would seem that 
the Gram negative bacteria dominate on the rhizosphere soon after germl- 
nation. The Fast disappearance of spore formers was indeed rather str~king, 
particularly in the sterile soil (Table 3). Thc growing region of the roots 
Was consistently found to harbour microbes whose nutritional requireineilts 
was simple in comparison to those associated with the older regions of roots. 

ma rob la^ populdtion on seed curface durlng germmailon of mulberry 
-- - -- - 

Popolatmn on seed 1C"g Rh17ospheic 
-- - -- 

Cond~ton of seed - Sllghtly Fully Radraljust Root 12cm 
swollen swolfen cmergps lollg 

--- - - - - - - - -- 
Days 0 3 7 10 3rd day after 

(seed) germinatmu 
Perrlculan 

- - - -  - - ~  

Rxterin 10.2 12.8 67.8 101.8 20.6* 

Aciinomycetcs 0.8 1.9 6.5 17.5 1.8' 

Monlds 0.4 0.5 2.5 3 5 I I . ?  
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Another interesting phenomenon observed was the overall similarity in 
the rhizosphere population of plants grown from sterile seeds on non-sterile 
soils'and that of plants from non-sterile seeds grown on sterile soil. But 
when non-sterile seeds were sown in non-sterile sods the qualitative nature of 
rhe microflora significantly differed from the other two. These results 
suggest that when competition rrom one of the habitats (i.e. seed coat or soil) 
was absent, the roots encouraged a similar Aora around them. But when both 
were presenr competitions and other interactions took place resulting in 3 
modified flora. 

Morphological and Nutritional Properties o f  bacteria on mulberry seed 

Source Mulbcrry Seed Rhizospherc 
- 

~ .- - 
Daysafter sowing 0 3 7 10 3rd day after Sol1 

germlnatlon 
- - -- 

No of isolatcs 40 45 55 48 6 1 50 

Particulars Positive isolates % -- 

Gram negative 30.0 
short rods 

Gram negative 25.0 
long rods 

Gram positive cocci 15.0 

Gram positive 10.0 
nonsporing rods 

Spore formers 20.0 

Nutritional Groups- 

B 10.0 

BA 25.0 

BAG 30.0 

GY 20 0 

YS 15.0 



population changes during germinntion and colonization of  rhbospherc in stsiiliird mili 
- ~- -. 

Source - - 
Seed Khimspherc  

- - .. 
~p 

Days ?fie< 3rd d a y  after 7,n day ancr 
uowli ig gernrinatbon g e i r n ~ n a t i o n  

o 1 '7 10 lov,  Bottom ~ o p  ~ o i t o ~ ,  
Halt half Half half 

.. .- .-. . .. - --- -. - - -~ -- - 

No. of isolates 45 50 48 50 
- -. -~ ~ 

32 39 41 43 
~ -. - .- - -. . . - -~ -. 

Particulars_ -.. ~ ~ Poslrlve isolates ~ 9: -- 
Grain Ncgative 31.0 26.0 25.0 27.0 8 0 29.0 24.0 25.0 

shor t  rods  
Gram Negative 24.0 34.0 40.0 41.0 31 0 32 0 34.0 39.0 

long rods  
G r 3 m p o s i t i v e  15.0 10.0 6.0 7.0 9.0 15.0 7.0 7.0 

cocci 
Gram posi t ive 10.0 16.0 19 0 20.0 I6 0 13.0 14.0 13 0 

non-sporing r o d s  
S p o r t  formers 20.0 14.0 11.0 4 0 12.0 13.0 i2.O 1 3 0  

N~itritioirrcl groups 
B 11.0 14.0 11.0 11.0 12.0 13.0 12.0 12.0 
BA 26.0 36.0 38.0 40.0 43.0 45.0 42.0 43.0 
BAG 31.0 28.0 29.0 29.0 27.0 26.0 29.0 23.0 
GY 18.0 14.0 14.0 16.0 9.0 8.0 10.0 9.0 
YS 13.0 8 0  8.0 5.0 6 0  8.0 8.0 7.0 

TABLE 4 
Colonization o f  rhizosphere hy soil microflora 

- ~ - 
Souice Rhizosphere - -- 

Soil 3rd day 7th da? 
~ 

Top half Bottom half Top half Bottom half 
- -- -- -- 

No. of isolaies 36 50 4 5 - -  42 -28  ._ -- 
Particulars 

- - 
Positive isolates 9 / ,  

- - ~ - ~ ~ .  -- .- --- 
G r a m  negative shor t  r o d s  14.0 24.0 24.0 23.0 28.0 
C r a ~ n n e g a t i v e l o u g r o d s  18.0 33.0 42.0 31.0 45.0 
Gram positive cocci 16.0 9.9 7.0 10.0 . 8.0 
G r a m  positive non-sporing rods  22.0 17 0 14.0 18.0 11.0 
Spore formers 30.0 15.0 12 0 16.0 8.0 
?J~'irtriiiorml grotips 

B 14.0 13.0 12 0 13.0 I!.@ 
B A 18.0 44.0 48.0 39.0 45.0 
BAG 34.0 26.0 26.0 23.0 22.0 
C Y 18.0 9.0 7.0 13.0 11.0 
Y S - 16.0 -- 7.0 7 . 0 -  10.0 11.0 

.-A 



I:lalivcah:it) a i n e d  mi soiimicvbon to coiooize:lizosphera during early stapes ofgrowfh _-__ 
So?lnocah;on X i l  Prrudomot~ab A:oloEni:or Mc~coccur 4r:hnbur:r 6#edlnr nqrrg~lluur .Mutor 

Seed 1norulat:or. a b 2 1  d b a b a b a a b a b  --- -.- 

-- 
I Very H!gh .. 1031 ... iW.O ... 100.0 ... 11.6 ... 
2 \':ryH~yu ... 050 5.0 02.0 5.0 @ 0  8 0  P.O 5 3  

hr~durrloan 3 1 6 1  LO5 ... htz~doa~mo: 50 "53 0 50 3 50 0 45.0 55 0 55.0 45.9 
4 2.2v1PS ,.. 25 0 15.0 30 0 700 30.0 70.C 12 0 58.0 
5 !,IfiO1 ,,. 300 X.0 35.3 66.0 280 1!.0 11.0 10.0 

. . . . - . .. --. ..-- -. . . - --- 
' Very H i i n  ... i M  0 ... lC.O .. 100.0 ... 11.0 ... 
? Vei! F13h .. I10 0 100 910 130 95.0 5.0 PO0 10.0 

! r y t ! l  .. n o  .. 1m0 .,. I M i I  .. I N 0  .. ! a 0  . 1 8 0  ... 
2 i;.ri.Higb 1100 iO.O 800 30 750 ?!.I Bi.0 l5.J 85.0 i!.O WO 10.0 

M i m o r : a  3 : Jh lo\.. 20 0 80 0 400 d.3 M c r i w u r  15.0 6.0 6.3 55.0 75.0 15.0 SO.0 20 0 
I I9:!IOS . :50 R00 B O  75.0 30.0 ? C O  18.0 '2,0 4t.0 60.0 45.0 55.0 
I 24x10' ... i5.O 150 8.0 800 18.0 62.0 140 86.0 50.0 j0.C 35.9 65.0 

-- . 

I VeryHiyh ... 1000 ... 1010 .. 100.0 ... 100.0 ... 1a.0 ... lN.0 ... 
2 Yery l i i th  ... 86.0 :lG 950 5.0 000 10.0 92,0 8.0 95.0 5.3 90.0 103 

Arihmbncini 3 I,SY!O* ... 30.0 70.0 530 100 40% 60.0 411hi~bntctr 1 0  10.3 7S.0 2.0 75.0 2.0 
4 0 , ,  5 0 150 650 100 700 150 sir t1.0 ~4 680 132.0 
j !.:110' . ,  15.0 85.0 3dC 780 300 ?00 3 0  160 45: 55.0 500 100 

- .~ - .-. - 
i VsryHlgh ... 1110 , IMO .. 1000 ... 1920 ... !M.0 ... l M 0  ... 
? V q  High . 500 ihl 1 0  i U 0  650 3.0 620 380 B.0 5.0 95 0 5,; 

Bocdl~s i 1.3ilO' ,.. 200 800 402 8 0  430 $7.0 B.0 550 Duiiilui 80.6 3.C 71.0 2?.C 
4 l.8,131 ... 210 80ll !go 710 20.0 YO.0 30.0 "00 55.0 43.0 65.0 35.0 
j 2 9 ~ 1 0 U 0 0  $ 0  110 85.0 i5.C 85.0 110 830 40.0 60.0 55.0 41.0 

.. -. . . . - . -. . . . .- -. . - .. . - - . . 
1 Very High . 1010 ... 190.0 .., !@I1 . 103.0 . IOBO ... iM.0 ... 
2 VsryR18o ,.. 692 400 65.0 35.0 620 330 60.0 43.0 61.0 350 85.0 15.0 

I~I& j 91 ,,. 15.0 85.0 100 70.0 8.0 600 41.0 550 40.e 600 A~.:S!!I~! 45.0 550 
4 1.600 ... 10.0 90.0 18.0 82.0 35.0 61.0 20.0 800 30.0 YO.0 35 0 65.3 
5 ?,dm . i.0 95.0 IO.0 90.3 15.0 85.0 9.0 910 20.0 80.0 28.0 il.0 

I \ l c r y ~ t r b  ... l o ? ~  . 1030 . IUO .. l a ,  ... ion.~ ... 1w.o ... 
! l r r y H i g h  ... WO 10.8 1 0  200 i5.0 2iO 640 41.1 0.0 400 90.0 10.0 

,Wiir*r 1 1.10 ... 110 650 40.p 600 400 630 200 800 9.0 800 U.0 60.0 Ltnr 
4 1 ~ 0 0  ... 2.0 800 30.0 70.0 30.0 10.0 14.0 90.8 100 Fa.0 3.0 65.0 

5 1.600 , I 1 I50 65.0 18.0 8!.0 8.0 920 8.0 920 li.0 85.0 
---- 

,I1on.-a b bin m l i i a i  columils tqnsent ... i = l& ioaulaflf; b = jail inculant 
I IJ 5 in horizontal eoium-rr dan9lerlageofsam~!ing , - !flthdryahssoliab: 3 - jrdu~vnsi to~~errn;nat ioo~ 4 -7thdaaaftcr germiuarion - Tophaif; 5 - 7th d v s  a h u  geoioar io~-Borto~ hdi 

Finurej m TOP horiionrsl row 2nd IeB v r i ~ l q i  coiumnsar~ ac~lwi population COUQQ, all other b ~ ~ r o a m p ~ x n l a m .  



i n  order 10 clarify Ihc iiiliur-e oi' iiiruractions and lo gain an insiglii ~ n i o  
patter11 of microbial colonizalion O F  !he rliizosphcre an  experiment was 

conducted with iuodel syslemr. 'The basic priric~ple o r  Lhe siudy was to 
r,eri]ise both soil and the sccds initially and reinfcct them with pure culturcs 
ofeas,ly rcc.>pizablc organisms :ind fo'ollow the course of their cstablishmcrit 

survi\al in the rhizosphere. The results are presented in Table 5.  

M~croo~yul isms derived from soil proved to be better co lon i~ t r s  of roots 
ihall ,;hose of the seed surkce.  This is very clearly broughi-out in Table 5. 
The same tab1 o~-g:?liis!n when i l  originated from soil was found in mucb 
larger numbers on thc rools rh:in when !t was derived from inoculated sceds 
(compare lop row with firit column in Table 5). This may be due to the fact 
that whereas in soil majority of the organisn-is may occur in a 1  x t ivc  state 
those on the seed surface, apart fvoiil thcir lowcr population, arc 1.kcly to bc 
in a lower state of activity and for that rc::son can on!y slowly migrztc ?long 
the roo!s in order to colonize rt. 

A!no:ig [lie bacteria the Gram negativc specics, notably Pse~don?unos 
spcsies, were very versatile. The population on the roots, w h c t h r  from soil 
or seeds, was higher than that of other organisms. Arthrobacter, wb;ch 
appears to be very common soil inhabitant, as also better colonizer than 
Biiei/l~iz or Micrococcus or the moulds hut relatively less capable than the 
Gran? negstives. Azotobr~rter species faired wcll iii their crmpetitiun wilh 
otllcr orpn;hm\ cxccpt for Pseziriornoiinr and Arlhrnhnctur species Thew cbscr- 
vations wcrz in agreement with the direc.1 microscopic examinations made 
siinultanaously. Thcse cxpcrinicnts bring out in a neat way the competitive 
ability of these forms and explain the preclominantincidence of G r a ~ n  
negatives in the rhizosphzre, though it is not yet known ~f it endows 
Pseunomi~nns the ahi1.t~ lo dominaie the rhizosphere. 

Chaii ct ui in order to investigate the same phenomenon, 
observed that in mixed culturcs ~'sspzi.~oritonr~s (a typical rhizosphere organism) 
inhibited the growth of ilrr11ro6ncrer (a typical soil organism). This inhibition 
\+as mtarluified when roo1 extract way addzd to the medium and diminished 
when so11 extract w:is added instead. The aulhors offered this as a possible 
cxplanat;ou of what is taking place in nature. Our studies conducted with 
ac~ual seeds and soil bring out the coinpelitlve ability of dift'crent soil 
microorganisms, though what i~ l r in s i c  properties enable them as  such remains 
to be: explored. From the present results it would seem that antagonistic 
Properties and faster growth rate of some species may in [act be factors 
mvolved in the phcnomanon. 
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