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lnJigr-nnu ..; fh.: ;:HHlt rhi1.nhia frum s nn1c.• Bit:ul ~nil s with Uifk~r~nl ~ropplng h k"h)ri""·s 

w,·r,· c num erat.:J. isnlat.~d . llnJ charackriZ<'d hit8~d onnll>rplwlv~y. cullurall:har;Ki<'ri.,. 
Ltf..:"', intr)usi(: aulibiutic rcs i~lancc and dlcctivcn~~s. "Jh ~..· ,.;;.:•rulogi~al pn)~ni.:s nf dl l~ isn ­

latv~ w~r~ l·ornparcu wilh lh~ r~krence s lruins ~ I' I X2- ll. ( ' H75(> , l ( i~ 1120. ;ual P~ . T•' l 

t"' l ~tl h._.t' LO acitJi ty anc..J (,:ompclilh:l' fl\.'.SS o r sd eck•t.J cfl'cctiv'-' t:-.~)l .:tt cs Wl'f~ also stuJh~d. 

ll1-.· p~<uni,ing i.<olat.•s RI'G 2~ . RJ'C I ~ lJ. RJ'\1 JOI . J{f'C i 112. and Rl 'U 2 I I ",-r,· 
ol~ c..·o mpe llli vc..· as the n~fcr;:nc .. ~ ~ua1ns. ·n wy .\ho\\."L"d t.'", .... t~u ti~d and (.ks rrahl~ quodit lC'- \•( a 

,·omtxtili vt" innn lllllll tor <1 ~lK(.:L"so,; ful inc.x:ul'-'Linn propnun. 

lntrodudion 

Ciroundnut or peanut (Arachis IIVjiOgaea L.). a legumi nous nor ,grown in the 
Bicol Region, o ilers many combined auvatllagcs as a rood and rood ingredien ts. 
It produces highly nutritious seeds containing 20-30'11, protein <IIlli 46-)0 t.J, oil 
(Vamcll and McCl o ud. I 975 ). Altho ugh Uw demand for it is high. there b a low 
pmduclion levt:l due to the inadequate tcdmology practiced hy th<.: local peanut 
ranners. 

( >nc aspect o r peanut prouuction lllat need~ vital a lte ntion is legume inocu· 
latinn . Successful inoculation or peanuts will de pend on Lhe survival of introdm:cd 
rh iwhia in the soi l. Osa-Afiana and Alexander ( 1Y79) noted I hat bencfi ts from 
legume inoc ul at io n wilh Rhi::ohittm are sometimes not evident in Jhe season a fter 
inm.: ulalion because the introduced rhizobia du not persis t in the soil in suflicicn t 
lllllllh<.:rs lo nodulate subseque nt crops. Thus. the plants :m.: o fl t"n nodulated by 
inferior nitrogen- fi xing s trains or even by ine ffect ive rhiwhia from U1e indig· 
cnous soi l popula tion ( llowling and Uroughl\lll, 19X6). Patcmo ( 19R2L working on 

1 l.~ xc~flll fromth~ Ph.O. d isscnation ( "~aturc o l Jndig~ nou~ Rhi1.ohia Fr,•mAmd us hypoMtrt'tll. . 
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peanut iu a ntunhc r fo Philippinl! ~llib. found that inn~ulant -;train!'. could fnrm 10 
to 30':1, 11f tht: notlulcs, and some tim~.:" up tn hO'/; . hut !'.t iII Ita VI' no srgn i licant 
c!lect t>rl the yield. T his variability in tHldu le occupan<.:y by the ithJ<.:ulam SIIains 
m ight he indicative of t ht• lu~ h l·ornpctiti vcness <,f the na t in~ rhihlhia even anH1ng 
rdatctl suib . 

Many noduks arc produced hy mixed infc~.:t i uns ( Broughton, Jl)7X; May 
and Bohlo111. Jl>X3) and many inoculant ~u·am:-. now l'PnHnl·rd a lly availahlr Wl'ft' 
once hut mcmhcrs 11f some indr~ctlllU!'. rhitnbial p11pulatinns PI Sllll\t' ~oils . l'h l'y 
have hccn sc k c tctl for thcrr ability to atlapl til prc\ailirtg ~11i l condition~ ami to 
persist into ~uhscqucn t cropping '-eason~ (I >ow ling ami 1\roughtou. llJS()J . 

Thi.'- study was cnnclucted to: (a) enumerate and i.--P la te itllh~e twu~ peanut 
rhi7ohia frPill some Bicol ~oi ls of difkrc nt cropping hi storic~; ( h\ dwracterite 
native peanut rhitohia in tcnm ol I AR pallems a nd ~crolo,!,!ica l pwperties; (c) 

dete rmine tokratll'l' o f native [)L'anut rh itohia to at'id -J\1 ~Ires-.: (d ) and eva lualc 
the competillvc ahility fulhc nati\'l' peanut rhizohia. 

The s tudy was performed at the Department of Soil Scicncl'. l 1ni,·crsil y of 
the Philipprnc~ all.o~ Banos, (\•IIL'gc. Laguna. 

Rt!\'it'w of I ,it~raturc 

Legltiiii'-Nhi;tJ!Jitl/11 ,\rn1hit 1sis 

Agriculturalnups usuall y have a fairl y high nilrogen (7'J) rc4uircmcnt. Fl­
e mcrllal :\is ahu11dant in tlll' atmo~phcrc . However. mo~t plants and ;lllllll :t ls strll 
surter front N-dctki cncy at ~omc stage ol the ir li ves hec. tu<;c g rcl.' n planb e rn unr 
usc gascou~ N. {)n The o ther hand. the rootnoduk haue ria or rhitohia have the 
ability to take atmospheric Nand wnvcn it into a form rhat is usahl l' hy thei r hDst 
legume . 

1\i irrugcn i' :tn expensivl' krtilitcr ·- ib conun ercialmanurat·tu rl! i ~ co~l l y. 

adding Il l the hrgh lann pmduc tioll inputs. In contrast, taking adv;rntagl' olllw 
syluhiotica lly-ft xl·d atmosphcril· N would he economical. 

1\lcthod.-; lJscd in Ch<1rartcrizing RJtizohial Population 

It is gene rally accepted that the \lilly relbblc form o f itll' tllifil·atinn lll' any 
particu lar specil'S of Uhi::.ohittlll I S based on tire a l,ilily or the m~anism (0 fonll 
nodules on the rooh of a host legume CTtuimura a11d Watall:thl'. l lJ61; Brod:wel l. 
l 'Jo~; Vincent. JIJ70; Weaver and Frederick, 1972) . The me tJmJ involved is l.'a lkJ 
the "plant-ink <.: tion" technique {lldy ct ;rl.. l tJ57l. 

Tcsl plitn ts arc g rown ascpli<.:ally in test tubes a11J arc inoniialc d with a 
st• rics o f soil dilution!'.. Rlti:ohiwtt numbers are l'ah.:ulatctl frmn the proportion uf 



t ·,·fmtt-( iauuJJdt• . Souu·t• 4!/ flulr,~t·nous Rlu:ohu1 (rom.-\. II\J'Oi.;cl''" 

test plant:- fonning twdule~ at each dilution . The rhiw hial pupula tio n o f the sam­
ple is de term incd hy w .. ing the !\·lost Prohahlc Numhcr ( Ml'N) method <Broc k well. 
1%::1). 

lmrinsit· Alll ihiotic Nl'sistancc 

Antihio til· resistance i-; llOC nf the most common nu.:thod-. u-.ed fo r the ide nti ­
fication o f inoculum strains from nodules ( Amarger and Luhrcau. I 9X2: Jlagedorn. 
1971J; Kremer and Peterson, I 1JX2; l .ahandcf'..t and Vim:e ut . I IJ7:'i l. However. little 
auc ntion has been g ive n to the resista nce patterns nf tndigenous rhi zobia whkh 
have had less npportunity fnr exposure to variou s antihio tit:s other than through 
co ntm:t With ;tntihiotic-pnl{!ucing mi croorganism -; inhabiting the same ccDI ~>g ical 

ni che t llagl·dorn. I97X). 1-'rt lll\ the works of several rcscardtc r-; 11 appeare d that 
ma ny antihio ttcs could he used for the seh:ctio n of rc:-is tant rhimhial s trains: 
huwew1. llagcJo rn ( I Y7X) advnc<tteJ tlwt cauti1 m must he exen: iscd so that es­
se ntial dwral' tl' ris llcs are no t impaired . 

The <ie l immtlltndiffusinn t<iii> l tc dlllilJ UC involves snlubl e antigens from 
the haCtl• ria l \ llspcns ion and alllihm lics from the anti ~l' ntnt whic h dillusl' into the 
agar gd (Vincent. I IJ70 l. Whe n the antigen and the antthndy meet a t Pptimai 
Cl llll:cntra llon~. prl'C tpitate-; arc formed in the shape of lines or hatHh. T ill' numhcr 
uf prc l·i pllin ham!\ fnnn cd ts l'qual to the numhcr of Jctcl·tahlc antigem. 111 the 
hacteria (Vincent , 1'>7()). Dudman ( 11>7 1) ~howcd that unknown strain ~ pre-.cnt in 
soylwan root nodule~ we re readil y identified hy immunodillu\ ion. 

Fn-:n ne-linktd llliiiiiiiii/Snrl 1ellt A.Utfl ' 

An·ording to R;unanan ( I 1JX~l. l:ntymc -linkcJ irnmunusorhc nl :l'iSity (I ~ I .IS/\ ) 
ts na~ed o n the in tnactio n he twl·en a n antigen and a n :mtihody. The ;liHigl·n wi ll 
Dnly reac t with a partil·ular antibody whit:h is spcc.:ilic for it and this detcnnines the 
spe cificity or the technique. The antigen is hlllmd in be tween the antihod y and an 
e nzyme -conjugate . /\n l~ntyme-subs t rat e 1s the n added and the sub~trat l' w hich 
initially is colo rles:- J eveiops a ye llow color when al·te J upon hy the l'n tymc. 
The amount o f color developed b directl y proporti r>nal to the quantitie:- of anti ­
~l·n present in the sample . 



Transnt:tions Nt11ional Anulem.v oj Sunwe 

Factors Affecting Rhizobia! Growth 

.)'oil Acidity 

Aciuity is know n tn nllcct t11e activity o f Hlli:.ohium in snils (Kcy~cr et al.. 
I «J7~) and mcthm.ls have hc..:n developed recentl y for the preselection of RIJizohium 
strains tolerant of the acidity faclOrs (Date and J Ialli day, 197X; Keyser anu Munns. 
I ~7lJ). Ayanaha CL al. (19X3) fomiUiated :Ul agar plate method for t11e rapid, pre limi­
nary ~c reening or large numbers of rhi?Obia fo r to lerance of acidit y and a luminum 
(acid-A! ). Using this me thoJ. they showed that s trains that formed \iry. pinpoint 
~:ninnies were more sensitive tn acid-A! than those that fomiC: d large, gummy 
colonies. 

Compel ilion 

One or Lhe lll \ISI impo rta nt !~tc tors ilia! tnflu l·ncc soil po pulation of indig­
e nous rhi1nhia is its ability to compt· tc li1r in fec tion sires on the ·hnst root with 
previously inoculated :mJ newly inoculated s trains . NoJulc induc tion 3t hig h fre ­
quetll:y hy int roduced rhizohia has he e n rcadi I y seen in soil s where indige nous 
rhi1ob1a arc deficient. 

I :t fcc uvcncss of rhiwhi:d s tratus for !':-l txatinn can ca~il y he mc_;_tsurctl (Y in­
ccu t. JlJ70L llowcvc r, the ahility o f HIJi:.ohiwn t\1 nodulate comperitivcly is much 
more Jillicult to a sst·ss ( 1-lardar:-.nn ct a l .. IIJX I ). BromtidJ and .Iones ( 197<J) sug ­
gested a L'nmpct i ti vcnc~s scn.:ening method 111 accc:lcratc evaluation of rfli7obia l 
strain.~ for 1.:\llllpt:Lilive ahility. The c mnpc liti ve ahilily tc.o;t usually includes the 
dc1cnninati1 m 111' the pe n..:entage oJ' nudulcs altrihulahlc to each of lwo m mor~·. 

s trains llf k hi:;o/Jium tl1a1 arc ~i'nwllancous l y inoculated o n a husL. T he n s trains 
fnnntn,\! nodules may be de tcmlinctl by u:- lllJ! a n!ihiotil' resistant mutants 
< llagedorn. I <J7<J: llardarson ~md .I nnes, I «J7~) . 

Material-; and Methods 

L-;olatinn nf lndigenuus Rhiwhial Strai1~ 

hdtl Sitt! n escriplion 

Tile sampli11g areas cunsistcd of different locations in thl: HJC\11 Region. 
They were dividcd to indudc three cropping hi :-.tDiics. lliUncly: ( I l field IHII planted 
to peanut , (2) field previously planted to peanul witho ut inocula tion. and CH fi e ld 
with st:md inl! peanut cmp without inoculaliun. 
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Soil Sampling und Preparation 

From each field measuring about one-half to one hectare, forty 200-g soi ls 
samples witJ1 a ucpU1 of 20 em were take n at random using a shovel. C'ompusitc 
soil samples were take n for chemical analysis, for the estimation of U1 c native 
rhizobia! populations, and for U1c isolation of indigenous rhizobiaJ strains. 

E.l'timalion of Indigenous Rhizobia/ Popu/utinns 

The indigenous rhizobiul populations for each field were determined U);ing 
Ulc plant-infectlo ntechniquc (Brockwell , I<JS2). A tenfold serial di lution of the soil 
sample was done. Aliquots were used to inoc ulate test planls in a plastic growU1 
pouch. The most probable numbe r or nodule bacteria in the original sarnpk was 
calculated from the proportion of test plants fonning noJulcs a t each dilution 
level. The estima te of rhizobia! population was done using the MPN Table 
(Brockwell, 19X2). 

l sulaLion r.((/\hizo!Jia from Nodtth!s 

Surfuce-stcrili :t.ed nodule was crushed a~eptically and the m ilky nuid Lha t 
came out was streaked over the surface of yeast cxtract mannitol (YEM) agar 
containing Congo red. The plates were incubated at 2S°C for 7 to 10 days. 

Then typical isolated colonies were picked up ror funJ1cr rcstrcaking and 
(iram-staining (Vincent. 1970). 

Authentication of Isolates 

Authentica tion of the isola tes was done using the Plant Infectio n Mctl1od 
(Vincent l 'J70). Peanut c. v. HPI-P<J seedlings grown unde r bacteriologicall y con­
trolled conditions in growtl1 pouches (Fig. I) were inoculated wi th the presump­
tive rhizobia] isolates. Plants were ohscrvcd for their rcspllllSe to inoculation on 
the basis of plant height, color, and notlules formed . They wen.: compured ror 
nodula tion response with the nodulat.ion reaction or the reference strains from the 
Nitrogen hxation and Mycorrhizac Progrmu Laboratory at l.mrn:CH, namely : 
RP IX2- l \ CD75fl. P3, and 3<i4B20 (Tahle 1). Negative cnnt ruls consisted of 
uninocula ted plants and uninoculated plants wi th N addt.:d to !he nulrient solution 
at the rate of 140 k!,! N/lia or 70 ppm in the form of KNO'~ (Somascgaran and 
I Iotx:n, 1985). 
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Figure 1. Authentication of indigrnous peanut rhizobia in plastic gro~th pouches 
in the growth chamber. 

'Jahll' 1. Rcf~rcncc strai ns u~cLI in tJ1c s tud y. 
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A multiple inoculator was prepareu and llll'n was calihratcLI to t.k tenn ine 
the number or cell !-> e ach prong wnuld deliver (hg. 2). There were 20 prongs. 

l :ach tip of lhe pron)! was dippcLI into 1-ml yeast cxtral:t mannitol hroth wiUl 
rhizobia! growt h of U1c test s trains. The dilution plating was done on plates of 



Figur~ 2. The multiple inol'tllator with 20 prongs (foreground) . 

YUvt agar with Cnn1!t' red. Colo'ly growth ~ wcfl· ohscrvcd antlnumher of rolony· 
l••rntmg un11 :- per mlof stod. r ulturc dd i ver~·d t"ly l':to.:h pron!! wa:-. computl~d 

The lntnno;il' AntihJOt ic Kc :-istancc I I AR l tc:-t wa:-. r•~ rfonucd to determine 
the I AR pattans of the indigenllus rh itohtal isola tes. The appropriate quanli ties 
of the lowe:-.1 l'l >llO.:l'ntrattun' nf the different a ntihioti<.:S to whi\.'h the rl'feTl~ l ll:C 

~t rain~ Wl' f l.' found tu IK' rc~istant were added to the me lted Yr:M agar. Then the 
plates w.:n· inoculate d wirh c ultures of the rhiw hial isolatl!s u~ing tJte multiple 
inoculator. Plates wne inc uhated at 2X''C for 7 to 10 Jays. the n ~cored accord­
ingly. 

Spnhiotic Properties uf the Promi-;ing lndigl·nuus Hhi:whial Strain-; 

Thl~ tl.'S I was a singk f:11.: tm in a Completely RanJomize d De:-ign <<'RI>) 
w itJJ three- rcplicatll ms. Fach treatm e nt wa:- a plas ti c gr.lwth pouch with -~ peanut 
c.v. BPI-II() pl:ulls . 



Tnm.<ac iW/1.\ Nario11nl AccuiNII)' fifScic•nr t• 

The nodules and plant tops were harvested after six weeks of growth and 
were oven-dried at 70"C for 4X hours. Symbiotic e iTe<.:tivenc~s CSI ~ ) w:ts cakulatcd 
b;L-.cd on <Jry matter yield as: 

I >ry weight of inoculated 
'f.. SE X HXI 

IJry weight of uninoculatcd + N 

Data collec.:ted were analyLed sta tistically using the Pooled Analy~is of Vari­
anc.:e for< :Rn (( iomcz and (imnez. 19R4). The Duncan Multiple Ran)!c Test 
(DMRTI was usctl in tile comparison of trcalment means. 

!Jel·elopmr:nr ofAntisem 

The basic reagent for strain identification utilizing serological techniques is 
rahhit antiserum devclupctl ag;tinst Rhizobium ( Somascgaran and lloben. I ~X~). 
Rliiz.obi11111 antigens arc prcpurctl and useJ for the devdopment of anti sera in 
rabbits. 

Pure cultures of rhizobia were prepan:d and cell ~uspcnsions were t:cntri­
fugetl at 5000 rpm for 20 minutes at 15"C. The predpitah.: was w;L.Jled with ~terilc 
so•linc solution for three mn~ccutive times. then resuspcndcJ in lO ml saline 
sol ut iun . 

The prepared t:ell suspension s were injecteu on 4-month olu rabbi t~ at four 
dJilcrelll seuings. muuely: ( I) tlay I . (2) day 1-l. (3) day 2X. anti (.t) day 35 . On the 
40th day. lJJC rabbits were blctl tbrnugh cardiac.: pum:turc <Snma~cgaran anti 
llohcn. IIJX5). 

The hlood was collected carefull y. antiserum was purifietl. ~tnd its pnlle 111 
l·onccntralion was determined using an I tV-visible spcctrophotoml' ter. Then tltc 
antiserum wa:-. standartlizcd by having Lhe appropriate cn1 ymc C.: llnjugatc l·nmh• · 
nation. 

( ilass plate~ were prepared and hot melted Agaw sc was introdu<.:ed on the 
surface of the plates and alluwcd to soliJify. I Ising a stainles~ steel CiiD pundtcr. 
wells were fonneu on LJ1e agar (Fig. 3). 

After ui~pcnsing the antisera anti the antigen~ o11 Ute we ll s. the plates were 
incubated at room tl~mpcrat urc in a water-saturated atmosphere to prevent moi s­
ture lnss from the gel and its subsequent breaking up. Obscrvat ion for the fonna­
tion of precipi tin hands w:L" done after 4X hours (Vinc.:cm. I'J70l . 



Figure 3. The hexagonal pattern of agar weUs for GID test. Four unknown indig­
enous peanut rhizobia are compared with a standard str.tin. (AS) 
antiserum, (a) homologous antigen, (b) unknown I, (c) unknown l, (d) 
unknnwn 3, (e) unknown 4. 

l:'w:n~~t·-linkl'tllnuJuowstllhl'Jll A.l'.l'll\ ' 

FrL· ~hl y prL·pafl' d coatin g buller solution was dispensed illlo the well s of 
ELI/.A lllH.Totiter plates and noduks were crushed thoroughly in the respective 
wells. Plate~ wa c lllCuba tcd at 4"( · ovemighl. Then the crushed nodules were 
washed oil front the plates witlt phosphate buller :-olutiun. the antisL· rum was 
applied un the wel l ~. and then iiH.:uhated for 2 to ~ ho ur!'-. at room temperature . 
Wash in~ with the huller solution was again done for four more times . Then the 
cn;yme- lahel ku an tiglohulin was dispensed into the well s anJ the plates were 
incuhat t•d for anothe r 2 to ) hours a1 mom temperature fo llowed by four times 
washing with the huller "'lution. Thi!-o. was fo llowed hy the application of freshly 
prepared ., uhstrate huffcr solution into the wells. incubation fur ~0 minutes to o ne 
hour and the simultaneou!'-. observation for Ute positive yellow color development 
Colorlcs!'-. ur nu yellow colm development meant negative result or thL~ anti serum 
was not rclatcu to tltc strain Utat nodulated the test plant 



l'rc /11.\'tll' lltlll.< Narumal A n tcit'lll )' oj S• 't i'I/Ct' 

Screening for Acid-tnlrrant Rhiz.ohial/solates 

The intligcnou~ rhiwbial i~o latcs were scree ned fm :t(.:id tole rance fol low­
ing the method devcJnrx·u by /\yanaha eL al. ( I IJX1l. The dried agar plate~ were 
inoculated with the rhizohial i~olates using the multiple ino(.: ulator. The pla tes 
were im.:ubatcd ;tt 2X°C fo r 7 lll 10 day~ and (.:o lony growth wa~ observeJ. Like ­
wise. change in color of the indicators on the agar medw wa.-. noted. 

Compdition A mung Rbizohial StruirlS 

The rhizobia! strains were inocula ted in p:.urs in tu onc-wcck-olu peanut 
seedli ngs in g rowth poudH.:s. After six weeks of growth. tht• nodules wt:n: tes ted 
for rhimbial invasiveness and nodule m:cupancy using J:I.ISA (Ramanan. 11>X3) 
technique. 

The par;uneter considered for eva luation was the nurnher of nodules ocnt­
pied hy tl1e iso lates tested. Da ta (.:o!lc(.:tetl were anal yzed statistical ly using the 
Pooled Analysis of Variance fur Cl~D (Cinmcz anu (iomez. I IJX..f). Statistical analysis 
was done on arc sine transfnm1ation of tJ1c data. 

Rt:sult.; and Di .. cU.'i.'\ion 

Soil Charactt:risticc; a nd Number nf the Nath·e Rhiznhia 

Field Not Plaflft•d to Peanut 

There were three sampling s llcs for U1e tkld not p lan ted to peanut. Thl' ~oil 
samples we re taken from lhe provinces of Camarincs Sur. Mashatc. and Sm~ogon 
(Fig . 4). The soil ~;unplc from C.unarincs Sur falls on the order Yenisol and tJwsc 
from Masbatc and Sorsogon arc Ultisols ( M;triano and Yalmidiano. l lJ7 ~ ). These 
soils have textural c lasses of clay anti c lay lo.un. 

The pll of L11c soils r.mgcd from 5 .26 to 6.30, urganic mat ter content was 1.07 
to 3.92'1.. and total N was 0.08 10 0.21JtJ? .. Native peanut rh11:ohia ranged from 0.-+0 x 
102 to-+.20 x 102 l·ells/g soil. 

Indige nous rllitnhia wen.: fou nu in soi ls not planted II> peanut . slu>w•ng Ut;tt 
they were adapted IP their soi l e n vi ronment . llowcvc r. the po pula lion wa~ rela­
ti vel y low in an a"·id so il (.:omparetl to a high populatio n mllcd in a nearly lll' tllra l 
~.oil. 

Presence of rhimhia in liclds not planted to peanut ts not entire ly unusual 
sinn· legume rnnt nodule hacte ri41 have tJlc anility to live in sniltn the ahse ncc of 
host plants ( llilthold ct al.. 11>X5 ). They arc facultative symbion ~. and in thc 
saprophytic s tate, arc independent nf their host legumes (\V(>omcr c t a l., l1JXS) . 
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Field Pre~·io11.1A PJ,mled In Pemwl Willuml lnocrtfalion 

From tllrl:t: r•clds thai were previously planted to peanut without seed in ­
nc ulalio ll . soil samples were collected . These s~unplcs were take n fron1 selcl'tcd 
' itcs in the provinces of Camarines Norte and C amarincs Sur. including Na t!a 
City 11-ig. -l l. The soil fwm C'amarines Norte i~ an /\ lflsol. that of< 'amarines Sur i-; 
a Vcrti so l, ;mllthat nl Naga < 'it y is an lneeptisol (Mariano and Yahnidiano, 1'>7:'> 
The soil tex tures wen: clay loam ami day. 

Soil pi I ranged from 4.XO to 6.20. organic matter corHcnt was 2.2) tn 4.4-l './, .. 
and w tal N W<L" 0. 12 1110. 16'ik Nat ive rhizobia varied from 0.40 x 102 to 1J.20 x J ()~ 
~:ells! g ~oi I. 

lndigcnnus rhiLohia were likcwi '\C found in lidds previousl y planted t11 
peanut witlwul itH>~: ul a lion. ~how111g that they can pers is t in the sull C\'tn in the 
absence o f a lq!Uilll' hos t. 

Field wi/11 Sran,Jing Pcamrl Crop wafuna lnncrtflllioli 

One s;u1dy loam soil sample was collcctt:d in /\ I hay prnvnh:c . It is an hllislll 
< Mariwtn and Yalmidia no. I'J71) with a pi I of 6 . 10, llff!<UIIC ruath.:r cuntt:nl t\l I .27',1, . 
and tow I N Df 0.07'/,. Native rh iwbia was l-t .70 x [( )2 L·c ll s/g. snit. 

l'rt:sumptin: Tt:St ur lsulates un l>ifT,·r~nt Mt'dia 

I ndtgenuus Ull i;u/lirtm Strains 

1-rnm the pewlllt nodules random ly selected, presumptive rhi ~.<>h ial iso lates 
were ro lkL·ted. These cu ltures were designated RP(i I Rhitohia Philippines 
<.~roundnull iso l ate~. \Vhich hereafter are used tn refer lo thos{~ in<li,l!l'IH>Us rht'!.Dhia 
isolated fro111 ~olll e selected Philippine soils. 

lnd tgennu., peanut rhitohial cells were seen to he ( iram-negativc . sll<\rt­
medium rod)., a nd non-spore formin g. They wnc ohscrvcd to ft)mt Ct>lPnie), on 
YEM agar in 3 tn ) days for the las t g rowers and in 5 to 7 J ays for the slow 
growe rs. 

Thcrl~ were twu t ype~ o f co lony morphology, the dry a nd Lhc wet t Fig . ) ). 
In ge neral, the fas t growers fonncd ~cmitransluscl~n t colonic~ appcarin!,! smooth. 
wa te ry, and wet. Thl'y were circular. raised, and with flat elevation. On the utlu.!r 
hand. assnciaLe u with the sltJw grmvers arc colonic:-. thilt were opa4uc . g ranul:1r. 
paste-l ike. ;mJ dry. T hey wcrL~ ri rcular and convex with raised elevation. 
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Figure 5. Colony types of indigenous peanut rhizobia. dry = granular, opaque, 
wet = smooth, semi-traoslusccnt, watery paste-like 

Minimum lnbihitory Conc~ntratiun of Antibiotics for Indigenous 
J>t:anut Rhizobia 

Minimum inhibitory conccnl.ration (MIC) is Lhe lowest concentration of anti­
biotics that would serve to distin~uish among different strains or groups of rhizo bia. 
The distinction il> by differential response to antibiotics. One group o f rhizobia 
may he inhibited by a given antibiotic while a.nol.ber group may not be affected by 
it. The levels of selected antibiotics that e licited tl1e best differentiating response 
among groups of rhizobia are chosen and used to de termine tl1c intrinsic antibi­
otic resistance paltcms of lhc isolates or strains under study. 

rrom the n:sponsc of lhc test isolates used. tlle sclc<.: ted minimum concen­
trations at which least resistance was observed (Figs. 6. 7. and 8) were lO ug/ml for 
tetracydine (let); 50 ug/ml for chloramphenicol (chi). kanamycin (kan), and strcp­
tomydn (Mr); and 300 ug/ml for penicillin (pen). These concentrations were used 
to develop the intrinsic antibiotic resistance P<lttcms of the indigenous peanut 
rhizobia. They were chosen to e licit a range of responses from the U1rcc groups 
of rhizobia! populations. 
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Figure 6. Determination of MIC level for kanamycin. 

Figure 7. Determination of MIC level for streptomycin. 



Figure ~. Determination of MIC level for penicillin. 

lntrinsk Antihiutk Resistarn.:c (lAI{} Patterns 
of lndigenmt'> l'eanut Rhi:whia 

Till' tliVl.'l'~it y or the isolates is l.'\' idcnced hy tile IIUIIIhCr of JAR pattc.: rns 
l'XhihitcJ hy the ~roup . Out of I I po~sihk JAR paucrus, only 17 wc.:rc ohtaincd. 
rhcn: wac l fllAR pattcms t!c.:monstrah::d hy rhil'uhia from fie ld' not planted to 
rx·anut. 7 for fidds preVIOUsly planted to peanut, and X lllf lil'hl\ with standing 
peanut crop. ·nw JAR pallcms of rhizubia from fit:lds not planted tn peanut were 
di ~trihutcJ among the rnemhcrs with l)'k showing n;sistanCl' to chlor:unphcnicol. 
( >n the othl·r hanJ. the highest propnrtion (2CJ'k) nl thl' Isolates with the IAR 
pauem chi. kan. str. pen was observed in the llcld ' prl~Vinu sl y planted tn peanut. 

Fn>m the lkhh with standin!! peanut ~.:rop the dominant JAR paucrn noted 
was IAR·chl , str. pt.•n. 

Rl 1i t.ohia fn1111 fields not plantcJ to peanut wen: IIH lre d1versl' than thn~e 

from fi elds prcnously planted to peanut and fnun fields with standing peanut 
nop. Liknvise. rhitohia from field~ with standing peanut crop were more Ji vcrsc 
than tll\lse from fields previously planted to peanut. Tltcir mean di!Tcrenn:s w1:rc 
~t.a tisticall y :-ignilkant at ~9~ Jcvl'l (x2 = 16. I 7). 

Apparc.:ntJy then native rhiwhia can persi~t in t11e soil rcg:Jrdlcss of the 
presence of a lel!ume host. I luwevcr, a more Jivcrsc group of rhizohia can 
sur.rivc hc ttcr unJcr legume than undc.:r prev10u~l y cropped areas. 
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s:vmbiotic Effectiveness q{lhe Indigenous Peanut Rhizobia 

As a group, rh izobia from fields not planted to peanut had significantly 
lower nodules formed , dry matter yield, N content, N uptake, N fixed, and symbi­
otic effectiveness than rhizobia from fields with the o ilie r two cropping histories. 
In tenus of dry matter yie ld, rllizobia from fields previously planted to peanut had 
signit1cantly lower shoot weight than isolates from fie lds with standing peanut 
crop. But, tJ1ese two groups of indigeno us rhizobia did not differ signficalllly in 
terms o f symbiotic effectiveness. In general however, as groups, these indig­
enous rbizohia and signiticanl.ly lower nodulation, N-lixalion, and sym biotic effec­
tiveness than the group of reference strains. 

Selected promising isolates, evidently. were infective as reflected by their 
ability to nodulate U1c host planl. ·n1e highest dry matter yield was obtained with 
RPG 24 which was not signitkantly different from that o f the uninoculated + N 
control but significrullly higher than the n;ferencc strains. RPG 112, RPG 211, 
RPG 95, and RPG 149 produced dry matter yields similar to the reference strain~. 

RPG 24 had the highest mean N content a t 2.2R% which did not di ffer 
significantly from the uninoculatcd + N control. Il was likewise observed that 
RP<J 112. RPG 2 11 , ;md RP<..i 95 produced high N content comparable to tl10sc 
produced by the reference strains. 

The same trend of results was o bt.ained will! N uptake and N fi xed. isolates 
RPG 24, RPG 112, RPG 2 11 , and RPG 95, showed good performance relative to 
tile reference strains. The symbiotic effecti veness of the isolaws ranged from 
74.99 to IOJ .94'ii compared to 90. 18 to 97.0M'c· of the reference strains. RPG 24, 
RPG II ?., RPG 211, and RPG 95 did not differ significantly from CB756, while 
RPG 149 Jid not significamly differ from RP182-13. CB756, r~. and 3G4B20. 

Serological Properties a<> Determined hy G ll> 

Antigenic reactions showed that four indigenous rbizohia from field no t 
planted to peanut reacted positively with antiserum RPG 24. Simil arly, three na­
tive rhizobia from field not planted to peanut ~md two from field presenll y planted 
to peanut wiUlOut inoculation exhibited rela tedness with antisemm RPG 149 (Fig. 
9). 

In contra!St, RPG 95 and RPG l03 antisera did not react posibvely with any 
of U1c isolates. Moreover they did not demonstrate relatedness wi U1 U1e reference 
strains like the rest o f l11e native rhizobia from the three fie ld categories. 

These resu lts indicated the diversity of the native rh i:wbial populatjon as 
had hecn o hserved in U1eir IAR patterns. Furt11ennore, it was noted Ulat some 
isolates with the same JAR patte rn did not consistently show the san1e antigenic 
properties exhibited by others. 
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Figure 9. Gel immunodiffusion assay of indigenous peanut rhizobia. 

A. Antiserum (A..~) P3 showing antigenic unrclatedness to (I.J) RPG 24, 
(c) RPG 95, (d) RPG 103, and 9e) RPG 149. 

B. Antiserum (AS) CB756 showing antigenic unrelatedness to (c) RPG 
24, (c) RPG 95, (d) RPG 103, and (e) RPG 149. 

C. Antiserum (AS) RPG 24 showing antigenic relatedness to (e) RPG 
35, (d) RPG 37, (e) RPG 38, and unrelatcdness to (c) RPG 103. 

D. Antiserum (A..~) RPG 149 showing a ntigenic relatedness to (b) RPG 
162, (c) RPG 15, (d) RPG 16, and unrelatedness to (e) RPG 24. 

Tolerance to Acid-A/ Stress 

T he acid to lerant isolates were nblaincd from soils will1 pii ranging from 5.6 
to 6.9. In general, tile fast-growing rlli zohia that formed large (1 .0 to 1.5 mm dia), 
g umm y, and wet colonies were more tolerant of acid-A! stress tltan t11c slow­
growing rhizobia that fanned small , pinpoint dry colonies (Fig. lO). 

The four re fe rence strains used were sensitive to acid-AI stress. 
The proportion of na tive peanut rhizobia from the three cropping system s 

showed that more acid-AI to lerant isolates came from fields not planted to peanut 
and from fie l<l(i previously planted to peanut without inoculation . llowcver, there 
was no signl1can t difference in the proportion of acid-AI tolerant isolates between 
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Figure l 0. Agar· platl' screening of indigenous peanut· rhizobia lor add-A! t.oler­
ant·e: 

D. Growth in the control medium-change in pH indkated by color 
change of indicator in the agar 

H. Growth in the acid·Al stress medium 

the two cropping hi s toric~ earlier mcnOoned. Result~ were stati ~lically significant 
at )t;.. le\'d (x2 = 12.272). 

It e m be seen tha t occurrence of acid-A! tolerant rhizobia \v:.ts not sit.e 
spec ific. They L'3.Il be found in soils wiUl a wide pH range. 

l ~ ffl'ctive <tc id-.'\lto lcrant strains that em he used as seed inoculants woulu 
llave an adv~ullagc over otller acid. AJ-scnsilivc strains in acid. Al-rid1 soils. Hence, 
the usc of legumes and rhi;.r.ohia adapted to acid-AJ stress Wllu ld rcctucc the need 
for expensive lime applicat.iuns. 
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Competitiveness of Selected Indigenous Rhizobia[ Isolates 

The ELISA test was used to assess competition of rhizobia in terms of nod­
ule occupancy of the effective strain. 

It was found that for all mixtures tested, one of the strains in each pair 
formed most of the nodules examined (Table 2). In all cases, however, the effec­
tive strain dominated the ineffective competitor. 

Results indicated that RPG 24 and RPG 149 were as competitive as the four 
reference strains. On the other hand, RPG 103 and RPG 95 had similar competi­
tive ability as P3 and CB756, respectively. RPG 95 was the least competitive 
among the test strains. 

Table 2. Proportion of nodules formed by the indigenous rhizobia on peanut 
c. v. BPI-P9 grown in plastic growth pouches in the growth chamber. 

Isolate %Nodules Occupied 

Combination Rhizobial Strain 

RPG24 RPG95 RPG 103 RPG/49 3G4B20 CB756 RP182-I3 P3 

RPG 24 +95 38.57 51.43ns 

24+ 103 40.13 49.87ns 

24 + 149 52.50* 37.50 

RPG 95 + 103 27.05 62.95** 
95 + 149 35.04 54.97** 

RPG 103 + 149 42.28 47.72ns 
RPG 24 + 3G4B20 51.60ns 38.41 

24 + CB756 52.27ns 37.73 

24 + RP182-l3 41.68 48.32ns 

24+P3 43.41 46.60ns 

RPG 95 + 3G4B20 28.99 61.02** 

95 +CB756 38.57 51.43ns 

95 + RP182-13 24.02 65.98** 

95+P3 34.41 55.59** 

RPG 103 + 3G4B20 60.14** 29.86 

103 +CB756 37.76 52.24* 

103 + RP182-l3 56.53** 33.47 

103 + P3 49.81ns 40.20 

RPG 149 + 3G4B20 44.19 45.81ns 

149+CB756 39.34 50.67ns 

149 + RP182-13 40.20 49.81ns 

149 + P3 39.20 50.80ns 

** - Proportion is significantly different at 1% level 
* - Proportion is significantly different at 5% level 

ns - No difference in proportion at 5% level 

Statistical analysis was done ·on arc sine transformation of the data. 
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It appears that under field conditions effective and inctlccti vc indigenous 
rhizobia can he as competitive as IJlC introduced inoculum strains. Tbe ineffective 
rhizobia from the indigenous soil population could post~ a problem in an inocula­
tion system. They could hinder the establishment ir: the microcosm or the intro­
duced effective soil inoculanL~. In such a case, it is important tl1at tlle effective N­
fixing strains be inoculated in a high density population to outcnmpete these more 
invasive members of the indigenous rhizobial microflora. They must be in great 
number in order to have a foothold on the nodulation niche exclusively. Weaver 
and Frederick (1974) suggested that in order for the inoculant strain to form 50'-;{, 
or the nodules. tile inoculum should he supplied at I 000 times the level of tJ1e 
indigenous Rhizobium population. 

Sunmmry and Conclusion 

From the results of tbis study. the following inferences are made: 

1. There was lower indigenous peanut rhizobia in soils unuoppcd witJl 
peanut than in soils cropped witl1 it . However, effective N-fixing 
rhizobia can persist in tbc soil, whet11er cropped or uncropped with 
legume. 

2 There was low population density in soils witll low pH value. Rhizobia! 
number was positively correlated with soil pH (r = 0.572). 

3. The MIC's for these indigenom; rhi:t.obia arc 10 ug/ml for tetracy­
cline, 50 ug/ml for chloramphenicol, kanamycin, and streptomycin; and 
300 ug/ml for penicillin. 

4. Some native pemmt rhizobia showed tolerance of acid-A! st.rcs..-;. Moreo­
ver, they were not site specific. 

5. The indigenous rhizobia can he as effective N-fixcrs as the reference 
strains. Moreover. symbiotic effectiveness was not inllucnced by crop­
ping history_. 

6. Some native peanut rhizobia can effectively compete with ll1c stand­
ard strains. 

In the lig ht of t11ese findin gs. it is recommended that in the screening for 
inoculum strains, it is vital to select rhizohia that have the ability to compete effec­
tively for nodulation sites. Moreover, they must have the ability to [ix sufficient N 
to sustain a level of l egume yield Ulat is Ule same as, if not more than, its produc­
tion wben applied with nitrogenous fertilizer. Likewise, it is imperative that they 
survive and persist in the soU for a long period of time over different ecological 
stresses. 

Furthermore. on any inoculation program, it is equally important that the 
initial prevailing cell density of the indigenous rhizobial population be deter-
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mined and its effectiveness as N-fixer be assessed and evaluated to ensure a 
successful establishment of the introduced inoculum strain in the biological micro­
cosm. 
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