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THE RHIZOSPHERE* 

BY R. K . SAKSl: >-'A. D.Sc. (PARIS) ,. F.N.I. 
( 

Retired Prof essor 0 r Botany , U . . 
'J m vers11_1· of Allahabad, Allahabad 

LADIES AN JJ G ENTLEMEN, 

I AM deeply moved by the overwhelming kindness which • 
Botanica l Society has d_one me by awarding the Birbal Sa~~~ [nd1an 
fo r 1967. It has be~n in stituted in the name of m teacher Medal 
of _th e grea t_cst b<? tanist~ of th e world , the late Proflssor Birbaand on_e 
It fill s me with pride and gratitude and in all humility I have acc!p~:s~~: 

. I gave much_ th ought to the topic of my address to you toda and 
ulumately I deci?ed to present my vie ws on a fascinating fie1d f 
resea rch- th e Rh1 zosphere. 0 

The regi on of in~ense microbial activity around the roots of 
chl orophyllous plants JS known as the " Rhizosphere' ' Th. t 

d b H 
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wa~ suggeste Y. 1 tn~r J~ 1904, which according to him refers to that 
_region _of the soil wh1~h JS. under the influence of plant root. This 
interesting field of M1crob1ology, however, remained neglected till 
J ~29 whe~ R. L. _Starkey of _New-_Jersey did a really creative work to 
stimulate mterest 111 the rel~t1onshJp between the soil micro-organisms 
a nd t_he green plants. During_ the. last three decades substantially rich 
contn but1on s have been made rn this field and the interactions involving 
the soil microbes, soil-borne pathogens and higher plants have received 
attenti on of several plant pathologists and microbiologists. Some 
term s Jike " Rhizoplane " for external surface of plant root together 
with closely adhering particles of soil or debris as well as " Outer 
rhizosphere " or " Closer rhizosphere" to designate the sites of micro
bial concentration have al so been in use. Several types of relationships 
may exi st between the plants and its rhizosphere population_ but 
" Commen salism " or "Protocooperation " is usually the most dominant 
type of jnteraction. Rhizosphere is a highly favourabl~ habitat _for 
proliferation and metabolism of the rnicroorganis~s. This populatl?n 
has been inten sively investigated by the microscopic, . cultu_ral and bw
chemical techniques. Different plant species establish _different type 
of subterranean flora. The variations have been attnbuted to !he 
differences in the rooting habits, tissue composition and ex~retlo~ 
products of the microorganism. The primary root populat10n ~s 
determined by the habitat created by . t~~ plants a~d. _the secon~ai Y 
flora is, however, influenced by the activ1t1es of the m1t1al population. 

* Summary of lecture deli ver~d to the Indian Botanical ~o~iety on thc occasion 
o f the award of the BirbaJ Sahni Medal for J 967 at Varanasi. 
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Microscopic ~xamination r~vea ls. the presence _of. vast microbial po u
lati on which include bactena, ac t111omycetes, fungi , algae and protozp, 

. .Ocl . 

~ge of the plant an~ envi~·onmen~al c~nditions profoundly influence 
the rn-icroecolog1 o~ thi s re_g 1on. T1rn_on_111 (1940) recorded the estab
li shment of a rh11.psphere rn1croflora w1th_rn three days of seed germi
nation. Further development of the rh1zosphere population depends 
on the growth pattern of the pJant. UsuaJly, maximum activity in the 
rhizosphere region is r.ep?rted when the vegetative growth is at its 
peak. A ~ai_lable_ data rnd1~ate that I?ot all the parts ?f the ro~t ~re 
equally sunilar m sup.port11?g the rh1zosphere populat1?n. Maximum 
activ ity is usually ~xh1b1ted_ 111 th~ cent~al or c~own p_ort10n 9f the root 
which decreases w1th the mcreasmg distance m honzontal . as well as 
vertical direction from the base of the stem. Because of beneficial 
influence exerted by very young seedlings, it v.ould seem that during 

· the initial stages the micro-organi sms respond to root excretions rather 
than to deco mposable dead tissue, while during the latter stages 
the dead and sloughed-off tissue contribute substantially to the 
microbiological composition of the environment. 

There is little or negligible residual microbial effect carried to the 
fo llowing year. To a great extent the new crop determines its own 
rhizosphere composition. Voroshilova (1956) reported that crop 
residues animal manures and chemical fertilizers did not cause any 
appreci;ble qualitative or quantitative changes in the microflor~ _of 
root region and in general the nature of the crop played a more dec1s1ve 
role than the fertility level of the soil. 

The influence of root on fungal genera is selective to type rather 
than to the total number. Continuous cultivation of a single crop 
frequently favours the growth of Rhizopus, Chaetomium, Aspergillus, 
Penicil/iwn and Fusarium but the genera dominating the environment 
vary with the crop, the soil and the climate. Agnihothrudu (1957) 
reported that Aspergilli were much more frequent than any other group 
of organism. Working whh the rhizosphere microflora of fifteen crop 
plants he (Agnihothrudu, 1955) concluded that most of the fungi were 
present in vegetative state on the root surface whereas in soil away 
from the roots nearly 60- 70 per cent colonies were derived from the spores . 
Panwar et al. (1967) recorded a Jarge number of fungal species from 
the rhizospheres of some common desert plants colonising the sand
dunes. Rhizopus, Aspergillus, Penici/lium, Chaetomium, Neocosmospora, 
Alternaria, Helminthosporium, Curvularia and Fusarium were some 
of _the common genera which occurred practicaHy all the year round, 
while ~he activity of certain forms like Choanephora, Cunninglzame//a, 
Sordana, Monoci/lium, Myrothecium, C/adosporiu,n, Cylindrocephalum, 
Cephalosporium, Trichothecium, Sporotrichum and Phoma varied with 
the plant and the season. 

Th~re ~re _numerous reports to show that microbial flora of rhizo
sphere 1s . s1grnficantly richer than the flora of non-rhizosphere soil. 
Forest soils are known to be profusely rich in micro:flora. Out of the 
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~ari_ou" f'act~m., which contribu te to the affi uence of th e microorgan · . 
~.n J on.: '> t ~OJ l, ~he ·· contfo uo_us rh izosphere effect " can not be ruled ,~n~ 't pc~-,sibly . it plays ~ fa irly domi nant role. Tresner et al. (I 95~ 
f >_u nu ~L de_ fi ni te correlation between higher plant co mmunities •tn d so i{ 
micro-f ungJ. P~gh ( 1962) whil e stud ying the fungi in co~s taJ s~il s 
C<~ncludcd t~ a t in ~pper _part of t~ e marsh . the dl'nse cover by highc.r 
pla nt-, pr? vided a conun uo u" rh1zosphere · and tlfi s enabled Cerco
sp r,ra sal tnQ to hecn mc widesprea d. 

S,omc in}_t.:rc "> ting wo rk has been ca rried o ut on th e rhi zosphere 
r:opul_t1 tion 0 1 cJ e<iert pla nt s. Webley et al. ( 1952) observed that plants 
co l~,n ,.., ing the r :1rt ly rcc la ,med sand-du nes on Sco tti sh coast had in 
l_hc: 1r rh1 1m rh cre mu ch . lc1 rgc r numhcr of microorga ni sms than were 
/Clu nJ ,_n th e ', llrro un cl ,n[..! s:,nd . Mi losev ic ( 1956 ) o btained similar 
IT"> tllt : lo r lhc ', il rl d-dunL·s 01· Y11 go .... l;1vi:1 . P,1nwc1 r (' / al. (1967) while 
" l ucl y , ng l l1c rh J/ ( i-., phcn: p( >pu l:11 ion .., i,, "" 11d -d unc"> of' Wes tern Rajasthan 
co nc l11clt:d lli;i l l'1 l' \ l'gL' l;11 i, i11 cover ;ind <-.c ;i "omtl flu ctuati ons had a 
111:oro und i11 fl m·11 cL· (1 11 1hc 111icrnpn pul :1 ti on µrow ing un der the influence 
()/ pl:1n t ,·oo h . _;\ t_k lf11111 ;1111 pl :1111 spec ie<., fl1 i. l Y infl ue nce th e so il micro
rl o r il 111 l\, n \, :,_"- . l1 r:-. t_ by_ 1hc developm ent or its own roo t region flora 
:ind -., cc(l nd l_\ h_\ cn nt ri hut,ng litter i. i ll U humu s to the so il which in turn 
h.i \ L' :1g: 1i11 :1 di,·cct bc:1ring on th e growth or the plant. The fact 
t h;1 t the: Jc\ ell)p111 cnt or so il microOora is so cl osely associated with 
the: \c g.e1c11 io n:1I ~uccession is or considerabl e significance . A com
p;1r:1t1\ c :-. t ud _, o f th e plant success ion and rhizosphere microfiora 
lc:a \ c-., lit1lc do ubt a bout th e significant role which the micro-organisms 
pl:1_\ in sh:1 ping th e plant communities and in thi s respect the micro
pn pul;i t ion ccrns titutes an important bi otic factor. 

So me of" th e substances relea sed by the plant roots have been 
ident ifie d ;1 11d iso lated , but the list is far from being complete. The 
eHTC tcd compo unds include amino-acid s, simple sugars and nucleic 
;1cid dcri, a ti ves . Th e products vary from plant to plant both in quality 
;1 nd ~u unti ty. Katznelson et al. ( 1954) reported the excretion of ten 
a mino-acid s a nd a reducing sugar with R1 similar to that of glucose 
!'mm th e mob of tomatoes, soyabean , barley and oats. Rovira (1956) 
o bta in ed 22 a min o-acid s excreted from the pea roots. Bhuvaneswari 
a nd Su hha- Rao ( 1957) spotted several organic acids and sugars from 
th e ro ot ex ud,1 tcs or Sorghum 11u/gare var. doc/ma and Brassica junceq. 
Roy ,rnd l) wivedi ( 1967) li sted leucine, methio!1i_ne, alanine, glutam,_c 
ac id , aspartic ac id , cystinc , phenyl alanine, arg111111e, rhamno_se, arab1-_ 
nose, glucose, fru ctose, sucrose and rafnnose as the constituents of 
roo t cx ud a tcs o f' so me leg umin o us crops. 

The root excretio ns have been found to have pronounced influence 
o n th e germination of funga I spores. Barton (1957) reported the 
germin a ti on of oospores of Pythium mamil/atum when ther were place~ 
in so il befo re gro wing turnip seed]jngs while in non-rh1zosphere s_oil 
or in di still ed wa ter they were incapable of germination. Coley-Sm1tJ1 

and Hic km:111 ( 1957) made simila r observation s regarding the germ 1-. 

n,1 ti o n in soi I or sc lerot ic1 or Sc!erotium cepivorum in the presence ol 
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oni on. Roy and Dwivcdi ( 1967) round complete inhibition or conidial 

germination o~· llclmi1~t(10spori~1m sati1·~1111 _ a r;cl Fu.ff11· i1'.m~ culmorum 

on glass slides rn un stcrrlrzcd ~o! I bu t lll i.l.J<mty of the con rcl! a were able 

to g~rminate when whea t seed lings . we re grown on the slrdcs . . There 

are several other exa mples also ~ hrch ~emonstratc th_at ~oots !1beratc 

the water-soluble c()j)1pound s whrch ac ti va te the germin ati on of fungal 

spores. Roberts :.nd f~ obcrts ( 1939) reported that substa_nces induci~g 

an auxin-lik e res r onsc 111 Avena co lcopt rl e "':'ere produced 111 aga r media 

by 77 per ce_nt o_f bacteria , 66 per c~nt ac tin omyccte~ a~d 46 pe~ cent_ 

or so il fun gr. Some co mm on rh, zosphcre ba_cterra Ilk ~ _s pec,_es ol 

Ps<!udomonas and AwohactNiu111 arc capable o f synthesrzrng mdolc 

ace tic c1c icl . It is poss ible lh ;1I ;1u xin biosy nth esis may be an important 

mean s of' plant stimuh1tion . 

The inten se microhiologic. tl ;iclr vrty in the rhizosphere has direct 

or indirect effect on pl :1nt p;ithogc n. Usu;,tlly, it has been observed 

• that so il-borne p;1thogen s :1rc more destructi ve it'I sterile than in normal 

un sterilized so il . The 111 ;1,inr composition or rhizosphere population 

consists or 11 on-p;1 l ho ge n ic org;_-1 ni sms. Therefore, pa th oger ic organisms 

have to !'ace thi s b;1rricr in ord er to initiate the infection. In many 

cases the resistance or susce ptibility between the diffe_ren t varieties of 

sin gle-plant species arc link ed with microflora of rhizosphere. Varieties 

of' na x susceptible to wilt ca used by Fusarium oxy.\porum r lini, possess 

a grea ter number or micro-organ isms than the resistant varieties. 

Similarl y. tobacco varieties susceptible to Thie/aviopsis basicola root 

ro t arc known to support a larger number of bacteria , actinomycetes 

and fungi in their root zone than the resistant varieties. While studying 

th e rhizos ph ere microflora of tea in relation to charcoal stump rot 

caused by Ustilina zona/Ci, Agnihothrudu ( 1959) reported that there 

was enorm ous difference in the den sity of fungi and bacteria in the 

rhizosphere fl ora of apparently healthy plants and infected ones. A 

greater va rieties of' spec ies were recorded in the rhizosphere of diseased 

rlants. Sulochana_ ( 195?) m~tde quant_itative st udies of rhizosphere 

fl on~ of two_ 8~netrc_ strains of two species of cotton (the diploid sus

ceptibl e va ri eti es of Cos.\ypiw11 arborf:.'um race indicum L. and tetra

ploid resistant Cossypium hirusutum L.) .. 111d obtained interesting results 

about th e natu re of the root ex udates and their role on the activity 

?f the_ plant _pathogen: In mos~ of the cases, no satisfactory answer 

1s ~v~ il able fo~ th e differences 111 the disease resistance between the 

vanet,es of_ a s111 gle-plant species. To a certain extent such variation 

ca,~ be attributed to ~he di:'ferences in th e rhizosphere fl ora . It seems 

~rte probable that 111 res,sta n~ va!·ieties ro~t. excr~tions may induce 

t 1e development of a flora which 1s competitive with or antagonistic 

0 the . pathogen. Brian ( 1957) mentioned that successful control of 

:
0t d, ~eases prob_ably lies in development of satisfactory meth od for 

111 
r ue~cin,g t_~e rh1 zosphere microfl ora. In this light the rhizosphere 

;;ay e consid ered as the microbiological buffer zone in which micro-

ora serves to protect the plant from the allack of the pathogen. 

f . 
Many_ workers in th e recent years have envisaged th e possibilities 

o 1mprov111g the phnt g owtl . d . 1 
b . , . 

. h . , .. A , c r 1 an crop y,e d y mod1hcat1on of rhizo-

sp eic micr o orc1. In ,1 number o/' cases the rhizosphere microtlora 

.:...-t - ,r ~ -, . 
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has been ~ltered by giving certain treat~nenl s to . the plant. Hellcck 
and Cochrane ( 1956) observed changes 111 the rh1 zosphcre microflo . 
of bean plants which wer~ sprayed_ with bor~eaux mixture. Ram:l(~ 
c~andra Reddy ( 1959), while study1~g the rh1z?sphcre microflor:~ or 
nee, observed that urea sprays modified the rh1zosphere environment 
~y exerting a change both in nature and amount offtroot cxudates which 
m turn possibly influe~ced the rnicrobia~ balance. R?Y and Dwivedi 
(1967) reported that foliar spray of certam hormones like indole acetic 
acid or 3-yl-propionic acid resulted increase of rhizosphere population . 

There are many faces of this intrjcate type of relationship which 
exists bet~een the plant and its . rhi~osphere popL~lation. Undoubtedly 
the most important plant contnbut1on to the rh1zosphere flora is the 
provision of excretion products and sloughed-off tissue which serve 
as the sources of energy, carbon , nitrogen or growth factors. As a 
result of root respiratiQ-n there is evolution of carbon dioxide which 
alters the pH of the sorrounding environment and ultimately influences 
the availability of the inorganic nutrients. On the other hand, root 
penetration improves soil structure which facilitates microbial oxi
dation . Respiration of both macro- and micro-organisms leads to 
greater CO:! production from the rhizosphere than from non-rhizosphere 
soil. Starkey ( 1929) has shown that stimulation of organic matter 
breakdown in soil of root zone is far more pronounced with mature 
than with young plants. Comparative study of the two types of soils 
has shown that about two-third of the carbon mineralized is the result 
of microbial respiration . Larger CO2 liberated in rhizosphere has, 
therefore, an obvious influence on the crop nutrition. 

Harris ( 1953) reported that nodulation and nitrogen fixation by 
some partially effective Rhizobium strains are e9hanced by simultaneous 
inoculation with several rhizosphere bacteria and fungi. Nilsson 
( 1957) suggested that organic phosphorus mineralization using glycero
phosphates and nucleic acids as substrates was more rapid in rhizo
sphere than in soil away from the root effect. There are also evidences 
to show the capacity of rhizosphere microorganisms to alter the 
solubility and subsequent utilization of iron and manganese. 

Ladies and gentlemen, in short, I have tried to present before you 
some of the important microbial activities of the rhizosphere region. 
Like mutualism which usual1y exists between macro- and micro
organisms in this region, this field of jnvestigation need~ co-ordinate~ 
efforts of microbiologists, plant pathologists, ecologists and soil 
chemists. .I am sure that each will · benefit by the results obtained by 
the other. 

r n the end, 1 thank you a11 for hearing me with patience. 
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