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INTRODUCTION



he coconut palm (Cocos pucifers i.) hes through the
years acquired many sulogistic names such as "the tree of
the Hesven” (Xalps Vrikaha) indicating the usefulness of
the cxop, The ares under coconut cultivation in India is
sbout 1,2 million hectares with the production of 6087
million muta*, This ia essentially & crop of the smell
grovers sbd adout 98% of the holdings are telow 2 ha
(Thampan, 1976¢). In cocomut, planting 4s done ot 7,98 x
7+.5m spacing, the latersl apread of roots are ot beyend
3m from the bole and the verticel distribution is 0130 om
(kushwah g% 2les 3973). On surface ares basis, the azes
occupied by the palm is 56,25 m? (7.5m x 7.3m), the ares
at active xeot sone is 12,57 »% (IX x? where ream),
Therefore, the £raction of total axes effectively utilised
by the palm 15 22,34%, %Thus, in pure atand of coconut
about 75% of the total ares 1is not belng sffectively utie
lized,

Taking an overall view of the gzowth habit of the
palm, the pattern of its utilisstion of seil and solar
enexgy and of the interveption of the light by its canepy,
the anslysis revesls that the coconut palm is smensbdle to
intenzive cropping at most pericds of 4%s life and greas

* Source: Directorate of Roonomics and Statistics,
Government of India (1985-88),




possibilities €0 exiast for incressing sgriculsural produce
tion, The intensive cropping systems imwolving coconut
are essentislly crop combinations vhich envisege the oule
tivation of other compatible erore in the interspaces
betwesn the palms, The Crops chosen should create only
ninimus problem of 8011 exhaustion, pest buildewp, while
sasuring at the sems time meximus production per wmit fnpus.

Seversl intercrops such es rvots and tubers (cessava,
elophant foot yam end sweet potato), zhimome species
(Suzmeric and ginger), grain legumes (green gram, black
gram, horee gram, cowpes end scoybesn), fodder oxops (foddex
legumes, Rapisxr and guines grass), plaststion crops (caeeo,
clove, nutmeg, cinnemon, pepper and Rcbusta coffes) and
horticultural arcps (Banans, sapote and citrus) oould be
succassfully growe ia coconut gasdens (Melliat and shame
s, 1979). Caceo 15 & relatively new plantstion ercp
introduced o India (Bhet snd Bavapps, 1972). Plenting
of censc in coconut plantaticn as miwed crop 48 being prec-
ticed in other coconut growing countries, such as
Philippines (Rodrige and Mamgbat, 1964), Maleysis (Xin,
1968; Blencowe, 1949) and Pajua New Guines (Noed, 1973),

The sazm ‘multistoreyed esopping’ is used to vefer to
mltispecies crop combinstions involving both ennual and
perennials with an existing strand of persmniale (Nelliat,
as ale 1974 Naiz, 1977), The erops having diffemas
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stetus (canvpy size) snd rooting pattern efe selected to

heve the compatible ocobinations, NMixed ferming ilovelves
cultivesion of fodder grasses in the Anverspeces of coconut
palus, maintensnce of =ilch animels snd yecyeling ths
sattle manure in the coccnut-fodder mimed stend,

The nRature and tho agtivity of siozcficse and feuns
in o given enviofnvent deyend upenh the LUy GROWH And
the sansgenent practices followed, %ha natuze of miero~
orgenisms asscitiated with rerwnniels 18k trwe Srops axe
almost constsnt but the intreduction of other snsual ox
peremnicls could change the equilibrium snd this s turn
eculd be sither beneficial or detrimental for the arup
communlity. The sctivities of the shicosrhoere and oot
surfece nicrocxgsnions oan affect the putriont upteke
(Bowee z0d Reviss, 1¥E8) and wide renge of osgsnic compounds
kaown %0 be ;resent in the shiscephere cer iufluence the
gl @f the 2lect (20vise, 19650y Jtevensen, 10672 Zubbke
Ao, 5% Eies 1961}, The grester oot volume of the csops
per unit voiuse of soil adds moze Orgenic mattes by way of
dead govtc. The fuilew ilenves provids the orgenic substrate
for the grovth of miciworgsnisms, '

he intersction detwest the seighbouring plants, however,
need ROt siweys produce & SOmZatition Mt msy also iawlve
the setion of biologicelly aotive plant saxudates and tiw
Sransfer of microbially fixed nityogen, %Ths kiclogixel
iateracticn inwelving microoxganisms, insect pests and plang
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pathegens are of censidesshble importance in erop ocombie
aatiens. Dus % the enaweus pressuse on the better
utilisation of land, in more Fesent yesrs reseszeh work
is directed WwWwasds identifying suitsble ercp combinations
in the excpping systen. Besed on the gsowth end yield
of mlsistoreyed eropping (cocomut + black pepper +
cecaD ¢ pinespple or cocomut ¢+ black pepper + ciansmon +
pinsapple) and the mixed farming systvem (oocomut + black
pepper « fodder grass + napiar grese < puss gaiss) it
has boes shown that these orops are cumpetidle and incressse
the yisld of cocomut as compazed S0 COCONUE MOBOCROPPANG
(Appendixn Is and 2b). .

mmumummmmmm-
mented with regazd %0 interspetes competition for mvisture.
sutrisnts, solar energy and soil fextiliny (Mellfat, gf alee
19745 Varghese g% gl.. 1978). 1In additicn w0 the compeatis
bilicy, the additionsl synergistic effect of incresse in
vield of palm 4is an exvellent exasple of ‘nen-manetary’
input in crop production. The ossidle ocomponents of NcR-
omoRetaxy Anputs sre worth ssamining. Therefore, it is
also essentisl ¢o wunderstend the long term effest of
multistoreyed or afwed ferming on the dislogical setivities
of the seil, as ultinately thess parsmeters sffect the over-
all fertilivy and pyoductivity of the seil,
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The soil micyoflors of cocomut and Coovaut besed
mixed farming system has been studied by & fow workers
under root (vAlt) disesse conditicns (Redhe end Memon,
1954) Potty g% ales 1977}, HNeir and Subbe Meec (19772)
studied the microflors snd specific biolegicsl ettridue
e ia the shisosphere of coconut under mined acrepping
with cesae, Mt 8o work has been attempted ob the
cocoaut Dased multistoreyed excpping system, ¥ith Whis in
view, studies wese envisaged % ensmine the effect of
exopping system o the Synamics of rhiscsphere and oot
segion microorgenisns, s0il fertility emd biologicsl
preductivity. The present study includes t%he follewving
aspeuts: *

ls The influence of multistoreyed esopping snd
mixed forming 18 coconut ou the dynamice of
sisgcorgsnions and s0il diologicsl activities,

2. The effects of cooonut based mulitistoreyed
apopping system, aixed forming systam ond

CO0ONNTt NOROSEOEPARg o0 301l fertility pave-
notere .

3. The sccurrenss and the activicties of ¥we
rhisoplane end ehiscephers microorgeniens
of the covemat based multisvreyed esepping,

nixed farming and SOCORUt MOROSIOPPARG SYS»
Cane .

4, The antegonism of rhisesphere and rhisoplane
microorgenisms egeinst Phytochibers sxecas
end PRhytopbihera DMRIYREA AR YiSER.
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$. Blochamicsl charssterisstion of Pept eyudatas
of coounut and seile of different cocomut
based asopping systeme,



REVIEW OF LITERATURE
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™he ters ‘Mu' was ooined by the Cesman o
Seientist Hiltner (1904) to denote the region of the
scil vhich is subjected %o the influence of plant zoot,
tinoce then, the studies on zhisce;here hm» pxomﬁd
along seversl fmportant and intesresting lines
(Ssarkey, 1929ay 1929hp 1931y 19387 lochhead, 1940,
‘19327 Xatsneleon, 1946, 1965) Katsnelson gt gl.. 1948)
Clark, 1989 Alenander, 1961; Subbs Rao, gt 2l.. 1963
Lakshmidumarsi, 1964y Oemes gt 3l. 1969; Stotaky, 1972
Aysssba and Omayali, 1978; Sowen anéd Rovire, 1976
Odunfs and Uso, 1979; Doren, 1980e, 198007 wahus, 1984;
and Telukdar gt 2l.. 1983),

The nature and activity of microflors and feuns in
8 siven envizenment depend upen the S1eps grewn and the
sanagenent prectices (Clerk, 1949). The nature of
sicroorgenimme assogisted with perennials such as tree
exops sppears %o be 2lmost constant, Mt the iatroduce
tion of other annuals or perennials csuld change the
oquilibgium, 1This could be sither baneficial or Getri-~
mental %o the crop commmnity. Bielogicel interactions
invelving aiervorganisms, insect pest snd plant pathogens
are of considersble faporsance in esop cembinaticn, The
shisvsphere is charscterised by grester =nicrobiological
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setivities than the scil swey from plaat ycots, The sutie
vity of shfscaphere and thisoplane micrcorganions osn
affevct the mutrient uwptake (Rovirs, 196%e; Bowes end
Rovirs, 1968; Nair and Sudbde Rac, 19747 Tiaker, 1964)
and the wide zenge of orgenic cempeunds Mown %o be prew
sent in the thiscaphers can iaflusnse the grewth of the
pient (Revirs, 1945b>; Tinsley and Dazhyshige, 1984),

Miezcorgenisus grow whers the supply of orgenic mate
ter is adequate and environmente)l conditions axe faveurs~
bls and in the rhiscerhere 8lso, their growth on goots is
csnsrelled prinuipally by the supply of organic matter,
The sloughed off seot oaps snd 200t haiye supply conside-
zable substrates for the growth of micrcorganisme, 1The
roos exudates also provide substrate for the growth of
miczoorganisnss in the et region of the crops. Seversi
fastozs suth a8 8041 Sype, seil moistsure, 89il P, tumpe~
seture, fertiliser applicstion, mode of cultivation, ene
vizonnental festors, age and condigicn of the planes are
nown 0 influence e rhiscsphare aiercorganisms (Sovire,
1968y Ketznelson and Roustt, 1987 Redics gk al.. 1969p
Ramimgth and Rengeswami, 1971 Shetty and Rangaswami, 1970
subba Rao, 1977,

It 4s mow Clearly established that becteria, fumgi
and astinumyostes ere more ir the mhizos;here than in
sen-shiscaphere soil (Lekeheilumari, 1964; Addel«lesser



and Mekewi, 1977 Eaixr and Sudda Rae, 1977 Mukerji and
Chattopedhyay, 1979; Telukdax, g% gl.. 1988),

The metadolic activitiss of the shiscsphere mieroe
orgenisne age diffevents from those of the nen-rhiscephere
soil miczoorganisns (Xatanelson and Stevenscn, 1986)
Katsnelson and Rouats, 1987) Subde Rec, 9% gles 1961),

The neture of the crops and 1its wode of cultivesion,
either as inter or mixed arop alsv influenee considersbly
the shisosphere microflors populstion. Hodics g% al.
(1989) mepoxted that the micreflors incressed in the shie-
sosphere of corn a8 comparsd %0 whesat Oyer a period of
time, UDomech (1969) suggested that Fepsated cxopping with
the seme plent results in en incresase in plant residue in
the soil, which may help 1ia 2uild up of specific dominance
within the shiscsphere miczoflors. Mishys and Srivesteve
(1971) reported that the popmlasion of bacteria and fumgi
in the rhisoschere of Hopdeup YRLAGAES Les RINR SAKIYER Lo
LABNS NESSSASRLENE L. ood DESSAiSA RAQKE L. decressed
with incresse in soil depth,

Dudchenko g% Ale (1973) studied the species composition
of microflors in rotastion and continvous seeding of
pezennial gresses and clean cultivased crzops. They found
that micrebial compoeition varied within the rangs of 3%
40 species. FRaudcRORSS SPe. Preveiled wnder peswnnial



ovssces, while Pagndcncnas *ve. Masillag sve end
SHESECEECEREANN SPe wore alundant in the shiseephere of
clesn cultivated csvps, The cecuETence of ecertain phye
siologicel groupe of miczergsbisms in the shiscsphere
and shisoplans of water melon, cusumber end cowpea were
studied by Abdel-lissser snd Makawi (1977), The Dumbess
of hotesotrophe such ss emsonifiess, Apotohectar end sesobie
mmwxymummwnm“m
od %o son-riiisosphere soil,

Tarther, ulherii snd Chottopadhyay (1979) zeporced
the changes in gopuletion of denisrifying, nitrifying,
nitrogen fixing and cellulose desomposing becseria in shie
scephare and sensshiscephere scil st three @iffesent depths
and in whaee stages of growth, The counts of sewcbie
siczocrganisas, facultitive soasscles and denitrifiers in
the surface (G=7.8 cm) of woetill soils were 1.1¢ w0 1,38,
1,57 end 7.1 tines higher respectively in surfece plowghed
soil (Dezan, 1900a),

Studies en Whe zhisvsphere population of selegted
physislogical geoups of bacteria have revcaled the changes
in micsodial population dexonstxaging the speaificiey of
plants (Nesl g% al., 3973). Studies on the effect of
oxgenic matter on the rhiscsphere microcrgsnisme and oot
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development of sorghum revealed thet the aprlie:ztion of
conpest stisnlates the growth and inoressed the tSotal
asrebic bestezia (Pexe g% gl.. 1983).

Ayensbe snd Omaysii (1978) studied the migzobisl
eoology of scid Sropiesl so0ils and found that s0il acie
ai%y had,grest:  influence oo the demsity of the micre-
ozganisms. Ihe etumeretion of fregquency of CCCUETWROe
of the predominent fungal species in the rhiscaphere and
zhisoplaens of cowpes indicated that the rhimcsphere
tnhabited Asparcilluss Ivsaxinms Zxishedasme end Penigiliive
vhile FUSALiNm sp. were abundsat ia the rhisodplsne
(odunfs and Uso, 1979), .

Abfelsliasser and Makawi (1977) repoxted the occurrence
of certain physiclogical groups of microeorgmnisms in the
shisospheze snd hiscplens of watermelon, cusmber and
cowpea. Nisrifiers were less or adeent in the rhisoplane
ut the heterotzophs occusred in laxge mumbers. The
freguency of ococugsrence of the predominent fungel species
were setorded in the rhisocsphere and thisoplane of evwvpes)
the shisosphere recorded Aspaxgilivg, Zusasium. Icishedersa
ané Penicilifun vhile Pusariug sp. were stvndent in the
hisoplane.



Literature on the shiscsphere sicrofloss of plantation
azeps is scany. Watanade (1971) repcrted the cecurrence
of species of Iricheiarme. Mersiesells. Glissledine,
Insaxiun. Passilomyass. temisilliine. Qhefiteniue. Mymicela,
Riniadis erd Fyshigm in the shisosphere of wilt affected
pinespple plants. Species of NMusariup ond lprtissellia
weate secorded in hWigherx proportion,

Studies on the rhisvsphare nicsoflore of healthy
aFecanut pelm heve sevealed the cecurrense of Eagillug oPpe
AXSBERRSGSSE *PPe. BICEDEDORND OUPe SBC RRSNGCEQRAR SPPe
(Sopatsh, 1979), Amsng the bectarial flarzs, the gram +ve
besteria (70«00 pexr Oomnit) wers sore as compared €0 grem
«ve bactaria (20«30 per cent)., The Ixighoderms spp. (18-
38%) end Appargillug Sppe (21=39%) were the predominent
fungl in the soct Fegica, The other geners of fungl recorde
meeps. Fusaxium. SYJADGECGAIRGSs Sladosporium and AlSexpagis.
The sctinewycetes wese Fepresented by SSrspiowvass. NOSeEGis.
ZASEORGRCIRQKA o4 ACYineuYEes.

Bopaish and koti Reddy (1982) studied the distridution
of aiczeflore in the ot region of sxecomut palm, The
aioxoflozs (bacteria, fumgi and sctinomycetes) were moge
in C=l$ and 16«30 an depths bDetwesn the latsrsl distance
of 30«80 om from the base of the pelas end the Feduction
in porulotion vas gecoxded in IledS ond 46-80 em s0il dapth,
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tThe effect of scntinuous applicstion of menures and fere
silisers on the rhiscephese micvoflors in avecssut plan~
Sation showed that the application of orgmnic manuss ine
ereased the micyobial pepulation (Nepaish and Bhat, 1%81),
The surfess cultifetion of 201l inczessed the micredisl
pepulation snd Vhe applisstion of inexgenis festilisess
increesed the soi) acidity,

Swadies of zoot region of arecs pelm yevesled the
presence of varicus micreorgmisce and the applicestioa of
sressiut husk and intereropping in eresanut garden have
influenced seil niczetfloms (Bopaish, 1983%:). The cecurrense
of asymhiotic nitrogen fivers, phosphats solubilisess
and sellulolytic miczoorgenisns were recorded in the ¥eot
zegicn of arecerut paln (Bopaish, 1983Dh).

The affect of NPK fertilizers and seeson e the rest
segion micxoflors in essshew wes stedied (Harishw Numes
2% Bles 1963). The Dacterisl and ectincmycetes pepulation
mild uwp wes recorded in pest-moReson Ssesson. Tuagel
population and urease activity were Nore Suring pPre-NoRASOCH
period, The phespheta sclubllisess did mot show
conspicusus veriations,

Tolukdar gg gle (1965) studied the distribution of
gungl in the shisosphere and non-ghisosphere scil of Ses
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and their relation ¥ pi, %0%:1 ¥ and availabdle P end X,
T™he mmbder of fungi wele mre ia the shisosphere e
vith a predominance of Agparciling end Yusarium syp. e
aueber of fungi in the shiscechers 3041 was negatively
eoxrelated with the pi,. Redha and Nemen (1984) reported
grester maber of sicroorganisms in the shiscaphere of
healthy coconut palms 88 ecmpered 0 ‘sect (wilt)' affes-
ted wocomut palms,

Seascnal weristion in rhiscsyhere micyoflors of Coe
conut with specisl zeferwnce % fungi, showed a conside
zable seduetion in soil micreflora during the moneocn
(Wﬂﬂmol’”’g .

Gezeia and Valezs (1983) seported whst Zrichodepss,
spaxatling. Dusarium. Qliceisdiwe. Versicilliiug sne
EXShiam es the ccwmmonly cecurring fumgi in cocomut shie
sosphere, Rewther and Redhe (1963), Posty (1977) end
Alice gt 2)+(1500) heve ecmpered the shiscephere misgoe
flors betwesn the heslthy snd poot (vile) disesse affected
coccaut peles. Cylindroesxugn sffwevm. Tesariug sswisesi
Meneszoscocive besbigodss. Renisiliiwe iavapicws.
Psnigiliive spisvisisperiye sed Srashiim spe vere reperted
as the fungi sssociated with eots of et (wilt) affected
eocomet palms (Joseph, 1978),
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Intercropping with fodder gross like Pepisetlup
REENreue (hybrid sepier) end legumes like Sgviossnthus
Skigilia or4 Controssme RURSsOINg enhenced the micre-
bial setivity in the root region of cocosmt with respoct
to totel bacterie, nitregenefiners snd Amnitrifiess
{sshasranaman gt gl., 1976). Similerly intercsopping ia
healthy snd sovt (viik) «ffeated coconut gardem with
fepier grass incressed the total becteris, Noefivers snd
phosphate solubilising becteria (Posty gt gl.s 1977),
Further, FoSty (1977) repoxsed that the crop mixing with
Senstrosems ubsesene o4 SSvicssthig SEKRcilis beeides
Penlsatun puspusae Owbria napier) iackessed the fungi,
becteria, actinomyostes and indole producing micrecrganisme
in the shiscsphere of cooonut, The mimed cropping slso
favoured the proliferation of Ngefixers, of which
Bellsxinckia end Asotobacias were the predominent asymbiotic
Naefiners. The physicoechenicel factozrs in cooonut rhisose
phoze iike pi, organic cazbom, nitrogen and phosphosus
showed positive corzelaticn with the mieroflora, Covar
cropping with feddex grasses or legumss showed the
differsnce in the psoliferstion of physivlogicelly distinect
actinomycetes in the shisosphere of coconut (Fetty, 1977),

Cacao, clove, nutmeg and %0 & Certain extent Robusts
coffes are grown as mimed czops in coconut gerdens
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(Belliat and Shama Bhat, 1979), Planting of cacec in the
interspesss of coconut 1s being precticed in Philippines,
Malasysia, India and Papus New Guisea. Nair asd Subbs Ao
(1977a) reported the mumber, nature, specific bielogicsl
attzidutes of bacteria, fungi and sctinomycetes in the
hisosrhere of covomut under mined eropping with escas.
T™he K efiness, phosphate~ solubilising end imdole asvetie
seid (IAA) producing micreorgabisms were mum lm
the rhisosphare soil, MWMW
substanses (CLE) were also detected,

The term multistoreyed exopping is used w0 gefer ®
maltispesies esop combimation invelving beth amnuals
snd pesemnials with an existing stend of pesennisls
(Belliat, g% aleo 19747 Nalr ot al., 19785 Neirx, 1977),

Anmbissic Fisxpaee SANSES;:
Thexe are several ways for nitzogen % snter the

plant=esil conpanent of the eso-systam, Rain and show
ususlly contain ssall snpunts of bownd nitrogen bus
aitzogen fimation by microoxgenisms play en important role
in the natursl ecosystem. JApcishagtarxs Rellsciachis.
Rexnia ond Cloatiidium ave yeporsed e esymbiotic adtzogen
finers. Ameng these Palissingkis i widely éistributed
in wropical seils (Jensen, 1984) Pecking, 19617 Vanocurwe
28 2leo 1968 Anderson, 1966 Dobereines and Campalo,
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3971y Nairxr and Sulds Bae, 19778; Nothandarasem, 1979; Aewther
25 8lee 1979 Bopateh, 19802).

™he escurrence of Asotobrster wes 3180 reported in seme
acid soils (Iswaren, 19607 Rangssweni and Sedasivem, 1964),
Kiuyver snd BDesking (1950) end Jemasen (19854) reporeed that
Madiaxinshia fives 16 w0 20 mg of RILTOQER per grem Of SUQEr.
Nowever, Jensen (1948) chserved Raliscinchia wekes better
e of asmoniesl, nitrate nitrogen and meny amiscecids, Bereoeh
and Sen (1964) have correlated the psoduction of mmailage dy
Malissinghia vivh the intensity of mitwcgen sssimilation in
pure culture AN yitEe. Dobersiner (1961) observed s
tnaressed mumber of BeliieKiRgkia in the proximity ef sugar-
oabe secis. Martin g% al. (1968) zepozted that the mucilage
of Jalisxiashia 18 & polysascharide, which decomposes very
slowly in the a0il and Lt is highly twonic % sevassl seil
nigroosrgmisms,

Asotshacter isclated from the rhiscsphere of sushenp
fines sbous & ng of nitzogen per gran of mamnitol in Fred
end Vakoman'’s medtum (Iswazen, 1900}, The orgmnism fixes
significently higher nitzogen vhan grown in sssociation with
Sxishedazan *». ad ssreins of Rhisobium, vhereas the

Masiliva subsilis eod Agparciliug sve 44 mot help in ime
czeasing nisreogen fimstien,
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ﬁ-’m cxiture prodeces csrtaia biclogicals
1y «ctive substanoes such &s indole ssstic scid (Vancuze
anéd Macurs, 1960; Bxown end Nelksx, 19707 Prowm, 1972) and
gidbezelling (Vanouza, 196); Ascon sad Barves,i978),

Asyndiotic Ng-finesrs have besn reported in certein
plantation crops (Rawvther g% 4l. 19797 Eothandersmen,1979)
Sair end Subde fac, 1977a; Ropatish, 1983; Sudde Reo, 1983),
In coconut shiscephese, Peafleringhkia wes the comonly
resorded ssymbiotic Nywfiner (Mais and Subda Rec, 1977s;
and Subba Reo, 1963), Nothendazamen (1979) studied the
nitrogen finesion by Belierinckia spe in culture medis end
its survivel i the shisosphere of subter plants,

Apospizillym, the nisyogen fixing assoeietive symbiotie
batterium is geining grester importanes in recent years
(Serhum and NDohilesl, 199C), Many of the Sxepical gwusses,
csrosles and seversl weed plants have Ddeeh xeported W
Barbour this bacterfwn in the seet system (Partriquis
std Dobexeinar, 1999 Dobersiner and Campaleo, 1970
Venkateswaselu and Bao, 1983), The asscoiotion eof this
backerria 4a plantetion cyope hae Bt boan adecuatsly investie
gated 00 far, the ovsurrence of the organisms, however,
hius Doen weported im wverious plantation crops suwth a8
cocomst, Gashew, arecsiut, Gecso, FEbbAT, eardemm  and
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Dananes M Rao,; 1983 Govindsn and Purushothaman, 19€3),

Mosphate occurs in 2011 in bound forme (organic and
inorgemic forms) which is mot resdily sveiladle to plenss,
Seversl workers have demomstrated the phosphate solubilise~
ing, propexty of soil micreczgenis:e (Pikovskeys, 1948)
Sen snd Paul, 1957; Setwhi and Subia Rac, 1968; Xhen and
Batnager, 1977 deir and Subbe Reo, 19Ty Axors and
Geur, 1979; Banik and Dey, 19817 Fucey, 1983 Thomes g% al.
19685, Thomes end chentersm, 1906), Adbott (1923) studied
the phosphate transformation by seil fungi and found thes
Ssnsicillve Llawus. 2. funigamia. Psnisililm Duniculoews,
Ee Jndgum od Cladospozive “erbarum sclubilised rock
phosphats, The solubilisation of inscluble phosphates by
bacteris and fumgi and the production of orgsnic acids by
then have besn studied (Spexber, 1987 Chandresekhaganm,
19697 Nehts and Bhide, 1970 Geur and Sachax, 1980),

GCarretsen (1948) and Sen and Peul (19357) have demonste
zated thet plante take up moxe phosphates in the presence
of phosphate solubilising micrcorgenisme,

Bopaish (1988) reported the securrense of phosphate
solubilising miorcerganisns in the root regiocn of areounut
pelzs, Spscies of Napilius, Fsavcomphas. Jsparcillus aicer.



Aspaigiling. ZsDASAAMMR *0d Actinmomycetes eze the oxge~
isme assccisted and of whieh sgosratlling nlcer (eS.8%),

Asiarailing er. (39,8%) od PReudcEDnag 8« showed Grester
Pepclutilising abilicy io xitze.

Meir and Sudbs Ras (19775} peported the Swe efficient
PO, solubllising miczcorgenions, FReiowpnas ov. and
Ancarcillis piocsx isclsted from the rhizosphere of ecoonut
and cecso and the organiem sclubilised 49% and 49,7
inorgenic phoschets in yitgp.  Further, Thomes gt al.
(1988) zeported thet in laterite, alluwial and clayey soils
the Pesclubiliszing fungl weze zofe then in sandy eoils.
he etudies OB the occusTence and the agtivity of
Pugoclubllising begteris ia the whiscaphere of different
COCERUt gEOwing soils are alse sttempted (Themes and
Shantagam, 1986),

The ABOLORACISE cultures produce certein biolcudcrlly
sctive substances, The ;roduction cf Ias (Indole Aowtic Acid)
(Vancuze ene NMecurs, 1%6(; Ercwn and Walker, lm: Bgown,
1978) and gibbereliins (Vencurs, 1961) have Lese peported.
Mnoon end ieres (1578) have reported the synthesis of
suxins, jibberellins end oytokinin by Asotchecear wentlzadii
end A. bellerinckil.

One of the most promingst orgenian assoCisted with
plant roots Ls the mycorrhisee. The fubjus Denefite the
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plant by incressing the uptake of phosphorus, sing end
oopper (Mowen and Theodozon, 1947; Mayman, 1930, 1978,
Powell, 1981; Krishna end Bagyersj, 1981). Seres and
Ascon-Aguiler (1982) zeporved that SloNNg NOSRSES @
vescular-arbuseuler myeorshisee (VAN) fungus syathesises
nmmmxmmmmmw
kininelike substssose. The plants sre benefitted from
VAY. fungi both by mutrient wptake and productiom of
grovth premeting mm. ™ infectics with Vi-ayeorw
xhizee fungt may alec anhanee Whe weter status oy droughe
wierence of plants (Allem g3 gl.. 1981),

Assceistion of Viemycorshises has bess veported as
beneficisl o gityus sp. {(Mosse, 1978; Gerdemenn, 1948)
Shoremegun 9% §)ss 1981 Nemec gt al.. 1981 atnd Nenge
E% Ales 1903). Assveistion of VA-mycerrhisse in cocoaut
has been reported (Lily, 1975 and 2anesh end Pohini Iyes,
1979), satyanazeysna and Venkatazemanan (1979) reported
the mycosshinal esseciation in tes snd weeds froem scils
of northessstern regions of India,

Biarchisl bioopss;

S0i) microbial hiomass iz the living paxt of thwe
04l oxeluding plast rocts and soll animalas vhich are
larger then about § x 107 m?  (Jenkineon ane Lasa, 1081).
The fumigatadl soil censures Mors cowyien (Jenkinpon and
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Povison, 1976) and evolves mere. carbon dioxide (Welksmen
and Ssaxkey, 1923; Pewison smd Jenkinson, 1978). Lyneh
and Panting (1983) reported that the s0il biomass increass
od during the growth of wheat crop follewed by decrease,
till i¢ vesched & constant level, 7The biomass wes signie
fieently grester vhere the scil had been direct-dftlled
shar where it had been ploughed probadbly beceuse the
plant goots were moge sbundant after direct drilling,
sinilerly Carter and Resnie (1983) studied the changes ia
s0ll qualicy wnder sero tillage farming sysrtem, The
aoheentration gradient of pocentisl microdial diomsss, €
and ¥ and potuntizl net minerclizabls C axd ¥ wvere signie
ficantly grezter in the surfiee soil under maro tillege
in comparison with conventionsl tillage, The reverse
Srend weas observed at the lower depth,

Nemnipiexi gt gl. (3903) studied the produsticon end
persistance of bicmass and slsc urease, phosphatsse and
Casein-hydzolysis activities with 18, when either
glusoee or rye grise ves: afded ss enaryy seuzce to &
clay Joam seil, The incieree ia phosphatass and uresse
sotivities coincided with an incresse in hegterial bicmass,
Teserova snd Repove (1984) studied the total bicmsss of
aigrcorganisms in the reot«fxso scil from sulmortane
grass lend yanged from 40.8 to 60.7 mg /XG4, as conpazed
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W 65,4 0 M0 mg C/WOg for the rhiscsphere seil,
Seversl other workers have studied the seil Dbicmasse
(lynch snd Penting, 1982 Syoches gt gl. 1968 Gilmeur
and @ilmsur, 1903; Schaver g% gl.. 199%; Malel end
Lavegbeck, 1986}, Pumigstion scoelesates the decompo~
sition of soll orgenic metter in the initisl stage.
Tht fiush of decomposition £ defined as the difference
ummuw,mzmmo,m«um
1ised) by a fumigeted scil whes incubated for s given
time, a8 Scopared %o unfumigeted soil, Jenkinsen (1966)
suggested that the flual: was due % the decomposition
of orgenisme Rilled during fumigation and Ly the susvie
vers or by the addition of an fasculum, Jhe flush oen
then be direectly seleted tc the biomass My the expEese
sfons

.a!/“
Miere B 15 eoil bismese C, 18 pg € 3”1 sotl; P 2 whe
difference in CO,eC (09 € ¢”3) evolved Detvess funigeted
and wnfumizeted seil duzing Aneubetion end Xe is ¢the
conssant watio (0,41),

tSeversl models have been pEoposed feor the turn oves
of erganic magter in soil (hmt, 1977 Jenkinson snd
Reymer, 1977) whieh taclude subenodels for the turn over
of miczobial biomass. Barlier sethods of soil biomess
eoRination were swvieved end modified by Clazk and
Paul (1970) es deseribed by Serder and Lymoh (1977). These



estimations were nostly bused cn vericus ocumbinstions of
divrest and plate count mmbers which M" ; w
biomass by sssuming standayd sise of different sunbers of
the seil pepulation,

fell snxymegs

& sunber of enuynes a¥e produced by seil micsvorge-
Risme Guring their grewth, The Wwotal setivisy of seil
sicpoflore i» the sun total of & nmumbar of astivities of
different nicscorymnisne, Nusber of investigetions have
shown that the scttivitior of wvarious ensymes in field or
oot house s0ils are afffected differentially by the
neture of the plant cover (Neal, 1973 Penchely snd Rice,
1973: Xiss g3 ales 1978), Faneboly and Rice (1973) have
Gemonstrated that the sctivities of dehydrogensse snd
uresse incsessed undes swesessional stages of Fevegetaw
tion of preivie guess, Osk forest end Cekepine forest,
¥o corrsletion was found between seil ensyme ectivity end
ssounts of erganic matter,

Uxoase sctivities of field s0ila verisd, scocexding
% seeson and weie influsneed by vegetastion (Stejemovie,
1999; Mhan, 1970: Famaholy end Rice, 1973 Tamsfdar and
Roy, 1981 Noult end McGarity, 1988). Uneese sstivigy
doureased with dapth of s0il and it eould bo ecorselated



028
vith soil ergmmic mattexr (Myers and MeCarity, 1968) Muss
and Mudhiter, 19693 Hoult snd MeGarity, 1906), Activigies
incressed sfter sddition of imorganis end especislly
organic fextilizers % soils (Bei«Bisahc, 19707 Nikifozenks,
197 Seefanic, 1971; Balasubremsnism g§ pl.. 1973
Themas snd Shentarsm, 1904),

Nany investigators have found that uresse setiviey
in soil can be incressed by the addition of glucose er
other materials that promots miorobisl activity (Vastileako,
3%62) Salasubawmanisnm gt gl.s 19725 Zantes end Bresmer,
1976, 1977),

Tarefoer gt gle (1981) studied the distriduticn of
ureese, seid and alksline phosphatase in some juts seil
of VNest Bengul, The ectivities were positively correlate
od with esganic cardon, fungal and bacterisl populatica,
but there wes no cosrelation with pM and soil actinomycates,
Effects of insecticides, herbicides, nematicides snd
heavy metals ot Usesss sctivigies have deen determined
(uzns, 1978). e spplisstion of pesticides cavsed either
inhibition or stimmistion of Urease sctivigy,

Noore and Russell (1972) studied the foctors affecting
dehydrogensse activity as an index of seil fertilisy and
based on this they suggesSed that 1t could mot be used as >
genersl index of soil fertilisy, rether it is only a

i
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Quntitetive indicatisn, Dehyérogenase activity incsesse
of vith an incyesse in nicxebial porulasion follewing
the amsnduent of #0ils vith nutrients (ladd end FPaul,
1973) and decressed wvhen the so0ils are dried (Fencheldy
and Rice, 1972). Dehydrogenase sotivity decressed with
depth of seil (Muse and Mukhtar, 1949 Ress, 1973),

Nany resctions inwvolving soil organic matter Srense
formaticns mey be catalysed by ensymes existing ousside
the niczeosganisns and plent oot systens, Phosphatase
enasyns sctivity alse decreased with soil dspth (Gdujiins
and Nelaren, 1967 Kiss g gls¢ 1978), Fhaniev and
Barangulove (1968) seported that the phisphetase astivie
ties carrelated vith Whe distridution of micreoxganisms
in the seil, Definite positive relsticaships betwesn
phosphatase activity and ergenic masear conteat in soil
have alse been reposted (Calstyan oand Tetovosyan,1964;
Aruntyunysn and Galstysn, 1978), Rhisesphere phosphataese
setivities Sand tc De highar than in monerhisosphere seil
(Xiss g% alss 1973) Decawse of imcressed microbisl
wumberxs in the shiscephers (Greaves and Weblay,1964), The
phosphatase sstivity is dizectly related %0 the level
of ergeaic phesphozus in scil (Gevrilowe g% gl. 197%4),
The presence of plents, sné the Sype of plints grown ik o
001l have & musked efiect ¢ Ltz canyms sutivities (¥han,
1970 Nenl, 1973 Iudchenks gt 21..1973; Kiss gt 31.197%
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Dalal, 1982 Diek, 1984),

Sakio_aloasslisasien:

Seoil szgenic matter conprises of residuse of plang
and snimals at all steges of deccaposision medisted by
seil microorgmisne, 7The diversity of plant matszials
that enter the soil and the orgmic constituents of plant
axe commenly divided 4in%0 six beved estegories (a) cellue
lose (varying from 15 %o €C per cent of the dry weight))
(b) hemticelluloses (10-3C per eent)y (c) Lignin (8-30
per cent)) (4) weser solubls freetion (5«30 per eent);

() ether and alechol seluble fractioms (£) psoteins,

the deconposition of hative orgenic matter (hwmus) refliects
the bioclegical aveilabilisy of soil carbom, while the
mum,,wmmmmnmwmy single
substzates is ai estimetion of the potantisl esrton~
wninerslising cepacity of the mifrcflors (Alexsmder,1961),
The rats st which €O, 8 zelessed during the mingralisstion
of mume varies grestly with soil typs and the major
feswss governing the decomposition are the orgenis
satter level of the seil, culsivation, tempereture,mvisture,
pit, depth and seration (Simha g% ).+ 1977 XoCill end
Cole, 1981), A number of facters affect the mineralise~
tion of added organic mestter such sy shaniosl conpoeition
nd envizenmental sondition (Semperswure, O, swrply,
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moisture, pH, sveilable minersls end the Cill ratio of the
plant residue) (Bingemen g§ al.. 1983; Lamd, 1976),

e nagaitude of certon ninesslisation is directly
selatad %0 the orgenic cerbon ccutent of the soil and
mmnmaw,uwumm
satter lovel (Alemandex, 1961).

Caltivation enbances the ovgonic matter destruction,
Aesr cultivetion of soil for 35 yesre the erganis metter
content of 20 soile of Georgie had decsessed from 3,39
W 1.43 per ount, In sandy #0il (Virgin press) contsined
2,30 per oant orgenic matler, but the lewel had fallen
0 1.9 per cent after 3 years of cultivetion (Giéden,
1957). The higher sste of CO, evolution cocurs nesr the
surfaoe of the soil profile, where oxganic metter contaat
$2 high end st desper layer, rate of (O, production
dininishes (Revman end Bogwer, 1943).

doux g} Al (1971) otudied Wie rote of dscompesision
and develepment of soil micyofloss with Whe eddition of
ergeniec materials vis., besseoan hay, farn yerd semusre and
whest strew,

Bisscon ninerslisasions
Studies o8 nitrogen mineralisstion hescleen attampted
by several vorkers (Estesmamn g§ al.s 19897 Winsor and



029
Pollaxd, 1986) Allison and Sseriing, 19497 Veerazatne,1979;
Cassman and Nnns,1980; Ross and Cairmae, 1900; Campbell
and Biederbeck, 1982}, Viessak (1970) reported the minere-
lisstion cspecity of 34 different scil. Relatively repid
minerelisation and nitrificstica wes recorded with soile
fyom cultivated land and pastures. A close relationship
could be ostadblished between the nitrogen content of soil
and the amount of minerel nitrogen fommed duging incubation,
Ishaque snd Cornifield (1972) studied the Aitrogen minerse
lisation and nitrificetion during incubstics 4§ tes seil
and found that the nitrate scowmilation increased consi-
dexebly with pH, The counts cof amd‘m;&ﬂcgn and aicrifiers
were studied in relstionship with setes of aitregen Aisere~
1isation and protease sctivisy (Ross and Bridger, 1978),
Casoman end Mumns (1980) studisd 43 3igxe veriatiom in
rets of Ditzegeh minerslisation in soil,

sate (1981) zeported the melatiomship Detwesn seid
siczuflose and C0g svolution during decampesition of
cellulose, The gram «ve bacteris and cellulcse decomposing
nicgoorgenisme greow well in surfece scil ezumbs wvith
sdded cellulose powder,

As osllulose is the sain source of energy for sil
fosm of 1ife in soil, cellnlose devomposition in soil
has beoen studied by sevesel workers (Bgoins and Pugh, 1983y



Geur ot sl 1971) and zevieved by Dickinsen (197¢) and
Williems and Greay (194),

he studies on the minersiisetion of seil aitsogmn
in four forest krencsen seils revesled thet nitrification
under lsbozatory incubstion wes considexedly higher in
soils frem silver white (Acagis denlbats) smé Mountain
ash (ENSalYRiNg XRRASR). I» Messmste (Bugalyptus nlisms)
and Mertevey pine (PiBug Zadiass) foress seils ammoni-
fiers ware predominant. The occurrense of aitrification
in Mstralisn forest appesied to be predexinently related
@ the amoult of ¥ present and its rete of tarmever
rether then inhibitery effects (Adams and Agtiwill, 1983),

sll_shyaisel pEopeisiss;

Seil sgoregation is - vital for the growth, movensnt
of aix, water and transfer of energy. Oentotti and
Rengeswenmi (1971) zepcxresd that the groviag of finger
sillet, sozghun, green gram and soybesn have igcreased the
sclil aguzegetes. The shiscaphere micsoZlore in assveistion
with zoote of growing plants play & pivesal role ia
improving the seil struoture, Among the othes physicsl
facvers affecting plant growth, liye (1981) stwudied the
changes of pi across the thiscephere induced by plaat reets,



shanisel ngepersiss of seils

Miczobiclogical decuomposition of orgsnic matter s an
sssentisl step W relesse the bownd mutrients in orgmmic
residue into an awviiladble form, Seversl woskers have
gseported thet adMdition of srganic matter iaproves the seil
chenical composition (Sinhs gt gl.. 29777 MeOfll end Cele,
1981)., Gaur g a)e (1971) reported that the addition of
bersosn hay, farm yord manule and vhesat strav ineressed
the hunie acid congent, organic carton, twesl nisrogen and
svoilable nutrients like N,P snd sulfur,

the offeat of intezercpping in comoput with groundaut
on s0il fertility showed a higher N,P,K and Ca status
(Leelas and Mheskazen, 1978}, Varghese gt al. (1978) zeporced
the beneficial interaction of cocoORMS~CeCad crep conbinatien
indicating the improvessnt in orgenic carbon eontent and
seil fercilivy.

Malohing incsessed the dowowvard ssvament of phosphozus
ahd decsensed the amount of phosphozus f£imed in the seil
(Oshieno, 1973), Caour and nkexjee (1900) atudied the
reoyeling of organie metter Whrough suich in zelation
chamical and microbicolegical psoperties of soil and eorep
vield,
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The nonetarget microorgenisns are eupoessd %0 herbie
cides, insecticides, nematicides, fungicides and bacte~
zicides which arxe applied incressingly oo seil. Of these
pesticides, only funjicides and bectericides ere aimed
specifically sgainst miczoorganisms, The Rerbicides and
insecticides, although mot adewd at miczcesganisns, may
nonetheless prove detrimental %9 the ROA=target Srganisme
by viztue of thelisr chamicel natuse (Andersca, 1979
SimoneSilvestre and Fouries, 1979),

Mouseworth and Tweelty (1973) reported that capten
sppiication (st 0.1 end 1.0 ka/he) oo sandy losm sodl
inicislly decressed fungel populstion but later the popue
lation increased to normel level, Nehmoud gt al. (1972)
zeported decxessed pepulation of actinomycetes. The applie
cstion of Lindans to sandy loam soil initially reduced
the becterial sounts but lster increesed % mosmel level
(Gewasd g% g). 1973). DNess (1974) showsd slight stirmlation
effect of carbofuran (0.75 to 30 hg/ha) on micwvorgsnisme,
Te (1973) reported thet the application of MC at 1.0, 10,
and 30C kg ai/hs on loemy sand 316 ot effect the fungd
and sctinowycetes, wheseas on sandy loam soil fungsl popula~
ticn decressed at higher rets Mt there wes:fio qualitative
changes. 7The addition of aldicard (0,5 anéd 30 hy si/Ms) o
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sendy loam st lowver level there wes no effect dut at higher
rate increased the mumber of fungi snd sctinomysetes
(Raseske, g% al.. 1974},

uainwright and Pugh: (1978) studied the offeat of cspltan
Dichosmm and Milool oB the number of microorganisms and
frecuensy of cellulolytic fungl s scil., The resulss revesls
ol thet ell the fungicides initially reduced the fungel
mmdars but then reccversd W level of wntrested seil after
387 duys. The bectarial count incpeassd in the cwptan
tzestod soils,

Thyes fungicides, namely, ceptan, thizem and verdasen
“!Ml!)lﬁ/ﬂ of s0i) csused & shift of fungal W
bacterisl deminmnce (Andersen gf 3l., 1981). AL S ’Vc it
oaveed significent decrease (40K) in the biomess bt within
8 days the hiomess in capted and thiram amended soil had
recovered W that of the control,

Several workmrs have studied prosduation of cellulasse
ensyne by fungi (Halliwell, 1961; Mendals and Reese, 19857)
and becteria (Kolman snd Cowling, 1568)., NHussain end
Rich (1938) studied the extrscellulss pectic and cellulo-
lytic ensymes of ClMJOSDOEANE SHQMMSKIDNR. Minikhushen
Bae (1971) studied the preductica of cellulolytic saxzyaes

in the culture filsrate of Pyrigulsria oxysse 2B SiSEc.
ALl the cuitures recistexed hicgher growth and ensyme
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sstivity with the isscluble f1lter peper esliulose thas
the soluble (serboxy methyl cellulose) Sorm when both
vere supplied a¢ sole casten sourve in the basel medium,
Clusisla (1976) fapoxted Whe presencs of cellnlsse enzyme
$n the culture filtrete of Agperaillus flavg. Sendhu
ond Falre (1065) reported the affect of cultussl eendi-
tion cm the production of cellulese in Irighedesma
Asnaibrachintese .

Grovth promoting substenoes are produced by certein
bectenia and fungt Seclated fxum sotl (¥air and Sudba keo,
1977a; Prikyl g3 gl.. 1988). The Secculation of selected
streins of PeudcEENag Sp. enhenced the plant growth
(uelew g% gles 19797 Suslov eod Schuoth, 1983),

BERDRRICE @ AR EMEES MALERED ST § AR §

Production of sntibiotics by scil fungi, actinosycetss
and bacteris has besn well secognised for the past several
decades, ‘the antibiotic yrecuced mey influence the pettesn
of ssprophytic colonissticom (Capret, 1960)., Zg {1vse¢)
postulated shat fungli sey furaish rotection root pathom
gen by (s) utilizing root earichydrates sod other nutriemts
vhich would othervise Le attzoctive to the oot pathogen;

(k) pooviding physicsl begrier for the entry of the pathogeny
(e} secreting sntiblotics whigh kille or ishibit the
pethogemy (4) supperting & protective rhisce;hers micreflors,



Seversl soil fungi have been repostsd %o be antagonisti
o plant pathogens (Sudha Meli, 1973; xlsd, 1982, Pathak gt
1581y KReimeles gf gl. 19047 Veskutesubbaisk snd Sufesulla
19847 Venkatasubbaish g% al.. 1984. e formetion of
eospores by Phvigghtliogs ia resyomse to Zrighodemms is o
defensive zesponse %0 & petential antagenist or competition
(Wresier, 1978). Dennis snd Webeter (1971s) reported the
preduction of achevolatile smtibiotic by Irishoderme.
The antagonism of bacterial end actincmycetss were also
reported (Rulkacrni g% gl.» 1980; Rothrock and Gettlisd, 198
Podile g% al.s 1088). The antsgonise of isclate of Mucilly
miksilis % Ehtechthogp Sactonum  (Viekhade, 1984) and
that of scil actinomyoetes against Shystephthoxp and Pyshiym
speciss and & mycorzhissl fungi (Keast and Tomkin, 1983) wer
studied,

Plont FOGL: cxudew GXOat variety of ergenic compounds
sad the substanges cxuded include emimcecids, sugers,
orgedic ocids, vitanins, owclestides end many other unidenti.
fied compounds (Mevanesweri wnd Salochana, 1933; Rovire
end Harzie:, 1961y Yancuras, 19667 Belasubromsnisn end
Rangngwaty, 1974; Jayman and Sivesubgsmeniem, 1978), The
Rature and amount of wrudates of certoin field crops has
been hazacterived Ry seversl workers (Andsl g% gl.. 1936
Pey a3 ale. 1938; Weocurs, 1978}, The arecs based crepping



systam influanced the quantitstive axudation of aminescids
and thore w2 W guelitative difference in SUPArs, Sryanie
a0ids end aximcacids {(Megazsis gt pl.. 1906). The rhimcse
phere and oot Tegion of the arcps aye the active sone
which are directly under the inflvence of oot ewudstes,
The organic sudbetsnces in scdil arice feom the deccuposition
of plant and snimsl residues and from the plant oot axudss
tes, e sulstances iselwdes mincsuids, suger, orgenic
aoids, viwming, mucleotides snd many ¢ther ocganic
conpounds (Putsan and Schmide, 1989 lywch gt 5)..198%
Gupta end Sowden, 1983 y Barber and Martin, 1977),

ths presange of phenolies in soil his been Feporeed by &
fev workers (Nomemove, 1961; Chandgwmchen g8 31..1973;
Menskandsn and Ridduppc,1906), Sullis (1973) studied the
offect of oot exwdetes and emtrect of CRsis SOX8 nd
Sresalagia ope on scme deminent rhiscsphere fungi. The
POOt evtrects induced high degwes of stimmlation in the
rate of grevth of funci, Chile and Vyas (1984) reported the
amtifungsl sstivity of the extract of piper beetls cultivaxs
sgeinst some fungi. The growth promotion eid imhibiticn
by sntidiotic producing flouressent PRevieEREAs it citrus
o0t was studied Dy Gardmer g3 gl. (1984).
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MATERIALS AND METHODS

The coconut based multistoreyed cropping system and
coconut based mixed farming system are the two separate
ongoing experiments at the Central Plantation Crops Re-
search Institute (CPCRI), Kasaragod, Kerala. The crops
included in the coconut based multistoreyed cropping sys-

tem are black pepper (Piper nigrum L.), cacao (Theobroma

cacao L,) or cinnamon (Cinnamomum zeylanicum Nees), and

pineabple (Ananas comosus (L.) Merr.) in different Sys=-

temg of planting. The mixed farming in coconut garden
involves the cultivation of fodder grass like hybrid napier
var. pusa giant (Penisetum purpureum Schum.) in the inter-

LY

Spaces of coconut palms, to maintain the milch animals on

the fodder produced and recycling the cattle dung slurry
through the biogas plant into the coconut grass mixed
strand. The soils are sandy loam with PH of 5,0 to 5.4 and

are low in organic carbon, N and P contents,

EXPERIMENTAL LAYOUT;:

Expt. 1: Coconut based multistoreyed cropping system

The coconut based multistoreyed cropping trial was
initiated in 1972 in 20-year-old coconut garden with a

spacing of 7.5m x 7.5m. The crop combinations included in

the experiments were:

1. Coconut~black pepper-cacao (single hedge) -pineapple
(Plate 1A and 2a)

2. Coconut-black pepper-cinnamon (single hedge)-pine-
apple
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3. Cossmut monecaepping system (Plate 1B anéd 28),

The blask pepper wes tzuiled on coctaut grunk ¢ @
height of 8 metres, The susber of cacao or ciamenen
plants were 350/ha on single hedge planting, The pinsapple
suckers (3500/he) wvere planted in the alley net cecupled
by cecso/cinnameon. The plots were irrigated during the
Gry monthe (DetembdexwMay). %The blsck pepper and pisespple
vere fertilized ot 159 N, 109 P 04 and 109 K,0/vine/yeer
and 50 kg ¥, 20 hy PO, end 60 kg K,O0/ha/yesr respectively,
T™he saceo (01401340 kg NFE/Ma/your) and cocomut (S00:330¢
4200 kg WPR per ha/yesr) wexe fertilised follewing the
aoxmsl agronomie prectices. The fertiliser wes applied in
two splis application (Pabeuary-iarch snd Auguet-Septesder) .,

Rt Ay Skepnut heasd Bixed fareing syaten
This experinent vas also faitiated in 1972 in the @0

yoor 018 cocomut gerden (Plate 3). BRlesk pepper wes treile
od on the trunk of the cocomut palme. The cocomut palme
(300132081300 kg NPE/ha/yeer spriied in twe egual splis
doses in Pebsuarywlderch and Auguste~Geptembes) end gress
(30 kg ¥, 8 kg P04 and €0 Ry K O/hs spplied after every
outting) zeceived the recommended dose of fertilisers, The
gressss were ¢ut at 30«40 days intexvels ¢ feed the daixy
snimals. The cowdung was loaded %0 bioges plant and the
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me of planting of defferent crops in coconut based
tistoreyed cropping system.
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Plate 2B

Scheme of planting of coconut in monocropping(monoculture)
system.
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Cocomut besed miwed farming system with pepper +
napler gress
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sluzry wae secyeled 1ato the cestantegrass mined strend,
During the éry peried (Decenbeswiey), sprisklsr irrigaticn
was previded 0 ensure the steady grewth of grass.

™he soil sanples were collevted from the 90t regicn
and intezspaces of variouws eseps in May and Ootcber 1969
by cexe sampling using soil suges fzom three depths vis,,
0e25, 20-30 and 51100 en. The et Yegion e0ils were cele
Jected 1 » sway fyom she Dase of the cocomut palm. The
sanples from @acec and cinnenon were collected from O, »
svey frem the dase of the tree. It case of pineapples the
sempling wes done st 0,25 » sway frem the bese, The reot
zegion and interspace seils were eollected from the adjoline
ing cecomut menocrepped plot. In all the cases three
samples wers Gollected from esth depth, Coye samples were
collectnd from four sormess of each plant and & comyosite
sample wes obtained. Both: in May (pre-asnsesn) and ia
Ootsker (post-menscos) sanples were ccllected £Iom the same
soures to study the sessonal wariation in micpobisl popule~
tion in the oot region of verious esops. Weather date
vere ecllested during o 1983 end L4 is presented &n -
Appondin~II. The sanples were stered at 4°C for o pericd
of 6 weaks before amalysis,

The shisosphere sanpgles were collected feom the differe
ent crepe (five semples esch) in the month of Octoter 1983
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as per the methed outlined by Nair snd Subka Ree (1977 a),
Soil omntaining rects wvere out and trensferred o polythene
bags. The thiscerhere assuples were alsc collected from
the adjeining cossmut soncaropping plot. The samples
were stored at 4°C fer & weeks before amalysis,

The ammersticn of ot region micwoflose wes dohe
following the seil ¢ilution and plete cownt methed (SHimonis,
1940}, An estimate of twtsl population of bestaria, fungi
and setinamyestes wes csleuleted per geem of oot xegion

or rhiscephere s0ils The basterial, fungsl sad sctinsmycetes
population were detesmined by vsing Mutriens Seil Extrect
Ager (NSEA) (Themmten, 1923)) Haxtin's Nese Sengsl Agex
() (Mextin, 19850) end Nustex's Agexr (XA) (Allem,1987)
sespectively®, The Jensen's sitregeneigecensdinn (Bensen,
1942) wes used W0 smumaretes the asymbictis nitzogen finess,
hosphate scludilizing micpocrganisms were emumersted by
using medified Piloveksys's sedium (Cundara Rac end Sinhs,
1983),

Yo anvmerats the shisosphere niercflozs, the r00ts were
carefully renvved from the block of sell, The zovts aleang
with the sthering seil wers then sut intc one fnch sine sl

*pleass see laeX1X rOr the ssmpesition of
difdenant
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Sransfersed % flask containing 100 nl of sterile weter,
Twenty mots vers used for eseh sample, After shaking for
5 min suitedle didutione were prepared sseptisslly. The
Siluticns weed wezes 307 for N -fivers ane tumgs, 30% fer
phosphate sclubilisers (bosteria end fungt) and 0% ame 20°
for battaria, After pouring the suiteble sedis, the plates
were ingubated a8 30 & 2°C. The basteria, fungi, phosphate
solubilisers, sutinomyowtes and Hy=fixers were counted
sfcex 40 hxs, 73 hes acd 96 hys, 1 wesk and 3 weoks of
insubaticn respactively. Thaee swplications vere maintsined
foxr szch sample, The aversge sumbers of colonies per Jram
4ry weight of soil wes caleuleted fron the cownts odtaingd
Sox esch group of miczoergeuisms, Isolstes of bacteris,
fungl and actinomycetes wesw purified and maintsined on
Butrisnt Agex (MA), Petete Dextruse Agsy (POA) end Kuster's
Agex (KA) mespestively®, ‘The nitrogem fixiang becteris wese
mpintained on Backings mediwe and Pesclubiliisers on medified
rihovekays ‘s medium®,

IR EASEL T N 25 F TS ENENSUERE A
Peterninasion: of EiSEpaopenas end BALRobaciar were
sarcied out as per the Most Frobadble Numbder (WWN) methed
(Alexsmdor end Clark, 1968), Yor EiCIOpenpigd, Swesiwne
«calecium cashbonste mediwn end for Nitmchacyar, nitrite
«caleiun cerdbonets mediwe ware used, Serisl dilutions wesre
made using 100 soil in sterile water. One ml aliquots of

iy
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sauh dilutions were trwasferred % test tubee conteining
$ u) of stazilised mediwm, One set of tohes without seil
dflution were maintained as contrcl and the tubee wvere
ineubeted for Whtes waeks st lshosetery (3042°C),

At the end of facubetion, thrws dxope of freshly pre=
pared Griess Ileevey Tesgent wascidded S0 %est Yhe presense
of Ritrive. The presence of nitrate wes Seeted by adding
& piash of Tinewcopper-mengunese minture {1 ¢ powisred
sing, 0,1 ¢ supper powies and 1.0 ¢ poudesed nengenese

dionide). The owmbes of ELSIORCNCNAR Snd UASERLAGSAR were
sslgulated by sefeswing w0 the Most Peobable Nusber (ON)

The sndegods spus:s were extracted by wet sleving end
Gouanting Sechaiques (Cexdemann end Nisolson, 1963), Fifey
grams of soil semples were suppecded in 1 litre of welar
and sieved weing 490, m,@mum)- pore dismeter,
The residus Retained on sseh sieve was transferred fnw
basker contsining weter, Aftear the hesvier pavticles hed
settied, %he wmter along with its floating components cone
caining spoyes were poused Whavugh Whateen Ne.l filcer paper,
sethed with 135, 2.5 om squazes. The sposes were Svwnted
wing stereniezveecpe and enpiessed &8 number pexr 30 ¢ of
soil.



Ya-mxeerzhings oelanisatien ("hillipe end Maymam, 1970)s

™e 200t segnents either fresh or fimed in FPAN (13
nl formalin, 5 8l glasisl suetic asid, 200 nl SO0K sthamel)
vare heated ot P0°C for adeut 1 ke in 10N KON, Then Whe
zeots were rinsed in water snd scidified with dilwee NEC,
™he yects were stalned by stmmering for § nin ia 0.0
Taypen blue in lastophensl,. The extess of stain was weshed and
removed with laetophencl. The Z0Ot SOPRIRSE Were mOuRted
on slide in lsstephenol and cheaxved under nissresoepe.
In the cnse of pignanted recss they were hested wish 10N
TOH 2t 90°C for 2 hrs, The 2eots vere fomesvad in alkaline
salusion of hydsegen pesonide (approximately 10 volume) at
NV°C wtil the 1este were sonpletely blesshed (10 min,).
then e Peots wvese rinsed thessughly in water %o rempve
the N0, anidified with ilute NC1 end stained, &8 descyie
bed esriies,. The perowmtage infested ots by Vi-mycorshisee

AL REINS. SCSAYASY S0RSX)
Uresse osrtivity of 5011 wes estimeted by the methed
desszibed by Panchely sod Rice (1973) emcapt that the
ssmenia svelved due W the hndsvlysis of wese ia the
sesstion nixtare was estimated by the Neeslerisatics

proosduss as deserihed by Jaskean (1973). Preshly cellested
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o011 semples of 105 vere Seken in duplicets is 290 mi
Sxlesmayer flssk. Twenty ml of phosphate huffer (i 6.7)
sad 30 ml of 10% ures solution smd one ml of toluene
wvere added to Cleshs, The contents of flasks ware sheken
for £ive ain md incubeted st J0°C for 24 hrs. A eontrol
with 30 ml distilled watar Snstesd of ures sclutios wes
e sloulitensously for essh sanmple. AS the end of 34 hee
Yhe esotents of flasks were filvesed and 13 ml of i xci
memm,mmummam
Fleshs, After 10 nisutes thiis solution was filtered sad
the volume of the filtezate was made uwp %0 100 Bl with
distilied water, The msuns of snmonis in ene ml of
£11eza0s wes determined by Nesslerisation. Yo sach, e
sl of 108 snintion of sodivm tertrate wae afided, Afeer
4hat 0.8 nl of Nesslers resgent was sdded snd the velwse
wes Bade wp %0 50 ml, After 30 nin, Whe yellow eolour
dovelopad was read ot 410 sn spestzophotsnetricelly, The
Mnmmmuw«m‘m
Sed par geem of soil (even 4axy Resis) with seference % &
standerd eurve, A standsnd curve was obteined with
u.u»m:,oo‘mamuwomm”mﬂ.
RebAReSsRaNe. AR%1YSY _S800YS

™he dahypdizogenase activity of the soil wes determingd
as Gescrided by CasiGe g§ gl (1964),
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Sen gran of freshly ollected s0il wees dispensed in
ool of WD sets of Cant Wubes, T Whe ecutents of the
Sert tuke CaCDy (OuBg) wes added folleowved by one ml of
1.5 aquecus solution of M3, § Triphanyl Tetraseliwm
Chloride (TIC), One 20t of Subes reseived cne nl of
1.,0% gluccse selution and aight ml distillied weters,vhersas
the other st seseived aine ml of distillied weter, slone,
The quantity of licuid wvas found S0 he suffificient %
ssturate the soil snd form a ligquid layer adeve the seil
suzfsce. The contents of soch wmbes were mined well,
plugeed tightly with subber swepper and iaoudeted at 33°C
for 3¢ hes, The =3, $ srighenyl formagen (TP7) feosmed
wvas ontracted with methanel at the ond of ineubstion pericd
onéd filtered thavugh Whatnen No.43 fil%ar papes. DNesiduwe
vas washed down 10t & 10C Al velwmetriec flask with smell
sdtivions of methanel ¢ill the filtrete zan fyee of pink
solour. The smbined volune of the filtrete was made
e the sark with sethancl, The adsczhenee of the f£ilitrete
wes detagnined 2t 485 am in 8 Spectrophotonetar using
sethanel extreet, A contzol witheut soil served as Dlamk,
he 2esults ware cxprecasd in niasolitens of hydwegen ion
evolved por gram of oven dried soil. A stendesd curve
of TIC solution ves prepared over & SeRge of 0.0 %0 300 gy
per ml, W csth of these concentretions 150 mg sedivm
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dithionste (Na, 5.0, 3,0} wes adied %o obtein repid sedue-
tion of I7C o WP, 1The abwortencos of the pink oclour of
TIF was zead at 9%

LTRCEDHATLEG ALRTIAVISYE
Scil pheephatsse sativity st pH 6.5 vas deternined by
meszuring the liberated Fenitsorbencl efter iacubasioa

with Penitrophenyl phosphate disocdium (FNPF) (Tebstadbi and
Sgperwer, 1968),

Bpsgengy
3. Modified universal buffer (IB) Citrate phosphate
buffer, pk 6.9 (Exkujine 2% 2l.o 1967),
2. Toluene « FPisher certifisd seagent.
3 :-:;’g het 3 Ml': (rupp) :eluuou CJil8 My
_ o sodiun p-nityophenyl phosphate tetre-
y te (Sigma 106) was dissolved in NUB and
the solution 0 50 n) with M8, The
diluted solution was stored in & Zefrigesetor,

4o Caloium chloride 0,58 = 73,5g of CaCl, was dissele
ved in weter and selution wes auuua‘w 1 litre.

S. Sodiux hydroxide 0,54 « of ¥aOH was dlreolived
ummum&an: e,

6. Gsandaxd penitzophencl selutios 1 1,090 of

, zozmph-aoi was dissolved in water and 4afluted
1 1itre and stored in zefrigerstor

Rrecaduzs:

To obne grem of 9oil {on oven dxy welight besis, 2 mm)
ir 90 al Ezlienmayer fissk, ¢ ml of MdAified Universal
Bufisr ONUR) solution, 0,25 ol of twlusne end 1,0 nl of

C.1180 aguacus solution of disodium pe-nitrophenyl phosphate
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tobtrabyirats wvere added anéd incubated st 37°C for ) hr.

Aftexr the incubation, 1 ml of 0,84 calcium chloride
ond 4 ml of O.3% sodium hydroxide were edded and filtered
through Whatean N0.12 filter paper. The amount of
petsitrophencol selessed upon incubaticn was determined
spectrorhotometrically at 410 mm, Standazd curve ws
obtained by adiing kncwn smount of pelitrophencl o soil
insteasd of penitrophenyl phesphate. 2 suitable costsol
wvas run by isactivating the scil smzyme by CeCl. and
EaCH defore adding the sudstrate,

SaRco_piraxrlization:

he rote of carton pineralisation of ‘the scoil semples
was anzlysed by estimsting the ssount of O, evelved st
differcnt intorvals by the procedure cutlined by Premer
and fScheiat (1964 .

Reagents reguired ares

i, Sodium hydroxide (1N)
2. Boriwm chloride (M)
3. BMyérochloric scid(iN)
4. Phanolphthalsin indicator-l1.0¢ of
* ggnmwm- wes dissclved in
nl 95 ethanol
rifey grens of alr dried soil was taken in 350 ml capacity
glucose drip bottles in duplicets. Glucose and Cellvloss

wore sdded separstoly 0 supply O.3K cardon, Amncther set
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wvithous the sddition of efther glusces or osllulose served

a8 coutrol (mative cardom). The contents ia the bettles
vesre nined and the moisture content was adjusted % 60N of
meximum weter holding ocspacity (field cspecity). A Sest
tude containing 10 mul of 1IN NeOH was introdueed 1n00 eaeh
bottle and the dettles were tightly steppered with subber
corks and sesled, They wers incubeted &t reom tenpereture
¢m*c:mmm,wuuaunmm
In the beginning the GO, evolved vas messured st weskly
intezvals and as the decompositica progressed,; the detemmi-
nations were carried cut at less frequent intesvals,

One nl of sstursted barium chleride solution was added
0 slkali comtsining evolved CO, W0 precipitate serbenste
28 beriun carbonate and She excess of alkali was sitreted
against 1IN NC1 wsing phenolphthelein as indicatex,. e
mount of O, (mg) evoived was estimeted snd expiessed &
pesrosntage of orgenic csrbon minesslised by Yhe fosmmmla givea

belows

here BVolune (ml) of acid %0 tityete the aldalt
in the C02 coliected fzom

!
;
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Riszessn_nisaralisasions

Rate of nivsopen ninersliisstion of seil wves deteommined
a8 devaribed by Stanford mmé Smith (1973), Twenty ¢ ewil
wab nined with an ogual weight of 10 nesh quarts send,
The scil wnd sand vere uoistened with fine spwey of distile
18 weter and trenefesred o 30 ml Jlsss 2i1%er Subes
sontaining gless weeld pade, Meistening Yhe mintuzre prevense
ok the segrapetion during Srensfer, Iattial minesel
aiszegm vas remeved by lesshing with 10 m) of 0.01N esletun
ehlerids. The seiliund nizeuse was then lesshed with 38 ml
of attrogen deticient mutriant solution, Afeny spplying
sustion (60 om Ng) W zemove enesss sclutien the f£ilsery tvbes
weze stwppered snd inevbeted st 30°C Ser four weehs, The
glass wool pod in the apan stem of the Wbe allowed air
sizculation, Nitzogen minersiised during this period wes
recovessd by lesching with 100 al of G.01% sslcium ehlexide.
Again 35 m) of the swtrient selution was elded and Llenchiing
enperinent was ssntiowed st waskly insexvels. The minesslised
aitzeoges wae anslysed by prosedure given for smesnicsl
nitsegen, nitrite nissogen end nitrate nitsoges, The misee
selisation wves studisd wpie 2 rerdod of 13 wesks,

lonchate wvae determingd eclorimetrically by Nesslerisetion
nethed (Jackssn, 19733,
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T Swenty ml of the leachase two ml of 10 per et
sedium Wrtzate and thres nl of Nessler's resgent were
added % At and finelly volune wves nade wp % 100 md
with water. The akeorbenoe of the ccloux developed wee
rosd at 410 an In specurcphotemwter. The wwenium CeRtent
of the sample vas deteamined by wing s stendard cusve
mﬁﬁmmmmawdm’%;,

(43) BiASxite BiSruase: Niexrive was deternined aolerie
metrimnlly by fellowing Gxiess«~’llesvay'’s nothed moditied
by Beemnar (1948). Misrive nitrogen wis dotenined in the
ss dlamvtaing suasgent sud N (L-ndphtyl) sethylene dianine
as esupling sgent. Adbscorbenae of the pink euleur developed
was Fesd at 320 ma, a-m:amwzmam,m
MMmammola.w’a nitgice-il per ml,

(324) Risyate Ritreauns Witrate nitzogen was detere
ained eolexinetrivelly by following phenslefot«disulyhenie
suid sathod (Jeskswn, 1973}, Tventy ml cf lesshete wvare
seonsforred 0 7,8 oo dieneter poronlain ¢ish sad eveporsted
of bt vatas bath, After cenpleting sveparctica thxwe al
of phanol-disulphonico ssid recspme wae afidad to the dieh
ot mingd. Aftex IO min 15 ml of weter vastaddnd. Them
e selution wae made alkaling by adding ¢ B asvenive
hydrenide s Andicated by develsimect of yellow osleus, o
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ml of smmonium hydroxide wewcadded %0 ansure envess of the
zeagent, Cintents of Vw dish vere mede up 0 100 Bl with
distilled water and sheoshenss was read o 430 W, A
standand cusve with KNO, was prepased over & Fenge of
0100 ug of WOL-N,

hlogoforn funigetica-incubation wechniqus wos followsd
for niesohial bionmese estization (Jenkinsoh and Fowleon,
1976}, The flush of devmspositicn of the soll (evelved

€O =C o sncvamliated W <8 nisus thet from an uxfunigated
8041) during s 10 day imcubation psricd, following the fumie
getion and sesovel of chicrofesm vapeurs, ves sed as the
basnin for micsebial bicsnse estinetion,

the wnsieved meist soil samples (850 ¢ evern Gxy waight
besis) ware fizst sdjusted w0 00K of swailadlis moisture i
300 mi boskass . and insubsied st 15°C fer 3 days,
prior w funigation, 0t prewincubstien snd fwnigetien
wore aaxriad eut An lesgs desiccatess lined with miss
papez, ilser fumigation, Whe scils wvare Srenstfexved %
glucose 4rip betties of 0,80, Then 30 Ml of O, 88 Mal¥ in
28 =l lamge tast tubes ware introduced to sbecsd the (..

he alkald Mmmmmw,m
the 12 day incbheatien pericod wes titreted ageinst AW NC),
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Sioee only & pertion of the nicsehial bicames L ninere-
dined during the incubstion peried, Whe stse of the micwow
bial dMonass C wves deternined by dividing the flush of
m,-cnns.mocu.«wmmm 1901),

LR (L

iere 3 15 sofl Biemess C o g € ™1 soils ¥ Ss e 0,
svolved by funigeted scil during incudation less thes
evolved by unfunigetes seil incudeted for the same time
mmmmm.mu;. cg“mu,um
muumem«umum,mum
fasubation,

The MMl scowmilated wes extrocted, with 3% Kel and
detesnined by Nesslovisatics, Whe bicmasa ¥ wae asloulate
of wsing & K, value of 0,40 (Jenkinson and ledd, 19€1),

Sadinions Somannsing senssisy ok 300 20h) !

o fing out e eelluliose Summpesition cepasisy of
e seil CaapaweDon mediwe with Cellulose as earbon souree
was Wed a8 descsided by Samkazan, (i964), T granw of
£4i%er paper ssxips wes added %0 30 ml of sedium $n 300 m)
oanicsl fisek and sservilived, muuum«o,
aolution wos eddad 40 suth of the flask under aspetis Cone
dision, Cne grem of ot Jegios s0fl of Cifferent erepe
vore ofded w coth flask, Por eesipel, 1.09 of selil wee
aldad and sterilised. All Whe fleske wase incudeted o8
soon Sumperstuse (30£3°C) for 2 monthe, Aftar the inmubatien
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peziod, WX NC) wes adted 0 esch flask &1l the pesidue
(CacDy) wes dlssclived, The suntents were filtered thavugh
& funnel fitted with o dry and weighed £110az peger: asd
weshad with kot weter till the washings zun free of chlozide,
Thett 1¢ was dried fn oven (300 ¢ 3°C) andt weighes. The
celluloss Sevonpoeed wes exrressed as the pereentage of
the originel emeunt of sellulose suyplied in the mediwm,

Sheaiced sheireds of soilas

Yor the chenical anelysis, the solil semples wers aiy
éxisd fn shade for & week, ground finely, wieved thyough &
o En sieve and stwred,

SEGARIE SaRRaR..
™he detemination of erganic cardon was mede on 0,3¢

senplas by foellowing the Walkiey smd Mlack Wet Cxidation
mothod (Sleck, 1965) wsing pottesivg dichromets as onident
in peeschae of envess of conowntrated suiyhuriec seid, The
meess of chaomic avid wer Sinrated against stondasd
feszous. amoniun suiphste, Slenk detacminstion wes esrried
ot without seil, along vith e samples,
Iatal) nisnngans.

Sotal niczogen in the senples was estimated by follows
ing the preceture owtlined by Dremmer (1948). setl) (0,39)
Ve Sigestad with cuncentsated M 80, consaiaing 4% sslicylie
05id in the preconce of 0 ag of satelyst aixtare euntaining
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Ry#0,, Cul0, and Salentwn powiier in the setie of 100:10+1
for 8 Wy (tlevekjeldshl method). 3§ was then diluted with
vatar and distillied sfoar ¥he oddision of sffisient
quantity of 40N Bell, The ssenia evelved wes absoshed in
e par ot herie auid sclukion snd titreted aguinat 0,080
NgSO,. e pereantage Bitregen in the seil was calenlated
fren the volune of avid consumed,

MRASINES SNBSS

™he meisture content of Whe s9il samples wae dotepnd~
ned efber dringing o ths labesstery, frem the lees of
welght of o grem soil when dried st 103°C w0 a constant
veight, )
Satal_nhescheras. sesinnsien:

Two gram of the seil wer tshan 4n 150 31 esnicel flask.
Tan ml of ssoswmtrated nitrie acid wver added and hapt fer
10 min, %o this 10 ml of nisric scid and perehlorie eeid
nixture (131) weie added and digested on & dot plete i1l
the liguid oot elaxified (white enlous),. Them 1% was 4l
selved in dovdle distilled water and filtered, The fimal
volume wap medle wp % 30O =i,

Sotal P wes estinated following the prossfure of
Jackeon (1973). Five ml aliquet was pipetted ous in 28 ml
wlunetric flaok and 0 vhich § nl of sentun Melybdate
sospgent end 1 nl of stannous chioride wase aldded, The
volume was Reds wp %o 35 nl and read ot 660 mm, Total P e



ealoculated etd expressed as per owmt,
Istal_petopsiums

The potassium in the seid digested sanple was estimeted
by flame photometry., A standard cuzrve over & range of 2«30
PpR was obtained,

Avadlakis chesphoxus:

Availatble phosphosus was estimeted by the Bray's wethod
Bo.l (Jackson, 1973). Prifty ml of Ersye~l sclution was efded
w 5,0 ¢ of s0il with 2,0 g of activated chazrcosl and shaken
for S minutes, 1% was filtered throuch Whatman YNo,) filter
paper and made to 10U ml, To S ml of filtrate, 5 ml molytdate
rosgent wvas added and diluted with distilled water to 28 »l
aftex the sddition of dilute stannous chioride solution,

The colous was reed after 10 =in ot 660 nm. heephorus
content was determined from the stondaxd cusve prepared using

KqftPOqe

¥k

amxwu k* wes determined os descxibed in Jeckeon(1973).
Anmouium soetate (1N) wes added %o 5,00 of soil, shaken for §
min and K wes Geternined by flame photometry.

Seil py

Twenty grams of soll was suspended in 35C ml of distile
Jod weter (1:2,5) and pM wes messured using ECL digita) pH
seter,
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the seil samples esllecsed fyom verious depth vise,
Onlfy 330 and S1-100 o were dried st 103:2°C. The seil
seisture wvos estinated. From the soze sampling, the seots
vaze sepaksted sad duied in e oven. AMeer &rying e
walight of seots wore Petssied and 2ovt Diemass wes Galows
lated end expressed 8s o/200g scil,

iaenlane nissatisxal
Schlestion of mech. sounieg |
The 9ot saaples ware ollected L300 CONUNEE,POPPer,
Ss0a0, cimmamon, pineepple end aepier grese of cossent
based esopping systems. Twenty eots after olesring the
stherxing soil (for essh eyup), wese ssensforred %o 290 il
flask ccutaining 100 ml of starile water and the flasks
were shaken i sotesy shehes for 15 min, The diluticon |
plating methed was fellowsd % enumerate he mioseflers smeh
s Deeterta (107), fungt (10%) and eertnengesces (10%),
e hasssris, fungi and astinomysstes were snvimarsted using
Natrient Agar, Martin'e Mese Bengel Agar end Comn's
Aspazinate egex Fespectively. Aftc: pewsing the medis, the
plates ware insubsted &t room Smparatusre (3043°C), "he
bestezial, fungal and astinomysstes populetions were cvwneed
after 48 hxs, 72 hes i 7 Gays of insubation yespestively.
agax and Potste dentivse agar Fespectively.



Axsmbiasis Rosfinasns

™he 2ot dits (30 mmbers sagh) ware plated en Junsens
end Buckings medium % yessrd the sscursnes of asymbistie
Nyefivess, The plates were chesrved after ¢ days of fneu
Betion, e colenies were strosked e fxweh medis W purie
fy the Leclates, The pasestitage of ot Mﬂnlf
finexs were eslonliated for different erups. T™he Ssolates
wote maintsined en Bookings nedfum, Nl‘-umm

Sdentified after studping the sultmral, sesphelegicel, phy=
siologionl, aad Mewhanien) sharscters,

Nyefivars wers inosglsted fate 100 md Beckings medtum
(4n wwiplicats) in 250 m) flask and Aneubeted ot 3LA°C fox
14 Gays, The contents were housgenised end § ml of heswe
SBate wer Weed fox the nitsegen estinstion by Micsekjele
4shil’s methed. The svuat of nitregen fimed was calouleted
ond Gxpresend 88 By par § OF SELORe.

Deschase solubidingsnt

he root bits from different cxops (30 eceh) of 0,3 @
length were plated asepsicslly on medified Pikevekaya's
sediun and the plates were incubated st 30°C for § deys,
e colonias produsing cleex sone vase strwshed on fresh
medive for purifiontisn. The ijsclates of Mesteris and fungl
vere subjested % Pesclubilising ehility AR ¥AEER weing



seionlisivm phosphate (Sethi and Subbs Neo, 198), rifty ml of
Pihoveheye Bedivm in 300 ml flesk were sterilined. Por Pe
solubilining abiliey of besteris, 28 mg and for fungs 30 ng
of srienletun phosphste were woed (in sripitcete), Afeer
tneculation, ¥he fiashs ware incudated at 3013°C Ser ene
wosk end %hree wooks for Desteria and fungl sespectively,
The pit of the mediun was resorded after ¥he ineudetien perw
108 and possed Shrough selts £11%s5 40 PUNOVe the S;OTES
snd nyeslisl fregnents, Gecvleurised with sotiveted chezocval
and £il%eved thaough Matmen We.4l £1i%x papez. The #4100~
pete (0.2 ml) wvas weed for dotermining the smownd of sveile~
ble phosphesws by Clsen‘s wothed (Jaeksem, 1973). The
Satensity of blue edlour wvee meesured ot 630 me weing deudle
boen spostruphotometer.  The SwWRt of D0y was celewleted
wsing the stendsrd curve chtained for Xi 90,

5B e BeOh AF CLETHram

he cscurrenes of ARARASALINE s9Pe wes investigeted
using the 2,3,8 Txighenyl tetzasolifun ehlexide redustion
proseduss (Dederiner snd Day, 1976) mnéd enrichammt euituze
method (Day and Doberines,19768). Asek pieces (30 for sash
exep) afver washing were cut inte 0.5 w0 1,0 o» sise and
were asepticelly placed 4 . - § ml of seniesclid melate
wedium in 1S5 ml screv enp Sest tubes Supplenented with 90 ag

TS
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Por 1itwe of yeast extrast. Appasrnce of vhitse pelliels
2«4 e Dolow She susfece after 48 hre of inoubetion indie
cated the presense of Axosoiriliug spy.

RS IRERERE BLErOSIEAR S 8

A Jagtazias e culsural, merphologicsl and dieches
missl properties of the becterial 1sclates wers stedied
bused on e zoutine tests, Wherever pessidle weferences
have bosn made % Whe veriows tsets perfezmed,

BEREREE &

™e staining nethod weed 40 stedy the mosphology of Whe
t”""’“" E
,0'

4« Acid et sta
!;l’h.dha

¢ MR Oap. 3

' 5a Mamwal of Determinstive Bectericlogy (Suchemen
mh' 197¢).



& DuRsir e fungel 1seletes vere identified by mownte
ing fumgal mycsliius with spores on glass siide in leeto-
rhenel estton Dlve and chesrved wnder light nissescope.
™he fungal isolates wvere identified t» gemerie lewel
(Gilmen, 1989). dome of Whe 1s0lates vere sent o Conmpnw
weslth Nysslsgical Institete (O3) London and the fdmtie
ficetion wes contizmed,

ang e various fsolates, 2] 1sclates of kaeteria
and six Laelstes of fungi, vhich are ccomenly eecurcing on
the shiscephere were wesd for the various stadies.

Szt atudiss of ahincsphazs. Sunsls

Stz fungl vis.. Ixishedesns haraiamwn. 2. Alssexum.
INSRXANR ®p+. bansruidlug Rises. BRANGDNS op. wnd
Slodesriag spe from the shiscephers wess used % detexe
sine the geevth ia Coapamedox bxoth medfwsm. Fifsy ml of
asdiue in 00 ml flasks were fnosulated with fungi., The
growth of %o fungli (mycslial dry weight) wos recerded
ot 3, & 9, 13 ané 1S days intexvels. At the end of euth
incubation peried the contente of the flashks were filtered
and the £ilter peper esntaining the mycelisl met ves dried
st 103,



8ix isolates of fungl vis., Ixighodesms DAEREisEuS.
2. Masoxup, INSAZANR *P.s ASDREQALINS DAoer. BhAROEuS Sve
snd Cladoapozing sy. wers inoculated into the Csapex-Dox
broth gedium, where in the Garbon scurce sSUSIDSe was
zeplased by the different esllulose conpounds (3% lavel),

™he iaisial pi was adijusted 0 6.0, The eelliulcoe materiale

wad weres

1. Cazteny methyl osllulese (CWC)-hemicsilulcee
2. Cellaohivee
3 mlllq’uo powder (Whatmen No.l filser papes

4 Colluloan filtex pepex (hatmen Ne.l filtor
paper)

$e Poruin

6. Control (Caspex~Dox beoth)

Pifey sl Csapen-Dex buoth medium without sucrose was
distridbuted in 100 ml Srieomeyer conical £lesk., To this
flask mvn cellulose materisle (2 par cent) wemre
olided. The flasks wese sterilised. The flasks ware incw-
bated for sia days (three replicetion for ssch trestmang)
and filteved. The myoelis) biomess wes caisulated as
ary weight of the mygelium is 1. The jii of the culeure
£11xza%e vas aleo detarmined,

™e b YASER produsticn of esllulolytic snxynes was
studied by follovwing the method of Menibhushen Rao (1971),

BEYIREE



Por swudies on cellulese (C) sctivity, the six different
fungi vere growm on besal madfum, (CaspeseDox bepoth)
(woazbon) ¢« 3% (W/v) Carbony methyl ssllulose (CHNC-hemi~
esliviose). rifey ml aliquote of the media wers distri~
buted in JOC al iriesswyer flask, The pH of medfum wae
asdjustead %0 6.0 vith 1IN NaON ox NC1 before sutwclaving,
t™he medis were sterilised et 18 P.8.1 (1be/sq.ineh) for
35 min, Then ¢ was inoculsted wiWh mycelisl discs faces
Teday=0ld ctltures, Incubstich wes Cohe 8% OB LeNpARe~
wre (3042°C). The cultare broth wus doocanted o oktain
the ansyse scurce % atudy the cellulelytie setivisy
tc.mumumnwmmn&emcom
of growth, Per C; setivity three seplicetes vere removed
at % days intervals for 10 daye,

3) calinlass uvme 28541 e oulture £iltsete fres
faor mycelivm wes centrifuged at 13,000 ry= for 30 min
at 4°C. The clear SUWaIDASENtS VEFe WHOd &8 GNEYRE SOUNTS,

e reduction in the viscoeity of carboxymethyl
celivlose (CMC) has been established as an estisste of
cellulese {(C.) activity (Kelmen and Cowling, 19€8). Yo
datexnine the effiur time of the mivgurs at rre-fived
interval, sucticn uas spplied in the amall asm of the
viscumatar, The per Cant dscfesss in vissoeity vee oale
aalated, The viscocity changes ware recorded in Ostwalde



CoansnePenkes visocmeter. The viscometsr wvas Rept iz water
bath at 38 3 0.,8°%. The offlmx time was recorded after
ingubstion fer 2, 8§, 10, 20, 25 and 30 min mespectively,
Par ot decrenes in viscocity of the substrste wes Cale
culated waing Whe follewing formmlas

Ve M— = 390
Where, V » per cens docrease in viscosisy
™ » flow tine in seconds st sere time

T o flow time of the sesstion mixtuye
at time & ond

i Ontlow time of distilied water

The sesotion mizture was mined in o small flssk in proper-
tion 4 ml of C¥C, 3 ml of the Muffor end 2 ml of the ensyme
1280 the viseometer Wmpt ia weter beth, 7The GORVSRES Were
mined by dveving alr gantly through the large ams of the
vigCOMEVIr o

(15) Salliniase SOEYMS' The fungli wevs seremed for
csllulase production. Celiulase (C,) sctivity was sssayed
by the cslorinetric nethod (lovkrasne, 1950). where the
ties of the fungl wes Geternined,

(1) Phapgls Six fungt wvers weed. The pH of Caapsor=don
broth nediun was sdjusted to 3, 5, 7 end ® uaing NaOM ex NCl,
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%o MO nl Erieameyer sthicsl flssk §0 ml of the mediwm were
trstsferred and sterilised, e f£lasks wvere incubated with
the fungel isclates (in duplicete) amd imcubated st J0°C
for € days., At the and of the incudation the mycelial dry
weight was recorded. The sodium chioride at 0.8, 2.9 amd
5,04 and suepnse ot § and 10% eoneentFetion wele used yeew
poctively in Caspen=ox medium %o study the grewth of the
fungl.

(41) Desterias The growth of 31 isclates of rhisosphare
boutaris wes studied ot Aiffezent pii (3, £, 7T and 9) 4
Butcient Agar (NA) droth end agar medium, The growth of the
fenlstes at different levels of scdium chloxide (0.5, 1.8
and %) and suczcae (5.0 and 10%) wvas studisd by incerpersting
it in @ e B2 broth and agar medium, The growih was
secorded sftar 49 hre of incubation st 30 3 3°C,

™o ofifect Of cartain solil pplicd fungicides and fusecw
sicides was studied L) ViREp co the stisosphecre micsoflore
of cosemmt, The pasticide common names, trade names, chemical
ames apd the doscges used are given in Table 1. Apart fxom
the secusmended dose, lower conventrations were slsc testad,
In all the studies the sems cunosntration was used and the
nedis insczporeted with pesticides weve ineubated at 30 ¢ 2°C,



Table s The tigide swmon, trede and chamicel nanes and
he used

—"fesklsl®%  Ioesss

Compon = Trede
Beme @ e

Chanigsl  recsmmen+ lower
faame ded

Sordesun Copper sulphate
nixture and lime

Adeem Niwen

Captan  Capten

powler{scil
1% ka/he)

Cagbefursn Yavedcn WG
h‘:)“ l.i.’

Copper sule L0K G5 0.2%
te +

Gaves 100

aleside T Cuix

Be i‘rrm
oyclohexano=3,

de T O

Bansatomisesie
ehaloride 0%

G.02%

0.0

0.0



(%) Janid sediamt e dusal mediwm, Czspex«box 50 ul
was prepered and dispensed in 100 ml flask and sterilized
8t 13 petede for 13 min, The peaticides wese ingorporated
ssaptically in %0 flask and the 6 iseclates of zhisosphere
fungi were imcculated. The futgel growth was recosded on 3
ond 6 Gays of incudetion snd mycalid waight was zecorded
sfeer & days of incubstion. The growth end mycelial bhiomass
profuction in essh traatement wex rocondad,

Caspenebon agar mediue wes vsed for the swidies. After
sslting enéd cocling G medium, the pesticites were invor-
porated end seuves Inte pletes, The st organisms (6 dwagl)
weore grows on Cespex-Dox sgnr for $ days. Myeslial diecs
were ¢cut from ¥he edpe of the cviony with a ocork boger (10
an diemeter), The Siecs were placed wpside fown at the
sentre of rlatee and incebated at 32 1 21°C, The ayvelisl
growth wes resosded on 322 and 3th dey of incudation, The
colony diamster was massuxed in two directicms st right
angles S0 erch other and the sversge of WO THUNGAERLS VOS

3 o,y *T #0.TT : 58 Divh i s SERWEH mw‘
(1) Liguid sediumi Wutsient broth wedium was usad (50
ml in 100 ml Zlask). 7The pesticides were inmoxpexated aftarx




oss
sterilising the medis, The besterial iscliates (21 nusders)
sach Srestment, They were incubeted #% 30 2 3°C and the
grovils was secorded sfter 48 hos,

(11) felid madin' The nutrient agar medium was pre~
parad and sterilised in 30 ml lots. Afser melting snd
oeoling %0 SO°C, the pesticides (Tedle 1) were elded snd
poured inwe FPetri plates. The besterisl isclates (2) muvbess)
ware inooulsted in duplisate snd the plates were ingubsted
at 30 ¢ 2°C for 48 hr W record the gzovth,

The growth of umummnﬂm

ware studied using Seokings medium afver incesposeting the
pesticides, The growth was secorded on S%h end 10k day
of incubstion, The effect: of pasticides o the geewth of
Pesclubilivers (2 beaterier Nagiling sp. and Pagudoponss 9.
and four fungt (Asneruiling RASSE ~ isclate 39 end €C) snd
Peisillug scpe (1solste No.41 end ¢2) were aleo svudied in
both solid snd liquid medtvn (odified Pilwvekaye's mediwm),

he fungal isolastes (62) and becteris (24) Seclated

from the shiscsphere and zhiscplans of various ereps of



087
ooscint besed esvpping systens wesre scxeened for the antae
fzem srecanvut (Afess satethy i+)e Potate Dantrese Ages
(PDA) medins wos used theoughout the atudies, The myeslial
discs of (10 am sine) Phyieuhibors were inceulated 4in the
omtre of the plate sad intc eseh of the plats two Vest
organisms were insculated, Ihe plates were Lfneubated 8%
38 3 3°C end the antagonise wes rvecorded after 5 end 8 days
of incubstion., 7The fumgli ené besteria inhibiting the grewth
of FRINchINOLR AKENAR were selectsd,

The antagenistic propertiss of the selected fumgl end
beotesis were tested against Phvterhthens sEesag ood
Rhxaenhihors RalBivops isclated from ‘meheli’ or ‘Melezoge’
disense of avecanut and blsek pod disease of eatad, were wsed
by follovwing the standard ager dise mathed and satibiotic
oup asssy methed (Johnsen 9% Al..1960),

(1) Muax diss netipds The spers suspsnsion of all the
sntsgunistic fungi and the e PhytonhShoga vere prepared
sepasstely in swerile water, The lawn of mtagonistie fumgus
wae prepered in petriplstes using FPEA ©we Says before the
test. The mycelisl eus spore suspension of Phyiechihers
wes sseded and allowed %o sclidify. After scolidificetion



agaxr dise of 10 an dismeter sise was cut and remsved fyom the
omtre of ¢osh plate by using cork boyer. Them it was replae
ced with the same sine agar dise of antasgonistic test srganiens
frem the lawn prepared earlier, The plates wers inaubated
for 3 days and the fohidbition sone was measured. Thres replie
cates ware maintsined for ewsh osgmnism,

(42) ansibiosic suE sapay matheg:  The et orgmmisms
wese grown in Csapesebex (100 ml in 2850 comical flask). The
flasks wege ineoulated with 1 ml spoxre suspension of antego~
nistic fungi (in sriplicates) and imcubeted st 36 3 2°C for
10 duye. In case of bacteris 1 nl of 48 By old culture suse
pensics ves used. The culture hroth wes homogenised snd
passesd through double layer, cheese cloth, The filtrate was
cantrituged at 10,000 xpm for 10 min % rempve the spore end
uysalivm strend. IThe Rasteris imvculsted suspensions were
passed through seits filter. T™Hhe PDA medivm wes seadet vith
the myvelium cum spete suspenaion of Phytechsbere eppe. with
antibietic ouwp 4in ¢the owmtre. Rach cup was filled with 0,2
ml of culture filtzate and plates were hapt for 8§ hr in
refrigerster (4°C) %0 sllew the £ilsrete %0 diffuse ino the
aediwe, Ther the plates were takan cut snd incubated ot
26 2 31°C feor 4 deys end ishibition sone was measwred,

L SO T LN T R LR S EPREIR %

Selisgiicn of rees smdaing’ The oot esudetes were
oollected from intaet peots of cocomut, Moots were sleared
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from seil, weshed with water %0 reneve the adhering seil
and aleamed with distilied wvater, The clesmed oot was
dipped segquentislly in 0K ethanel for 30 sec anéd 0,18
BgCly for 3 mis. The 00t was then weshed with sterile
vater and agein 4ipped seguentislly is C,009% streptomy-
oin sulphate for 1 nin and 0,05 aquesus suspension of eo-
pper exychlorids for 1} min. The rect was then imwediately
intreduced aspitically inte psevicusly sterilised tess
wdee (150 mn » 32 an) somtaining fluted Whateen ¥o,) £ile
tex paper stzips (1S om x § om, 0,7 0 0,78g) and plugoed
with cotten, The teat tuke with the xeot was covered wivh
s polythens Dag, fined st the wp of the test wbe and
burried inte sefil. After § days, the test tube was remeved
fxom the eil snd rest was cut at the top of the test tube,
In 211 1% set of rootes were instslled for the ecllection
of zoot exudates,

The filter peper strips were plated % chesx for beoe
terial and fungsl contamination defore extrastion. The
filter paper strips showing the pressmos of basterie or
fungli wese discarded., The filter peper strips without say
niezeosynisme were Saken flor antragtion, The cut reets
vore dried and its walght was recorded,

sdsient the filter papex strips were cut into small
ploses ead extrected thrise vith 80X sthansl, A fileer



e
paper contrel wes slsc stmultanecusly axtracted vith ethameol,
The ethanol extrest after filtrstion was concentreted and
the zesidus taker in 2 ml distilled weter ond frectisnated
intc amincacid, suger “Amrgm scid fruetion by fon
anchange chyometograply with Dowen 30M' end Dowen 1 (fommate
form) resins, Anincecid, using glycine as standagd (Yews snd
Cocking, 1983}, total sugexy (Dubois gt gl.. 1951) and weduoe
fag sugsx (Nelscn, 1944),uaing gluccss a8 standard were
sztinsted,

Majnoacids in the amincagid fraction wvere serarsted by
descending papes chaomstography (Whatman No.l), using
pelutanol 1 agetic scid ) water (B0 3 20 3 20 VAv), phencl »
wvagser (74 g molean shencl 1 24 nl watar) ond propsool § wetes
{70 s+ 30) solvent systen enx! the hromatogrsas were sproyed
with 0,3 per ownt ninhydrin in scetcte for detegtion, Sugars
were separsted by descending prper chromatcgeaphy (Whatmen
¥o.1) using Debutancl 1 ethanol s water (10 2 1 s 3 V/v) and
Bepeopenol ¢ ethanel & vater (7 3 2 3 2 V/w) sclvent systeme
and sprayed with silear aitrate (Trevelyan g% al., 1990C).

aniline phthelate seagent (Patridge, 1949) and Uzrea«HCl
reagent (Dedondex, 1983).

Crganic acids wers separeted by descanding papar chioe
metography (Whatman MNo,l1l) uveing nedutenel s formic acid 3
watar (60 1 13 s 28 V/v) solvent system and chromeiogram was

developed by 4ipping the papex sfver thosoughly drying in the
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oven in OO hoemcpbencl biue fn 93K ethmmel,

Sellsnsion of suile Seil sasples were evllected fyom
the follewing eropping systems:

3. Cocomut Dased muleisto
Cosomut b seyed exopping system

2. Coovant based nined famming system

s.mmm(mm
and intexspace

Six samples vere wollected fzon each system, The oot region
nthmmwwmmmenm!m

the cocsaus basin sid fyum this & cvomposite sanple was odtein-
ed. The soil sples were oven dried at 103 3 2°C. Seil
sample (30 g) wes taken and antracted with 80X ethamol,.
Residue after ethenel eveporvtion was dissolved in 2 =l of
distilled veter snd fragticnated inte saincsaids, sugars and
orgenie scids using Dovex SOM* end Dowen 3 resia columns,
These frastions after evepsration were tahen i 0.8 =1 of
double distilled water. The quantitative end gualitative
ostingtions of sugers, sninceqids and orgsnie scids were
Sasried cut 20 por the pooesdurs described esriier feor e
Mochenicsl ehamaatezisaticn of rect wxudates of cocomut,
the total phenols wese sstimated follewing provsduss of
folin-Ciocalton resgmt (Rray snd Thexpe, 1984) uaing catachel
as standand,



o2

he mots of cosoaut, cecee and pinesprls were sollested
from the osenaut based aropring systems. Tev grams of zoets
veze ground in 30 ml of water. 7The filtrate was evllectnd
snd sade wp % 20 ml, The sutxacts were tasted sgainet fumgl
and bagveris for its growth iy yisse.

AREOEE DE Fi¢ KREPDER QR SUNTRS SRDNTRS

(1) 2n Jiguid Pedias Csspmr-Dox Droth medis wes uwsed
and the yeot extract (S ml esch) was inesrpersted into the
mediwm (45 al medium in 120 ml flask) after starilisation,
Bix iscletes of fungi were isoculated i eriplicates and the
filasks wese inoubeted for ¢ days. Aftar the imsonlstion, 1S
wes filsered and myceliat &xy welight wes rescopded,

(13) pelid medium: 7he oot axtract of CREOREL,pePPEY
and cacsd wae fLltexed using seits filter. Eash fungus wae
sesdad in Martin's Nose Sengel agar. Ager dise ware out fzem
gosntre of the plate using susk horer sad removed, The reot
sutract (0,2 ml) was poussd ineo the well end the plates were
incubated for 3 days. The suatiel without the reot axtrast
wes mainteined, All the trestments wers Xeplicsted thrice.

Netrient ager plates were seeded with the baateria (13
4o0lates ~ 3 plates eath). The extracts were poused (0,3 mi
each) inte the well at the centye of the plete and incubeted
for 48 hrs %o record the growth.



RESULTS



s PLARROE MRS L AR AR EARE A DR A SE A AR
ol IZ“"H"“{ LR Y '“" RLE D ..:z* } " !‘.‘. e TREEN
-y

LA‘ YIS |

he results of the studies on 300t region microflorzs of
coconut besed multissoreyed swopping systam consisting of
poppez, cinrazon and pinespple Suring pre~ snd post-Monecon
s0sson, are given in Table 2. The dsta revealed thet Suring
pro-aonsocn seasen there is e differercs in the becterial
pepuletion batween mulsistoreyed eropring and COCORUE MODO-
eropping system, But 1% was significantly less in the mono-
erepping system during pest-nonsesh pericd., The bactarisl
counts in the intarspess s0il were less as compared to the
Poot xegion scils 45 beth multissoreyed anéd monoczopping sys-
tens,. The ftumgal counts showed a reverse trend ss that of
bacteris, imdicating the higher population in the pre-swnsoon
periad. The interspates of sultistozeyed crops recorded
higher micyobial load as compared W the interspece of coece
Mt aenccrepping, lowever, the setisswycetes pepuletion did
et show any definite txend during kbeth the pre-mofeecn and
postemnsoon pericods. T™he betterial, fungal snd sctinomysetes
sunbesrs detrsssed with the incresse in depth of seil and the
population was lesst 18 51-100 om depth. The interspace
seils in multistezeyed exopping systam showed veried trend
in the mierebial lead in Gifferent seil depths,



Table §, NHiezoflors in ¥he ot ! and ot
. v+ = intarspeses Y

CO0OMN b Owis de38 i:n“ 100 11,69 5.8% 0.48

Cosonut  J6=30 3,57 M9 0.6 633 7.87 0.38
insesspuonileiod Ot 1339 1,00 367  8.47 04,35
mm m :ﬁg g;g g:g: 3:3 lgzg 3‘2‘:
ummu-m 2,50 15.68 C.68 3.58 3.67 .38

On3s 1.0 12,38 oO.88 4.87 13,00 1,00
l'm %) S50 12,00 .08 $.28 0,00 0,38
inverspeselieloc O0.04 9.68 0.00 7.98 ©0.00 ©.00
Pinesppler Ge3d 1,57 3100  2.68 2,83 €.33 0.8
Pinesyple 2680 1.37  9.33  O.68 1.67 1.67 0.3
insarspoenilolo 2.8 .88 1,00 GE  0,00 €.00
Comonut 0«28 8,47 38,33 1,68 $.67 11,87  3.67
Monoaxoppi-36-50 'i.ﬂ 29.3% 0.8 T35 38,33 SO0
Cononut O=3s l&” 10,38 1.688 397 .87 498
Monocrep 1680 0.7% 60 0,38 G088 5,47 4.3
iaterapenellie 00 0;35 3.80 0,00 31,00 2.9¢ 2,00

« = Sot detwalnwd

Dapth O.98 2.9 0,71 1. 3\, % 0. 57
Crop x Dapth 2.10 .48 2.2 3.89 S.29 1,71
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™he onweretion of nioroflioze 4in the Ot region and ine
tazspaces of cocomut-peppar-cacet (singls hedge)«pinesppls
ware cexried out in May (pre-memssen) and Octoder (postemone
soon) pericd, The bacterisl snd fungal population: wam sige
aificantly mere in coconut, cscad and Dinespple in the mulitie
storeyed exopping system o5 conpered %0 the seet region seils
of cocomut meRcercpping system in hoth the season, Whereas
the aotinomycetes counts was higher in the pre-nonsesa perfod
a0 oonpazred % the POst-MONsOOn in the sultisvwreyed eswpping
system, The basterial numbers were signifiosntly high in the
covonMt oot Fegion solls es that of cecso and pineapple
{(Tadle 3}, "

he pepulations of benaficial microcrganisss in the oot
2ogion Of COUORNL-PEPPIr-Cinnanonepineprle SIPPing systam
ahd COUORNE MONOSTOPIiRg SYstan are presented in Tadle 4. The
ssymbistic nitsogen fixers wers higher in the 2e0t segion of
pmmaw’)um (15,7 x 30%) as conparet w0
other arops (4.3 « 8.8 x 107). he phesihate solubilising
bagteria ware more in the 200t region of cinnasen and paprer,
wvheress the Pesolubilising fungi did mot show much varistios
in ¥he 200t region of various crops. In general, the popula~
tion of beneficisl micreorgunisss vere moge ia C-«25 om depth
as sompared o 26-50 em depth, Among the ait:rifying Decteria,



fable 3. NMiozoflors in the poOt axd the interspeces of coounuLe

mzmm W—WW
and SO0CBUt MOBOGEUPPIngG systan in the pre~ and pest-mORsoen

JPuiectbuan Y‘ -
11‘.5»“ Fa

Casno Ol 14,08 42,868 4.0 .08 2.3 QM
2650 13.

2.5 .8 60 7 13.98 0. 77
$1-300 2,00 36,67 1.3 3.38 R
rinceppie Cel8 12,38 26,68 4.0 15,55 1.2 1.09
MullG 6.0 20,47 2,68 8,22 13,89  3.32
p VPR T - - - - - -
o 3 Qu2$ $.30 131,33 1.88 85.87 10,08 2400
caces $6.50 $.56 17,33 1.38 0,44 2.7 LI
interspese B1=100 1,33 8,86 0,87 2,00 3.9 1,00
Couchwue 0ol 630 13,87 40 T80 10,78 3.67
Momecyep= Me80 5,96 14,00 3.69 5.44 130,48 4,00
ping Blaldll 1.0 4.8 O. 88 2,04 5,98 1.8
Sivercee of Whree mepilectloma
e (0=0.,08)
348  4.08 O,.97 3.8 4.2 .04
Depidh 2.7 3.84 0.7 3,04 3,88 0.%
Cxop x Depth 8.0 5,50 1,38 .73 4. 1.1



4y Bensficisl nicyporganiasme in the root region of coccnnt hesed
seROCTePRing systan

maltistoseyed exepping system snd coormwt

Cincanen Cwls 18,7 0,7 3.4 20 OO0 268,7 N6

‘ 2050 47 WeT 26 - - NUE 30
Peppor 028 t ™} 3%8.3 2.0 - - - -
26n 5 498 e O w " - - -

rineappie On3S 8.0 8.7 3.7 €7.0 /o 173,00 673

2650 Sol 3.3 3,0 - - 0.8 28,0

. 30 42,5 3840 100 63.)
M 52 2.8 1—3 - - 5!&3 .9

Cacav Ouls d1.2 82 1.2 5.8 43,0 181.5 68,9
2eBO 8.3 2.3 O o - 3.3 25.3
Pinsspple oS 30,3 8.0 1.7 36,0 M0 100,89 64.0
2080 8.4 2.0 1.0 = - 3.2 3.0

T 0e8 60 2.7 1.8 29,0 40.0 139.3 98.8

S0 45 1.6 0.9 - - B.S 318
A of thyee «» = Not deotesnined
&i tlons

microbisl onume » No,./g dry sei)
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the pepmistion of Bisrosomonas sp. wes higher in the et
region of pinsspple of the multistoreyed erepping system,
™he Risxebectisx sp. 444 not indiceve aay veriation in counts
batwesn the cropping systeme,

The dote o8 beneficial miczvorganisms, such as asymbie~
tic Nyefizers, Pesolubllisers (besteries end fungi) end nive
rifying besteria (Bisyoscwonss eod Niggobacter) for the
CORMNUL-PEpPEr=satas (single hedge)epincapple erepping syse
tee and coconuS BONGCXOPPIngG systems are gives in Table 4.
The loed of asymbiotie Boefizers and Pesolubilisexs (becteris)
vere higher in the oot region seils of multisteseyed crop-
Ping systam as compsred %0 COCORGE MOROSIVDPLNG system, The
counts of HisEORCPOUAS were higher in the sultistereyes
system but the Eitrpheciar swsbers 414 ot xevesl sny varia-
tion. The eddogone spose tounts and the ViA-sycesrhisasl
colenisation 0f the cocomut Dassd multistoreyed cropping syse
tam and cooomut soNOCRORPing, indicated that the etdogone
spefes snd VA-myveszhiss)l colonization wes slightly higher
in cinnawon ss compared t© the coconut and Cedeo in the multie
stoxeyed excpping system and coconut monoeropping (Table 4),
A progzessive decresss in spore pepulation snd VA-mycorrhissl
eolonisation wes observed with the imcreass in seil depth,

1.8 MAii SRR kSaYisAe E THe DT DRGIAR

T™he 201l enxyme (uresse, dehydrogenase and phosphstess)
activitiss in the eot region and interspese of COPOMULSPEPPOT~
cisnsapinesprle cropping system and cocomut monearepping



o%e
are presented in Figs. 1 w0 3 & end b, The results indi-
eated that uresse snd dahydrogensse astivitiss showed a sy~
kod difference in She suzfogw 004l (028 oo depth) of the
2008 Pegion of cooomut hoth in multistoreyed and MOROCIUPP-
ing aystem o9 compared to the other crxops (Figs.le anéd M),
Uzease astivity was high in the interspace seils of cionenehe
«pinespple (M8), cscomut=pineapple () snd pinespple-pinesp-
pum:umhmtm (Frige 165). The
dehyizegenace ectivity was significently low in the zeet
segion as well a3 in the interspases seils of e¢innamon (Fige.
23a and ). The hosphatase activity wes sigaificently highest
in the oot region #eils ¢f cecomut in the multistereyed
exopping systam (130 ’vv soid/my) (rigs, 3a amd ), In
goneral Whe usease d phoschatess ensyme activities decresse
o8 with incresse in 204) depths (2630, $1-100 em) heth iz the
o0t zegion and faterspace of various eEcpe.

™he ensyme sssay for ursese, dehydrogenese and phospha~
tase in the FOst Jegioh Of CONLMMSHAPPEr=Casav«pinespple
exopping system and COCORNt NONOCEOPPing system revesled that
the uresse sstivity was low 18 easso and pineappls (Fig, 4).
Dehydrogenese autivity hewever did pot fndicate any difference
in the seot zegion soils of varicus erors. Mtivities of
phoschatase wvas significantiy high fu the oot region of
mltistoreyed cropping systame. 7The phosphatase agtivigy
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‘g.1a. SOIL UREASE ACTIVITY IN THE ROOT REGION OF COCONUT BASED
MUUISTOREYED CROPPING (MS) AND COCONUT MONOCROPPING (MQ)
SYSTEM.  (CO-COCONUT, Ci-CINNAMON, AND PI-PINEAPPLE)
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Fig.1b SOIL UREASE ACTIVITY IN THE INTERSPACE OF CQCONUT BASED
MULTISTOREYED CROPPING (MS) AND COCONUT MONOCROPPING (MC)
SYSTEM.

(CO-COCONUT, CI-CINNAMON AND PI-PINEAPPLE )



. 3-0- M

& [

:‘é‘
& 2:0+ —

(g .

]

~N

(4]

s 1.04
G
‘s

z

CO-MS CI-MS  PI-MS CO-MO
Fig.2a. Dehydrogenase activity of soil in the root region of coconut
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. 3.0~
£
Té
= 2.0+ [
[

< ]

~N -~

<

g

S 1.0~

=4

co-Cl  CI-PI  CO-PI _ PS-PI _ co-co -
MS MS MS MS MO

Fig.2b. Dehydrogenase activity of interspace soil of coconut multistoreyey |
cropping (MS) and coconut monocropping (MQ) system at O— 25¢m. depth.

( CO=Coconut, CI= Cinnamon, Pl = Pineapple .)
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Fig. 3a. Phosphatase activity of soil in the root region of*coconut based
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Fig. 4 .Soil enzyme activity in the root region of coconut based multi storeyed
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system -

( CO = Coconut , CA = Cacao, Pl = Pineapple )
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(mpummx/qnm)mumumm
regicn seils of cocomut (M8).

3.3,

re

Hiozcoflora and s0il ensyms sttivities ia the shises-

phere of cecoBut-peppar-cinnamenepinespple (NS) end cossnue
aonocropping sre presented in Table 3, The besaterial counts
were high in the rhiscsphere of pinespple (16.3 x 10%) and

atansmen (12,7 x 30%) as esmpered w cocosut (10.2 %0 10.6 x
10%) in sulciswezeyed w4 somocropping system. The popule-
xicn of fungli and astimcomycetes &i¢ vet show mueh variection
betwesn Whe creps. The shisosphere of pinesppls recerded

umzm«u,-cmummm. ™he urease
sativity was low in the zhiscephere of cecomut in the BowO~
cxopping system 88 compared to the exops 1 muitistorsysd

systam, Dehydzogensse ensyms showed & Fwverse trend. Astie
vities of phosthetase was low in the zhisosphers ¢f cilanamen
and pinespple as eompared to cocchut hboth from mmltistoreyed
abhd menoerepping systens,

The shisosphere miescflors and seil ensyme ectivities
were grestly influsuced 1y the cocomutepepperececso=pinspple
sropping systam as compared %o coconut semoesopping (Table §),
The counts of bacteria, Ny-finess and Pesoludilizers were
more in shisosphere af multistoteyed eropping systam, A
similar trend in 30il susyms system wes cheexved in this



Table S, Micsoflors and soil enzyms agtivity fn the i
ﬂm%n&Ww&wﬂm&

MRONNOTPIing SYSOem*

O

me® mo® xa® xx:?m‘ - = W“"
m"‘”,"" 9lue gooe
L )

Cooonut

{n3) 10,58 12,80 oO. 47 4,20 .08 $.28 2,01 4.3 134,
Cianamon 12,67 10,73 0,70 .8 2.7 .02 1,92 3,8 88,
vingap»

ple 36.29 11.4% 8. 85,% S0 - .08 1,98 4,0 98,
Cogcous 217,41 31,4 1.0 .18 4,49 .48 3,1)1 4.60 13}
Cato MH.A8 15,82 O WM 8,72 4.8 637 2,07 3,73 86

vinespple 20,43 11,80 O 2.27 &. 28 G223 197 3,73 W

30,07 10,37 0.37 290 2.67  S.61 1.8% ¢.06 193




on
sopping systen as thet of coconutepepper-ciansmen-pinecspple
erepping systam, Additios of glucese enhanved the dehyldro-
genase sstivity of the miiscsphere seils as cospered ww the
Rative dehydrogensse agtivity,

.8,

The zaste of carbon minerslisation wes Jov in the peet
region of cinnemen as compesed to the oot segion soils of
osovnut in both the systems (fable 6). The 90t regicn seils
nmuwmfummumm
zalisetion (42«48 mg/200g seil), and minersiisation was lesst
An the intexspess 90ils of JoCcOnut BOROGEUPDIRG sYstem u:w{,\w__
100 ¢ soil). The additicn of glucose sad celluloss separstely
(0.5%) inczessed the Zate of ninerslisstion by 3«4 fold end
‘mamisum Deing Fecesded in the glucose smended soils. Purther
the minezalisation rvets deszeased with increase in seil
dopth enoupt in interspece »solls of covonut messaropping.

the studies on the nitroger minerslisstion revesled lower
Jevel of W ,-N in the surfese soil (0=25 em). But in the
inserspeave soils of GOOORME MOROCTOPHIRG the trwdd was Feverse.
he tsend for HOy=N fommation in the nitsogen minerelissticn
was similer to that of native carbon mineralisstion,

mmacmmumummh

epappesr«crcadspineapple cxupiing and coconut soRoeEOPPing
systen sevealed that cardoa (netive) and mitzegen ninevwlisation



150tion® Tirccas misersllsstion:
wm! u&w -~nr u : | ,

Ouls

=i

$1=200

On3s
$1=100 313.2 1232.,4 "7 0. 308 3.3 3.7
Pinsspple O=3% 46,0 47,46 112,89 0,008 6.54 6.4
2050 0,0 197.9 0.4 0.208 4,97 5.8
$2+300 13.,3 Ju.8 4.8 0,217 3.58 3.0

03885 3.99 4,28

0.449 3,86 3.3
0.43% $.3% S.48

0.377 2.7 317

C.208 6,77 .08
0e283 3,47 2,93

, 3 _
w » Dapth 9,18 18,17 11.,% 0038 S 20
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were sigaificently higher in whe rewt segion scils of pinesp
ple. wbereas 1t vas lesst in cocvimt (meucerop) inverspase
soils, AMdition of cellulose sndé gluscse separetely (0.08)
0 soll incressed the ninexslisetivn sete by So4 fold as Vit
of native cazhen in all the eveps and intecapece sells

Bt
1.5,

The dats i seil chasical properties Oof COCORMEDEPPERw
elinnangnepinespple Cropping syston and coCOBGt MONCEYOPPing
systen ars pvesanted in Teble 7. Seil pil ves slightly low
in the oot 2ugion of cisnewn. The crgsnic carken was slie
Mxmmmmmunuwm.mﬂu
muitistexeyad canpping systen &89 oompafed 0 COOCEMT in
moneciepping systes O,86). Levels of doth totel and availew
Me P and ¥ wvere lover (0 COUMRUS MONOCIOPPInG a8 cOmpaKed
w cecomut multistoreynd eXoOpping systew,

the stuties o8 30il chanicel snalysis of CoEODUtLPEPDET
cseasepinesppie seepping (M6} ané coconut womscropiing Andi-
cated that the percentage of orgstiic cerben, totel nitroges,
totel ¥ aved wtal X was higher in the sultistoreyed crupping
SYSUn 88 compered to the monocsopping system (Table 7). In
gemerae) the sell pii, osyuRic casleon, tctul Ritrogen, total P,
wial X, svidletle ¥ and & decreased with inoresse of s0fl
daptis ia all the oEopping sysveus and the lesst bDeing rocorded
in the 31-300 an depth,.



Teble 7. Soil chemical properties of cocomut based multistoreyed exopping
RoBOCEYPping

systam and eocoBMS system®
Copping Soil 'linphom Potash
Gdomp (o) M C B e vl vl mnl T
azop : e aw
m (%) ble(ppm) (%) ble (ppw)
0,280 23,0 0.22 67.9
26=35C 5,1% 0,39 0,060 0,242 22,0 0.23 85,0
31100 ¢,73 0,23 0,023 0,040 $.0 0,28 43,0
Cinnamon O0=28 35,10 0.58 0,032 0.343% 8.5 0.22 0.0
2030 85,10 0.43 0.040 0C,2¢0 13,3 0.22 $0.0
=106 5,01 0.40 0,036 0,208 8.0 0,30 45,0
Peapper 0=28 S.5¢ 0,40 0,048 0,230 22,0 0.23 63,0
20850 5,00 0,37 0038 0©.210 17.8 0,20 83,0
$1=100 4.82 W " w np o n
’mh Q2% 5,33 0.49 0.090 0.360 i9.8 ‘c a0 6.0
8-30 4.93 0,44 0,041 0.230 14.8 0.24 81,0
31=100 4,98 ¥N© np n "o o) o
Cocomut o-z’ 'o 33 90” 0.092 n‘r 25.0 0,208 121.8%
3630 4,38 0. %0 9.048 8.7 22.0 O 2;9 0.9
$l=lUC 4,35 0.47 0,048 ©,.%0 6.5 0.378 79,0
Cacan O=23 S.36 0.7 0.070 0.800 9.0 0.15% 851,89
230850 4,70 O.81 0,089 0.8% 6.4 0.210 3,5
: €40 0,84 O©042 0,0 1,00 0,238 31.0
Pineepple Oe38 5,00 0.6 0,000 0,073 14,4 0.188 31.0
650 4,29 0.%5 0.9!3 0.0%0 4l.2 0.245 33,8
Sl=100 MNp "o -] uo ne n
- w O=28 S$.18 0.% "m 0.07% A7.8 0.240 31.0
M =50 4.39 0.38 0.039 0.0 4.2¢ 0.180 13,9
S1=100 4,29 0,353 0,038 0,043 4{.49 0,178 21,0

* jversge of three replicstions

R = Mot determined



he dats on the et biomass, seil microdial diomese of
coconut besed sulitistoreyed Cropping systen snd CUGINNS NORO-
aropping systen axe given in Tadble 8. The misxebial bicmass
ed xest Mansss was Righer ia the surfece soil (0«25 om) of
the seccaut in mltisteseyed croppiag system o compared %o
cocoRut £30N BRROCTOPPIRG systam . The 200¢ biomass was the
highest in $1«J00 om depth in coconut i all the eropping
systan, iberess in eacev, pinsepple and cimnamon the oot
Riomass decreased wit:: incwwsss in soil Gepth, The microbial
hismass was grester in the 2008 region scils of cecss., The
rect zegion of coconut in multistoreyed exopping system indle
csted higher hiomess as compared %o cocobut in the mohoeropring
systam, 7The microbial hioneass wes less in the yoot region
soils of cimnemen. The esllulese deconposing cepecity of
2008 Fegion s0il ot thres depthe zevealed that the celiulose
devomposing ahility of whe svil decreased with incyesse in seil
dapth. Thers was wide variaticn in osllvioss devompesition
botusan Ow23 end 2600 am 45 svmpared & 26430 and 31-300 am
depth (Table 8),

™he sarbcn, nitrogen and phosphorus contents in biswmass
ware celsulsted for different eyupping systen frem the micre-
bisl biomass (ng G/g sedd) (Teble 9). The sarben nitregen
end phwephorus contents in the biomass wexe higher in the



Table 8, Root - = biomsss s0il microbicl biomess and oellulcose
decompesition ¢f cocobut based multistoreyed erepping
SYstal and CooOmt ROROCrUSPAng Byw tem®

ovep Soil de= Root bio=  Niewebial bie-

thiem) mees { mess C e/ Gelluloss Se-
¥ 2005 sSl1) goil) P /9 eumpositica
{pexr cenk)
Perjicd of incu~
M
Cnll 1020
daye daye
Qoennus On3$ 0.56 152,46 33.9 21.7
2630 0.53 10.7
51«00 0,03 30,9
Cinnanen 0=25 030 147.3 33.3 -
26-3%0 0.24
31=-100 . *
Pinespple h“ 0.37 1%50.0 3%.90 -

Coconut O3S 0,51 166i4  37.8 18.9
2680

0.5% 10.4
51=-100 9.72 6.3
Cacan 0=23 0.2 a%0,.0 49.0 -
142.0 3.2% -
Cocomat Ow2S O X 1.8 w0 19.8
28=950 0.5 12.7
$1=100 .06 4.9




é!ubht Carbon, nitsegens end phosphorus in microbisl biomess of
* MM based multistoreyed cropping system (M) and
NOROGROPPAngG

QoSO te >  Cocomutspepper Coccut MORO-
M cac.ompinaapple aropping

Warchial biomase
::(’ﬂ flush (xXg &/

3%0.0 450,10 07.80
Biwogen in biome-
st W w, 35.0 76.34 . $7.96
Mosphozes Iin biee
nesp e t".;kgAC) $.6 9.14 S.76

* Agsuming & C/N rstic of 6 for the microbisl
biomoss

e a ratio of B0 for microbial
W:q oy



mltistoreyed cropping systan 65 CUEpATed 40 COODAUE MONOCEOP-
ping system, Puzrther, the Momass was higher in cecomute
SPEPreT-Ccatetepinespple cropping systen s compazed o cocoRRt~
~PEPPEr-Sinnamenepinespple eropping system,

™he nicroflers and sicsobiclegical estivities ia the zowt
segion end the interspaces of coconut based mined farming
consisting of coconutepapper-napier grass (MBe31) snd cocvmut
are given in Tadle 10, The dats yevealed & significent
inczesse of Decterial and fungal esunts in the »eet region

of coconut and napier grass in the mixed famming system as
CONPAESd S0 CHCORMS IORNGEEOPPARG Systen in Both the sewsecn.
The pepulatien of beasteris and sctinomycetes decresssd consi-
derably with the inevesss in dapth of seil,

The studies on the securrencs of bensficisl micreeryenisme
in he ot region of mined ferming system seesrded higher
m‘um«uuﬂmummumnm
in the cecomut monoesepping system (Tuble 1l). 7The eovwmasetion
of alisrifying bacteris by JON sethod swvesled thot the pope
lation of EiSEOSRURRAR . was higher AR the 200t regien of



Napiexr gress O=25 21,42

) 2650 8,18

51=100 31,38

o R
"G ' .

S1le)00 3,43

Cocomst Mo O=ll 1,26

nocropping 2630 0,87

intexapace 5lel0C .37

Yersge
Lepth 4:5&
Crop x Tepth 8.9%

B U ——

7.0
6.3¢
32,40

1.34
1,16
2.32

3.54
3,33
S.5¢

4,43
3.84
7,68

0.68

0.50

1.00
0.98
1,52



Table 11, BSenaficial micpoorgsnisms in the roet region of coconut based
mined farming snd cocomut mopecropping systam®

Seil =~ Nyefix- Fhosphate  Mtrifyiag  Yhomyeommbiges

Crop

(om) m) mm Bpoze ROOt OO~
E858vvcnne  NIgro~ Nitrove count

Recte~ Pungi wu Nco/30 sion (%)
x10 mg“ g soil

zie
x0¢  xw0?
Coocmut ) O=38 21,38 18:28 4.3 43.0 26,0 160,828 73,
26-90 17,7¢ T.69% 2.6 41.0 37.3
m gres O=28 38,67 12.49 1.8 8,0 .18,0 182,06 78,8
os (NF) =850 19,5 13,37 1.2 . B0 38,3
Cooonut 0=33 10,69 $.67 3.7 20.8 18.6 165.% 60,3
Coaonmt O=~2% 3.3 1,69 1.0 - - - -
BODOCEOP =00 2.6 0.9 = - - - -
interspice

W

* )vereage of three replicstions
detemmined

e » ot
€S at P09
Crop 2.92 4.66 13.08 7.94
Dapth 253 4,04 7.38 $.18
Cxop = Depth 5.06 8,07 .00 13.%

Ww



o8s
coconut and sapier gress of ained ferming system, but the
EASERDagSaE svunts ¢id mot show smy varistion. The andogone
spore anéd Vi-mycorzhisal colonisstion studies fndicated that
the oot region of napier grass fovoured . an incressed
spere count and 200t colesisstion  over the cosumut both
ia the nimd farming and momocyopping system (Table 11), The
spose Bunbers and rost solonisation decreased cohsidersbly
in 20e50 and 31-100 om depth,

3.2. B e astivities in the ze0t recion:

T™he s0il enzyme astivities in the seot regiom of miwed
fazning end cocomt sonveropping (Peot regicm snd intesspsce)
aFe shown 1n FigeS. The 300t region of nepier gFess reverded
higher urease mnd dehydrogensse sotivisy. In gemersl the
enzyne astivity desreased with the increese of seil depth and
At was Jow in S1-10C em sei) depth. The phosrhatase setivity
vas signifiomsly kig: fa the 00t region s0ile of cocomst
in the mined Sarming system, Activities of ureass, dehydre~
genase and phosrhatase wvere significently lower in the imterw
space s0ils of cocoput MONOENOPPing system,

2.3, gl wisrctliors and snxyee sctivities in the zhimcachas
™he shiscephere nicseflers snd ensyme activity of cocomut
uixed famming and cocORNt MOROUIRPPiNG System are presentad
i Table 13, The decteria, sctinomyestes, Ryefiners end
Pegolubiliners were more ia the niwed forming ss compered
monoeropping. Urease enzyme assay revealed higher sctivity ia




pg NH, formed /g.soit /hr .

formazan /g. soil /hr .

Fo

p-nitrophenol /g. soil 7hr.

1ig

7.0 7667 114 76
B [ 1 Urease
60~ ' ,
5-0~ i
-
4 O ‘ ,
—
3-07
2.0 |
1.0
CO-MF CO-NG  CO-MO  CO-MO -
| CIN)
Dehydrogenase
304 .
2:0" r
1:0- _\ _] .
147-8 81-8 ’
| 1 Phosphatase . .
7.0 Soil depth (in- cm.).
B Dy= 0—29
v Bl D,= 26~ 50
50- 1T D,= 51100
4-0- _
3.0 — B —
2:07
ol 1
D, 0,0, 0, 0,0, D, 0,0, D, D, D,
CO~-MF CO-NG CO -MO CO-MO(IN)

Fig.5.So0il enzyme activity in the root region of coconut mixed farming ( MF)
and coconut monocropping ( MO ) systems
( CO= Coconut, NG = Napier grass, IN=|nterspace )



' Teble 12, MNissoflors and scil enzyme activity in the iscs;heze of

coconut besed mined famming tan (NF) and counmut Meno-
cyopying (MD) systems s

, Aotines R’-!h- 0 -sclu~ Upea~ Daghyd~ Vhos
cop 08 RoT , ars se . soves rhe
e ol
out glue
glu= cose
oose
Cooonus .
o) 13,28 4.58 2,08 $.30 4.38 9,04 2,61 6,13 161,
Kspiax
m. .28 2.9 0.30 13,90 2.10 S84 €.71 1253 138,
Cocomat
{no) .87 4,07 0.3 3.9 d:30  8.,4)1 2.82 6.0¢4 133,

- SAverage of 5 replications

Uresse ”«m‘waauw
Dehiydrogenase ’eﬂwumw
Fhoesphatase paquunum



o

the shisosphere of covconut snd mepier gress B the mined ferme
ing systen where As the dehydrogenase asctivity was greater
only ia zhivcephexe of napler gress. The cocommt rhiscsphede
(mined ferming) hot. zecorxded siguificently higher phoaphatase
ensyns setivity.

2.4. Carkon abd siscooen pipsrelisasicons

The sesuits indiceted that cazbon and Ritroges minerslie
sation jn YigNo wes higher in the reot regiom of coouvaut in
the nixed ferming as compared to COOOCREt MORGCISPPiRgG Syatem
(Tadle 13), Addisicn of cuzbon source in ¥he form of gluvose
or csllulose (0.9%) considarshly incressed the zate of carbon
sinsrsliisation. The ninerslisetion rete was mexe ia the glue
svse amended seil ss compared with cellulose. e interspece
soils of cocomut monocropping resorded low gete of minexslise~
sion both in sative seil and with anendeent, Similer trend
wes sheerved in the nitsugen sineralisction, The formation
«u‘-lmwummlmnﬁl (On»25am) of coomaut
aixed farming syswem Dut the HOy«N was more in the surfsce
soil. Soth cazbon and nitzogen minesslisetion decxessed with
incrense in sofil Septh.

2.5. galil shenisel sealixsiss
The soil chamical eoupositivn in cescant besed mined

Semming end COCORNS MONGCIUPPIRG sYstem are given in Table 14,
mxwmmmwmmmmm
SYSSaNS. The srgenic carbon and tctal nitregen contsnts of




fable 1), c-mmu sinerslisstion  of cocommt
m mn?

crop Seil Caxtom mimerslisstios® N1 uinersiisstion®
Mm

aap=
t, Netive Calive m Wil WO, Towal-s
czzbon  lese
(0. ¢) ﬂ.ﬂ

Coconut O=2s $4.0 mu‘ 88,8 0,293 $.81 T.30
4 2650 17.4 1)8.¢4 169.4 0,300 S.14 $.69

$1=100 16.8 49.4 108, 1,303 3.23 4.44
Kapiex On28 22.2 15,9 168,0 0,148 85.2% $.39
gress 26630 14,4 43.9 164,86 0,326 de34 4,067

$=100 19,8 38,0 103.0 0,39¢ 3.3% 3.7%

Cosonwe O=28 20,4 330,93 18,2 o0.180 4,43 4.8

MOROCESp 26-50 20,6  $1.0  132.4 0,103 4.88 ¢ 98
S1-300 18,3 30,64  91.0 0.00¢ 3.38 3.3

Cooomut O=38 12,0 3.4 i81.4 ©.168 Q.CJ 4.0
Monoapop 2650 19,8 75.8 86,2 0.118 3.4 3.2¢
interspe~ $1-300 18,0 1.4 88,0 0,07 3.90 3.08

Crop 3.98 P.19 %0 0.0 .21
Capth .56 T.98 7.82 0©.02 0.18
Coop x Depth S.12 15,91 15.64 0©.0¢ 0.»?

W




fable 14, 8eil cheniosl composition of cpconut based mised fasming
~ and coconut mopouROpping systew®

Crop seoi) Orgonic n”"“ hosphozus
dwh M G el WET PRI m-m.
K
(ppm)
Cosoemt O3S 5.0 0,71 0008 0,50 23.0 0,153 @@
bar) -0 68,30 0,5 0,083 0.9 M4 0,33 7
3)-300 8,00 0,2 0,09 0,21 15,2 0,238 0
Napier O35 $S.35 0.0 0,03 0.0 17,3 6.1 23
grans 2450 3,30 0.1 0,020 0,38 18.4 0,238 33
-8 $3=300 B.43 0,18 0.0 0,13 2.9 0.0 24
Cooomut 0«38 5,38 0,23 0,020 0,62 13,2 0,190 o0
Monoagep -0 $.20 0.1% 0.018 0.3 12,06 0,190 %
S3e300 4,48 O C.01 0,280 8,4 0,200 0
Conobwmt 038 S.48 0,10 0,08 0.0 $,9 0,178 n
Nomccyop 2600 4.93 0O, 0.00 0,52 0.0 0.210 313
Ingexep> SlelM00 4,800 0.08 0,008 048 6,7 0.1 5 }
soe

€ Aversge of Whaee yeplicetions



o0d
osil wvare more i the mined forming system, The available
Mﬁ‘e)mmxhw(um)hﬂ»mmmu
of napier gress and in the interspace soils of sccenut mno~
cropping system (27 ppm) .

Seil moisture, seil micxobial biemass, 300t bicmuss
and esllulcse decomposition of cocomut nined farming snd coO-
AONNE JONOCEOPPing syYsten afe presented in Teble 15, The
zoot segion of ceoonut recoxded higher micyebial biswase
m?.t)wa/gmx)nwummm
un.a)wvwmn. T™he 3ot bismass wves higher in the
2008 Segicn of covomut (0,41 ¢/100g sell) in mimed forming
systen as conpaged % the coecaut monceropping (0,20 9/100¢g
s0il). The ecllulose deccwposing caspacity of the seil wes
Righer in the susfste seil (Ou.3S em) as compared %o the
other twe 901l daptha (2650 sad $1+10C em). The zeot region
soils of nepler grass anhidited low eeliuloss decomposition
ability o5 cenpered %0 evoommt. From the seil micrebisl
biomsss, the sazben, nitropen and phesphorus contents in
biomess ware caleculated (Tedle 18). he zesults indiceted
that cerben, aitrogen and phesphorus ccntents in cocout
based nined fesning systam were hicher ss cumpared %0 coconut
SoReaEOpping systen,



Tekils 15, Scoil moisture contents, oot hHiomass, sofil microbial
biomess and cellulose Gecomposition in seil ;rofile
:;'w coconut mined farming and cocomut momocsopping

foil %01l moisture mm unm Celivliose
geugemgix) deconposi-
(eB) o imcs~ POOL J{w a..aw..g.. tion (%)
phere . Owi0 1020
soil :ﬁ” days days

-

W= 15,38 13.40 0.98 18,60

$1«300 13.%0 0.72 8,30

Raplezs 023 7.7 O 377.% 419 3438
gress =50 15,00 08,7 Q.23 8,87
$3=100 21.78% 0.10 30,00

B+ SDSOENS mePRCEOR

el $.50 0.2 111.3 19,8 30.67
‘26-30 18,00 6,13 0.50 13,00
$1=20C 7.7 00 .87

*Average of thywe seplicasions
- » Mot determined



§uuu Cazdon ntmmmmmhwnuMIM
* &“m' t based mixed fagming end ©oGoNuE MomOCTEpPing
S .

%

Cropping system

Comonut mixgd Coconut monocwepp.
fozming systam System ine

M

Microbial Dicmess fxrom

fiush (kg/he) 402,28 244,60

Nitrogem ia biemess

(kg H/ha)e 67,00 . 40,80
horus in mﬂ

* Assuning a /K patic of 6 for the microdial
bicmaiss

*SAssuming a G/F ratio of 30 for micmabisl
biomase



Bhissplene miarcvilors of the differant coechut based
eropping systen swvesled that the becterial couwnts in the
ghissplane of estcer was higher s comparwd o other crope
(Teble 17). The bacterial numbers wese more in the hiso-
plame of coccmut in different cooomut based eXopping syse-
e a8 corpaied t¢ the rhiscplere cocamut menoewepping
syrten, The fungsl counts were less in the cocomut mixed
farning syster and the maximus population wes recorded in
the cocomut-pepper~Cstsd«plinsspple cropping system. Actino-
different ercpping systems studied,

The peroentage ovcuxrense of soymt:iotie ¥ =finare,
2808RAKAllun and P-solubilisers (bocteris snd fungi) in the
roots of different cocomut based cxopping snd coaohut MORO-
ePPPing systems adv piesented in Takls 18, The ssynmbietie
Nyefivers (PelissiRCMIA #Ppe) wele wore in the coconutepappers
staga-pinespple sxoppiny system, Moth TIC gedugtiocn and
pellicle formatica in mslate seni~sclid medivm wexs cbserved
(AsceRAZALINE spPe) 40 the yoots of diffeyemt €r0pe, The
perosntisge cccurrence of Axcspirillup wes higher ia ths cvconut
wined ferming system. But the irpspirillus eccursence
aid not ywveal any veristicn betwesh COGCRNSPAPLEX-CRCEO=
«pinsepple nd cooonut monocTopping system, The Peselubilising



Teble 17, meammmmm
tems (Mo./g of dry weight of zeock)®

ot = Tast ST S

A, CoGoMut=pepper=cecsoepineaspple (4s)

Geoommt 478,63 26,950 10,59
Cacop 604.40 17,82 6,320
vinewppls 520,38 15,48 5,62

3. Cosomutepeppere-cinnssonepinecpple ()

Coonmat 430,56 13.9 9.3
Pineapple 481,50 4" $.73

C, Coconus~peppes-nspier grass ()

Cooonet 475,32 11,89 6.73
Hapier grese $74.43 16.8) 13.0%

D. Cooomut mossczep (Me)
Coeonut 397,48 35.30 8.39

W

* Average Of thres yeplisations



Cocoams 2000 0.0 "o 122

Cacen 72,0 10,9 75,0

Pinespple 00,0 64,0 28,0 M.
B Comumutepeppes-nspier guess

Cosomms < .- . 92,0 84,0 8.2

guess 300.0 00,06 40,0

.7 80,0 ®.0 33.3

*Asmbiotic Na-fixewrs are Raliscinckis ovP.

3.9
33.3
35,0
20,3

93
0.0

5.3



e
bagsteria hastoured sore on the 2008 surfese of Bapier gress
and COOORUE NOROCEOP. The Pesolubilising fungi were mexe
in the cccomut~pepper-cecacepinsspple eropping system (30,3-
.M,

3.2

The coturrence of diffexens fungi, becteria and setie
nomycetes in the shiscsphere of Gifferent crops of cocoonut
based cropping snd COOODUR BRCROCROPHING SYStAME AW LFOSENt-
ed in Tadle 19, hizcsphere ef different czops showed varis=
tion in the cocurrence of fungi indicating the influence of
erop mining. Ixichodsrms enéd Aspariillug were predcminentg
in the shiscerbere ¢f different crops. Febicillium.Tuseriue.
secorded fxom the rhiscaphere. Ixighederns hOZnishus.
Azishedarna *vy. Mapaxciling piser. Pepisi)lise svv..fhissuus
8pp. and Iugaril *pp. vers obasrved in ths rhisesphece of
aspier grass. 1Ihe cocurrencs of basteria alee revesled
varistion with Fespect to different evepe snd crepping systems.
Pasudenaiag spp. (5 Sscleaves). NMesiliue spr. (9)., Nigsoscasus

oppe (2), BEashazishis svp.(3). Axthrobacter op.(1). and
Kabsislla o7, (1) vere the ecamon gemers of bdasteris recorded

and their relative sswurrenss in the shiscsphesre of diffesens
gzops ave given in Table 19,

The physiclegicsl and bicchenieal tests surried out foo
the identificstion of bacterial isclates (21 mumdexs) yevealed,



Tadle 19, Cucurrencs of fungi, becteria end setinomyceses in
hiscephere of verious axrope of the coooaut based
pring systen and COONMME BONCGIOPDIRG SYStER

it

MM S-DepPer=oatas COCOM=Pap; el Cocoant
Bapler gress
Cogonut Cacao Cocunnt Napier pping

» + + +
L <+ L -
L 4 - + -
+ - - *
L L & L 2
<+ + + ~»
* - - -~
L J L 4 - »
L L - -
2 L . 4 . L
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* L g *
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+ L 4 + *
+ L - -
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 Table 19 W‘td.d

mmmm

Coconut Caces  Cocommt luphr gr- PPinG
P R B L ]

* L 4 L * >
- + - - &
- - - * -
L 2

. -

+ - - - -
- &+ - - -
- < L ] - -
- - * + L g
- L L L 4 +
'S - L L 4 &
L - - + -
+ + L 2 - +
+ - > - +
+ - :b - -
+ * L 4 » +
L 4 L + - &
+ - L - L 2
L 3 - + - *

+ Present
= Abgent

¢ Bacterisl icclate musbers are given ia
raracthanis



oY
indole producing and yphosphete solubilising akilicy in ene
of the Ppendoscpag isolete (No.5). Another PRENdCRORAS
isolats (M0,4) produced sbundant acid and ges fyom sugess
(glucoss and suoxcas). Gelatin hydrolysis end Pesoludilie
sing ability was obeerved in one of the FPagudcmogies isclate
(Wo.18). Two Eschaxichis isolates (Ne.l end 2) showed
high cetaless avtivity and indole production in Trypeone
broth mediwn. An isclate of Sagiling (We.10) showsd Deth
starch end gelatin hydrolysis sctivity. Jasiling pelysiag
(N0.18) showed geod Fesolubilizing ability 4N YASER.
Nigh cetalese aetivity, getalin Miqubdificetion and W, fore
maticn vers obeerved in amvther Baglllug sp.(No.i4). The
MiGERonacus op. isclate (Ho.19) showed mild entalese asti~
vity and 5t wvas poeitive for both staxch hydselysis end

sented by SSEEDiCEYANS. EOOAXAlA. MISKUBENCERGES snd
Assincuyapg wnd its eccurxence varied with different sveps

and oxopping SYsVmS.

BASERCEEN FANARG SRAALEY O VISR TAE B oy LIRS : L
The ssysbiotic W ~fixes, Beiisxibgkin ssp. iscletes cbtained
from the shisoplane of varicus erope of diffeyent coscamt
hased eropping systems wers subjectesd to nitmogen fixing sbi-
150y b YisEn weing Beckings mediusm, The $s0lates odtained
fxem the cevcaut nixed fozming (8.4-12,2 mg/g of suger) end



L
sossnut sultistersyed esopping systam (7,0=18.0 mg/y of swgar)
mmmnﬁmmuuumnmn,-
«finews isclated frem the coeomut mohocrepping system ($.6«
9.6 ng/g of suger), The Nyefivers isolated from the shiso~
pisne of mapier gress (10.0-13,2 mg/g of suger), Gacee (11,0
15,6 ng/g of suger) end etamanva (9,5-12,6 mg/g of sugar) also
showed higher Ny-fining adilitvy.

oschate solubiliadng. abAliSy 4B YASER' The Pesclubili-
sexs (bactexis and fungi) cbteined fxom the shisoplane of
various erops were further soresned by growing them oit modie
#ied PiNevskays's medium, All the selectsd isclates showed
geod Peselubilising abiifty (Table 20). The per vent
Pesolubilizing sdility in the besterisl feclstes, Pagillivg
spe and Pagudcapnag ®Fe was 38 and 41,7 respectively. e
pesolubtiising ability of fungl renged from 34,1 W 47,M
and menisam Pesolubilining ability was zecorded with

Asperziliss pigex (Iselewe ¥o,40).

L S0 BT NN N ANCAEE Y LHRE B DG TIRE A
The growth of fungli ot 3 dey  inter-
vel: up %0 & period of 15 days in CsapsxeDox Meoth medium is
Sepiceed in Fig.6. The fungel biomess preduction (myeelisl
dzy veight) wes the meximus in Clpdoscozium #pe (1230 mg/50
ml) followed by Agpeioillug Rigex (900 »¢/30 ml) and
Srishotenns JAMNCEMR (900 mg/30 ml) sfver 18 days of growth,
™he greater! reduction in pit was recorded wit: Appargdllug BiGsE
(o0 2.8) ané Cladnscexium *pe (pH 2.8).

3.4,

o P w s
B P S A



Sadic 0. M iR ¥ ' lubiiisting diliey and
ef ccacnuS heseld orepping sysiems*

Isolate Machwarie/ P.0. in mo (PG, ), som of the cule
., gt 88 d el 1588 ) £114rsere
M3 sgiiive sv. 4,908 38,48 4.05
Pof PESRECICTES #0 $.73a 41,72 3. 50

» 2 ;

ﬁﬁu .02 “.» 3.50
© s |

S ) 21,9 RN 3,00

€ Panicillag Spe - S .08 3.80
43 Eshigillye *pe .38 3¢.07 4

® ivezegs Of thaswe replications

s » 28 ny of sricaletun phosphote incomporsted
in 30 mi of the mediwm for becteris

" » ol of the culture media after sterilisation
war 6,5
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Fig.6. Growth of fungi at defferent period of incubation on czapex-Dox broth.

o—o [richoderma harzianum

X—x JTrichoderma lignorum

A——a busarium sp.

o---o Asper illus niger
x--—-X Rhizopus sp.
U—10 Cladospurium sp.



TThe grovth of fungl (mycelisl biomass productica) oa
different cellnlose conpounds (2%X) and pectin (3X) aze pre~
sented in Fig,7. ALl the fungl zevorded growth in casbory~
methyl sellulose (ONC) end celludiose supplimented medium
Mt the growsh fn CNC was Jess as compased % cellodioss. In
genersl the grewth ¢f fungli wes poor in cesllulose powder and
ssllulose £4lter paper supplimented medium, Species eof
Risomns d Sladoscasium 454 0ot grow when pectin wes weed
a9 cazrkol scurce,

The effect of pi, sodium chloride snd sSUCOSE CONOERLTE-
tion en the urewth of rhtssaphere fungl are given in Teble-2l,
™he biemess produetion wee maximum st pit 5,0. In genersl the
gsovth of fungl was poox at pi 3.0 snd Clgdosporius ep. did
2ot grow st that pii, At pi 9,0 the grovth wes observed caly
in the species of Pusarius ood Cladiosporiume A1) vhe six
fungli showed growth at different sedium chloride congunstration
(08, 2.9 and 5.,0K) but the growth varied betusen the fumgi.
Similarxly the growth of fungi was obsarved et different level
of suesose (5.0 snd J.0K) except SIAJQEPOKAND STP. vhieh @id
20t grow at MK conoentiation.

ensyme svtivity zmqmnc,)u-ummm
owards variouws subsizetes are given im Fig.8. Ixishedarse
DEXSASSNR shoved grester reduction of viscocity im carbony-
mothyl cellulose (OKC),. The maximms viscosity reduction wes




Mycelial dry wt. (ir mg)

Mycelial dry wt.(mg)

myceitdt ary wt. {mg)

Carboxy methyl Cel{opiose

600+ cellulose {cme)
500 F‘
400- ]
300+ r— ]
200+
cL ool
1 2 3 4 5 6 T 2 3 4 5 ¢
Fungi Fungi
100 Cellulose powder Cellulose filter paper
80+ ][] |
[ ] . r_
60
r
40+
1 2 3 4 5 6 1 2 3 4 5 6
Peetin
2001
150+ — F
1004
50+
2 3 4 5 6
Fig.7. Growth of fungi in defferent cellulose compounds and peetin .
! Trichoderma harzianum 4 Aspergillus niger
2 Trichoderma lignorum 5 Rhizopus sp,

3 Fusarium sp. 6 Cladosporium sp.
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Fig. 8. Cellulase activity | Cy ) of the rhizosphere fungi.

O——po Trichoderma harzianum M- --@ Rhizopus sp.
A——n Trichoderma Llignorum &---A Fusarium sp.
o o Aspergillus niger o---e Cladosporium sp.




090
obsexrved wpte 3 min (64%).

he zesults of the enzyme setivities of the fungli sevesl-
o8 that beth Ixishodesms harzisgum end Srishodesms Aicmoxwe
mummmme;mucymmommmi
(rig.9). Species of Cladesporfie snd Aspergiliug alsc showe
o4 hicher C; ensyme activity as compagzed to the species of
Dusarium s»4 Ehisopug.

The gsowth of vazieus isclates of bectaris ot diffepent
pi and sedium chloride concentration are pressnted in Teble
23. MNecterial grovth wes maximm at P2 7.0. Eegherishis sv.
(3 Ssclates) mnd Bagillug ov. (3 1sclate) showed good growth
aleo ot pH $,0 and pH 9,0 indicasing its wide sdaptability,
2ailiNg op. (3 inclates) 4id met grow &t pH 5.0 wherese
poor growth was oheerved ir Bagillyg sp. (isolate No.8 and
10) and Faendcmonas op. (lmclate No.lS end 18), The most
ideal csnemmtratict of sodtum ¢hloride for W@he growth of
verious Sscletes of bactaria wos C.3%. Nagillus sp.(nc.30 and
21) and PogudcESnaS P+ (isclate 80,15 and 16) 414 met guew 8t
$% sedivm ehlocide levels. Except Ragherichis sve (iselate
aes.de 3, 6 and 13), all the otherx Decterial isclates feliled
% grov st 108 sodiwe ohleride comsemtretion,

Iagsaxia T™e zesults of the j5 YitEe stwdies on the
Mamwmwﬂctaummmamm



C, Activity (Unit = 1ug glucose /ml)
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Fig. 9. Cellulase activity (C,) of the rhizosphere fungi.

o—o Trichoderma harzianum  e---.e Aspergillus niger.

A—24 Trichodérma lignorum A---A Rhizopus sp.

O-—D Fusarium sp. m----m Cladosporium sp.
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basteris age pressnted in Teble 13, The fungieide, cspten
both &t 0.2 and 0.04% did met iohibit the greveh of beste~
ris awewps thees fscleves of Jagillug sp. (M0,17, 20 and
21). Blleen (0.1%), Bordesux mixture (0.9%) and BMC (0,1%)
mmmmammmmwhm
Fity of the bacteris felled % goow st lover coseentratios
of Blitox, Dt and WiC, m.;m isolates (mow,.2, 5, 7,
1§ end 19) showed growth, indicating their toleranse %o the
pesticide &t lower comcestrasion.

mmamuummmmczmmm
zunquumdwmmummrmglmumu.
Bordesux mixture (E) et 1X concentration inhibited the growth
of all the fumgi both in liquid end solid media. Cle
w‘.wwm&mmm
o8 selid recdis tnocsporstad with BX et C.9% on Oth dey,
vheaas in the liquid redium ao growth of all ¢he funo! wes
notickd. Blitox (0.1 andt 0.03%) end Captan (0.2 snd O.0M)
4id et ishibit the guowth of eny of the fumgl testad. ALl
the fungl except Mhimpovg #p. showed groveh en solid aad
Aiguit media inonrporatad with O,1% M, The growth of ell
WMMWN“O,!MGW“WM&O*
3zichodscme MAXsispun. 3. ALsEGKNR e Asparailiue mises &
0.03% concentration. Puzraden (0.2%) slsc 4id mot sffecs

| the groveh of fungl 1n liquid media, The effeet of furedes
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mmuwmmummuuantma

Bsliszinchkis spp. awe given in Teble 33, Tolevsnce of feo~
x.um:.:.swommnu«hmwu
all the pesticides Sested. Bliton and Ropdesun mixture ine
ammﬁ.mat:.s.s.m,uwumum.m
and BNC ot both the levels did not affest the gmowsh of

sajority of the isclates except isclete 3,7, 10, 13 and 13,

-

mmammmmmmum‘xwmm
mm.mmxum:»mmu«ummnm
in Table 26, In solid medis, the PRgudcsunas sp. €id mot
grow at lower concentration of Slitox, Captem, SHC sud Bop-
dosux mintere. T™he Jagillug sv. growth wes - inhibived
in the presenss of Blivox and Dordesux minture. The
mmmugmmmmmmmumwma
oa Petriplates, only growth wes secorded vithout Pesolubilise
ing none 18 all the isclates. Similar trend was ohsesved
or the gmwveh of Pesolubilizess (becteria andé fungi) in liguie
Redia. Blitex snd BMC heve shown iuhibitory %o the groweh of
Pesolubilizers (besteria snd fungi) as compared %o Capten
and Bosdesnx mixture tyeetments,
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Table 36, Rffect of pestisides dn the growsh of Pesclubilisess
° (bscteris and fungi) jn yitam®

xnuu Bactenia/ Mitox Ceptan BKC0.024) Bowdesun

»o, Pungd {o.om) (o.0m mixture
o W (0.01) Remaxics

okoerved
in BIC fne
rpogated
plates withe
out P solue
. Miseing
ﬂ“”uarw + & 6 ¢ & v TN
6 8. Bl oA S S S
6 Pamigidlium sp.
e 4 40 e 4 - e+
42 Pamisill iurm
- ®Pe . * + * * - 9 +4e

* Bosed on the growt:: in three plates/flasks
N = %0lid media M = Jiguid medis
Excellent
‘4 = Good
+ = Poop
.ﬂmm
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After the prelininaxy sereening of sixty twe isolates
of fungi and twenty six isolates of lecterias against
 Ebxsephshoge arecas., fourteem 1solates of fungi and three
iselates of bzcteria were selected, Antagonistic properties
Of the selected organisms wers tested against Paysophshoxe
2kegas end Phytprhthors palmivors. The inhibiticn on the
grovih of two species of Physorhihors veried with zespect
to different test exgamisms (Table 27). In disc method
Tusaxive sp. (No.4). Pepigillium spp. (Mo.23 and 30),
Azparcilliug spp. (No.18, 19 and 38), sp. (M9,23)
and all the three bacterial isclotes were effective in inhie
biting the growth of Miytophthors arsces, wherses
Iaaaxium sp. (Wo. 4). Aspergillug spp. (Mo.18, 19, 38 and
41) and pPepicillivm spp. (Mo, 23 and 30) were effective
against Phytochthora palmivors. The bacterisl isclates were
ROt very effective sgainst P. palmivora. 7The culture filte-
rates also showed similar imhibitory pettern as in disec
method towerds Physochthors arssan. The culture filtirates
of Irichedarma sp. (Mo.12), Asiexaillus sppe (Mo.19, 38 and
52), Pepicilliivm spp. (No.30 and 34), Disaxive sp. (M0.37) and
811 the three dacterial isolates were effective sgeinst P,

peinivors.




Table 27. Antagonism of fungi and becteria ageinst
snd Physophthors palmivers jia

Isolate Fungi/Bacte- Disc method (Inhibie Culture filtrste
™)  (Inhibition some
Ropainje in mm)
yYors R.axecas B. -
Jors
A. Iungl
1% Zxichedasms sp. - (x) i) (x)
18  Agpergillye sp. s s 14 ()
19 Asperuillus nicer ¢ s (x) 12
22  Ixichedegms sp. 12 s 17 (x)
23 Pepiciliium sp. 18 s 0 ¢
30 Pepjcilliwm sp. 8 10 s 10
32 Asperuillus sp. - 3 20 4
4 Peoicilllam . s L 2 12
37  Iusariue sp. - 3 22(x) 18
3% Asperciliug sp. 14 ] 0 13
41  Irichedegms sv. 3 - ] ¢
$2  Asperuillus sp. 3 ’ 10 s
M Zxichodegms sp. 3 - - -
4 Jusaxive sp. L 0 s ¢
2 Bctexia
M Psevdoponas Sp. ] 13 16
B Bacillus sp. » ¢ is i
¢ 3 [ ] 10

Bl4 DBagillus sp.

(R) = Over growth covered the entire plate
« = po inhibition



st “.A. >“:“' iy “4'. B ‘ ! l ‘i x’* 34 " v' " ‘
e D ’»,-.‘i' 3 ' ' g r!.‘.,".\“." Y

The soet wudates from the coocaut were ecllected for
the bisehemiecsl charsctafisation. The quantitative gstime~
tics of sugers, smimcacids dud phenels 1n the root exudetes
of cooommt afe presanted in Tells 30, The Feot exudates
contained epprecisble ssount of shgars end phenols. The
Sugers present in the reot wudates wre rsffincee,lectese,
glucose and fruatoss, Ameng the smincegids serine.glycine,
slstmic, alenine, shenylslanine, isoleusipe/leusine vese

MMumuuunumam(w
and sedusing), enincecids and ;henols of the Feot region .
soils are given in Teble 29, tindificent 4iffesence in tetal
sugar¥s were yesczded in the cropping systems, os the
Sugars were more in the oot region scils of mixed famming
ond MoRCEROPping wystam ae coupared %0 suitistoreyed esopping
systes and interspede soils of cOCORNt MOBOCERPPIng sYstem,
Siniler tsend wes observed iz the reduaing sugar contant
of the s0ils, The aminescid: and phencl contents were



Sugars
Ao TOotal sugare 993,87 3 17%.8Y
Be Rodusing suguse 200,17 3 43,93
Jadne saids W63 308
Fhanols 11.60 3 3.04
M



SEepping sysbuns
Coepping Reduating ' Totad
, oy~ Tl Wil antne
M
Cosvant amlitge
seseyed crepe .
ping 17,50 3 2.3 ::3:3 Aed? 2 0.8 0,24
Cosonnt nines 37,33 2 .00 -
Coeonut meno- 4,48
eepping 9,48 2 1.0 l.h‘t .24 2 0,09 0.12
(interspace) 10,48 2 2.0 ::ﬁ& - -
- 0.0M ‘
l-v:: 8 B 1,66 0.9 0.39
Avezsge six values 3 BEM
* » 1INt dotssted

mmmuﬁ/nmmnm Fep




o8
slightly hicher in the soils of sultistereyed evepping system,
The results of the qualisstive choxesterisstion of the sugars,
aninocatids, and orgsnic scide present in the seil entrects
axe given in Table 30, Reffinose, lectose, maltose,glucose
and fyuctose were ldsntifisd in all the systame, but suerose
was not detectad in the mvmcarcpping plot. iaincecids wese
same in sll the erepping systams.: Succinic ssid wes the eanly
erganie acid detected in all the srupping systens,

$ed.

A+ DaSaEisr All the besteriel isclates (13 number )
tested for the growih on coccaut, pepper snd GECed extract
incorporsted medis showed more ox less similar gwowth (Table
31). Neither stimulastery nor imhibitory effects wene olwerved
with varieus isclates of hestexia,

B Damgis The growth of fungli (6 mmber:) wes neg
aftected mouh by the sddition of o0t extrects inte the solid
sodiwm {(cocommt, pepper snd cacas). The addition of Yhe et
entrant in the liguid msediun affected the growth of shisse~
phere fungi, %he stimulatory effset was chessved for
Irisgtodareg DASSAANE by the pepper and S0P 3008 axtreet
(Table 32). The growth of Jgnaxuillas Biasr wes enhansed
by sll the wot extract but & Yeverse teond was neoticed for



Table 30, 801l Miochemicel constitucats S the 00t region
of cocomut Desed aropping rystemn

Crepping system
in cocomut

Suzay Antnn setd Orgenic seid

Meitistoreyed Gxvpe  Lnotoes, W Gletondne
and & F Y, = Adazine
systen Sucrore Fhonylalaning acid




Sble 31, iffect ¢f 0Ot antyredt on the (rowth of M iresrhers

bacterie i ziwEn

asillve =, (12} ® *
Sashagishin spe(S)  +ee e
Meilins o t8) . o
Bstliag ss.(20) .t e
Easuidcennas sp.{3) e e
Mashlliye #:. €11 + +
- -
; * *
BabaxishiAs o5.(1) oo A
‘ - - +
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Teble 32, Rffest of et emtzest of Gommnt o Getes
the Gwth o Mrimssphers Fengi 1a Sitams

[l 2w w» 0 w ™
SMarms ® 19 B o e a0 30 e
Dessime. © 3 2 s 300 ne. W e
W&h 1T W 1 s 900 70 o e
Blssmgov. 38 15 3% 15 20 ® o @
w % 16 99 1 e30 “o @ Mo

* Mvaregs of shres xeplicstions
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DISCUSSION



Blasanion b

In reosns yeas, there has bash essnsidershle intesest
in invesusepping hessuse of inperative need W ineresse
paodustion and poeductivity from & wnit aswa of land,
Maltiple ssepping, interesepping, mimed exepping and
malitistereyed suepping ave being pructiced in laxge soale
o nabe wee of the availsble land % the manisam extent and
% tahe twe,; Yhes OF GVUR ROEw GEope simultsascusly e
swocessively caeh yeor (Papemdick g4 ale, 1976; Rellist and
Shans Ihat, 1979), In ooconut the agtive 300t sone with
seximum conoentration and aotivity ase eonfined laterally
vithin a redive of 2 mater faue the bese and vertically
vishin 13C on depths., Akout 782 of the wtel aree is Mot
bofng sffectively utilised Dy cocomut rects in & pure stead
of sscomut at normal plensing of 7.9 x 7.4 denaity
(xughwah gt 2l.. 1973}, The invensive cropping systems ine
velving cocomus are essentially esep evmbinations, which
owisege the cultivation of other compatible asops in the
interspases betwaen the palae, The orops choser should
exeate oaly minimwm problens of seil enhaustion, deterioge~
tion and pest build-up, The affect of erop ccmbinaticn on
the agro-ecoiogionl festers such as light, seil micreorgenisms,
alinete ote, and the physicel aspects of imput mensgemens
asfifests the productivity of the crope (Trembath, 197
Varchese g al.. 1998),



o

T™he coconst based multistoreyed eropping with ceseso or
cionanon along with pepper and pinespple hav  significantly
incrensed the yield of cvcomut (Appendinela). similazly i
the nined farming experiment alsc an inczesse in coconut
yisld wes cbearved (Appendix=Ib). The addfisional ‘sysergise
tic' offect of increase in yield is an excellant enample
of ‘nonemsmetary’ input in crop production. Ameng the seve~
ol aspects, the pessible role of seil bielogicsl scsivities
were attampted in the present investigation, The experiments
vere planned to© study soil micsoorgenisms (bacteris, fumgi
and sctisgmycetes), beneficial micsoorgenisss (Ny=2ixaze,
phosphate solubilisers snd Vi-mycorrhisse) snd the soil
miczoblologicsl activities in the soet yegion and shiscephere
of vazious erops in muitistoreyed, mined farming end cocoant
monoarepring systems. Activities of the shisocpleme (roct
surface) miczoorganisme were 8150 investigated,

ANNULE L3653 3 SR 4 IR 1 LECE L O S LA RO E et Gh I

The becteris, fungi ané sctinowycetes were observed mese
in the soot region end xhiscsphere than in the interspece
(nenerhizosphars) seil (Tsbles 3, 3,30, 12). This is oven
sore pronounced with the cecugrence of densficial microerge-
Bisms in the xhisoephere and 100t region of various erope.
The microflors asound the living rocts are distinctly
different fxom thet of mon~rhiscsphere seil, since the plest




cmma.&muh!m;;uhuut for the microergenie
oms (BSsxkey, 19292 and 193907 1931a; lochhead, 1940, 1982)
Katanelson, 1946, 1968; Clark, 1949, 1969; Reviss, 1986a,
1986, 196%a), Uu the other hand, within the rhiscepherxe
seil itself intezesting weriation ia the micwodial popule~
tion wvere chesrved, Peventhough total number of bacteris
and fungi were mors in the cecomut shisos;hers, mosre nunber
of R efixess and Peselubilizers were obsezved in casso
shisoaphere (Nair end Subba Reo, 1577a), JMany explenations
asn be given for these obaexvation, (a) the rapid stimule
tion of No-fixess and Pesolubilisexs due %o the incressed
svailability of erganic magter resulting frem pericdical
shedding of caceo lesves and it sugnents the ozganie mettar
status of soil; (b)) the xect exudates may be favouring Whe
proliferstion of soil micwoorgunismsy (c) Detter conserve-
tion of seil soisture under the multistoreyed eropping
system, Nowever, mmM!MwM the incxessed
micyoflors may be dus to the addivion of cowlung slursy
from the biogss plent vhich s Fyecycled. 7The microflors
sumezatics in the month of Mey (prewmenscon) amd Octodes
(post-munscen) in sll the cropping systems in genexel hes
indicated incressed funysl ocunts and decreased beeverisl
pepulations in pre-monseos period, The incressed fungsl
counts in May {(pre-monsseon) may de due % the sporulation
of fungi during the 4ry spell. In genersl the begterial



o
SounRts inereased in the reot region of all Yhe ameps in the
posteraneeen poriod. the retestion o the mmbder of
aiffevent micreonganions in July has tmes attriluted %
ecatinwous reinfell and ether climatic faotnrs (Nair end
Subka Nee, 1977a). Siailarly, Redha end Rawther (1939) ze-

ported the decsvased papulation of fngti in renston sesson,

e iateroropping of fodder logunes and nepier grass
in coconut gerden influences she seil missoflors (rescy amé
Jeyashanker, 1976 Potty g% Ades 1977).  similazly An Y
present investigetion inarsssed niewetlere was ohserved
both in the cecomut Dased muisisteseyed and niwed farming
SYstel as oompared % the CONMBNE BINNCEVPPLIRG Systenm
(Sables 3, 3, 10, 13). The influenes of insareswpping or
eEop mixing on the rhiscephere misrefless have basn reported
in ssaual ereps Aihe whest, GOER, Jute; POGate, paddy snd
moeng, ond perennial gresses (hedisa g% gles A969s
Dudcheths, g Ales 19730 Neal 2% fles 19737 Nubberii end
Chattupadhysy, i979), Ihe cogsonut and sresanwt hased high
Aansity multispecies czepping systams have shown inesessed
niczodial esunts An the 2008 2egich (Bavepps g% Alee 1906,
The s0i) miereflors decressed with incxesse in sedl dapi:,
and the least being revorded as 31«100 o soil depth. The
desrsssed populatien of rhiscaphere micrefloss with incressed
8011 depth was peported ia some @wops liks whest, jute,potate
podidy end meong (Rishsrs end Srivestewve, 1971; Ndbecii end
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Chastopedhysy, 1979), The wmicrodial popslation betwesn =
90 om lateral distancs decressed with an inczesse in seil
dspth in the root gegion of agxwcanut pelms (Bopaish and
¥oti Reddy, 1982}, The decressed population of miczoerge=
nisne at lover depth of seil am be correlaked o soll erxe
geniec carbon, sofl M, cotal ‘N end tocvsl 'P' content of
the soil. The orcanic cazben content of the soil decress~
od with the increase in soil depth, A cousidessble Geczesse
in seil pH, oxgamic carbom, total N, total ¥ end available
P was recoried at lower depth (Tebles 7 and ldi. Murther,
the interspece soils of the maitictoreyed cropping systom
showved vazied trend in aiorofloze populstion betwess the
éifferent ¢xops indiceting the zect intersction end ite
influence on the psoliferction of micivorgenisss. The
niozeflogw in reot regiom of pinespple at S5l-l0C ow seil
depth was less beveuse of the shellodw reoting, However,
axong the different axopping systems studied, the cocomut
bosed cropping sysien with the coabimation of papper, ONOE®
and pinespple favoured an incressed microflors as conpared
0 the other crop oomdinsticns, 7The increased migsoflore
snd microbioloyicsl sctivities oould be Gue t higher c:gesiec
Ccarbonh cobtent Of the s0il, The GOCCRUL=CCHs Mmixed oxope
ping hove shewa Lncressed microfloxe as compaged 0 CoCo~
mut monvaropping system (Nair snd Subbs hao, 977s). e
pascteris snd fungl vere muse in the rhisncsrhese ¢f csues &8
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eonpared to other exope in Yhe multiswwreyed! and eoooRut
monceropping systam (Tabdle 8),

™he il microflors were enumersted at three seil
depths &5 the coeonut rects vertically go o a depth of
142 %0 1.8m and ¢ & lsterel 9.7e8d of I from the base.
The miesoflors at verious eoil depths indicated thet the
microbial counts desressed with incresse in eoil depth.
The higher microbisl counts in the root regiom of verious
erops may be attriduted to favourable envizooment, The
sotivity of the rhizos;here and w0t surfece micreoorganisms
ssn affect the nutrient wptake (Bowen and Mevirs, 1969
Hair end Subbe Reo, 1977s) end wide wange of conpounds
present in the yhisosphere can influsnce the grewth of the
plant (Fovize, 1963s, Stevensen,i967). The seoting habis
in 080 and clunemon had yelatively less letersl spresd
(Nelllat and shens What,1979), Ceceo plent had most of ias
rcots with the radivs of 80=100 om and Baxivum COnCeNtra~
Sion wes Detween 26-40 om laterslily. The £idrous rects of
pinespple searly extended begond 50 om leterslly and vertie
cally.

The ococuzzenes of beneficiel microcsgshisms such as
asysbiotic N ofixers, Pesclubilisers (becteria and fumgl),
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nitrifying becteris (Nisroscpopas snd EiSEobastek) end
endogune mycorrzhisee in differens CEOpping systam Tevesle
od that the pepulatiom cf ssysbiotic !’-ﬂm ware SOLe
in Mmlucammuwwmm
system (Teble 4). The ssymbiotic N =firexs vere sore in
the rect zegion of cssen, pineapple and cinnsmon,

Bl {eEinckis has been Feported to be widely aisexibuted in
tropical scidic sotls (Deeking, 1939) 1961; Vencurs 28 8l
1968; Andezson,19¢6; Dobereiner end Corpalo,1971) Subbe
m.lﬂl); The oocusrence end enumeration of asysbiotic
Byefixess in the zhisce;hers of COCODML~RAOR0 zixed exrcp~
ping wes studied (Nair and Subba Ra0,1977a). The prolife~
zam«nzdmumtmmcmw
mtuwwwdmmwmmnwn (Fovty,
1977). The nitrogen fixing Aspiobactek end Belissngkia
enunerated in arecenut seils, have zevesled greater nwker
of Paiisginckia iv plots with hybrid mapier gress (S8B=31)
(Rawthez, % Ak+¢1979). In the present swdy also, Whe
coooaut based nixed farming systes snooursged the proliferse
muumul,ammmmmau
to be the ;redcmiment asymbiotic N, efixex . Asymbiotie
a,-cmmnummummcmmam
mmm.umzamsmmummu
sultistoreyed and mosoaropping system. Xothendareran (1979)
seported the oecursense of Seilexingkis in the soils of
srubbexr plantation. The zole of the asymbietic By-fimese in
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supplemer:ting the nitrogen in ite fsmediates environment,
theredy bemafiting the plant esn not be ruled out. Seversl
workers have iafect stressed the prodeble sole of Beliscil-
gkia in westoring the mitzogen level of meny tropicsl
fellov lands (Beshing, 19895 Anderson,l968; Debereiner and
Campalo, 1971), |

Seversl microesxgenisms showing the phesphate soludilise
ing adility have besn reported t¢ be assncisted with the
s0il (Abbott,1913) Pidovakeys,1948; Sen and Fanl,1987; sewhi
ahd Subba Res, 1968). The cocurrence and the ectivities of
Pegsolubiiisers in the shisosphere of plantation arops have
slso been reported hyZ'cn wozkers (Neir snd Subbe Rec,1977by
Sopaish, 1963; Themes g3 fles 1908 and Themss and Shentayem,
1988). Axong the seversl bectaris, fungi snd sctinomycetes
cepable of solubilizing phosphozus from the rhiscsphere of
Bioax solubilized 46,9 and ¢9,7 per cent respectively of
the total tricelcium phosphate ik YisEe (Mair and Subbe Reo,
1977b) . Thomes sad Shantaras (19806) zeported that
ZESNGCHORAR 0.« MISECUDARNR *Peo NISERELETNS EOSANS,

Mesidine suksilAss SRXYRebesIGZiNE op. ond AlORLASIRRS SDe
mumammwmmuu

cocomut s0il. Similarly in the present stuldy PRpuOONERAS *Ps
ond Jegillig spe solubilised 35,60 and 41,72 per omt of
srionleiw: phosphate 1B yisge (Table 30). Thomes g% ale



104
(1988) also studied W¥he Pesnlubilining fungi in different
coconut seils end She ip vitrp Pesolubilising ebility wes
26 o 74 per cent ©f triceslicium phesihate. In the rresent
study the Fesolubilizing fungti isolated frecm the Foot supre
faoe of coccout showed 34.07 0 47,74 par cen§ Pesclubllise
ing ability 4ip Yisgp with tricaleium phosihate s substrs-
‘e,

The oscuxzrence snd the sctivity of Fesclubilisers in
soils from apecanut plengutica has been Fe;corted by Rawther
% ale (3979) and Popasah (1983)., The Fesolubilisers pepor-
tad in the reot regicn of specanut soil were Aspergiliug
spPee Rapiciiliym spp. anéd Papudonpnag Srpé Concursent
with the above obsezvation it was noticed there éxists &
direct relstionship betwess the pepuletion of Pesoludilisers
spd the smownt of svailable phosphorus in soil, The benew
ficial svle of Pesolubilizing micsocrganisms has Teed
zeportsd by Gexzetsen (1948), Cen anéd Paul (1957) and Barber
(1968),

The endogone speres and VA-mycorzhimal colonization
was more in all the cocomut hesed cropping system with
zespect %o per eent infectsd roots and extent of colonisae
tion, The VA-mycorshissl colonisssion in cocobut and tes
has been zecorded by the esrlier workers (Lily,1978; Remash
and Rohint lyer,1979; Satysssrsysna and Venkagarsman,l9?®).
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However, Nair and Gubba Reo (1974) 4id net percort the mye
oorrhizee 1p GUCERUt and Cacsd Of QOOCRUL-CRCHD RiNed GXOw
pping system, The myccxrhissl asscciatica is knowm o
play sn Suportant role in phosphate, sine and copper
mutriticn in plents (igymen, 19785 Mosse, 1978 and Kerishea
and Bagyersj,1983).

$oil Ensyme Agtivisise

The 804l ensyme sctivities such as uresse, dehydroge~
mMMMumm&rmwamtm
ping system Doth for the root region and rhisosphere of
crop plants. Urease activities varied with scil depths is
Isslian sye gress and native pastures (Hoult and NoGazxity,
1968). The typs of vegesstion supperted by & seil direesly
influenees the uresse sctivity (Kham,1970; Pendholy and
Ri0e,1973). Ia the present investigation, in genersl,the
501} ensyme activities (uresse and phosphatese) decreased
vit: inczease in sof) depth (Pigel, 3, $)e 7The ureass actie
uwmmummm:musu«mmw.
The Gehydsogenase setivity 414 mot yevesl sny varistica
between the zhisosi;here snd soot zegics soils of different
crops. The biochemical sctivities in soils have Tevesled
that the dehydrogensse sctivities eprecred to ehange less
with seil Gepth (Musa end MuXhar,1969) Ross,1973). Eimilerly
18 the present investigatics alse the dehydzrogenase anxywe
activity decressed with incresse in s0il depth. The ursass
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and alkaline phosphatese sctivities wewe positively coSve~
1ated with orgsnic ceshom, fungal and bestarial population
in jute soils (Texeféer g% §l¢s1981). The pEoportionste
Gecreass iR 901} enzyme activities et 26-5C om and Sl«100
o 3041 deptr may be due t0 soil pH end low organic carbes
and total mitrogen content of the soil, Dalal (19€2) xepore-
od a significent close relaticnship betwesn phosphatase
sctivity and oggenic and imorxgmnic ¥ in the soil., The
phosphatase and dehydzcgenase enzyme sctivities and scild
moisture, orgenic carbom and mitzogen comteat in the noe
etillage soil vere significantly hicher than these of cone
wensional tillege (Dozen,1960a). The miczobial .counts ol
zelative abundance of vaxicus micsoblel types suggests that
she bioshemige) envizomment of no=tillage soil is less
onidative than thet under comventionsl sillege. Meore and
mussel (1972) studied the factors affecting dshydrogensse
sstivity es an index of soil fertiliey md suggested thet
4t cannot be used &s gensrsl index of sodl fertility,

the rete of cerdon minersiisetion wes wore in surfece
soll and it decressed with the depth of the soil. This
decyesse in sctivity parellelled the dxop in Whe exjemic
cazbon level, so that the proportiocn of the total casbom
oxidised in & given time interval recained relstively
constent (Newman and Nozman, 1942), T™he C ¢ W pastio of 18 1 )
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or 10:1 is sessenable for the predominant asrokic flexe,
Cultivation enhanges organie mstter destzuction (Gidden,
1957), In the presest study, the desresse 1n scil erge~
nie matter content wss recozded in coccnut megocropping
SYSSan 88 GUmpared t¢ cooomut multistoreyed eXopping syse
tom and this decrense may be dus to the surfece pleughing
in the momcoropping system, The rate of decompesition
and develepment of soil micsoflors (becteria, fumgi, estie
semyestes and ABoSobagtal) incressed with the addition
of orgenic metter (Geus, g% al. 19727 Debnath snd Majiws,
1973). The jp YiSEe etudies conducted 8180 Fevealed Whas
the sdditica of carbon acuree (esllulese or glucuse) ene
haneced the rate of carben nineralisation (Table ¢ snd 13),

In the nitzegen mineralisasion studies, the agcumulae
mum‘qmwnﬁq»mtmmmuu
cese and pineapple. Viassak (1970), and Mams and Atti~
will (1902) reported the establishment of close relatiomship
between the total nitrogen content of the #0il and the
smount of minersl nitrogen formed during the incubation,
The Ritrets sscunulation hes been reported to incresse cobe
siderably with pN 4in tes plantatica soils. 7The nitrifice~
tion of soil; under wide xenge of pH, erganic cerbon end
uuldmﬂhm&“mfl}mummd
0e133 wo/g of scil (Ishaque and Commgicld, 1972). Yhe studies



on the variation in the rate of aitzogen minerslisation in
201l indiceted that forty two per sent of the totsl esti~
mated Heainerelised wes derived from surfece soil (0=18 em),
whezess 38 ;er osnt wes contriluted from the 18-108 om
Aapth (Capsmen snd Mumns,1980). In the present investiges
ston, the nitrogen minersiiseticn wes wore in the mixed
farming snd the minerslisetion decyeased with incresse in
scil depth. mn,—amutwmmm
ralisstion studies,

o4l microbial hiemasa’

mzwua‘enuumuvmpmu
the soil, sxcluding plant roots and soil enimals. The
fumigated soil Consumes Nexe oxygen (Jenkimson snd Poilson
197¢) amé evolves mors cszbondioxide (Waksmen end Staxkey,
1923; Poulson snd Jenkinson,1978) . The hicher flush ef
biomess C was seconded in beth multistoreyed exopping system
and sined fasning sYystum 88 CORpANed o COSCRUE ROROGEOD-
ping systam, The higher microbial losd might have been
reflected n the micgedial biomess in the saleistoreyed and
mixed ferming systam, The totsl biomess in reot-sone aeil
gyom Submontans grasslisnd verient mansgement renged fyom
40,8 v 60,70 a; C/100g e compered tu 69,4 w0 143.0 mg o/
100g for the shiscsphese soil (Tesarova end Rapors,1984) .
The seil hiomess ineressed during the gsewth of vhest erep
obd then decressed to an s;proximetely constant level
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(Lynch end Fenting, 1962), The biomess was significantly
wmmmunmmamuymm than wvhete
1t has besp ploughed probably becsuse the plant ¥0ots were
more stundant after dizect-driliing (Cexter and Remnie,
190%) .

The seil micsobiclogical sctivities heve Fevesled
higher sstivities in the sultistoreyed and mimed forming
system a8 cumpared W monocGropiing system. In sultistoge~
yod eropping aystam, the soil is under sezo Sillage,vhecrsss
ummmmxnmtlmmmym.
Dorsn (1980B) reported that manimus serchiec miczobial actie
viqumMmuMIhwnnumw
conventional tillage soil. The bioshemicsl environmant of
the serv-~tilisge s0il is less oxidative then thet under the
conventionsl tillsge.

uhmmtawmwuwuhmuw
nmm.nemsemmmluwm
mummwmmmnmw
mmmmnmummwmummun
monoeropping system, Sodl gertility depends So & large
extent cu the microbial . pofile of the soil. when inter-
myﬂmuﬂnﬂ!&m&ﬂmumuamtﬂm.
congenial ccnditicas are developed for the repid prolifere~
elon ©f microorgenisss in scil. The comtimucus asditicn
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of plant yesidus by the conponent orops end the orgenie re~
cycliing fecilitated by the multistoreyed or mixed famming
exert s fovoureble influsnoe on the miczubisl pepulation
in the rhiscephere end root gegion of the plants. The
eddition of ehexgy sousrces has incressed the biomsss and
urease snd phosphatese ensyme setivities (rRoss g% 31.1903)
Nemnipieri g% gles 1983),

The amount of orgenic matter adfed % the soil shrough
shed leav:s and prunings of cagso under coccmut with siagle
and doudle hedpe planting of cacso was 818 end 1968 kg/he/
yosr sespectively (Varghess g% 21..1978). The orgenie
cazhon content of moil wader mined ezeppitg of ceccant with
caceo was found % be higher thanm that uwnder puse stand of
cotonut, Purther the svailsble phosphorus contsant in She
coconut shiscsphere where cscao wss grown (Souble hedge! wes
63 ppm as oompazed to 41 ;pm in single hedge plent, 0 pem
in momocgopping snd 10 ppm in monerhiscephere seil (Neir
and Subba Rac, 19778}, Similarly, in the present investige-
ticn, higher concentraticeildf soil mutrients were recerded
in the sultistoseyed end mixed ferming systems. The oxgenie
caxbon content of the scil and the misrvelimstic condisions
might have fovoured the proliferstion ¢f miswsosgenions.
The mulsistoreyed eropping systen is Jmown %o shange the
microlcinmate such as air tempereture, evaperatien, relative
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hunidicy and soil Sempersture as CoEpared %o NOROCIUPPing
system in esconut (Vexchese g% Al.. 1978y Nellist g% 3l)e»
1979) . The crop combinations in the interspece of coconut
is bound to change the microclimate in the mined ferming

SYSOem also.

The greater secs vclume of the @rops per unit volume
of seil afids the meze organic matter by way of desd roots,
Considexsble svidences are availeble % shov that there
ead be formation of seil orxgsnic megter Curing the esstive
gopt growth (Ssuezbeck amé Johnen, 1977 Nertin, 1977),
The addition of roots by aspler gruess in the mined farming
and by esgav/cinnamon, pepper end pinespples in multistoreyed
exopping systame can incresse the soil ergedic matter as
compared to the COCOBME NMOROGIOPDING systam, In caseo and
cinnesnn the latersl spresd of the rooct systen Ls comperaties
vely less, The oot volume per Unit ates is more in the
maltistoreyed and mined ferming system snd henoe the overall
bielocical ectivities were mere as conpared to the NROSFOp-
ping.

The guantitative migsoflors in rhiscsphere veried with
the ozopes snd the micaobial lesd wes higher in the shiroe~
phefe ss emmpared S0 the sespettive oot region soils. This
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is besause the shiscerhers is functioning as the astive
soRs for the prelifexstion and fahediting of micrvorga=
Risws due 9c the avellability of subetratee. Similarly
Righer snsyme setivities was also chesrved in the thi-
scephere s0ils in diffezent exopping systams,

The sicsoorganisme ete responsible for essonificetion,
nitrification, dmnitrificaticn, cerdohydrate utilisstion,
celluloss decomposition end nisrogen fixatich, The
shundance of nitrogen fixing and phosphats scludilising
bacteris in the rhirospherse of erop plents assunes natursl
significenced from the sgremomic pOiNS of view, The altere~
tion of shisosphere micoflera is possidle by (1) sofd
W ond (2) artificisl issculation of sead or seil
(bacterisation). The inoculation vith ARDSCRRERAK.
Baiiaxinckia, Pesclubilizing microorgenisns and VA-mycorzhisee
may bhelp in the sstablishment in the famediste vicinity
of zoots of orcp plants.

The prosent study estakllished thet the microflora end
the microbiological activity weze greaver in rhiscsphere
mwtmtmumhmm:pwuu&
multistoreyed and cocomut based mixed fapming system as
compared to the monoczopring. The duild wp in scil organie
cagien end wotal nitzopsn influsnces the soil fertility,



Ehizcplane miczeflors:

Etudies ob the rhisoplane microflers have indicated that
the wot suzrfaoe of various exops inhabited higher microdis)
load than the shiscephere. 7his ean be sttriduted tc the
availebilisy of substrates from the roots in the form of exwe
dim. which will serve as eneryy souros for the prolifesse
tion of microorgenisns., The sloughed off goots and desd
So0ts 8180 sexve 88 subsirate for the growth of microorganisms
in the zoot zegion of crops. Seversl workers heve reported
the proliferstica of micreosrganisms in the ghissplane: of
different crops (Abdel«Nasser and Makasid, 1977 Odunfs snd
Uso, 1979}, )

e graseland apecier iInfluance ¢he adundance of micree
bes on cech other roots (Christie g gl.. 1974), 1The
ococurrenge of baneficial micreorganisms such as asymbietic
Byefiners (Bpiiarinckia sp.). assoeiastive sywbiotic N, -fixers
(Axopiizillum ov.) and phoephate solubilising micrecrgesisms
(bacteria snd fungi) have sevealed their zelstive abundance
on the root surfese of differsnt orops. The asysdietie
Sgefiners and Fesolubilisers were nere iR COGOMIL=DEppPere
~ga0ev=pinsspple (multistoreyed) exepping aystem. The
ARRSpiriliNg were more in the mined farming system which mey
be dus %0 the presence of napier grsss in the escpping system,
The oscuszenes of Apcapirillie on the soots of cocomus end
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other plantation ozops has bean Feyorted by Sudba Reo
(19683) and Covindsn and Pusushotheman (1968). The pee~

aible z0le of these orgenisms oce the plant growsh and soil
fortility has %0 be ascertainad,

Sisdescarium. Srlindreessngn. Absidia eod Ehisopus were
found % he asssocisted with the mhisosrhere of the various
crops ia Oifferent exopping systems studied (Table 19),
Of these, Ipishadssma svpe and Appezciliug svpe were found
% be predominent, Nowewver, in the shisosphero of mapier
oress, EDLNGENE oPPe wes frecusntly associsted. TZThese
fungli may de commomly eccurring in the shischlane and root
zegion scils of differsnt crops. The oscuszenge of
Sylipdrecasnet stfume. INpaxiip ssulastl, MCRASKCeReXiws
heeisedess PsRisilliug jsyspisum. E-spisulisncxium end
GrsthiNR *p. wers Teposted to be associsted with seot (wilt)
affevted coconut palms (Joseph, 1978).

Segteris asscciated on the rhiscephere of vagicus arcpe
ia different croppiny systems were PRgudcBanal *PPe
(4 fsolates): Jogillus ospe (9 Ssclates), HISEOQROMES *PP
(2 seclaves). Jashexighis ovp. (3 Ssslates). ArShECRASSSE
oppe (1 1sclate). ASDECRERAGISE Sope (1 isclase) end
EKisheialla svp. (1 isclate). Some isclates of Pasudchenss
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spp. end Eagharishia srie produced indole ip yisze end
seversl isolates of bacteria possessed good phoschate
solubilising sbility. Fpsudoponas Putida end Zssudcmenas
fiusrosancy isclated from Meise and Pesn produced indole~
3~agetic scid and other suxins when growa in suspension
cultures (Frikeyl g% gl., 1983). Bimilarly Weir and
Subbe Aso (19778) meported the indcle producing Escherishis
spp. fzom the cooonutecsgac mived eropping o?ym.
Streptomyces sppe. WS the only actinocmycetes observed on
the shisuvplanc: of crops. The antagonistic properties ave
vell-lmown in the sctinomycetes groupe, The oecusrence of
various fungi eand bactaris on the rhiscsphere of variouws
esops showed varistion in the differsns eropping systems
studied, This indicates shat sha plant species are favoure
ing the selective inhabiting of microorgenisms on the
zhisosphere,

Salinisse snsyme:
Cellulase 1s en induced ensyme in mest microorgenisme

a8 it is synthesized chly ia the presence of spevific
substrates, cellulose or csllulose derivatives, The
cellulase ensyme esetivity (C)) in Ipichodezme haxsisnue

vas gEeater vhie grown e CMC as carbon socures. Cellulolytie

activiey in Pyriculisris SKXsss wes higher when the ergmism
wvas grove on insoluble filter paper ss compemed % scluble
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cazsboxymethyl cellulcse as cerhon source (Menibhushan Mee,
1971). The viscosity reductice of cerboxymethyl celluless
(CHC) has been eatablished as s estimate of cellulase (C)
sctivity (Xelman and Cowling, 1968). Oluliola (1976) studied
the cellulase enzymes in cultuse filerate of jpoercillus
Liayus vith solubles (CMC and Cellobicse) snd insoluble
(Cellulose powdar) cellulose as carton scurce. The eoffest
of cultuzal conditicn on the pyoducticn of cellulase in

Ixichodarma enaibiachiatin wes studied (tendhu sed Kelrs,
1988),

Cellobicose was comparetively better utilised by ceartain
isoletes of Fyriculaxia SEYaa (Memibhushen Reo, 1371),
Hussain and Rich (1958) studied the axtracellular pectie sad
cellulolytic ensymes of ClLACQIROLAYS SURNEMEIBNR. Cimilazly
in the rresent investigetion the Clsfiospoxium has showed o
good cellulase enzyme setivity 4pn vitre. Iricheceress

vizids e»3 Appexuillug pAGSE 9vown on celluloss mediwm produced
& stable eellulose ensyme complex including Cye

TThe appu«itm of herdbicides, insecticides, nematicides,
fungicides sad bactericides may affect the acnetarget micro=
osgenisms. Studies on the effect of pesticides on basteris
sevesaled that the growth of all the fsclates of Dactaria wes
inhibised by Joxdesun mixture, (BM) Blitox and Senzede
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hexachloride (BHC), wbersss Captan did not inhibit the
growth of any of the becterial isolates tested, Aseng
the pesticides tested 4p Yitzp Pordesun mixture and BHC
vere found o have more deleterious effect on fungi,

Meny workers have reported the effect of soil spplicetion
of Captan, WC snd Caghbofuren on microoygenisms (Nouseworth
and Tweedy, 1973 rahmoud g% gl., 19727 Roes, 1974y U,
197%; vainwright and Pugh, 1978),

he studies on nyvelisl biomass production indiceted
variation in the gsewth of different z00t surfeoe fungi.
Siadescordne s, Ixichodazes JiSDoZuE e0d Aspardiliug Riges
vere the fast growing as compered to Jrighodesms DAKSIARNE.

DIssZAuR sv. end Bhigoous sve The growth of fungl wes
alse studied with different cellulose, and pectin as sole

solivces of caxbon in the medium. The growth of sll the fungi
tested was good with CMC end Gellobiose ss casbem souree,
wiiich may e due W selective prefesence for the substrate,

™The grovth of rhiscephere fungi at 4ifferent pH, sodium
ehloride and suczvee sobcentration showed s different tzwad
with respect to different fungi, A wide adaptabilicy %o pi

wes recorded in the speciss of Fusaxiym end ClRECARSEAVER.
| PO48 1

The mined cropping fawiireld the proliferssion of sitrogm
fixing miczoorgonioms snmeng which Beiisringhia smd
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AERIERASSAE were the deminent N efixers (Petty, 1977), I
the present investigation, Jeiisxinckis spp. was the pre=
dominent asymdiotic n..cmn isclated from the root susface
of coconut and ether erops. The RBelisxingkis isclates
obtained from the cotomit kased multistoreyed eropping and
coccnut mixed farsing systam recorded Detter nitrogea fiwe
ing cepacity (8.4 = 15,6 mg/g of cugax) as cowpared %o the
isolates obtcined from coconut monoorepping system (8.6 -
10,3 mg/g of suger). The 4 YiSER wnitrogea fixing capacity
zanged from 10,6 %0 19,0 and 14,6 to 16.8 ng per 100 ml for
Baiisxinchis sop. end ARoSobReciek Srp. respectively in the
ocoonut aixing farming experinent (Potty,' 1977).

The effect of pesticices en 12 isclates of Jeijexinckia
spps revealed different reaponse on the growth, 3Iome of
the fsclotes (1, 2, 6 and 8) heve shown tolerence o the
pesticides 4n Yi3EQ (Teble 25). However, Slitox and
Sordesun mixture Smhibited the growth of all Wigisolaves
as comparad o other pesticiles tested,

Resslubidiserns

he phosphets selubiliving sctincmycetes, hocteris snd
fungi lsciated fxom coconutecsSat nired cxopping system
Mxmmmmmumfw. 42-09
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pu/md ad 34+81 po/nl respectively Ofadr end Subbe Aeo,
197T). In the presemt iavestication, the Pesclublilining
bucterie and fungli showed good Pecelubiliaing sblilisy
AR YAREe with tricalaiwe phesthate as subetrcte, Thomes
and Shantegam (1986) tested the varicus basteria £xom ove
comut plantetion solle and found that jp vitge Sesclubiliciag
ability was in the penge of 19,3 o 54,0 per e, o
Pesolubilinine funql eecurring in cocomat scli seiubdlised
26-74 per ceant of he tricslciym phosphata and wong them
oight fungi showed high cempacitive sapsapieyeic adiliey
(Thomen o8 als, 1903), The Pesolodiliizess wers obtuined
Ixcie the xci) of srecermt plantation,

Thue, thic utudy irdicates thet there is officient
Posolubilizing microorgenions ithabiting in the shisoephere
a? Yhiscplane of esconut sofla, Hnte the rook phosrhete
sprifestise will be advantigoous 262 Whe cvcoomt plentetion,

Tha sffect of pesticides ca Pesolebdliisexe 1p it
revealed Aifferent Puwponss both In selid and liquid medis,
BMitox, DK o Eordegun midtuse have shown grester ishidie
toxy effodt aven &t iover concestrasion as compeved W
capten (YGdle 26). Fis calls for She detailed fmvestipe~
tione on the effect of pesticido epplicstion % seil on W
suzvivel end cthe sGuivigy of che phoephats soivkhilizing
aiexvorgenisns,
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Aother aspect of plaat micsebe interzelesionships
currently attracting the sttentien is the formaticom of a
fungal mantle around the oot system of the plant sfter
dnveding inte the intericr of the reet cortex, The fumgi
axe often inssrumental in absording the non~eveilable
Rutrients fzem the soil and passing them on o the pleat
seots (Bowen and Theodowcn, 19677 Tinsley and Dagbyshire,
1984). Apart from that, the fungi also gonfer protection
to the plants from inveding pathogens by virtus of their
antidiotic producing abilitiss (Carrest, 19607 zak, 1964),

our different fungl, QNSAXiug sp. (lsclate HNo,3),
Sanefenium *v.. £anicililium sp. (Isoiats 0,1) and
Ixighodesns JACRCRNR vere found eloseiy ssecciased with
cocomut and caced reot surfeces (Mair snd Subtls Reo, 1978),
T™he predoninent cecurrence of Justilyp exd Jylinciuesrpen
on xoots of many pient withowt sy srperent injury suguests
that suoh fungi may Pe the nosmel oot surface inhebitants.
SEAesTR MNCENR Wast alse be wentioned here becsuse
of its whiguitous ccourrence mot ally in the zhisoaphers
Put alsc in the rhiesoplene and 0ot reyicl soils of cocomut,

™he interection smeng the shiscpbhere microflors
often assumes oonsiderable significasnce in @w context of
zoot fnfeutions snd their xole in biclogicsl sontyel.
Produceion of satibietics by scil fungi, sciincmycetas snd
besteris hes Deen recognised foxr the past sevarsl dscades,
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Zak (1964) pestulsted that fungi may fusnish protection
from pathogens by (a) utilising reot carbohydrates and
other nutrients which would attrsct the oot pathogen:

(d) previding s physical bazrier ss in the cese of my-
corshisse for the entry of pathogeny (c) secreting
sntibiotics whidh will kill or iahibit the pathogen)

(4) supperting a protective shisosphere populsticn of
other nicroosganisngy and (e) stimileting the ocslls of the
zo0t during symbiosis 0 eladorste certain chemicslis which
will spevificelly inhidit the pethogens,

Iavestigeticn 44 30 the nmatural microbfal sntagonisss
existing in the cocomut rhiscsphere Sevesled that seversl
species of Irichodermg heve shown antegoion against
Phxsordiboks AR YASERe The beheviour of I. lignorum is
underotandable in view of 1% ability 0 roduce & poOVers
ful antibiotic 'ui'ﬁua- well known for its inhibition of
seversl genera Of becteria end fungi. It is highly psobable
that 2 gecd des) of protective influence wes bestowed by
this species on coconut pelm, ss 0ot only their shiscsphere
but alsc the shiscplene wes found to bhe abundant with this

sxganism,
ARSAOORISSIC. RICEROESORIANR Y.

The hincephece is composed . wmainly of non~pathogmnic
aicrcorganisms Mt the very denzity and the incressed
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micsokial interscticns-competitive, antagonistic and bebe~
ficial cen be especially impertant for the seil borme pethoe
gens because 1% must enter through rhisosphere in order %o
initiate infection, Seversl isclates of fungi, becteris
end sctinomycetes were Sested for their antsgonistic pree
pertiss sgsinst PhysorhihoRa sEsges end E. painivors.
Though the aifferent speaies of fungi varied in their snte~
gonism W these two pathogenic fungi, the bacteris showed
similar ishibitory effect om both the species of FhySephtboxs.
™he eultuse filsrate of bacteria wes more inhiditory %
Exsechthers than these oxgenisms wher tested on sclid
medis, .

The sntagonistic nature of shisocsphere and rhizoplene
migrotiore of coffes ageinet Bhizoctonis 20lap) wee repcrted
by Vesketosubbsish gt al. (1924). The Irichodersa
baxaiamum. Aspsxuiliue Biosss Esniciliium sp. end Ragillng
mksidia were found o be antagoaistic tw R. golani.
sinilarxly the shizcephere and shisoplame of coconut and

other exore inhabited seversl specles of ZIxishodersa.
Aspexciling. Esaicilliive. Bacilliia ond Eagudcmonas end
these orgenisms have showts great deal of antagonisk: sgeinet
twe species of FhySouhibeka, The antagenistic microflore
such as Irighodesma yixide. Shantomive SEilatarzle.
SARN0ECHYSRS SvPe and Faaudompnas spPe in the shiszosphere
of potate was found to oocur in higher frequency as compared



133

to contsol seil (sudha Mall, 1973), The antifungel sctie
vity of vestern Australian scil sctinomycetes against
Bysechthors snd Prshiug species and mycorshissl fungd

was reported (Xeast and Tonkin, 1983), The sntagonise of &
Basillus subEAlMAs ie0live was reported ageinst Physorhthers
SASIOEUR (Usekheds, 1984) and another isclate of Pagillus
Abilia soeinst vescular wilt pathogens (Fodile gt al..
16588). In the present study twe Sfsolates of Egcillup spp.
and an faclate of PRgudcBOnag Sve were found @0 be antego-
nistic against two species of PhySechshora.

Many isolates of Zrighpdazpg produce both non-volatile
and volatile antibiotics sctive agoines s wide renge of
fungi snd the ability 0 yroduce sntibiotics varied srong
the fsolates Of the seme species groups as well as betwesa
she isclates of different species groups (Dennis and
webstar, 197la, 1971b)., ‘The formation of cospores by
Bixscihshors 4n response w0 Zrighodsgrg sree 4s a defensive
response t© 8 jpotential antagenistic or competition and
this for: of micyobial intersction may be common (Pwesier,
1978}, . The identificeticon of several potentisl antogonise
tic fungi, racteris snd sctinomycetas paves wey for more
detailed investigation of their use in the biological conte
rol of Fhyigshithoxa disesses of plantetion erops,
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The dicchemicsl charscterisation of seot esudetes of
coconut revesled thet the 200t exudates contained sppre~
eisdble quantity of sugars, sminoacids and phanols, The
qualitative study showed Whe presence of verious compounds
of sugers, enincacids and organic acids, The Teport on the
biochenicsl charscterisation of rect exudates of cooomut
were not aveilsble sc fax. Remsdesan gt gle (1967)
desoribed the method for the ccllection of 100t exuvdates
of coccaut. The assconut based multispecies cropping sye=
tem has besn reporsed tc influence the quantitative exudae
tion of smincecids in arece rect emudates, while it did
not effect the exudation of sugars (Nageraje g% al.. 1908).
The occurrence of maiie acid in the r00t exudates of tas
has stown % sclubilise apprecisdle quantity of phosphorzus,
iren, eluminius by chelating these elements (Jayman and
shivasubramaniam, 1978). The orgenic acids in the zeot
exudates of cooonut may aleo have similar xcle which needs
tc be investigated. Mot axudate of sunhenp (Balasubye~
nenian end Rengsavemy, 1974) has been chagscterised with
respect tc sugars and smimocacids. Sugars, smimsecids,phencls
end orxganic acids in the root mmudates may directly or
indirectly influence the soil microorgsnisome in the
shisoplame, shiscephere snd goot region. In the mixed csep~
ping system varistion in the root axudates may slter the



miegoflors. Therefore, this may be one of the sessons for
the changes in soil microfless under mixed famming oF snle
tistoreyed eropping system. 7The nature snd smowunt of
substaonces exuded by the rocts of plant dspendent on the
species of the plant, age end environments)l condisisns

(Dey g% 8)¢» 1968). The root exudates may play & zole in
seutzelising the s0il pi and altering the micseocliimete of
the zhiscsphere through the 1ibazeticn of weter end ceashen di«
oxjde (dubbe Rac, 1977),

804l khiochemicel snalysis have indiceted the varistien
betwvean the cropping systams studied, Corbohydrstes are
eneggy souxce for living organisme end £2es sugars were
extzested from scil (Gupta and Sowden, 1963), Glucose,
arabinose, fxugtese, nyless, gslactose and ridose are the
sugers ientified from the soll, of which glusose cometiteted
twoethizde of the total suges. The polyssocharides of
microbis) origin are present in soil w0 the entant of 0,1
per oent. Thess contain galactvse, glucose, mamnose and
arabinese (Lymch g% al., 1987),

T™he presence of certain compounds in seil mey dizectly
ox indirectly influence the micreflors in the 2008 regiocn,

The present study revealed the guantitative verietica ia
sugars, smimoscids and pherols in the root region seil of
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difterent svupping systens(Takle 29) . Mowever, therse wae
ot aush variation in the qualitetive compositicn of sugess,
aminoasids and sxgsaie auids, axcept thet sucrose was
Gotected ia the seot segion scils of coconmt menecropping
systam, The crgmnic substsnces o scil erxise from the de-
eonpusition of shimal end plant residues by niczescrganisme
or fyom the plant sset exvistes. The phanol content vee
low in the 9008 zegicon of coconut based eropring syetam,
whezess the phenel content was high in apecenut s0il
OGnikandan and Siddepps, 1904). This difference in phenels
ey be due w0 ‘he CEOp species and sedl Yype.

The reot extreet of pepper slightly inhibited the growth
of certain speviss of bectisria, vheress, the reet extrace
of cooomnt and Csoae d4id not show smy ishibitosy or stisulee
wry sffects, ‘ihe »ud eatract ¢f cocomut, pepper and CLos0
indicated, stirulatocy effeat cn the grevth of Agperolllus
nigar end Irichodsmss harciagizse The oot axtract of pepper
and cacer caused & Feductioh oo the growth of Fhiaouus sp.
end Clafcspprium sp. Chile and Vyas (1984) reported antie
feng:l activilty of plant extract of pirer beetle agsimsy
certain isolates of Zogryedivledis thoohiomsg, This activity
has boon sttriduted to the precance of phenolics and
assential oile, Novever, Sullis (1973) reported that the rect

axtrace of Cagoll 39ER OMd CIngalaxis epp. induced: high
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dogres of stimulation in the growth of Ixishedesms Aicnezum.

Asnexuiline Saxxus. Asparutilve BAger- Pspiciiliwm heopisels.
Sisdoscoxiug Resbasum end Ourwilaxis Jugatae Similarly in
the present investigsticn the F00% entracts tested showed
stimulatory effeet on the growth of Yrighodsims hexsisgus
and Aspexnillug RAgex end inhibitosy effect om Phisppug spe
ond CAaORRROKANR oD fovire (1968) has concluded efter
compering the bectsrial snd fungsl populatsion of the shiso-
plane, that bacteris seem 0 depend MOre OR OOt enudates
end fungi on mozibund soot cells,



SUMMARY AND CONCLUSIONS
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Coconut (Coepg pucifers 1+) 4is en isportant plsntation
crop grown in India. The agea under ccoomut is about 1,2
million hectases snd sbout $8% of the holdinge are Dbelow 2
hectare. In & pure stand of cocomut with the normel spad-
ing of T.m x T,8m, about 79% of the land srea 1is met offeoc~
tively utilised, Therefore based on the pattern of utilisse
tion of soll and scler energy, the cocomut palm is amenadble
to intensive erepping. Several crops ewn he grown in the
Anterspeces of coocamt palms o incresse the production per
unit axes. The mulsistoreyed aropring and mimed farming
systems have shown @ incresse the yield of cocomut as
compared $o pre-experimentsl yield or coccomut monoecropping
system, Therefores the possidle ccmponents of ROR-NOBReCZY
inputs sre worth exanining,

The nagure and the sctivity of microfiors and feuns
dapend upen the Grops growm and the Ransgement practices,
The nature of microorganisms assoeioted with peremnisls
1ike tres €xops sre almost constant tut the introdustien of
other sinuals or perennisls could change the equilibrius
and this in turn could ke either bensficial orx detrimental
for the crop communisy. In the presant investigetion, the
long term effectsof cocomut besed multistoreyed cropping
systam consisting of pepper~cianamuh-pinespple ©F Pepper-cated-
wpineepple and cocomit mixed farming system consisting of
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Doppaseaapier prass wers stufiisd saperstely in cemparisen
with cocomut monecropping on the seil microdiclogical snd
fextility persmeters, In addition to this, the rhisoplase
miczofloza and the oscurrence and the activities of
asyabiotic Noofixers and Pesclublilisers on the rect surfees
of various exops wers studied, Growth end certain physioe
logical sctivities of shiscephere fungi sand bLacterxis
formed & part of the iavestigation, The antagonism of
hiscaphere aad reot gegion fungi and becteria sgsinst
Ixscohthors end the bischeniesl charssterisation of reot
oxudates of coconut and soils of different esopping systems
were attempted. R

Soi) semples were oollected fruom the root segion of
vasious exeps of cecomut based Cropping system fyom thyes
Gepths vin,, 0«35, 26=50 and 51-100 em for studying the
sicsobiclogicel and fertility paremeters. Fhisosphere
semples wvers collectad from different cxups, The Fesults
of variouws swiies are summarised ss belows

(1) The zsot segion missoflora (bacteria, fungi, anéd
sctinemycetss) of cocomut based multistoreyed eropping syse
san (pepper~cacstepinespple) recorded higher mtevedisl
pepulations as compared to the COCOBUL NOROSIOPRinG system
both iR Pre-wonscen snd PoSt-EONsOOR periods. The fnter-
spaces of multisworeyed czops resorded higher microorgenisme



a8 compared % the interspates of OCCOMIt NOROCIUP. N Qule-
zal, the bacterial, fungsl and sotinumycetes oounts decress-
ed vith the incresse in soil depth and 4t was least in $1-100
on depth region,

(2) The deneficisl micsvorganisms such as ssymbionic
Ny=finers, phosphate solubilisers (becteris and fungi) were
higher in the zoot region scils of sultistereyed aropping
syetan &8 Gempared S0 GOCOBUE NDROSIOP. The Most Prodalkle
Sumber (MPN) method %0 snumerste the mitrifying becheris
sevesled slight variastion in the csunts of Eitxosonenss dut
the Bitzehagter cownt &id mot indicate shy veristion. A pgo=
gressive dacresse in endogone spores and Vi-mycorrhisss
colonisation (per cnt) was revorded with the increase in sell
dapth.

(3) soil ensyme sstivities such as urease, dehydrogenese
and phosphatase showed marked differenses in the root
regisn of surfase s0ils (0«35 om depth) of coconut plentation:
in both maltistoreyed and NPRCEFOPPLiRG sYStems as cempered
0 the reot region of other crops. The usesse and phosphatase
ensyme sovivities decweased vith incresse s eoil depth Both
in the voot region and interspate seils,
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. (4) Whe shiscsphere of pinespple, cinnanes ead Ca0ee
resopded higher bactarial counts 63 compased o coconut in
both multistereyed and monocxupping systems. The counts
of Nyefiness end Fegolubiliszers were sore in the rhiscephese
of mulsistozeyed oxopping systam, Uresse activity wse low
in the hisosphers of CoooRuMt moncerep. The phosphatase
sctivity wes low in the shiscephare of ceees, cimnmeos and
pinepple. The sddition of gluvose incressed the dehydroe
gensse setivity of the seil,

($) Cazhon minezsliisstion (nasive) wee high in the seot
region of cocomut and pinaspple. The addition of gluscee
and eslluloss (0.8%) incressed the mineraslisetion by I=é
fold end maxisum wes secoyded in the glwcose amended seils,
The ninsralisetion yatse decssssed with soil depth,

() Ritzogen minmerslisetion reveeled lower level of M -N
in the surfess seils of the multisvoreyed syopring system,
The srend s NO.-B in the nitrogen minerslisstion decsessed
vith seil depth,

(7) oeil chemissl properties indicated thet the ergmmic
carbom (%), Sotsl mitrogen, totsl P and total K were high in
the zeot region soils of cocomut muisisworeyed ezopiing
systen 88 eompared to coconut monocrep and all these para-
meters decressed with incxesse in soil depth,
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(8) The zoot diomess was high in the surface soil (038

on) of the cosonut sultistoreyed erepping system a8 eumpared
90 coconut momesercy and the eellnlose desmposing capeeity
vas also high in the surfete soil,

(9) The s0il microdial biomsss wes grester in the rect
region soils of cvornut and csces of Whe muitistoreyed
cropping systen s compared o COGURUS MOROCEOD. Carbon,
nitrogen and phosphorus in biomess wers higher 48 the msltie
storeyed eropping system,

(10) »oil microflose (hecteris, fungli snd sstimceaycetes),
beneficisl microorganisms, tﬂ,—ﬂm. Pesolubilisers), seil
ensyme astivities (uresse, dehyarcgenase snd phosphatase),

- oagbon snd nitrogen sinersiisstior end seil microbisl Dicwass
wvore greatly influenced in the mixed flarming system as
ompared to COCOMUT WOROCYOPPING SYstem,

(13) mhisoplane microflers studies Fevesled that the
bacteris]l counts were higher in the shimoplane of cacao a8
ocwmpayed 0 other crops. The fubgsl counts were wore 4a
COCOM LoPEPPeT-aatsOepinespple cropping aysten and it wes
isast in the rhiszoplane of cocemut 4in Yhe miwed fazming systes,

(12) The ssymbiotic B «fivers (alierinchis sp.) vere
more in the rhiscoplene of cvcomit=-casetupineepplis cropping
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systen (M3), The percentage ccousrence of Apoapirillum
wvas higher in the cocomut mixed fasming system,

(13) the eocirrence of different fungi, becteris and
ectinomycetes in the rhiscsphere of different crope of
cosonut besed multistoreyed, mived forming and coconut
RODOCEOPPANG SYSOSR ware studied, Among the fumgd,
Ixishodarng ond Apperaillug were predominant in the shizos-
thare of different agepe. The differens physiclogicel
sroups of bacteria were secorded in the shizcephere of
difterent crops. The bacteris whigh azre capsble of phose
phate sclubilising, stexch hydwclysing, gelstin liquifying
end indole producing were recorded in the rhizcsphere of
the orope.

(28) m_ pitrogen fixing sbility of ssymbiotic llz-ﬂm
4B YASEQ Tevesled that the ligefiners obtained from the cocO~
ot nived forwing and miltistoreyed cropping system have
shewn Better Ny-fixing ability es Compsred %0 COCONMS BONO-
CEOpe The Nagefining abilisy zanged from 5.6 to 13,6 mg/g of
Lo o 1

(18} The sereening of vericus isolates ef fungi, bectes
zis and asctinumycetes were done for Pesolubilising sbility

AR xiske. Rasudcmenas sv. (61.7) e Agperailius piess
(47.M) showed higher Fesclubilining ebilicy,
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(16) stx fungt vis. Ixisbodesma harsissus. 3. Aispexem
Tusaximm ev.. Aspexsiliue RAgsx. Episscus *p. and Cladospo-
Eium ap. isolsted fzom the thiscephere wvers selected fer
various physiclogicel studies, such as growth (in different
eslluloss, pit sffect, sodium chloride and suerosSe COROMNLERe
Sion) end cellvisse snsyme production (G snd €, sstiviy),
™he effect of certain pesticides on the growth of these
fungi was also studied, The result indicated thats

(1) e saxivm growth in Caapen-Dox bsoth wes recorded
with Cladospoxiam sp. (1230 mg) fellowed by Aspaaillius
Alasr (900 mg) and Ixighodaxws Jigncrum (900 me)

(41) All e fungi recozded growth in earhoxymethyl
esllinioss (CNC) snd celilebiose supplimented medium,

(114) The grewih of fungi was maximum et pN 5,0 and
7.0. In gemeral, growth wes sffected at pit 3.0 and 9,0,
All the fungi showed growth at different sodium ohleride
conoentzetions (0.5, 2.5 and 5,0%). The growth wvas resoxded
at twe levels of suerose (8,0 and 10.0K) emcept for

SAaioanazium ot 10% sucrose.
(iv) Irishedezes DAKsiRuR showed greatar redustion
of viscosity in cezhonymeth-yl eeslinlose (ONC), Beth

Ixishederms DAKAMGNR #8d 3. MASROENE evhibited meximwm C,
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(v) mong the pesticiden, Blitox (0.1 and 0.,03%) ané
Coptan (0.2 end O,0M0) 414 wot inhibit the growth of Whe
fungli. Furedon (0,2%) in liguid media 444 mot affect e
growth of fumgi. Bosdesux mixture (1.0 and O,9%) snd WC
(0.1 anéd 0, 0N) affected the growth of fungl,

(17) Maysiclogical end biochemicel activities of rhie
sosphere (21 fsclates) dacteria wers investigsted. The
stady indiceted that

(1) pit 7.0 was optimvk for the growth of beadteria.
sodiwe chioride conosntration of 0,9 wea et optious for
mmotmmwum«mmh

(14) The effect of pesticides (Bordesun mixture,
Blicon, Captan, NC snd Yuradon) ca the grovih of rhisoe~
phere besteris was stwdied 4p vitrn. Sexdesun mixture,
Blitox and BNC inhibited growth even at lower coucentre-
tion levels dmt Captan 4id mot ishidit the growth,

(18) The effest of pesticides ¢a the gsovth of N efiness
and Pesoludilizers war studied jn yitEQ. Owowth was
mmummwammwauﬂm
becteria but bectezisl iselate mumber 1, 3, 6 and & showed
some amount of Wolerance to the pesticides tested.



(19) The ntagenim studies on PRYSERANIRER AKSSAR S0d
Payseahihoxe RAMSAVOES AR YASER Fesulted in some potestisl
sntegunistsic fungi (Asparuidlve epP.. ZEASHQOSING *PP-.
Penisiliing op. snd INaazium spe) end becteris (Ramillus ovp.
and PRENACHORAR *P.)

(20) The gualitative std quantitative biocchemical she-
zegterisation of reot enudate of sccomut wes studied with
Tespect %0 sugers, aniscecide and phencls. The biochemical
sharscterisstion of solls (suger, aninoseids and phencls)
of diffexent cvconut based aropping systame indicated omly
quantitstive weristions. .

(21) The Poot entrest of COSUBNL, DEPPEr and Saas
govesied neither stismlatery nor iahibitory effects on
bacteria ip vitES. The reet extrass additicn snhanced the

grovth of Ixighodenns hasaiesum end Aspepuillug RAGSK.

mmmmmmxymmt
m»ummummuwm
mummwmmam
Lazming system 86 GUEpared 10 CDECUNE NOROCTOPPInG SYSGem.
The soil fertility pemsmeters (esgenic oarbom, NPK) were
mwmmwwumzm



b § )

systems. Thersfore the higher micsebiological activities
and soi) fertility paremetecrs under rultistoseyed ox nixed
fasning systese might have served as the mob-sobetaxy

inpus (synergistic effect) in incressing she yield of
coconut peims. The shisosphere and rhiscplens micgof lore
studies heve revcaled the difference in the occurrence of
vazious misyoosgenisms (becteria and fungi) end their
sctivities indiceting the influsnce of cvopemining. Sems
isclates of rhiscephers bacteris and fungi showed satzgonise
w PRyteihthors Alscas e0d Eo RAIBAYOES AR YAtIR ut their
potentis. in the biologicel contyol nesds ¢o be investigat
ed. The biochenissl cheracterisation of Tect regicn seils
of cooonut based cpoprdng systen iadiceted obly quantitstive
varistion in sugess, aminoagids ané phencls but there

wes 80 qualitstive vesistica.
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APREEDIX 1A

Yield performance of covommt pains of Yhe cocomut based Maltie
«Stereyed (M) cropping system and memceEepping system®

1) Cep+Co(sM)ers 40,3 7 108
11) OsP+Co () 494 45.3 ” 120 101.2 i

fonandix=Ik

Yield of cesomut pelme of cosommt besed mixed farming and comwe
aut menoanopping systen® |
Cropping Cocomut vield (mmvs/pelayyesr)
systen RSNy RN Y

eyl |
Nixed Paxming 4.7 6.9 7.4
Noanozopping 0.8 u:: o 18,9

Nined Porming (WF) « Cosomut + Peppar + Napier grass
® Sousee: Amnmal Reports, CPCRI,



AERERCIZ=3X

wWasther dats « Rainfall, tempersture and reletive humidisy during
1983 at CPRI, Kaseagegod.

‘ e ~ , * -
Neoth nainge1d Lempe ) Relative bunt
"as ]

Jasuagy 0.0 3.3 19,9 )
Febuasy 0.0 32,0 20,8 50

Hapch CO 32.% 23.% «w

Apzil 0.0 331 25, [

Moy 5,0 33,4 4.8 L} )

June 39,7 0.4 2.0 ' 9

July 08,0 29,3 34,1 3
August 0000 2.9 23.4 s
Septander $72.4 a%.9 23.8 20
Caetober 09,6 31.0 23.5 7
Novenberx 5.4 31.6 21.9 s




ARREELXX=131
Composition of different media and gecgente
3. Medis for evumeration of scoil microosgenisms

&« Iestaria

1. Butrient Agar (WA)
Besf extract 3.0¢
Peptone 5.0 ¢
S 53 2

: 1led vater 1000 =)

p $.847.0

2. Watrient Scil Extract Agar (NEmA)
Glucose 1.0 ¢
RgiPO, 0.8 ¢
Seil extragti{seoak)e 100 m}
AR o0 ¢
Tap watex 900 i *
pn €0

® 10009 of sisved gasden soil is mined with 1000 ml of
ceall smount f Cecog s s68ed end filvered Shooweh
smoun
a double filter papef,

2

B Danad
i, Meztints Bose Bengol Sgar (enBn) (Mapein, 19%0)
Glusvee '§'g :
X390, 10 g
Ross Bengeld 0.038g (1 part ia 30,000
8 20,0 (rdd oell
SEeptonyein oC "~y ssepti Lo
o and 100 ¢ ais tate
Distilled wetar 000 m) plates m.:g?

*ne



B ——
2. Caapeh«Dox Ager (Thom znd Raper, 1948)

Neo, 3.0¢

‘in'q‘ “o '

.'”0‘,“i° oﬂ‘ ]

o 0.9 - ]

M‘W’O 0.0)¢

sSusxose 0.0 =
Ajay 8,0 ¢

Distilled weter 000 m)

3. Potate Deaxtrose Agex (PDA)
Potato, Pesled and Diced 200 ¢

Deglucese %9
Agex g
Distilled wvater 000 m)
il 00g of led dioed potase feor 1 hr in & litse
of water. um:mmwmwldowmuh
f <
S dosipomyestes
StarcheCosein madium (Wustass and Williams, 1964)
Starch W0 ¢
Casein hyérclysate Ol ¢
l.ﬁ’ :Qo .
BeCl 2.0
K’I N‘ 3,09
m‘uao 0.0%¢
Cac0y 0,02¢
FosO B0 0.01g

LA 22 L L)



1. Boekings medium « Belisrinckis (Seekinmg, xm:

Na 00, 0S¢
Agaw 80 ¢
Disgilled water 1000 md
o 6.3

2. Sensen‘s m&sm Ha-fres medium (Asywbiotic Hyefimers)

Sucrose Lol ¢
KglO4 Ceb ¢
P aa | O3 ¢
m‘m'ﬁ O g
FeCly 0.1l ¢
m'm‘ .8 g
W‘ C.2 9
m‘mf 0.8 ¢
PeCly ' Oel ¢
Malic acid !»0 L
ﬁfw‘ Cub ¢
m‘ 'ﬂiaﬁ Ou2 @
Ball Ol ¢
C‘lﬁla n o
Po RTTA(1.68%

Sodium Molyhdete Gm ¢
AT TP ]
s;i mc

stilled water OO

aAlechelic solutich hromdw
thymel blue (67) aml

vicamin solustear®® 1w
Rolt

Ager 3
Piotiiled wabex  Jocoms
pH

e v&m&u solution

W mg
N L




m,) .20, 0.8 ¢  Mge0, MO Ce3 ¢

S.I PQ‘ 1.0 ¢ m, T.% ¢
M“lﬂ.ﬂ 83 Dintillied wae
*d §
Reagent: Ogiess X resgent, (a) 0.6¢ sulfanilic seid
aissoived i 50 B1 net distilles weber, ©ocleds

2 »l of conowmtrated NC1 is added end volwme
‘*w 100 ml,

t:)‘o.ho! € -naphthylamine is dissolved in 13
t41led vates, containing 1 ml concentrated
$Cl and volume made up 0 100 @)

() 36.¢ ¢ s30dium svstate dissolved in Sistilled
water and volume wmede upto 100 =)

(WVhzee solutions a, b and ¢ apx stoged in dak
bottles end mined iR cqual parts befose wee)

MR for RASERRNStAK ~ Bitcite eslcimn carbomate modium

"0' °‘°°‘ ’ C‘ﬂﬂ, ldn '
WaCl 03 ¢ piseilied wee
m. m,a Ol @ oy 1000 m)

s e Gioxide mixvuze () ¢
Reagen Mm}:u oxd * ‘m
nide anc 0,19 oopper powder are wmised

(21 37



R PO, 10 ¢ Distilled water 1000 ml
Ngeo maﬂ D8 ¢
caco, 20 ¢

2. cung:h'.-nux'-nuuunt C: ‘gefiox medium vhere sSucCrose
Peplaced by other ﬁ:iizinoc~uuu'-unln

3, Composition of minus sitregen mutrient sclution

w‘ OB i (43,06 ]
ngs0, M0 0.03 B ( 2,48 ¢)

deoglands miczonutrisnt solution 10 nl,
B« Cemgosition of Hoglands micsoeputrient solution

l,ln, 2.08 ¢
!hcl,lldl .81 ¢
Celld
Ml' 0.08 ¢
Raltd c‘ 0,035 ¢

Distilied water 3000 mi

Take 2 ml of the adove sclution and dilute 0o
one 1itee,




