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INTRODUCTION



SUIROPUCTION

Ita Batuta, the fourtsenth century traveller wrote of
Nalabar, Xersls as the land vhich lies wnder the shade of trees;
- vhere there is not ene span free froam sultivation and where
every »edy has his owa garden with his house 'planted*® in the
aiddle of it, This seems to de 2 well deserved compliment te
s state that has about 70 per cemt of the country's tetal area
of 10,45,600 heotares wnder coconut ewltivation,

Cesonut palm, 09cos Aucifers L. is a monotypic gemus
belenging te the family Palame, It is unbranched, alow grewing,
oot and aylindrical cevered with heavy soars of old leaves,
There is & sompast arown of gigantic, feathery, giosay and thick
satisied leaves which are sheathed at the base and srimted at
the Sep with dranched infloreseense, IFruits are large,
trigenously odovoid or subglodoss, aingle seeded drupes, The
paln grows $0 & height of adeut 24 seters and has the typiea)
sdveatitious root aystem of & menccot and preduses abeut 2300
$o 3600 waiferaly shick roets from the base of the stea
thronghout its 1ife time, It grews usder varying elimatic and
seil ocenditions, A reinfall of about 200 ems per year and a
Nean anmwal tesperature of about 27°C are the eptimal climatie
fastors for proper grewth and maximum yield, .
| The importance of the coconut palm lies in the fast that



4% supplies not only foed snd shelter but ales provides the
reay material for a nuaber of important industries, Bomn".
mmumwumm-ammmmmm
inndequate nesessitating the import of coeonut produsts te
~ varying extemts, Clearly there is an urgent need for owr
plantation industry to catoh wp with produstion and attain self
sufficiency, ‘

Coconut palma require adout ten years te attaia aormsl
bearing, In the mean while, in order to odtain seme inceme from
the fars, iater and mixed orepping practices are uenally adepted
in cocenut gardens, The Central Plaatatien Creps Researeh .
Institute, Kasaragod - Kerala has besu experimenting with several
important cash crops such as pine apple, banana, groundnng,
shillies, tapiocs; caceo, pepper, cinnamon ete, for this
‘purpese, One interesting observation in this cemnestion has
daen that when cacas (Iheohrens snuag L.), was used as & mixed
crep with coscaut, there was sensistent impreveaent ia the yield
of cosonut®, The inerease in yield was abdout 95 per ecent with
double hedge of sncap and 65 per ceat with single hedge of cacas,

Vhat axactly ceuld be the resssn for this inorease ia
7ield of cocenut ? Nixed awepping of caeae in ceconwt planteticns
ney provide suffisient eeil sover to alter the physiso-chemieal
conditions of the soil, Chmges in the physioal, chemicnl and

s MRy

* Please ses Appendix 1 for yield data,




nisrobiclogisal status of the s9il may be expected to provide

~ esslogical sonditicns ceadusive for ineressed yield, The

" edbjeetive of the present work has desm o iuvestigate changes

~ 4n the natwre and biclogioal aativity of alercerganismss I.I the

- 7eot reglon of cosonut and cacms due to mixed oropping, Since

Ahis happensd to be the pioneering stwdy te be under Saken in

$his field om the micredislogy of the root region of plantation

. areps, the experiments designed had to be of a fundamental mature

hl%uttithnutoownaaclm-ut idea regayding the

' yarious rhisesphere misroorganisms of cocenst snd esese, WAth

this edjective in mind following experiments were planned,

} = Isclation of bdacteria, actinomycetes and fungi frem the

 reot mm of ooconut and sacas under different
treataents,

2. Qualitative and quantitative studies on sone of the
impertant physiolegical groups of seil aiereerganisme
sush as nitreges fixing, phosphate selwbilising, axxin
and gibhersllin producsing basteris, astinsaycetes and
fungd, |

'_;_.), Analysis of the soil for erganic carbon, total nitragem

| _ and available phosphorus,

& Intexrections among fungli on the surface of the reot of
cegonut and onsas, | |
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SaVIEY. OF LALISATVAR

A stateamt that roots of higher plants and cells of
 micreorganisms exist together in soil would prebably remain
wachallenged, In the body of the s0il through whioch plant
roots develop, there is & hest of micreergenisss having the
sapasity for attacking and transforaing a great variety of
organio and inorganic materials, The region between the intericr
of reot tissues =nd the soil appreciably removed frem the reet
mifau is of particular interest as regards the setivity of
misreorganisms, In this sene, there sppesr marked changes in
the organism, These changes being initisted by the plant
wndoudbtedly benefit the plant development (Hoffman, 1914-13;
Lohnis and Hansen, 1921; Josai, 1925; Saith, 1928; araf, 19%50;
Hawvanesvari and Sulochans, 195%5; Andal gt al., 1956; Subdbe-Reo
and Bailey, 1961; Sundars-iae and Vemkateramsa, 1963), The
toa 'rhisosphere’ was applied by mtur in 1904 to this
pertion of soil whers the miorebial population is sudjested to
the influemce of plant roots, Since them studies o rhisosphere
have progressed along several isportaat and interssting linmes
(Starkey, 1929, b, o, 1931s, bj Krasid'aivev, 1934, 1940, 1954,
1958, 1963; Loshhesd, 1940, 1948, 1932; Xatmmelson, 1945, 1963;
Katsnelson g% al., 1948, 1956a, b, 1962) Cliark, 1949, 19‘9!“
Tridumskays, 193%; Revira, 1936a, b, 8, 1966 Brigcoe, 1959; .
Venkata-Ram, 1960; Alexander, 1961; Bwdbe-Rao gt al., 1963, .
Lakshai Kumary, 1964 and Games st sl., 1969).



Misroorganisas develop whers the supply ef organic matter
is sdequate and eavircamental conditions are favoursble snd in
the rhisesphere alse, their develespment about roots is contrelled

principally by the supply of organic matter, In fast, eaeh plant
favours the developasat of misresrganisss which are bensfieial
for its normal growth, The sloughed off reot caps snd reet hairs
_ supply consideradle foed for the micrearganisms as the rests grov
inte the soil, Some amount of exudates may appear at various
regiens of the roos aystem. Using 3% ladelled carbem ocompeunds
Rovira (1973) established that in wvheat seedlings the major sones
of release of carden mtummg materials from the reots are the
regiens of rapid elomgationm,

The nunber of mierocrganisme in the raisosphere depmnds

sn many fastors such as the age of the plant, soil eonditions,
fortiliner deses, mode of cultivation, exvirenmextal conditiens .
and felisr aprays (Rovira, 1965), In whea$, for exanple, B
Kstsneleon and Rewatt (1957) ehowed that the maxisus rhisosphere
sffect was at the end of tillering stage when the ear formatien
was ceouring, Sisilar results have alse desn reported by Rodiea
23 Ale (1969) in the cane of corn and Emminath snd Rangaswami
(1971) in the case of rice, Shetty g% al. (1570) fownd that
supex phosphate vith the wswml dose 0f ammeniwm sulphate and
potash in the ratin of € &+ 4 1 18 and € : 4 1 36 cawsed
signifieant ineresses of mierodial pepulation in the seil snd



in the rhisosphere of ragi, Emsinath and Rangaswami (1971)

have almo -hbwd that high doses of phosphate and potash
ingreased the number of actinomyoetes and Agotohegter in the
rhisosphere of rice, However, higher doses of nitrogen inhidited
the Asotohagher population, Anil Kumar and Chakrsvarti (1970)
have asde interesting odservations on the rhimesphere pepulation
of maise sesdlings after pretreataent with gibderellic asid,
mleiec hydraside and urea, They found that gidberellic scid at
1 ppm stisulated the greowth of basteria, sstincaysetes and fungt
vhile at 5 ppa the poyulation was suppressel, Maleis hydraside
at 5 pps and wrea at 0,1 N concentrations stimulsted the rhisssphere
pepulation, However, at 1 ppa saleis hydraside stimwlated only

fungl and agtinomyoetes,
The nature of the arep and its sede of oultivatisn, sither

um:nmumumporu-r-dqcropuumpruutsm
aleo influemoe conaidershbly the rhisosphere population (Rodiea

4k Aleys 1369), They reported an increass in Auwsher of uu.
mioreorganisms in the rhizosphere of corn as compared to whead
vith a periodic development, Domsch (1969) auggested that
repeated orepping with the same plent results in an incresss of
Nt residuss in the »0il which may Wild wp spesific dominance
vithin the rhisesphere populatisa, Nishra and Srivastava (1971)
wiiile studying the rhisesphere of Aifferemt evep ghatl Tomd

that becterial and fungal populatien in the rhisssphere of Hordeus



SR

 TRMEES Lo DASAR SRRAYIR Leo LANNR Nelbatissimug L., and
g Jasaich RILTS 1. var, Sarson decrenssd with inerease in soil
- fopth, Naxisus dagterial populaticn was observed in the

thisosphere of Pigun sativum L. prodadly due to bacterial

' medules. The mtereflers ef the four ereps 4iffered censideredly,
- Specific Terms wers assccisted with Hardous Yulgars L. The

g

&foet spesies always exhibited eommen fungal flors,

Dudchenke gt al. (1973) studied the spesies compesition

' of miereflors inrotation and centinmous seeding of perennial
. gresses and clesn cultivated ereps, They found that species

semposition varied within the range of 35 0 40 species,
Rusedsmenes sp. prevailed under perennial grasses whils Zaendswonas

- ®pesliagdling sp, and CHXSRSPAARETINR Were abundwnt in the -

_ shiseephere of clean cultivated crops, The species compositisa
~ a3 nere diverse in fedder orep retations than usder consimwous

 seeding,

Studies on the rhisecsphare of plantatien erops have

_yessntly been added to lavestigatisms in this fiald, Vatemabe

| {M71) while stwdying the vhisesphere of vilted pinespple plante
- 4n Gkinsva iselated meny gemars of fungt such as Inighedecam,
Siimslia. Sliesladioe. nsscies ;- Zassilsavies, Zemioillise.
 asbenten, Duniools, Diadedda./RYAAINS. A Mgh frequemey of

DusEring aod Nertisrells vas ebsewved in the rhisesphere of wilted
- planta, ammuumuwpmumn



~ ssludilising micreorganisms has been reperted in the Rubber
Besrd nevs letter (1973/74) in the case of three cover orops,
~ Qeatrasess sp., Rusreris sp. sad Galepsgeniun sy
2 Radha and Menon (1954) reparted greater nusber of misre-
wmumthmmucummummnmw
%o wilt infected paims, Jeshi (1958) during his investigation en
- the band disesss of coconut in Maharashira state sbserved
' sigaifieantly higher numbers of microorganisss in the seil frem
~ the hass of healthy palms than in the seil from the bage of band
affected ones, Redha and Raviher (1939) have alee shown that
. eaviremmental factors like reinfall and seil moistare can
rostly influence the aioreflers in the cosenut rhisesphere,
Nederate rainfall was found te be faveuradble for the aiereflers
‘whereas heavy rains sdversely affected it,

Rhisesphere, thus represents a dielogically active ailien
 in the 04l with muwltifaricus effects om higher plsats, Dut
" the esphasis in rhisospherse ressarsh should change fream the
desoriptive type of studies te that of investigating the
fundanental faotors cperating on and arousd plant roots, Mere
aeeds to be Imown about the energy balance in the rhisesphere -
| hov mush 4o the reot exudates and sloughed off tﬁm esntridute
te the mutrition of miarcovganisms ? Vhat part dees the
podnstion of grewth factors aninoscids, toxins and antidiotics
3387 in the coleaisation of rhisoaphers T Are there eny positive
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- reles for nitregea Lfixing, phesphate selubilising, auxim snd
- gibberellin prodwsing misrcorganisms in the sstablishaent of this

-
-

Waigue relationshipy between plant reots and misroerganisms ?

* Jon-sysbietic nitrogen fixatien of Dadlsrinckis =
In its fundamental form, plant growth is a precess in

which ensrgy and chemical elements are cembined together, rFor
higher plants, selar radiation is the source of ensrgy and the
shenisal eleaentas involved are ultimately of geologic or
staospheris origin, IEntry of these elements inte the bioaphere
invariably involves some facet of micrebdial setivity, PFor

- e%aEple, the lithesphere contains the great bulk of earth's
supply of nitregen largely inaceessidle to the diosphere whish
odtains its nitrogen msainly frea the atacsphers, There are
several wvays for anitrogen to enter the plant soil componemt of
the eco-gystem, Rain and sov usually contain amal)l ameunts of
bound nitroges, but fixation ¥y micreorganisms is thonghite be
responsible for most er the nitregen ia many of the natursl
seo-nystens, Pixation may scour in obvieus symbiesis with
higher plants er may result frea less oWwvisus associations
invelving ergenisms sush ss Apgtabester, Bedlscingkia snd
Qantridiun. Among these organiems Reiisrinskis is widely
distributed in tropical soils (Beaking, 1959, 196la, b
Vensurs gy gl., 1965) Anderson, 1966y Strydem, 1966; Doberetner




. and Campelo, 19T1),
| Sterkey and De (1939) first iselated Reiieringkia froa
the acid soile of the paddy fields in India and gave the name
Asstopecter indicis. Derx (1930) while werking in Begor Betanic
‘Gardens (Java) alse isolated similar organiams sad propesed that
4% be classified as a new genus Jeliscingkiss Later Hilger
{(1963) ineluded the genus Deilsrinckis in the family
Asstobacterincens and divided it inte three groups B. indisa
3 flvainsnsis snd 3, qerxil.

| Debarsiner (1961) obesrved au insreased mumder of
Jadisxinckis in the proximity dmemﬁrutn. Martin g% al,
(1963) reported that the mwsilage of Beilerinckis is of a
polysaceharide nature and decompesss very slewly is the soi),
spproximntely about 19 per cent after 8 weeks axd is highly texie
ts several solil misrosrganisms, _

Apart from the Fhiscaphere, Baiiexinckis bas deen
identified in the phylloaphere alse, Ruisen (1956, 1965) has
ssolated Beliqrinckis from the leaves of mmny Srepisal plasts,
Ressntly, she has isolated this bacteris froa the lesf sheath of
trepical grasses, (Ruinem, 1970), In the phylleaphere,Bsileriackis
sseurs ap an epiphyte, utilising mn'_au nutrient salte from
the outicular secretions of the leaves and in twn, supplenmting
the host plant with bownd mitregem,

Klnyver and Besking (1950) ani Jeusen (1954) have shewn
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that Bsiierinekis fixes stmosphsric nitrogen to the extent of 16

. %8 30 mg per gram of energy rish material, However,; it has alse

boe showm by Jemasn (1948) taet Baiisrinskis askes better use of

aamoniasel and mitrete nitrogen and amany aming acids than
- otasupherie nitregen, Barecsh and Sen (1964) have eerrelated

the productien ¢f musilage by Asdistingkia vith the intensity o2
nitrogea assimilaticn in pure sulture studies,

Phosphate is widely distriduted in nsture, beth in ergantie
and inerganis forms, but in a bound state net readily aveilalle
$o plante. It is gemerally supplied to the plants as phesphatis
fortilisers, With the demsnd for phosphatis fertilissr exsesding

A8s produstion, it _vm s00n besone necessary for the huge

doponits of lew grade rock phosphate to be Wrewght to wse ag
Meephate fertiliser for wse in orep preduction, Ia fact, it has

- bemn shown Wy msny workers, that when reak phosphate is applied

'S % 4 tines the amownt of ewperphesphate in meid soils, the

woo:mto:mmmmmnqmuunu-
supevphosphate (Fried and Mackensie, 1950; Rilis g% al., 19%5;

" Eanver and Gtml, 1958; Xotiramani ﬂ “-' l",)o

Adbott (1923) studied the phosphate trangformation Wy soil
fwngt and found that Agperailing LlsYus. A+ DERASRINS: Randsiliins.

- Annlaniosals Do Jutgun sod Qladssperine harilarus seluwdilised reck
| phosphate, Vakssen (1”1) demonstrated the soludilising astim



of Renisdliiep glaugum and P, jrevigsuls ea reck phosphate,
Several other workers have alse demonstrated the phosphate
solubilising preperty of seil siereorganisas (Pikovakays, 1948;
Harley and Briexley, 1934; Goring, 19553 Gelebiewaks, 1956
Krasilaikev .lllb-‘ 1957; Sem and Paul, 19%7; Das, 196%; Sethi
snd Swbda Aee, 1968; Ahaned and Jha, 1968 sad Bardiys, 1970),

Rese (1957) obasrved that Aspergilliug nizer, A+ Lerrens
wad Joleretiug Ksifeil dissolved aagnesius and ferrie phosphates
prebably by the selvent sotion of oitria snd oxalic acids
prodused in the eulture mediwa whieh they tdentified by asesnding
chromatography, The solubilisation of inseludle phesphates by
besteria and fungi isolated frem the soil and the Fhisesphere
and the implieation of organie acids preducel by thes in this
precess have heen referred %o ¥y Sehwarts gt gl. (1954), Senwarts
sad Nartins, (1955), Sperver (1957, 1958), Hoffaan (1958), Leuv
wd Vedley (1958, 1999), Nerontsev (1958), Stevensen and
Kstsneloen (19358), Swaly and Sperver (1938), Bremfield (19%9),
Xereau (1999), Nikitia (1959), Meyer and Keaig (1960), Pand
(1966), Tardsienx Rooke (1966), Chandresskaran (1969) and Mehta
sad Bhide (1970),
Eensg (1961) showed that meids liberated Wy fungi

disselved phesphates followed hy abesrptien oz'mqnto sons
Wy the fungel myselius whieh sre witimately released Wy antelyais
of the orgaaisas, ie ocdserved that this precess $00k plase in
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Jere culture as well as iz soil, irrespestive of the 304l type
and vegetation,

Subba-Ras and Bajpai (1965) and Chhenkar and Subba-ias
{1967) isolated certain fungi assosiated with reot msdules of
seversl leguminows plants and found taet Remioillius lilssines
| aad certain Aspercillus w. solubilissd tricaleius phosphates
; Raghu and MacRae (1966) reperted the presence of asrobic and
"ﬁmnu phosphate dissolving micresrganisms from the
: 'Wo el rice plants in subnerged seils,

Barber (1966) suggested that misrcerganiasms inereased the
. Jhssphate wptake because plants abserbed mere phespherus iz aen-
- sterile 201l then in sterile ene indieating the possidiiity ef
'miereorganisus playing & part in phesphate disselutien, Cerretee
~ {3948); Neakina (1930); Jennston (1954); Bem sad Paul (1957);
- Miokawski (1964); Bajpai (1963)) Myskow (1966); have all
~ siaflarly demomstrated that plants Sake wp mers phosphate in the
yresmuce of phosphate seludilising misveorganisss,

Ry i DR R

AR N AT ST T

it is well known that the thres fundamental fasters
seairelling plant growth are autriticnal, horsmenal sad genstie,

In very simple organisms suel as dagteria, there is a eorresponding
: sisple differentiation of mm.. As I as ne can waderstand,
m in these erganisms is mainly s matter of replissticn o



| sxisting oell strustures, However, vhu‘n sonsider multi.
_eellular plants with distinet correlstion of form asd funotien,
- ¥ae need Lox & contrel of the direstien of grewth of these
Mdﬂnﬁ parts is vital, if a well dalanced individual 1s to
_Pesult, Aetually, the existence of sush & aystes has bess knows
_ siase the esrly days of plant physislegicsl study in the late
‘17 smtury, The eriginal cbssrvaticss Wt led direstls te
ﬁa Zirst isclatien of plant hermene were published W Charles
,Maruin (1881) in "The Pewer of Novemeat in Plants*, Thess

” mbstances predused by an orgsn or tissus resch all perts of
the erganimm and in very minute amount markedly inflummee the
funsticn of ether organs,

Natuwrally, the questiom that next arises is vhether ma
megensus supply of these hirmones esm ales bring about similar
offects as that of indigmens produstisn within the plant at
apesific loali 7 A knowledge of this ia pertinent if cane has e
AmplicaSe my bensfisial Tele %o the IiA amd OL3 preduweing
Alerecerganiens in the rhisesphere, Ulassic werks of the
Japenese paysislogists sawads (1912), Kuresswa (1926), Yabute
(1935) mad Yabuta and Juniki (19358) em bakanse er rise wilt
¢isense waich led to the iselation of gidberellin frea Iuasrins
-ﬂ.m specially deserves menticn here, This was predably
ke first instanse of identification of a micrecrganiss
.pﬂtul.u SXeessive ARouAS of a plaat hermens wvhich, in twrn, cause
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visidble pathelegienl conditions in the affecked plant,

Oultures of jretadaster also form censideradle gusntities
of biolegieally active substances, Prodwstien of hetercauxia
(p-indolyl-sestic ncid) has beon reperted by & nuaber of workers
(Beremeva g% pl., 1938; Bukatseh g% al., 1956 Smaly and
Bershova, 1957; FPechon and Barjas, 1958; Krvwpina, 1960; Vaneurs
sad Naswra, 1960; Petrushenke, 1961) Naumova g% 3l., 1962; Palles,
19633 Brakel and Hilger, 1965; Nita, 1963; Novikeva snd Irtugsaocva
1966; Ereown snd Walker, 19703 Browa, 1972), »Preduction of
gidverelline by ASOESREgter #p. has been reperted by Veacura
(1961); Naumeva gt gl. (1962) and Nutman (1964}, Resemt
investigatisns an nitregm-fixiag Mlue green algse have alse
borme out the faet that the grewth premsting substances exuding
out of the algal cells may be partislly tustruseatal in
improviag plant grewih (Singh, 1961; Reo g} al., 1963; Shielde
sd Durrell, 1964),

In 1935 Eitehoock and Zimmersan found that when very high
sensentrations of synthetie plant hormones were applied to the
008 of intast plmmts in the soil seme of it was ahsorded and
soved wpwards, This was indicated Wy the response of the asrial
- parts, MMMsuﬁomtum the leaves adsord these
chanicals maxre resdily than ether parts such as $he mature parts
oL the sten, |

Ihe yate of abaorption of ayathetic hormones has bo-
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studied Wy the fellewiag three metheds, (a) Wy the CM‘!

of morphologieal ant histolegical rcmu that osswr at same
distances from the trested area, {(») messurement of the amownt

of residual grevih hermene en the swrfase of a treated area and
{e) by the radicastive traser methed (Pavihar, 1964),

The path ¢f translocation of syathetic hersenes depends
%o some exteat upen the vay the chemicals are abssrbed by the
plans, Tramslocation of these sudetances abserded by rects
apparently scowrs in the xylea (Hitcheoek, 19553 Hiteheook and
ilamarsen, 1973, 1938; Mitchell and Browm, 1945; Veavers and
Rosey 1946; Dhilloa and Lusas, 1930; Weintyaund and Browa, 19%0),
Vhea absorded by the lsaves,the synthetic hormcnes are appareatly
transperted downwards to the stem 0r sther parts of the plat
through phleen and parenchysa and is predably eerrelated with the
novement of organic metabelites sueh as oarbdehydrates (Nitehell
md Brown, 1945; Venvers and Rese, 1946; Cerns, 1948} Veintvaud
snd Brown, 1990), If the hermone is applied %o the midéle of the
Pimt, thea £t onuses a w above and below the treated
region Wt yredoainantly towarde the stem tiy (Vurgler, 1947,
1949), .

Some of the probable lines of stuly wning synthetio
horscnes pertaining to the presest investigation are, (a) weund
Dealing of the main stem after pruming, (V) initiatien of reet
primordia en stem cuttings, (c) comtrel of n-uuun of fleuers,
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‘ fiits and leaves and (4) premoting geraination of dermant seeds,
In the process of pruning there is a danger of infestieon
"of the wound by pathogenic organisms, Hermones sould e wsed fer
| shisulation of wound healing in trees after pruaing eperaticas,
f;m sexsept of wound substances and wound healing was formwiated
tp Veisner (1892) who proposed that a substance flews out of the
éiuud cells to becoms meristesatic,resulting in the formstion
;j of eallus, Shear (1.936‘) reperted ocnsideradle stimuwlation in
wownd Realing 1n terminal shoots of peach, plum, apple and pear
.2y the application of 1 % Iik in lanoline, Jakes and Hexnerova
“(,‘J-”!) made similar reports that 1 % IAL in lanoline paste was
| .#{nuvo in the wound healing of fruit trees. Parihar (1948)
obiained & ring of eallus about 3 mm, thick in guava by the

.~ spplisation of & laneline paste sontaining 0,05 ¢ of IBA,

_ The premetion of cull division plays a part in the
"Sattiation of reet primerdis e stem auttings by the stisalstiem
“of eell divisions in the perieyslie layer er olese to 1%,
Beginaing with Duhamel (1758) snd Sachs (1880),various vorkers
Mve explaiued the root formation on stem euttings Wy the
sesumlation of spesific reot-forming 'mm-u aear the bagal
et mrfase, This substance was visulised as being formed in
the leaves and from theremoving downwards towards the base of
the atem, Vent (1929) obtained the first uaambigueus evidemce
¥ the root forming actien of s cheatoal preparation vhea he

T T TR Y
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~ stimulated the development of nev roets in defoliated and

dedudded tuigs of Aoalynhs by applying to the top of the stem

. aR agar jelly containing water extrast of pepays, In 1935,

Thimann and Xoepfli showed that IAA slse stimulated reet
“initiation, The discovery that synthetis hermones would initiate
 recking in stem cuttings was st once spplied by hortiewiturists

_ for their large scale rooting, Thakurta and Duts (1941) ebtained
" eXesllent results in the yowng marestts of mamgo by the '

qumuwﬁn consentyations of {1-%) of IAA in lenoline

paste to the ringed pertion of the marcotta, Cepper (1944) alss

odtained favourable response in the marcotts of casso and

_ sinehena by wsing indele-butyrie soid (5 mg per ml). Parihar
(1948) showed that in Paidimm guAleva air-layering eombined with

_hersone applicatisn could be cne of the very easy mstheds of

vegetative prepagation, Ratensive reviews soneerniag the

_relative effectiveness of different hermsnes and different

_methods of application have bees published Ny Mitchell aad Rice
(1942); Avery and Jehnsen (1947); Pearse (1948); Awdus (1972),

Absoission is & somaen widespread phenocnenca in plants,
Sene of the familiar examples of this phenemencn sre the shedding
of leaves, shedding of emtire flowers or fleral parts aad

drepping of fruits, That hormones can contrel abseission of

varions plant parts was first suggested by Laidash {1932) whem
ke demonstrated that Orehid pollinia ecentsin & substance whieh
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- Jrevented lesf adscission, Gardner gt al. (1939) suggested the
- use of synthetic hormones to control preharvest drep ia apple,
 Garms gf al. (1961) showed that gidbersllis asid retarded amcission
" in exeised optyliedenary nodes of sotton when applied in '
relatively lov econcentrations prexiaal to the abseission seae,
Nersene sprays to preveal preharvest fruit drop have deem
smesessfully used on apriset amd peach (Hn-; and Davey, 1942);
alsend (Serr and Porde, 19%52).
| Several speoific effects of gidherellin in premeting
sernination and associated precesses in (orylus seeds are knowa,
Por example, oxogenous swupply of gibberellia induses emdryemie
axis grovih (Rraddeer and Pinfield, 1967) and optyledonary eell
sxpangion (Bradbeer, 1968); promotes sotivity of easymes which
partisipate in the cenversica of fat S0 sucross (Pinfield, 1968)
and inereased labelling of nvcleotides (Bradbeer snd Finfield,
1967). Pinfisld (1968) suggested that the prisary effest of
Sisberellin seticn on dormeat Coryina sesis may ceewr ia the
sotyledons where its role in bresking seed dorsancy mey d»e in
iadueing inereased level o ensyme activity sspesislly these
etcorned with mshilisation of ectyledsaary oil reserves,

Yungi, fregueatly fora intimate assostiations with the
surfage of plant roots astunlly penetrating detwesn or inte the
supertisial layers of ocuter cortex (Sudbbe-Rae and Bailey, 1961;
Swdba-Rae gt al., 1961). ¥ild and Lafond (1967) poutu,;ut
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! ~ ¥kat these superficial extra materical mycelis did net really

ton a true mycorrhisa or roet fungus organs and they preposed

E' that these structures be called 'rhiscelensns’ or root ssntle,

' The process of chemetaxis dus to root exedates is the primary

meeas d»y whioh fungi initiate infection on the host reost., The

. fungl in twrn,benefit the host by insreasing the selubility ef

_ different mutrients and therehy making them mere availadle from

x diffisultly soluble sources (Bowen and Theodrsw, 1967)., Apars

frem this, the rhiseclenas fungi can also 20t as & protective

. mamtle against pathogenic infection of the host roets,

_Produstion of antibiotice by msoil fungl, astinomyoetss mmd

_. boteria has besn well recogonised for the past several decades,
It ia generally .accepted hat the resulting sntibistie

_ comsetrations are of sufficiemt quantity to influmce significantly

* e pattern ¢f saprophytis colonisation at these sites Wy cther
alereerganisms (Garrett, 1960), But, the significance of

[antiniotic production by ssprophytes in redusing the imscwiwm
potential of reot pathogens and of sudsequent reot dissase
development has 0 be further investigated, Nost attempts at
eontrolling the activities of reet pathogens in sofl Wy
{ingonlation wvith ssprophytic orgenisms whieh produge antidbioties
in the ladoratery have failed decause the satidvictis production
is limited to the immediate swhstrate or 'ecologisal niche' of
the saprephyte, Antibicsis st suoh small leoi is mot of majer



a

sigatificanee in reduoing .tho pathogen's inoculum potential ocutside

_ %his site (Garvett, 1960). However, there are definite instances
of civeumstantial evidence to support the various mechaaisms

"favelved in the i'oot protection concept by rhiscclenans and
syserrhisal fungi, 2Zak {1964) postulated that fungt may fwrnigh
protestion to the host plant from pathogens dy, (a) utilising

mt carbohyirates and other nutrients which weuld otherwise be

_attrastive to the reot pathogen, (b) providing a physical

Warrier £or the entry of the pathogen as in the case of
csetomyesrrhisn, (¢) seareting antivietiscs which will kill or
$ahidbit the pathogen, (d4) supporting a protective rhisesphere

popuiation ef other mioroZorganisms and (f) stimulating the cells

- o ths root during aymbiosis to eladorate eertain chemicals whioh

¥ill specifieally imhibit the pathosug.}

_ | One of the most proainant association detween plant rects
sad soil migreergsnisms is the mm'nnb Marks g% al. (1968)
estimated that the tep 6* of Boil under Rinus redists stand
sentained about haif a ton of nyecorrhisss, adout half of whioh
ewntained viakle assceiations, the ﬂlp.l partaers of whish
belonged o basidiomyoetous fungt, The full range and extent ef
fungi which are capsble of forming myssrThisse is still net
sonpletely Xnown decause the ealy way in which preof of an

-ansoeiation oan de established is in sa artificial culture, a
teshnique open te many eriticisms, Many fungi such as Agaaits,



Jalstians; Beletus, Ssatharellws, Shiteahilus, Qhikesrds,

- Sertinapiug, Eatelsms, Lectarins, Leniste. Raxillns, Rusmwina
* aad Irishsloms have been shown %o form mycerrhisal asseciatisus
vith many host trees (Melin, 196%), |

, Generally, mycorrhisas ferm vith sssller and alever groving
rest un'tnn of trees (¥Wileox, 1968). The repidly grewing large
roets;, empesially those that sevemtually shew secondary grewth de
20t form mycerrhisas, After a rect is infeoted, there is a
dramatic fall in its growth rate,pessidly aa s r’ﬂt of rapid
loss of cell wall ferming residwss te the fumgws, In Mmu,
the tip of the infested rocts hranch mmy times aad the smaller
reot is sonverted into & cluater of short dichetomsus branches,

Usually, these fungus 7008 associations are restristed %o

soderately acidie; well asrated layers of the soil, Thus, ia
dense eonpasted s0ils,aycorviaisae may bde found ealy ia the very
tep mest sone,vhereas in losss Lferest soile, they coowr at a
sonsiderably grester depth, BHewe¥yr, the myseryhissl flera of
soils rich in fungal syabismts can be Qnﬁ‘.r!‘:” prelenged
fleoding (Vilde, 19%4),

ost of the available evidemce shows thas trees and
mycorrhisal fuagi exist in aymdiotic asseeiatisn in whish the
tree supplies carbohydrates and ether metabelites which are
heneaficial to the fungus (Levis and Harley, 1963), In tura, the
' fungus benefite the tree chiefly by inereasing selubility ef



Promphate and other nutrieats and theredy msking them mere
. availshle from diffisulty sslwle sources (Bewa and Theederss,

- 1967)e In faet, many field okservatiens on the cceurrence of

© myesrrhisse lead %o the conclusien that this form is most
frequenily seem in fnfertile soils which implies thas these
strustures have an importmnt function ia nwtrient modilisstisn
(Neltn, 1946),

Althowgh trees can de grown swscessfully without
ayserrhisae under conditions of very high soll fertility, they |
usmlly grov sush detter with myocerrhizse, For example, in Pwarts
Rise where pines ware not mative, attempts to intredwoe pime
tress net with recurrent failure until the ssedlings were
sasoulated with leaf meld imported from a pine forest in the
United states (Brisese, 1959). Ia & forest-trss nwrsery in lews,
pine sesdlings falled to grow wnless and wntil they ‘nd“
ayecsrvhisae, Seedling grovth and myserrhisas develspamnt were
miistastory caly after the aursery soil m iagsulated with
dnff and humiy from a pine plantation (NoComd, 19453 NeComd and
. Arif2ith, 1946),
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& Ssasral laven: of the sxpexrimsntal nlet.

| The different rhisesphers samples of gossnul and oneao

E stulied in the present investigation were Mumim the
Fum Plantation Crops Ressarch Institute - Lasaragod,

: Kevala, Two sets of ssaples were wllested, cne in Felruary,
1974 and another in July, 1974, The semples vere taken frem an
®periamtal plot of one hectare area where ¢acas was planted
88 & mixed arep with cosonwt a 1970, The gemersl layout of

he experiment was of randemised dlesk design vith the fellewing
" Aaree treatasnte

‘3,  Cwitivation of coconut vithout any mixed erepping of
Y Sagan,

T S TR

‘2, Cultivation of ceconut with single hedge of eaoas,

'S, Cuwltivation of cosenut vith dowsle hedge of oacas,

| Ihe average sise of eash plet was 445 square miters, !i-
“sssenut palms were planted at a distance of 7.5 meters snd cacae
jttac:lltm.un of 5,5 meters Lrom the cnonntp-’u. The distanse
" Detween the individual caeso plante in & rev was 3,5 meters and
“the distance Betwesn the twe rews of cacao plants as in doudle
‘hadge eultivation was 2 meters (Plate 14 and B),

12,/ Sellsskion of rhisesphers sodl ssanles

A niniman of five rhisosphers samples of cosomut and saces



Plate 1A 1 Cosonnt plantation with single hedge
aixed sropping ¢f eaand,

Flate 13 ¢ Cesenut pisatatien with doudle hedge
 sixed erepping of snend,



‘\ ‘\‘. \ L
'\\'\\\“; ...

N
N\

N

o

Ty

2
LATE-18



-

23

_were collected at randos frem replication II amd ITI of eash of
the three above mentioned treatmsnts, Bleeks of soil centaining
00ts vere eut out with as 1ittle m of the rootlets as

: possidle, The samples were oollested frem a depth of % inches

. %8 3 inches and were transferred inte clean plastic bags whieh

T

wers then suitadly tagged and sealed %0 avoid any external

. esmtaminations, The soil saaples were stored in a cool serated
. plase and quickly transported for acalyais, Beth in Fewruary

. aad ia July samples were collected from the ssme seures to study
stescnal variation in the aicrebial population, Non-rhaisosphers
saples were collected from an adjasent fallow land, |

The 001l dilution and plate count method (Timenin, 1940) was
- sael for seunting and iseleting pure oultuves of differsat
: m. umn'ﬂh:lm. An estimate of the tetal pepnlatisn
" o bacteria, astinemysstes and fungi 1n mumbers per gras of dnyy
 ¥aisesphere seil was made, . ru- estimate refers to the nusder

il‘vhbh cm-umumtwummh eapadls of
'nuu on spasific w nedia® uoud in the Sest, The different
m weed fer the mutm of Wmateria, astinsayoetes and fungi
E  mave Thornton's Standardised Nedius (Thoratea, lﬁl)t Wn

B
s

e X
o
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 Glyoerol Aspareginate Agar(Cesa, 1921) and Nartin's Rose
;m Agar (Rartin, 1950), respestively, Jesen's medified
| aitrogmn~Tres medism was used for the fselaticn of nitrogen-
fixing misroerganisms, Fer cellulose decempesing organisma
Onelisnsky's Celluless Mineral 3alts Medium (Pred and Vakeman,
'1938) and fer phesphate soludilising organisms, Pikovskaya's
2odified medium (Reo and Siaha, 1963) were waed,

| The reots were sarefully reseved frem the biooks of soil
vith as little tearing of the rcots as possible, They were
49lly shaken 9 remove s0il elusps and sut into small pieses of
e lnch each wsing a aterile soalpsl. A ninimum of twventy sweh
200t pleses along with the adhering seil particles were them |
‘Placed in a weighed flask econtaining 100 ml of sterile miew,
AfSer thereugh shaking suitadle dilutions were prepared aseptioally
o8 fellowa, Ten ml of the suspension was drawmm into a sterile
em 2l pipette and tranaferved into & 90 ml sterile water Nank
QMnWtuMMn. Ten a]l aliguets wers them
tvsastarred through suscessive 90 ml sterile waser Mlanks o get
‘dilufions of the erder 10°%, Ons Al of the desired d1lution
W then Sransfarved ssspitically inte each of the several sterile
potridishes and 1§ nl of sterile agar aedia cosled teo just
shove the selidifying temperature were added te eash dish, The
ishes vere Tetated by hand in s broad swirling metion se Shat
Whe dlluted S0l was dispersed waiforaly in the agar mediua, The
 43ffersat didutims plated vere 10" for nitroges-fixing and
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ssllulose &upsmposing organisms, 10~¥ for fungt and 1076 for
Wmoteria, astinemycetes snd phesphate solubilising erganisms,

The plates were incubated at 28 3 2°0 for 48 hewrs for
Weteria, 4 days for fungi snd phesphate solubilisers, 2 weeks
for aitrogem-fixing bacteria and actinomycetes snd S weeks fer
esllulose desomposing organisms, At the end of the insubation
perisd, the resulting sclonies were ceunted, For cewnting
parpoess, dishes containing fumgal or dacterial spreaders or
large clear msones of antogeniens vers discarded, The average
nusher of eoleaies per dish (platings were done in triplisate)
mmwwmmmmwuommmu
au-uuu pexr gram of the origiaal riiscsphere seil,

Siagle wall 1solated celenies of hacteria, astiseayestes
and fungl were transferred S tubes somtaining spesifie media
for further studiss, Basterial cultures wers maiatained sa
autrient ager alsnts while the aetinenysetes eaad fwngi eu Osapek-
Dex ager slante (Thom and Reper, 1945), Nitrogem-fixing dasteria
were maintained e Jemaen's mm ter umtm

In order to deteraine the weight of rhisesphere aoil, the
resta were remsved fresm the eriginal dilution flask and washed
aad the wash water was collecked in the same flask iteelf, The
: ut«uuthumyoummm-nmuumd $0 a comstant
‘weight in en even at 105%, The flask sontaining She dvied soild
was then' Neighed to determine the weight of the seil, Whem plate



sosats were aads, the number of misrocrganisms per graa of
Thisesphere 5eil vas calculated,

IV(s) Identification of nitrogem-fixiag basterius, Reilsrinakis

Ra
This bdacterium was identified by its known eultural,

sorphelegical end physioclegiscal properties, The various sharecters
studied were size, shaps, mobility, pigmentaticn, production of
mucilsge amd nitrogen fixing sapaesty, |

Nlestron micressepis obesrvation of the bastertinuas dene
saing Philips IN-300 series slestrom misrssespe. The basterial
sells were initially harvested by eesmtrifuging uqm sulturss
"a% 17000 rps for ten misates, The pellet was resuspended in ten
Al deuble distilled vater and recentrifuged, This preesdure of
waghing was repsated three times t0 aveidd any salt eontaminstien
during elestronnisrescepis obeervatism,

Fermvar £ilm was preparved By pleasing = glass alide in 0,1
por cent selution of formvar in diexans, After remsval of the
€lsss slide, time vas allowed for the superfiueus selutica o
flew o2 snd the 243 te dry, The fila was then separased frvom
mamnunuuaam.au\#no-nmm“ fho
specinen swpperting grids were waiformally arranged om the film,
Wileh was them retransferred o the glass slide and allowsd te
dry sad eut inte square pieces of 3x5 ma arcund essh swpperting
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e, A lospful . of the bacterial culture after suffieient
dilution was placed on ench grid, allowed to dry and shadow

~ eant before observing wnder the electrea micrescope,

The final asgnifisation of the basterium on the photegraph
wis computed from the following formuls (aymbols arbditrary)

x.h.l.g.u

wiere X = Final magnification on the phetegraph
A » Prejected magnifigation on the flusressmt sereen
B = Ratis of the distance between the soreen and the ocsmera
C = Width of the photegrsph in cms
D w Vidth of the negative in ome

w 8Ps

100 ml of sterilised Jensen's nitrogen-free medium for
AeAiexinckia (ia triplicate) wes inouulated mseptioally with a
leoftul of freshiy grova dasterial oulture, The flasks were
facudated om & rotary shaker at 28 3 2% for 14 days, At the
end of the incudation periocd, the ecutent of each flask was
carefully transferred to a Kjeldahl's digestion flask to which
20 al of Aualar concentrated H 80, and one sutodigestion tailet
(Kjeltads anto-L.R, Grade Thompsen and Capper Ltd, Manwfacturing
Chemista; Liverpoal) wers added axd digested for three hours
witil & celowrless 1iquid residws was left behind in the digestien
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£3aak, After the content hed sufficiently ooeled down it was

50

- trensferred to & 350 ml volumetrio flask and the volume made w

% 50 al using doudle distillied water, The amount of aitrogea

| f4xed by the baoteria in the medina uas detersined by waing an

sateanalyser (Technisen auto analyser) sod bWy cemparisg the peak
hoight with the standard prepared with known amownt of assenium
shleride,

The seresening of 4ifferent culitures of Wasteria,
setinouycetes and fungli was dons Wy imssulating a loopful of the
different culture in the ceatre of sterile, selidified Pikevakays
mediwa in potri dishes, The oultures were thes incubated et
28 2 2% fow ene week, The ﬂdmo of a clearing sons areund
the sulture due to solubilisation of Srissleiun phosphate was
taken a5 & pesitive indicaticn of the ability of the ergsnism te

sslubilise inorganic phosphate,
Ww»)

50 al of sterilised Pikevekays nediss was inmoculated
asetisally with different eultures of basteris, astinemysetes
and Zuagl ssreened initially for their adility ts seludilise
 Anorganic phemphate, 235 mg of tricaleiumm phosphate was
Ansorporated in emeh flask of 4ifferent besteria vhile 50 ag was
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incorporated in eseh flask of astimcayoetes and fungi, The
flasks were incwbated at 28 3 2°0 from one (bacteria) to thres
wesks (aotinomysete and fungi), At the ead of the imeubstdon
peried, the different cultures wvere iaitially psssed Shreugh
. 80185 Zilters to mske them free of cells, spores and myeelial
Lregaents, Ihey were then desolourised wita a pingh of astivat(
chargsal and reliltered through Whatasn ne, 41 filter Mper
dises,; The culture medium in the control flasks were alss - -
siailarly treated, 0,2 al ef each of these filtrstes was weed
for deternining the amount of availshle phospherus by Olsen’s
method, The intensity of blue celesr developed was measured st
€10 mu using Hilger's Absorpticmetor, The valus of availahle
phosphorus chtained after comparison with a standard euwrve,
previcualy prepared with known quentities of Analar n,ro‘ was
multiplied by a factor of 2,27 te comvert it nur,o,m
In addition to the sheve odservation, the pE of the
mediun Defore and after inoubation amd the weight of the
sstinsayeete's and fungal sat at the end of the inewdation peri
wre alse resorded,
Y(e) smiificstisn of different euiturs.
1) Basteria (Rasudomeuas &p.) ¢ Various ewlsurl,
morphelogioal aad biocheaisa) prepertiss of the basterinn were
stulied based 0a the commonly wsed routine misrebiolagiosl Sests,
Vheredver pessidie refermnces have besn made to the varisus testy




perforned, The anliurel charecters stuiied weve, {(a) tu--,l

(») elevation, (a) margin, (4) grevth oa agar slants, (f)
chromogenesis and (g) growth en mmtrient MWreth, Differeat
staining metheds were used to study the merphologionl charasters,

Akaialing nethods Kalaxsnass
1. Gras staining *Text, Chap, 4; "I0IN Chap, 2
2, Acid-fast staining Texs, Chap, 4} MOI Chap, 2
%5+« Spore staiaing Text, Chap, §; NN Chap, 3
4. Capsule staining Text, Chap, 5; MM Chap, 2
5, Flagella staining Text, Chag. 55 100t Chop, 3

The various diechemiosl activities of the Moterium
studied were as follows 3

ek sondnated Bstarenoea

1, Peramtation of sugars/
sagar alsehels swush ap

amd glyesrsl
2, Ryirelysis of starch Text, Ohap, 10; YNX Chap, 7
S, Hydrelysis of fat Text, Ohap, 10§ WOI Chap, 7

4, Liquifaotien of gelatin Text, Chap, 10) WOt Chay, 7

Ro‘a' B. qu (uoﬁmummem, qu How ork, 1938)
and "MIN' refers to the ‘Namwal of Nisvehislagisal Methods W
the Cemmistes on Bastericliegical Teshmigque, Sosiety ¢f Amerigan
W(um—m&mcmh

L 4
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6, Indele produstion Text, Chap, 10 MMM Chap, 7

7. Renction of litaus milk Text, Chap, 10; MM Chap, 7

9. Catalase test Vhittenbury (1964)

10. Nyirelysis of sssein Smith (1952) and
M'ﬁ;‘:)'

11, Prodwation of ammomia, .

Bleotren micrescepic obssrvation was done wsing Pailipe
M-300 series elpetron misvoseepe, the prosedure for which has
doon deserided earlier,

Bergeay's Manwal of Dctmuvo Beaterislogy Vi
Bditien (1957) was used to cempare and sempile the characters
of the bagteriumstudied,

14) Puagl 1 A small fragamt of the fwngal syseliua was
plased on a drep of lastophenol cotton Wlus ea & clesn slide
md gmtly pressed vwith a osver alip snd observed under Mt
alavesseps t0 study the nature of speres snd hyphae, This
shservation was mainly rc.:l:hl on %0 clagsify the different
fungi isblated inte various gemers, "A mammal of SeflPungt"
' Gilmea (1955) vas used &s & refersmse bosk, | |

_VE{a)

The ability to produce IAA %as tested by ineculating
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aseptioally 4iffermmt eultures of bagteria, actincaycetes and
fungi inte 25 ml of sterile tryptons Wweth, The besterial oultures
were incubated for 48 hours at 28 3 2°C and the astinemysetes
and fungal cultures for 10 days, The produstisn of IAA was
tosted by adding 2 ml of Kovas's reangmt (m_muux IIX for
cemposition) to 10 m) of bacterial culture and te 10 nd of the
oulture filtrate of agtineaycetes and fungs, The tubes were gently
shaken and allowed to stamd to perait the reagent te rise %o the
tep, The produnotion of IAL was indicated Wy a deep red eolor
vhiah develeped in the reagent layer (Repert, nnft
vi{») gSusnkiSative eatimatisn eof the nredwatisn of 1M

100 m) of inrum tryptone Wreth (in triplicats) was
inoeulated aseptically with a loepful of 24 hewr eid basterial
eulture and inoubated for 48 hours at 20 3 2°0, At the ead of
'tho insubation period, the conteat of eash fLlask was divided
inte four fysotiens of 25 al essh and sentrifuged at 17,000 rpa
for ten minutes in erder %o separata the hagterial cells, The
SUDETDAtAAL was Weed for the gwantitative estimatien of IAA after
extrastion with perexide free sfher Wy 3alkewski resstion |
(Mharma, 1971), The inteneity of pink eelour daveleped after
iasubetion at 27°C for 30 miautes in dark was measwred i Hilgers
. abserptameter using filter na, 52, The snsust of Ik present in
25 al ef sulture medicm was them calowlated by cempairing the 0.D,

\
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m obtained with the standard owrve, pmuuu )rwod
with xnown quantitiss of IAh (Mhll-m u.‘l‘. Nevrek~
Qersany), | -

The pellete were, en the other ,hu,qu-tm to
previsusly weighed clean, mmall glase vials md dried to o
constaat weight at 60° Ser 48 howrs, The weight of becterisl
pellet in eseh case was them determined waing s precisien
dalanes (Netler model H.16), The aversge of tvelve sush
veighings was taken as the weight of Masterial eells preasnt
in 25 al of sulturs madivum, This figure was used for caleulating
the amount of IAA prodused by one misrogran dry weight of Weetarial
sells,

Vi(e) Idemtifieaticn of Easharishis e».

Telloving teats wers done for idemtifying the Jasharishia
ape imolated from the rhiseaphers of ceconut, (i) Standard esunt
and presumptive test for selifoyms (2) Confirmed test axd (3)
Completed test. These tests wers done as per the instrustions
given in *"Stmmdaxd Methods for .tho Examisation of Vater, Jewsge
sad Industrisl Vestes", 10th Bdn, Ameriesa Pudblis Health Assoe,
Ins,, New Yerk, 19%$,

YIifa)

The ability to predwse OLS was tested Wy inseulating
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aseptisally different Bacterial sultures inte 25 ml of sterile
Thorntents Wroth and actincaycetes and fungi inte 23 =l of
sterile Gsapek-Bex breth, The basterial sultures wers incudated
for 48 Rours at 28 3 2°0 and the astinesysetes and fungal
sultures fer 10 days, A spot test using 0,5 per sent aguecus
solution of petassium permanganate and flusressense in 70 per
cent H 80, ware used to detest the produotion of GLS (Bivd and
Pugh, 1958). In the former test, & drop of the eultare filtrate
spetied and dried on & 0lean filter paper was sprayed with 0,5
per cent agusous uiutm of petassiue permanganite, The
presence of GLS was revealed 88 yellew spets en & reddish purple
agkgreund, Ths spets ware quiskly sprayed with mere permsagesate
selntion md the filter paper wos immsdiately waghed fn rumaing
Sap water te remsve the wnrencted permanganate, The pressnse of
GLS was deteeted ap persanemt muWanuduﬁm
bagkgrownd, Ia the secend teat of flusrescomos in 70 per emt
nzn‘. & drep of the oulture filtrate aspetted and 4ried on a
dﬂ&tﬂﬂﬂﬂ&ﬂ&?ﬂywmnﬁ‘uﬂqm
M{jd f1at on & glass piate, The preswmce of GL3 was detested

&8 ydilew grem fluarssseat spota,

VII(») T W & sand Le |
the preswmce of GLS in the eulture filtrate of Amnewsillna

Dlarue =t o Sicatia
200 al of sterilised Csapek-Dex hreth {in triplieate) wag-
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inoculated aseptionlly with a locpful of fresihly grown cultures
of AspsEsilliue SAaYue and A ZunisAtug and ineudated for 14 days
at 28 3 2°0, A% the end of incubstien perisd, GLS were sxtraeted
from the culture filtrate with ethyl scetate after sdjusting the
PR %o 3,0 (Asdus, 1972). The eluted frsoticus were dried as
40%C 1n dark sad the residue redissolved ia 5 al of doudle
d4istilled water, This was used for beth shrommtography and
bisaammy,

In agoending chremmtography (Bird and Pugh, 1958) eae n
ml. of GL3 extracted was spotted on Vhatman no, 1 chrematogrephie
paper (22 x 40 ems) along with standayd gidberellic aeid
(ivderelliin acid, serial no, 691304, Phylaxia, Budapest-Hwngary)
and run et 24°C using bemsens-asetic seid-water (10 1 2,5 ¢ )
solvent aystems for 8 howrs, The presenss of GLI and gibberellis
asid were detected as yellow spots on a reddigh purple Wmokground
en spraying wvith 0,5 per sent agusous selution of petassive
pmmu, The spots were quiskly aprayed with more
pormangsnate snd the chromstogran was immediately washed in
running water to remeve the uareacted petassiue permanganate,
The location of gidbarellin-like substances and gidherellie acid
were then revealed as permanemt Wrown spsts en an almost white
background, After the chrommtogran was dried, the sentre of eaeh
8pot was marked with a peméil and She Rf values were caleonlated,

In the bisassay methed (Vareing and Fhillips, 1970), 48



hour: old germinated rice seedlings maintained sasptically
either in Brledineyer flmaks or pots vers wased to study the
slongation of the seedlings after the applisatien of standard
&ivberellio aoid (0,2 pg), gibberellin-like substances extracted
from the eulture filtrate (2,0 al) and eulture filtrate itself
(10 »1). The elongation of the seedlings in flasks was meapured
after 48 houra,while in pot cultwre experimemts only visual
sonparison was made to study the elongation of the seedlings,

[vir1,
sd_sause
The asseciation of soil fungli with cocomnut and oncao roots

was established by Harley's root wagshing technique (Harley snd
Wasd, 1955), In this techmiqwe, the rocts of cosenst and eseas
vere initially remeved from the bleoks of seil and geatly shakem
to reasve tha superfluows seil sad qut into smal) identigal plecss
of 1.5 am onch wsing & sterile scalpel, The rest pieces were them
tranaferred to sterile serew eapped bottles and subjeoted to &
series of twenly five washings in sterile distilled water, Bach
time;, the oot wvashings were cellested separately in aterile

screv eapped bottles. Ondul of these washings, lst, 3rd, 5,
10th, 15%h, I'oth and 25%h were plated for fungli on kou Bengal
sgar mediusm, The washed root pieces wers also plated te sulture
any fungus sgsbciated with the reet surfase, The nusber of fungal
calemise presmt in sagh of these washings was resorded after an




incubstion peried of 4 days at 28 ¢ 2°C,

Simple sestions of aoeenut and cacno roets vere alse made
and observed under light micressepe te study the presemes of any
myesrrhisal sssooiatien,

Irishoderna MJGRerus, the most frequently iselated rest
surfage fungus of coocnut was used to study possidle antagemism

over other fungl eeourring in the ooconut rhisesphere, The fungt
tested were, five isslates of Pyusariup syp., oae species eash of
fAdssiadiun, dspedeniva, Qlatesparing »» Rapigililim (Isciste 1),
three apssies of Asnarglliug vis. & RIESE) 4« ZJATNR and

& m and three iselates of sterile ayselia (red, yellew
and grey), 3Besides thess, twe known species of jhissetonis,

8+ s2l80) =d §. Batakigels evtained frea the Divisien of Myeology
snd Plant Patholegy = I,A.R.I., New Delhi and tne spesies of |
Rhisoeianis iselated from the rhimssphere of cooonut dwring the
present study were alse used, Spers or syoelial sespension of
different fungl was plated ou Rose Bengal agar medinm, After the
media had solidified, the emmtre of luh .phtt was ineeulated with
& leeptul of the spere swspensien of Irishalscas licssrus. The
pﬂﬁlﬂ or abames ¢f inhibitien sone in eash onse was recorded
after an ineudation period eof § days st 38 3 2%,

Sai) samples frea different treatamts were studied for
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orgenic ecarbon by Walkley and Black's rapid titration method,
{(Valkley snd Rlack, 19%54) total nitregen Wy Kjeldahl's method

and available phosphorus Wy Olsen's methed of estimating availahls
phosphorus in seils by extrastion with sedium biearboaate (Olsen

ak ale» 1954),

X, Ressxmination ef ok ef the seil.

10 gna sagh of the different seil samples was taken for
this purpese, % ml of double distilled water was sdded te
these, stirred well and allowed to stand fo Sihouu before the
i was determined by a pH aster (Medel LI-20 “ELICO"),

5 H2F (- 12

viere, ( is the sorrelatien cosfficient and n is the nmmber of

OBeervations, (;.e4ee0r and Cochran, 1967),



BAPERINENTAL RESULTS



Ihe enhancessnt in the population of bagteria,fungl and
astinoaysetes in the rhisosphere was conspiowcus whemn compared
to noh-rhisesphere soil, Noxe interesting was the obesrvation
that aixed eropping vish double hedge of cacas led to imeressed
prealiteration of microsrganiens than in single hedge cultivation,
This trend was ron;td in the physislogical grewps sush as
niiregen-fixing and phesphste sslubilising bacteria, Vhem compared
to the emalt. thene wore more in the rhm.;horo of oasmn, In
addition, it vas slso found that nitroges-fixing and phesphate
selubilising basteris 4id not evowr in the non-rhiseaphere meil,

Fungl en the ether hand, was mere prolifis in the |
rhiseaphere of ceconnt irrespestive of the preasnce of cases ia 7
aingle or doudle hedge. Among the various fungal gemers, |
IZiahatieras ves & dominent form comscn te the raisesphere soil
- of oscomust, |

1,2

A, Bagteria : The dominant forma of dasteria were
isslated and the routine tests far identifieation oarried eut,
Asong the ten iselates of Weeteria, cultural teats emadled the
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ddentification of a species of w (Iselate $) as the
deninant utn‘;m-t;uu ‘mm-m in the different rhisosphere
seils, Nene 0f the ether forms vere sapable of fixing stmespheris
nitroges, Four of the bacterial isclates (Nes, 6 to §) proved
te be phosphate selubilisers by their capasity to grew en
Pikovekays sedius and selubilise the trisaleius phesphate
inserperated ther ia, Isclate § was identified as & species of
Laandapanas. Isolate 1 was sapable of celluloss dessmpesition,
utilising the filter paper ss the sole sewrce of sarbon ia
Omaliansky’s sedium, Among the other isolates was sne delonging
to the Celifora greoup which Sredwed indely.-asstie uﬂ‘ Isolate
10). Ne attempt was made to identify these iselates whish dﬁ
not have the sbility either to decsmpese cellwlese, selubilise
inorganis phosphate er predwce IAA or gibbersllin-like substsnces
(eLs),

B, Actinemyeetes : Eight iselations (Streptenysss =p.)
- were nade of whioh iselates 4 to 9 were found te e phesphate
soludilisars, HNens of thesse iselates vas sapadle of prodweisng
either 1AL o GLE, .

Co Pungh 1  Among the twemiy five iselates of fungl were
She genera of Tuseriige S1iealadiin. Sansdanlin.e S1adasnarivn.
2misiliing. Thres vere midentified since they remained as
sterile myeelia and 41d net sperulate, The felleowing fumgi,
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Iaaarius spp. (Xselates 3 to 3), Aspercilliug Aigexr and A,
Serxreus; Peniodlliug w»p. (Isclates 1 te 3) and sterile
ayselia (yellww) vere found to be phesphate solubilisers, Nene

oL the iselates vas capable of produsing IAd, wnile Aspersilling
ZIAYNS and 4. DHAlGASHA prodused OLA,

2.1 Oultursl characteristics of Belisrinckia sp. (Plates 2,

2h.ond B).

The cealla of thia dacterius were oval shappd with their
sise renging Irom 0,88 x 1,67 pa in younger eells md 1,57 x 226
2,55 pa in clder cslls, They wers gram negative, capsulated ;
sadnoamotile, Young colonies en Jemusen's nitregen-free nediwa
vere round with regular edges, smeoth and mweilagissms without
pignentation, However, older celoniss were cresay yellew ia
colexr, Deminant eharsgter was the predustisn of abmdwat gua
in liquid oultures,
2.2 Matresen Sixing sbALSY of BeilscAnekis.ev. (Pis. 1).

On aitregen-Ires Jonaem's M,W 5p, fTixed
9.83 ng of nitrogen per gram “,.m uuwu.‘
2,3 301l charasteristies favouring growth of Beilerinskia
AR (22010 3o Rige 2).

Analysis of the soil tor'yu, organisc carbon snd tetal
- altrogen shoved the follewing featurea, The PE of the nea-
 rhisesphere and rhisssphere seils reaged £rom 3.5 $o 5,2 (acidts




Plate 2 3 Gum formatisa Wy Jaiieriaskia sy. on
Jeasen's nitrogen-free aedinm (10 day
eld eulture),






- F1ate 34 ¢ Rleotren sisvograph of Maiierinskia 5.
shouing the itypical eell formatiem
(18,160 x),

*

Plate 3B ¢ Rleotren misvegraph of a single, iselated
eell of Ralisringkis w. (18,160 x),
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Tange) W was favoursbdle fn the growth and préliferation of

_ sp. It was hovever, interesting to mete that the
rhisosphere seil had a higher pH than nea-rhisosphers seil predadly
Autothobm-rmuuoaotmmtrqunciuulhhc-‘g.-
uwswally prastised in coeonut plantations,

The peromtage of erganic oarden in the asn~rhisesphere
seil wan 0y39,wiile in the eoconut and cacao rhisosphers seils
(single hedge) it renged fram 0,42 te 0,50, Under dom' hedge
sultivatien ¢f caeae, organic cardoa in the ceconut rhisosphere
rest 10 0,53 £ and it was mush higher in the ossae rhisesphers,
registering a level of 0,60 £, The general increase in the ‘
erganisc sarden centent of the rhisesphere soil was another facter
vhieh might have helped the grewth ani preliferetion of
Bedlsxiaskia *p. ’
| ~ The tetal aitregen content of the Tuisesphere seil was

mere than dewble vhen compared to nen-rhisssphere seil, Thias
eould be attriduted to the astivity of a large number of
‘Redisringkia sp. present in the rhisesphere of both the
plantation wo.)o, a8 vell as dus ts the addition ef inerganis
aitregensus fertilisers (sse appendix II for the reccmnsnded
400 of Lartilisers for eosonut and oacae), Nevertheless, cae
point thathnerged Zron these atuiies was that double hedge sasme
sultivation distinetly imereased the Sotal mwaber of Zaiisringkis
. empeesally in She rhisosphere of caeao,
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%1  Zasshate selwdilisstien (Zable 4, Pig. 3. Fiate d).
Twenty one differeat alercorganisss were quantitatively
assayed for phesphate selubilisation, While thess srganisms had
© the abl1ity to solubiliss Cay(FO,), Se different degress, it was
elearly evident that Rampdemsuns sp. (Iselate no, 6i) amd
ASRSTEiling Ri&er solwdilised the bound phosphate o the
greatest exteant, RZasudelonAs ap. solubilised 48,95 per oent and
the fungus, 4. RLEAX solubilised it to the extent of 49,69 per
smt, This was assosiated with a fall in the pH of the culture
21ltrate of these organiams to about 3,0, Asswming that
solubilisation of the bound phosphate adeve 15 per aent i
sadisative of the srganism as "a goed sclwbiliser®, differeat
speciss of Panicilliiug iselated in‘the preseut stuly may alse
be ceinidered as officient phosphate selubilisers,

!h phosphate status of the s0il was gemerally low -
10 ppm per gram soil, in the nen-rhisosphere, In the
rhisesphore of cosonut and easas wader doudle hedge cultivatien,
the amount of available phespherus regilatered a high value of
%3 to 65 ppm per gram soil, This may be dus $e the tep dressing
+ @f reek phosphate given %o individual plants and te the greater
ingldense of phosphate solubilising sioresrganisms, EaASNAONOUAS
sp. was present ia the rhisosphere of cosonut under single and
double hedge enltivation, while Aspergillus niger was presmt in
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Flate 4 1 AMRSUEAMIAS BIASE groving on PAkevekaye
aedium showing the charasteristic
W"t sone dwe te selubilisatiem
of trioaleinm phowphate,
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the rhisosphere of beth cocennt and eacne,

3.3  Oultural characteristics of 2aevdonsuns sp. (Tadls 6

Rlates 3A snd 2).

The eslonies of LavNdoRenaR o8 Pikoveksys medium were
sireular, convex and entire; growth om agar slants was filifers
and flecsulent en nutrient Wroth,

The cells vere elongated with a sise ranging frem 0,98 x
1,29 wa, They were moSile by mesas of s single polar flagellem
of approximately 4,12 pa, They were serchis, Sram negative, non.
capsulated and without endospores, produsing a weter seluble
pyesaysnin pigment that diffused throwgh the medius, The various
biochenical activities of the basterius are givem in Table 6,

4.1 1A produstion by Rmsherichia w.

This isolate of Jasherishis sp, produced IAA, equivaleat
teo 0,2709 pg/Bg 4ry weight of hasterial cells,

Cultural charscteristics s+ The cells were frsm negative
non-gpere forming reods vhish fermanted lactose with the predwtion
of noid and gas (less than 10 % within 24 hours - 91 ¢
cenfirmation of scliferm ergenisms) smd showed the typieal coloay
charagteristies on ENB agar plates, The colenies were well
iselated, 2 S0 3 mm in dismeter, alightly rsised and cencave,
revealing & dark, aslzest hack semtre in transafitted light, In
refleoted light, the colenies showed the typies) greenish




Plate 54 5 Rleetren aisregraphs of Pagudaeuas P, sicei
the typieal single mar flagellumm,
(18,160 Xx),

?iate 53 ¢ BRlestron sicrographs of LASMLANENAS 8Pe Sro.s
ths typisal single pelar flagellwam
(18,160 x),_
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setallic sheen, In the completed test, the hasteriunwvhen
further inoculated into lastese bgwth prodused acid and gas
- within 24 hours,

5.1 edugtien of gikberellin-like substsnce gl %
Aspesadllue Zlavus end 4, fuplgatna (Tadle 7, Plates 6, TA and B),
L M _ S R - e

In ascending paper chromatography the Rf valuss ef pure
€1bberellic mcid was 0,91 and that of GLS from eulture filtrate,
0.87, Beth the spots reacted te the same spraying rioqut and
therefere, 1t was concluded that the substance elabersted Wy
thess twe fungl was GLS,altheugh net strietly cmno to
atandard gibderellic aetd,

Bieassay data alearly demsastrated the sotivity of GLs

_ir comparison vith standard gikderellis aeid, The elemgation
of the seedlings was evident as & characteristic reastion %o the
presenss of both OL5 and standard gibberellis acid, The treated

seedlings shawed almost twice the height of eontrel seedlings

vhich confirmed the presence of GL3 in the ewlture filtrate of

Amsrsilivg Zlavus aod A. Zunigakeg.

6.1

Serial washings of reots of hoth cecomut and eacas provided
an insight into the closely adhering fungal flera of the roet



Plate 6 ¢+ Chromategraphic separation of GLS frea the
culture filtrate of Aspargilius Liaves.

1. Bthyl acetate extract of GLS frem She
eulture filtrate

2, 3%andard gidbereliis acid
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Rlate TA

?uh T8 3

Alongation of rice sesldlings treated with the
culture filtrate of A, flayug and atandard
gibberellic asiad,

1. Contrel - wntreated
2, Treated with standard gibberellic acid

S. Treated with ethyl asetate extwratiiof QL3
fran the sulture filtrate

4, Treated with sulture filtrate as sush,
l:::o‘tho elongation of seedlings in 2, S

Fot sulture experissnt desmcnstratiag the
sffect of GLS from the oultuxe filtrate of

A« Llavig and standard gidderellio agid,

1, Treated with standard gidharellis acid
2, Contrel - wntrested

'3, Treated with eultural filtrate as swoh,

Note the elongation of seedlings in
land 9
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Plate 8 3 Cecurrense of Sepgdaniug sp. ia close
assesiatisn vish the rhiseplane of casae

reot revealed bWy Harlay's roet washing
teshnique,






Plate 9 » ntmmmmmm
on the rhisoplane ctmmtmw

8Pe
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surface, There was a gradual decline in the namber of fumgi
mu- wiceessive washings and when finally the washed rect pieces
ilu'o plated single isclates of fungi were obtained, These

Qwo fdentified as Irishoderms ligasrus, Iugariwe sp. (Isolate

f_) and Ponicilliing sp. (Isolate 1) in the case ef cocenut and
Sepedoniup sp. in the case of caeso, However, the examination |
dr root sections of coconut and onons under light micrescepe

aﬁu »et reveal say myuorrhisal assccistien,

Since it is known that Irichederms lizpnorus is a poverful
antibiotis producer, it was considered worthwhile te study the
interagtiom of this fungus with other fungi in the reet regioa
of coconut, Ihe results revealed that Irighoderss Jigaerss
Asnibited FRsariug sppe (Isolates 1, 5 and 4), SAioeladinn =p.,
Asnedoning #.» SAMMSNRCEINE #0+» BDANRSESRAA SPP. including

Rhispeienia asland sad Ghisestionds Jataticslas Ranisilling @«
(Iselate 1) and sterile myselia (red, yellow and grey), It

also partially inhibited twe isolates of Pysarium (2 snd §).
The fungus was not inhibitery te Aspexgillus Aiger, & Llavws
and A, SURAEASAS+



ate I

Intersction detween Irishederma JAGMINS
from the cosonut rhisssphere vith Rhissstoals

P

1. Iselate of RRANARLORIR from the rmom
of ceeonul,

2, Knowa culture of RhAscctonis asland.
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RIICURSION

' The cultivation of coecnut palms, rightly known as
‘Kalpavriksha' or the 'Tree of Eeaven' is not without its own
prodless, One of these, is the consideradly long initial peried,
about 10 years, required ¥y the palm te attain the stage of
normal bearing culy after which the farmer is sssured of a
Tegulay income from his farm, Therefors, to prosure seme incese
during this initial lag period, inter and mixed ¢ropping ia
cooonut gardens are usually adopted, Different types of creps
suoh as pineapple, banana, groundmut, chillies, sweet potate,
tapisss, cacas, pepper, oinnamon etc, bave been swooesafully
cultivated for this purpess, However, it was obssrved that
vhen eac8e was used as & mixed erep in coeonut plantations,
thers was & signifisant inorease in the yield of scoonuy
(Appendix I). The meny sided impertance of tiis ehservatisa
is indest worth explering. They are, (1) the sdditiomal income
h;nhnlr'w thﬂ“emﬂ:ﬂﬁoﬂm
speaifis additional input into his farm, (2) establishaent of
eased onltivation om a regular basis in India, This in fast
is of eonsideradle hm::tmo, as at presemt India consumes
adout 1000 tomnes of raw ossae, almost the mmtire gquantity of
vhish is imperted, Our country thus possess an emersows aud
repidly Anersasing conswmpiion peteatial fer this coamedity



which again assures the farmer of a regular market and income,
The sultivation of escae in coconut plantations as & mixed
erop does not desand say modified agreneais practices, as the
e01] and alimatis conditiens of the west oost of Indis have
been shewn %o favour the ncrmal growth and ped dearing of casas
plants,

IS is tharefere, timely %o atuly the different aspects
invelved in the inerense in yield of sesonul an a result of
nixed awepping with emcae, Aimong the several aspects, the
pesaible mouuqummznmmt
investigation, mmtnmwhmhuwnuu
sselate and stody as many different types of seil misrserganisss
as possidle, sush as nitregen-fixing, phesphate seluwbilising
sad avxin and gibbersllia produsing basterisa, astinenyostes and
M?mnmmm'mnm'mtmu
coconut and cacas a)ee fermed part of the investigations,

 Orester mumbers of daoteria, setinomycetes and fungi

weve eboerved ia the Fhisosphere seil them in the nem-rhisesphers
seil (Table 1), Mmcnn.mmhmcmof
aitvegen-fixing, phosphate selubilising end auxin prodwoing
vasteria snk giddersllin produeing fwagi whish were
charasteristisnlly absent frea the noa-rhisesphere soil, This
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is because the rhisosphere region is » highly comgenial habitat
for the growth and preliferation of various kinds of aisre-
organisms, The microflora that responds to the presemes of
living roots is distinetly different frea that characteristie
of wnplanted s0il, since the plant areates a tnigque subterrsnean
haditat for these orgsnisms (Starkey, 1929a, b, oj 1931a, ¥)
Krasil'aikov, 1934, 1940,1954, 1958, 196%) Leshhead, 1940,

1048, 1952) Katsaedeen, 1946, 1965) Clark, 1943, 1969; Revira
1956a, b, ¢ and 1963),

On the other hand, within the rhisesphere seil itself,
interssting variations in the mierodial population were observed,
wvith the mxisun number of any group beilng present in the
rhigesphere of coconut and cagas under douhle hedge mixed
erepping (Table _1).‘ iven though the total nuader of baoteria
and fungi wars sere in the cosonut raisesphere, mere asssber of
aitrogen-fixing and phosphate selubllising hacteria and
- agtinsayeetes wers obasrved in the oseas rhisesphere, Many
explanations oan be given for thu}n observations, (a) the rapid
stisulation of aitrogem-fixing and phesphate solubilising
basteria and sagtinomycetes dus te the inereased aveilability
of organie matter in the onsed Thisesphere resulting frea
periedicel leaf shedding of casas (Tadle 5), It may evem be
)Muam at this stage that asgumenting the organis matter
statas of eosomut rhisesphers by the insorperatien of eesss
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litter, may lead to a definite improvemsat in the populatiem of
nitrogen-fixing and phoaphate selubilising bacteria, (h) the
root exudates containing simple sugars and aninoacids
spscifically available in the cacae rhisosphere meay he favouring
the proliferation of nitrogem-fixing snd phosphate selubilising
basteria, (¢) better conservatien of s0il meisture in the oscse
rhisesphare dus {0 shading and litter formatica as has dem
often demonstrated in the plantations faveurs s rapid growth of
these organiems in the rhisesphers of sacas than in the cosomut
rhisesphere and () cacas heing a erep newly introduced inte
the native soil, the already well established microbial flora
in the cooonut rhiseoaphere resulting frem the eultivation of
cosennt far Bany years may not have found a cengenial haditat
in the eagao rhisosphere, '.cu._ prodakly wnderlines the
obmtmwth-umnmuhﬁnt“ﬂmﬁl'
the rhisosphere of coeonut than in oacae rhisesphere, On the
osatrary, the aitrogen-fixing and phosphate soludilising
basteris, existing in competition with other fast growiag
bagteria in the cooomut rhisosphere, might have found & neTe
aniadle niche in the new cacno rhisosphere where the competitien
frem the native flera was considerably decreased, MNoreover,
the alow growing utux;o of these organisas night alae have
restristed their proliferatisn in the coconut rhisesphere
against the mn&«: from the dominant symogeneus fungal
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population which usually thrives ca the sasily available simple
nutrieats, |
The redustion in the number of ¢ifferent micresrganismns
observed in July may be more dus to climatic factors sush as
centinucus rainfall whish lsads to partial) anaerediosis in the
soil, Kouiur. significant variatioma in the population were
not observed indicating the well established nature of the
different rhisesphere micrsorganiens, Taking inte consideration
the distrimmtion er annual rainfall ia Kerals, it is seen mt
the maximum of 2009 mm is obtnmd during June te Septesber
folloved by 549 mm during Ostober t¢ Deseader, The runr-:u is
| 406 mn Detveen Mareh and May vhile it is only 36 sm in Janwary
and February, A direct imflumee of rainfall en misredial
m&mmm:ou-umutumtmwn
the assured irrigatica to thess plantatisen crops throvghewt the
year, It has been vell decunented that rhisosphere popwlations
show considersdle fluctuations depending on soil meisture,
iesser nuabsr being obtained from wetter seils than froa dry
onss (Timemin, 1940; Clark, 1949; m.mx. 1958; RAadha

and Rawther, 1959; Lakehmi-Kuaari, 1964).

~ Based on the above observaticns it ia evea pesaidle te
prediet a ptm of the incidense of mierodial population in
this s0il with the possidility of maximus misrebisl pepulation
during Janwary and Februazy ;a:lndy folleowed By Mareh and Nay,.



The population will be at its lovest level during June and
smuﬁ. the period of msximum rainfall in Kerala, Thowgh
a similar trend was observable during the presmt studiss, it
hag to be verified further by cbasrvations on the misrebial
population at different time intervals, axtending over a
ainisus pcr:lpd of three to five years,

Studies on nitregm-fizing bacteris, jeblexrinskisa sp.

Anong the sany ways in whish elemsatal nitrogen enters
the bhiosphers or the plant seil component of the eso-aystem,
the most impertent is the fization by misrectganiems Wy the
¢eers Rhisehiss. Asstebagter, Mablexinckis end Qlosiridlum
Of these, the fremliving Reilsrinekis 4o found widely distributed
in the trepiesl seidic seils (Besking, 1959, 1961a;, ¥ Vancurs
2% 8l.s 19651 Avdersen, 1966; Strydem, 1966; Dedeveiner and
Campele, 1971),

Ia the wimt itm. one species of Ralisxingkin vas
iselated frem the rhisoaphere of beth num and oncas, The
mmormgum nmmrhumo
and especially wnder double hedge cultivation (Table 17). The
prodadle rele of erganic carbem and reet exwiates in this
phenomencn has alresdy been diseussed, Ia sdditiea to these
fastors, the pil range of 4.9 te 5.2 of the cocenut and casae
rhiscaphere seils was dn found to e extremely faveurable for



its rapid growth and proliferation ('.hﬁ.. 3.

Xluyser and Becking (1950) and Jensen (1954) showed that
W could fix atmospheriec nitregen te the extent of 16
te 20 'ug per gram of energy rioch meterial, The eorganism |
iselated in the present onse was found %o fix only 9,83 sg of
nitrogen per gram of suerese utilised, The rether levw fization
capagity of this iselate eould predadly de attriduted te the
fast that Beijerimekia makes hetter use of ammonisoal aad
nitrate Aitrogen and many amincheids than atassmpherie nitrege
(Jensen, 1948). The species under study isolated Zrem s pofl
getting regular fertilisation has probably got scolimatised te
 sourses of mitrogen other than the slssental form aud mus$ have
slondy 1est its ability te subsist selely on atsespheris mitreges.
This may partislly ezplais shy a direst correlation betwems the
ausber of Beiierinekis sad the ameunt of tetal nitrogea ia
different rhisesphere -éu- osuld not be obdtained (Tadkle %),

| The positive iafluence of Beilerinckis en plsats has
rarely beem considered fully, Such an assessment is especially
diffiewlt tn the oase of perennisl creps sush as cooonut snd
cneas, where, sddition of adequate fertiliser is sssmntial te
obtain maximmm yleld and it is d4fficult te maintain a set of
contrel plants without fertilisatiss, Hewever, the rele of this
bacterium in supplementing the nitrogen in its immediate
envirenmnent, thershy denefiting the aisroflora and senetinss the
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plant itself eannet be ruled out, Several workers have, infact,
stressed the prebadle reols of Beilsrinckis in restering the
nitragen level of many trepieal fallews (Becking, 1999
Anderson, 1966; Dobereiner and Campele, 1971), It may further
be mentioned hers that the pessibility of augnenting seil
nitrogen My eultivating fooder legumes in between coconut amd
cagne aﬁw inomulating the seed or seil with eZficimt strains
ot.m may aleo be envissged,

Finally, the observatien of Ruinea (1956, 1963) that
Wom»cw-umm-ummnm'
of many foreat trees 1- s aatter of additional interest, A
study of the phylloaphere of gasao and other plantation creps
far the ccowrence of Reileriuckis snd ether related nitreges
zmmuu-mnmm Yecause of two reascns, ZThese
" bacteria in the phyllesphers waile wtiliaing the sugars and
other nutrimt salts in the cutioulsr secretion of the hest
plas can swpplenent the host with bound nitregen, Sesendly,
the periodical rainfall in Kerals eould be of considersble halp
1n reguiarly leashing dewn this bound fovs ef nitrogen fres
the phyliesphere to the rhisssphers eurishing theredy the
Ritregem comtent of the seil,

Por olements like phosphorus ergimating in the geelegis
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substrate, ions may be released by msay kinds of resoticns,
but 1t is likely that biologioal weathering indused by sesl
micreorganisns is a dominant resction, Thus, solubilisatien
of bound phosphate in geil appears to be & primary tﬁctl.u of
misreerganisss (Abbott, 1973; Vakeman, 19%1; Pikovakays, 1948;
Harley and Brierley, 1954; Sen and Paul, 1957; Das, 196%; Sethi
and Sudbde-Rap, 1968 and Bardiya, 1970),

In the present stwly,tvesty one different isslates of
dastaria, actinosyoetes and fungi frem the rhisoaphere of ceconut
and oaoso wers found eapable of solubilising triealsium phesphate
to varying extents (Zable 4), Among thess, one species of
baoteris belonging to the genus Resndonomss snd one iselate of
ANRSEELLLNG BAGAT vas found to posseas this ability to a remark-
shle exteat, seludilizing respestively 48,95 § and 49,696 of
the total ca,(ro‘) g incorporated in their respective media,

Mierebisl solubilisstion of inerganic phosphate is
mainly due %o the production of erganie acids (Schwarts g% al.,
19543 Sperber, 1957, 19%8; Louw snd Vedley, 1958, 1959; Swady
snd Sperber, 1958} Broafield, 1959; Meyer and Kanig, 1960; Panl,
1966; Chhenkar and Subba-Res, 1967 and Chendrasekaran, 1969 and
Mehta and Ehide, 1970), In the present stuly alao, & negative
coerrelation botween the pH of the culture filtrate and thi
smount of phosphate solubdilised ly differemt orgsnisms was
obtained (Tadble 4, Fig, 3), Thus, whem the table valus for
coxrrelation ceeffiaient: at 19 D, P.axl 7% signifisance was 0,549,



69

the saloulated value was -0,809 indicating a negative cerrelation
b;tum the pH and the amount of phosphate .ollbﬂhgﬂ. Ihis
became evea more clear frem the speeifie oases of Lasodonemss

and A, pige (Tadle 4, Fig, 3) vhere, when the pH of the oulture
Ziltrate vas at 3,5 and 3.0 respsotively, saximum solubdilisation
of 0&,(?04)2 occourred, This lowering in pH oeuld prl.-ﬂ.ly be

~ due to the produstion of 2~xm-;1u¢nu aaid by Ppewdononss P,
and eitric acid by Aspergillus BAgsr (Leuw and Wedley, 1959;

Bajpai, 1965 and Bardiya, 1570).
Consurreat with the above odservation it was notised that

there exists a direct relaticnship detwesn the ineidence of
phosphate seludilising atlorcorgmisse sad the amownt ef availadle
phesphorus in different rhisesphers soils (uuc 5 Pige 4),

. The bemafisial role of micrecrganisms in seludilising »ound

| phosphates has been repeatedly rcpm by Gerretam (19“)3
 Menkina (1950); Jehnsten (1954); Sen and Paul (1957); Miexswaki
(1964)) Barber (1966); Myskow (1966), vho have demonstrated that

plants take wp more phosphate in the presence of phosphate
soludilising micreorganisms, ' |

' Preduction of growth prometing substanses by rhisesphere
organisms is cemmonly considered to be eme of their bemeficial
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attridutes, Indels .f.-aéct.u acid and gidbberellin-like substances
figure preminently sm the list of growth substances of migrobial
origin, In the present investigation, 1AL was produced by one
species of bactertim belonging to the genus Rsoherishis of the
fanily HEnterobastericcess. It was present in the rhiscsphere
of doth cosconut and casae, The sxfent of IiA predustion was
approximately 0.2709 ng/mg &'y weight of basterial cells,

Two apsoles of Asnegudliag, 4- Z1ATHS sod 4. fusigatus
preduced GLS in their culture filtrate which was deteeted by
thu and bioassay asthods, In either gage, the
charssteristics of GLS extracted fream the sulture £ilirate vers
sloasly jdentical with standaxd ¢1hm acid (Table 7,
Plates 74 and B),

'uhat could be the predadle bemefits of the pressnce of
migroorganisus e#phuo of producing grewth substances in the
Thisssphexre of conoaut'm enoap ? That the presence of
extranoous sswrees of growth substances in the rost region
can t41% the -mmo of pleat well-deing is already well
established, Produwstion of growth substances by Asgtobagfer is
considered’ons of the factors respensidle for insreased yield
in erops treated te Asetobmcterin (Beresova g% al., 1998
Bukatech gt al., 1936; Pochen -u Baxrjss, 1958; Xrwpiaa, 1960;
Vaneura and Macura, 1960; Pallot, 1963; Brekel and Hilger, 1965;
Nita, 1963; Novikeva and Irtuganova, 1966), Resent investigations

»
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on nitrogen fixing blue green algse have alse dorme out of the
fast that the grewth prometing subatances exuding out of the
algal eells may b partially fastrusmtal in improving plmt
srowth (Siagh, 1961; Rao A Al., 1963 Shields and Durrell,
1964). Om the contrary, Japaness workers have clearly shown
that produstion of gidherellic acid by XBserine acniliforme
| in ixunin aasunts caused the well kuowa bakanae disesse
in riee (3ewads, 1913; Kuresava, 1926; Yabuta, 19535 and Yabuta
and Suniki, 1938). It is diffieult to drav the line vhere the
bemeficial effects cease and harmful effects degome ‘msnifested
in any parueuhr instange, It oan, however, he reasonably
concluded from the present study that me 411 elfects due to IAA
vers evident an the coeonut palm even nm the IAA producing |
Esaharighls . was found sn -1@ assooiation with the rosts
themselves in the rhisesplane, GL3 produsing fungi vere oonfined
te the rhisosphere only,

In 1935, Bitehcook and Zimmerman fownd that when very
high consmtrations of mthctio plant hormones were applied
to the reota of um; plants in the seil, some of it was absorbed
sad moved wpvards, The translocatien of these substances
absorbed by the roots apparently ecours through the xyles
(Hitehoook and Zimmerman, 1935, 1938; Mitchell and Brown, 19435;
Veavers and Rese, 1946; Dhillen and Lusas, 1950 and Veintramd
and Brewn, 1950), It ocan, therefore, de ampumed that, whatever
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be the amount of IAA and GLS produced by. meil aisroorganisms,
they may be absorded at lesst to some extent from the soil by
cosonut and omcae, throwgh their roct systems, The extent of
the benefit endeved by these organisss on the host plents
however, has to be verified and estimated Wy more studies in
this field,

Te farther thess investigatioas, isslation and
purification of these niresewganiams and the predustion of IAA
and GLS en synthetip media under eontrolled conditisons were
undertaken, ' The poesidility of using such a source of plaas
hermones to oarrest and iagrove any physiological phencmesa in
cocenut and oacao may b envisaged, Scuotthommhunﬁ
of atwdy ean W, (1) preveation of abecission of cesonut and
cssas Llowers and fruits Wy spraying with lov csmeentrations
of GLS (Gardner of gl.,» 1999 Eessy and Davey, 1942; derr and
Perde, 1952; Carns gt al., 1961), (2) initiation of root primerdia
on cased stem cuttings u & means of vagetative prepagation waing
m‘(uumx_ and Rice, 1942; Cepper, 1944; Avery and Jehnsen,
1947) Pearse, 1948) Audus, 1953), (3) rapid wewnd Mealing of
the sain stem of oncas after the removal of wmnwanted dasal
‘chupons’ (vertioal shoets) by applying low censentratiens of
IAA in lameline paste (Shear, 1936 Jakes and Hexaerova, 19%9;
Parihar, 1948) and, (4) premeting germination of casns peeds
with low eoncentration of GL3 (Braddeer, 1968; Byadbesr and



Pinfield, 1967; Pinfield, 1968),

~ Another aspsct of plant micrede inter relaticuship
eurrently atirasting attention is the frequent formation of a

fungal mantle around the reet systems of plants eften inveding
inte the interier of the roet sertex, Vhether there exists a
trus mycorrhisal assecistion or net is oftem diffigult to
ajudge as slee the role of the fungus in the plants welfare,
One distinst possibility repsatedly demonstrated is that these
fungi are eften instrumental in extraoiing diffioultly available
nutrients frea the substratum and passing them en te the plant
reets (Bowen and Theederew, 1967 and ¥ild snd Lafend, 1967),
_Apart frem this, the fungi alse confer pretestisn to the plant
-f¥em iavading pathogens by virtus of their antibietic produsing
sbilities (Garzett, 1960; Zak, 1964). Botr these possidilities
were tested in the present atudy,

Pour different fungi, Iuseriug sp. (Isclate no, §),
Seeedoniys e ReMASALLING sp. (Iselate no, 1) ead Iriguederss
Jisaerun vere found closely associated with coconut and cacas
roet swrfaces (Table 2), The ccourrence of Fusarimm sp. on the
cosennt reot surfase may appear anomalens because of its knmown
pathegenie nature, Hovever, thh' need mot be the came, 1if one



T4

conours with the observations of Bilai (1935) sad Derekhova
(1955). 3Bilas has reported that Riasxia vere denefioial unless
the Mt is wveakened, This was based on her obssrvations on
seybeans growing in fumigated seil which was inooulsted with
various rhisoplane organisms, Zusariug was stisulatery te plant
grovih unless nematodes were also introduced 1nto the same plot
umwmpmnmmmmmmuuhm
received euly the mtuu. Derskhova (1955) suggested that
beneficisl Fusaris wers restrieted te the rect oortex while the
haraful forms pemetreated the stele, The predominant securrence
of JZusarium aod gylipdrogerpon en roots of many planSs withous
say apparent injury mede Petersen (1958) to suggest that sueh
Tungi may be nermal root surfage imhabitants, irishad arme
wnuummummuzummm
osourrense ask only en the rhiseplsne bat alse ia the rhisesphere
8odls of coccnut, In many earlier stulies this fungus Aas beem
reported WP be restricted to the Fhiseplane only, sppareatly
Rot entering iante the plant reets (Thomas and Parkinsen, 1961),
Interastisns among the rhisesphere misreflora oftean
assume sonsidersbie significance in the contexs of root
infections sud their hiologieal eontrel, PFroduwstion of
sntidiotiss by sedd fungl, sotinomyeetes and hasteris has beem
reoeguised for the past ssveral dessdes, It is generally
acespted that the resulting antidietis scacentrations ave



75

sufficient %o influease significantly the pattern of
saprephytis méa-tm at these sites by other misroorganiasms
(Garrets, 1960). 3Zak (1964) postulated that fungi may furnish
protection frea pathogens bWy, (a) utilising root carbohydrates
and ether nutriemts whish weuld be attractive to the reot
pathegen, (V) providing a physical barrier as in the csse of
sctomycerrains for the entry of the pathogen, (o) seoreting
antibietiss which will kill or inhidit the pathogen, (4)
supporting a protective rhiscsphere population of other migre-
organisns and (f) stimulating the oells of the root during
aysbiosis te slaborate certain chemiosls which will specifically
inhibit the pathogena, |

Investigations inte the matwral misredial antagenisms
exiating in the cesonut raisssphere revealed that ene of the
isolates (Ixishadares Licnarys) inhikited the grovth of Iusarius
spp. (Isslates ac, 1, 3 and 4), Q2iee)adiin op.s SIAGGMREZANG 5.,
EMlnestania ppe 1molwding f. gahaRd and 4 hataticolas
Penisillium op, (Isolate no, 1) and sterile myselia (red, yellow
and grey) in vitre, Its inhibition was only parsial en two
isslates of Fugaris (2 and 5), Isclate no, 5 was assoointed with
the coconwt reet surface itself, |

This mm of I, LAGRATUS is understandable in view
of its adility to preduce & powerful satidiotis viridin well
known for its inkidbition of several genera of bescteria sad fungi,
1% 1s highly predadble that a goed des) of protestive influmee
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was bestowed by this species en eoconut plants, as not ouyk their
Thisosphere but aleo the rhisoplane was found te absund with this
organiss . The antogomistic effest of this fungus vas met,
Revevery evideat oa AMRAKSAANE BASE: A ZAATES Sad 4 femlenina
which were the astive phosphate solubllisping and GLS producing
fungi iselated from the rhisesphere, revealing thereby the high
degree of specifisity that exists in plsat aiarodbe inter.
relationshiy,

Studies en the ocoowrremse of mycerrhiss in eoconut and
oncas did not reveal the existense of such an agseciation, In
fact, many field observations on the socurrence of myocorrhisas
lead te the cenelusion that this form is most frequently seen
in infertile soils whioch implies that these strastures have an
impertant funotion on nutrient sebilisstion (Melin, 1946),
Therefore, She failure te observe AAF nyserrhisae in coeoant
and cacas during the presemt investigation msay de “o te the
adequate fertilisation of the seil in the plantations as s
result of which the hest plants do not require such an
association for increassd mobilieation of varicus mutrieats
frem the sedl, ‘

Al though trn. oan be grown successfully without
Ayeerrhisas wader eonditions of very high seil fertility, they
usually grow much better whem asscoiated with ayoorrhisae, In
Pusrte Rioo vhere pines véo not native, attempts to intreduce
pine trees met with recurrest failtre watil the seedlings vere
1nosulsted with leaf meld imperted frem & pine forsst in the
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United States (Briscoe, 1959). The situation seems to be

similar in the ease of cloves (Rugenia gervschyllaks, Thumd, ),
another important plantation orsp newly introduced to many sites

whish i3 net Saking on proededly bevsuses of the abssnce 9f a true
ayesrrhisa,

Instances sush as these again reveal séss of the
faseinating aspects of plant aiorode iater relationships,
Judieial exploitation of which may yet yield many geod
dividends, ;



SUMMARY



Nixed oropping of cacas in cessaut plantations was found
to ingresse the yield of scoconut signifieantly, The predable
nierediological fastors invelved in this phenemsncn formed the
bagis of the present investigation, |

IS was obwerved that mixed orepping of eaceo favoured
® higher ineidence of miercorganisas in the rhisesphere of
both oosonut and casae, This was all the more evident whem
oacao vas oultivated as a double hedge, Favoursble pit and
high ovganis astter content of the soil resulting fream this
mixed erepping have been implicated in this rhisesphere effest,

Censpiawous aneng the variocus nisvecrgmuisns in the
rhinesphers was the nitregen-fixing 'ma- Balisvinakis
wAieh en Sesting vas found to de capudle of fixing atmespheris
nitregen to the extent of 9,83 mg/g ¢f susrose, Hewsver, the
awaber of BadiewiRokis sp. snd the amownt of total mitroges
in different ratsesphere soils could nat be sorrslated,

Aneng ﬁo ditferent phosphate seluMilising miorecrganisas
iselated fream the rhisosmphere, Pasudenpuas sp. (Isclase ne, 6)
snd Aspersillng Aikexr solubilised 48,95 £ and 49,69 4 of the
tetal inerganic phosphate inverperated in their respective
seiis, A direct relatisashiy between the incidemce of phesphate
seludilising micreorganisms and availadle phosphorus in different



rhisesphers soils was obtained, '

One species of Fagheriohis iselated from the rhisssphere
synthesised IAA in pure culturse to the extent of 0.2‘709 n/ng
© 4ry veight of basterial cells. Siailerly two fungal iselates,
substances in pur: culture, which were almest idemtical with
standard gibberellic scid as characterised by astendiipng: paper
chromatography,

Observations om the interastions of various fungi en the .
root surface of coconut and oscse revesled that 2xishedsree
AMDSTRE one of the dominant rhisosphere fungi, effestively
inhibited the growvtk of several pathogenic fungi such as
Iusariws sp. and Ehisoctonta selsai and §. hataticels.

Neo eoto er ende mysorrhisal associations were seen
either in ceosnut or in oacao despite several notiseable olsse
associations between various fungi and the host reet surfaee,

It esa By Tightfully be claimed that the present werk
has deen the first sajor attempt to work eut the nicrebiolegisal

agpects az‘ plantatioa orops,
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ARRBERIX 2

Yield performsnce of cegonut palms in the cooonut - gasae
mixed arepping experiment (Cemasmmeed 1970).

i N
« 2z

T

Treataent of twe years 1969  of two years 1972-  (¢)
) M -
Ceatrel 79,25 120,39 .24
Single hedge 66.%0 112,08 45,53
Doudle hedge 50,45 108,95 58,50

a——— -

* Yield data for 197071 and T1<T2 not ineluwied as that peried
ia "transitien period® fer this sxperiaent,
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ARRENRIX. . 1IX

Cemposition of differsnt medis and reagents,
1. Seun's glyesrel aaperscinste sgar (Cema, 1521).

KfP0, - 1.0
Sediun aspareginate - 1.0 ¢
Caloium carbonate - 3.0 ¢
glyoerel - 10,0 nd
Agar - 15.0 ¢
Distilled water - 1000 =)

2, Caanek - Dex medium (Thom and Raper, 1943).
lal@, - 3.0 &
xzne‘ - 1.0 ¢
Toast extrast - 10 ¢
Ng30,.TH O - . 05 8
xcl - Ce3 &
o0 THD . 0,01 &
Susrese - 0.0 §
Agsy - 15,0 ¢

| Distilled waser - 1000 =1

So {smasn's Redifisd I,-Sres Retins.
XH 2O, - 08 &
= - o2 6

M‘.TI,O 05 0.0 g



nol., - 0.1 g
Sediun molybdate - 0,005 g
Susrose | - 2.0 g
Agar - 15,0 g
Distilled water - 1000 m1
4. Nartin's Rase Aeagal asAr (Martia, 1950),
Deytene e 5,0 &
N0, - 3.0 8
Ng®0,.TH 0 SR 0.5 &
Dextrese - 10,0 ¢
Rese-Banga) - 3%3.0 »¢g
Agar - 2,0 ¢
Distilled vater - 1000 ml

5% selxd o nl of
wm‘”” ution) ‘su/m

S. Eu\risat asal.
Bestextrast 000 - . 3.0¢
Fepteas | - 5.0 ¢
Agar . 15,0 &
Distilled vater - 3000 =1

6, ‘ Fred and

> T .08
m4qu‘° ' - GQ’ &

On00y - 2,08



NaG) - 0.1 &
Distilled water - 1000 m)

Sterilised filter paper dises in petri plates
served as the source of celluless,

T, RAkevAKATE'S Bedified pediun (Rae sad imha, 1963).

Cag(F0,), - 5.0 &
¢lwoone - 0.0 g
(xE,) 80, - 0.5 &
Eall - 0.2 8
1 . 0.2 &
W4tnz° - Oul &
Mn80, - Trace
rm‘,n,a - Trase
Tesst extvact - % W
Agay - 15.0 ¢
Distilled water - - 1000 =}
S. Reniane ¥aMSX.
Reptons - 10,0 ¢
Nagl - 5.0 &
Distilled water - 1000 m)
9. ZhsEnten’s atsadardised mediun (Thernten, 1923).
KHR0, - 1A
Ng80, ¢ TH.O - 02 &
oacl, . 0ed &

Hall - | Ovl &



?Cﬁl, Trace

nlo, 05 &

Asparagine 0.% &

Mamitel 1,08

Yoagt sxtract 0,25 g

Agar 15,0 g

Distilled water 1000 =1
10. Zrzziens Mosth.

Tryptone 10.0 g

¥a01 5.0 &

Yeast extract 1.0 &

Distilled water 1000 ml
11. Keragls raacent.

Jars dinethyl smine

benmidehyde (PDMA) o 50 ¢

Axyl aloshel - ™ m

Cene, HOL = s m
12, galkowski's rassent. |

0,5 N Pelly - 1,0 m

354 HOXD, - 30 =1,



