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., 2Til resarch reut 

or are in press as th re 

ron til spoethveierbnpublished; 

technical articles inprofesonal journals. "a" 

'~%Y;. :>;on 

Reprinto of the articles ar atace an osttt 

the technical accomplishments of the researchi oi 

he detailed report>22212 

thLsmjc- .. nn 

" 

bonefits accrued 2to the patcpnsof this project besides scientific 

accomplishmuents. 'The benefits are discussed insections with the two 

~ K A 

conresa uheadin~s, Teproeof thnase sectin is to:ocmn 

some o~f the accomplishments that accrued for each couintry as a result2" 

'22 

Guyana22" 2,2 

MZr. H1arri Persnud is the principal investigator in Guyana that was2 

InIvolved on this project. lie is responsible for all inoculum. production 

adquality cci tro, inGuyana. Mr. Persaud was hvn ifclyi 

obtaining support for quality control from withi hioontybcause 

resources wore very limited and his administration did not recognize tho 2 

Importance of quality control. In conjunction with the project I made' 
two visit* to Guyana that wae very fruitful In helping Htr. Porsaud gain22 

>> administrative supr for his area .Iresponsibility. The administra'. 

toewti h Ministry ofAgriculture aeseii cmimnst 

2 

2 

provido facilities togrow plants under controlled conditions frthe 
purpose of Lnoculant quality control. Our project provided nueru 

epnalsupisthat ware used on the project and vere essetia in2 

maintaining the quality of inoculants.22 

122< Through this project Mr. Persaud was able to participate In the2 

VII North American Rhixobium Conference -and had the opportunity of 2 

2 u~~toting with other sciantt having simuilar tntorwot and 22 



rospnsflib.il1Bie. 4 FollwnQil!the c~frc lpnt 3 weeks in my'"'~~~< 

labora-~ tory gain'inq trainin8j 'inquality control. of ilnoculants and in"~~ 

~~deveJlopin6nt of skills needed for participation-in our project.-' ~ J 

2. 

As a res'ult of the project Mr., Persaud recognixed the need for-

~examining strains of rhizobia 'for stability 'of effectiveness befoire -- .. i 
" 

'"4'' 

Ausing them ininoculant production. New strains were provided to him 

that are now included in the inoculants and will be very instrumental , 

In icresin leumeproduction 

Tha~iland 

4" i was 

mrs. -Y-nchi-Vasuvat Is the principal investigator in Thailandc 

involved in this project. She has total responsibility for 

that' [ii ' 

'Vand 

administration of soil microbiology research inThail~ind. Production 

distribution of inoculents to farmers isher Major responsibility. 

At the time this project was Initiated construction was initiated on 

a facility to be used for production of Inoculants and for research on 

.biological nitrogen fixation. It Is the largest government owned and 
operated Inoculant,production facility Inthe world. 

Mrs. Yenchi recognized the need for a highly trained individual to 

operate the facility and direct research on rhisobius. Participation 

Inthis project was welcomed because itprovided for training an 

individual that could accept this responsibility and at the sum time.

essential research would be accomplished. Mr. Nantakorn loonkerd was 
nominated to participate In the project. Ito received his Ph.D. as a 
result of the project and returned to Thailand to assum* responsibility 

for production of Inoculants and conduct research on rhisobtun. 

Through the project Mrs. Yenchi and Dr. Boonkard were able to 

partieipate in thu intornational workshop, hold In Calt, ColuabiA, oni 



Biolo~caNtrogenFixat oTecnology for Tropical Agriculture, 

<.AdditiLonalily, Dr'. Boonkerd was able to participate In the VII and V11 
Rhlizobiun Conferences., The exposure that they gained through prii 

ilK -~patlon in'these' conferences 'he.pedvery much-in their becoming ,-,"' 

acuaintedI wit imotn eerhdrcl eeatt Thailand. It u 

aloo enabled them to makeo acquaintances that will benefit their 

program~s Inl the long term.,' 

- -' -Through resbarch on the project Dr. Iioonkord learned-that stability "

of effectiveness of rhizobia used in Aioculant production in Thailand '~ 

"wasve~ Boda V tj~awel autodto survivalin Thailand 

A4~ ~ soil. 

CONCLUSION 

Participation in this project was vary beneficial to all involved. 

The principal investigators inGuyana and Thailand were provided the 

-- opportunity for increased training Innitrogen fixation research aad 

benefited directly from the research results. Principal investigators 

-- In both countries gained inobtaining batter visibility for their, 

- programs within their respective countries and benefited from becoming 

- --- acquainted with other scientists. The stability of effectiveness and 

survival of Inoculant strains was determined and will be of much 

Importance to the farmers as lnoculnnt usage increases. 



"1Err E-' STABILIT RI~fZIO N.T~TCT1V I'NESS OF~ COMIE -

AS ArFECT1,4 BY~ SOIL TLMPFRATURP, AND MOTSTURW, 

Nantakorn floon1kord and R. W. Weaver;'
'4 

-' ABSTACT
 

Iculation of a soil with rhizobia put'them undc, varinusanvP -

Sronmental stresses that leads to selection ofaubpopulatians that may-
 -

not be as effactive ns the original population. The hypothesis was,
 
tested by incubating different strainso hzb4i sny ~
 

oliitiildfom iila Theestrains' of-cowpoa rhizobia7Wre'
 
utilized; tonodulated peanuts, Tha"2O1 and T-1; and ono nodulated 
 ' 

cowpoa, ,TAL-309. The rhizobia were incubated' under dry and moist (-0.33
 
bar) soil conditions at 400C in sterilizod soil 'and at 450C.In non
storilized soil. Eighty single colony isolates at each strain wore ob
tained from nodule isolations of cowpoa and peanut which wore Inoculated
 
with soil samples Immediately following soil inoculation and 15 days
 
lator for non-sterilized soil. Single colony isolates wore also ob
tained fromn pour plates of soil dilutions of sterilixed soil immediatoly
 
following Inoculation and again aftar 45 days of incubation. flosults
 
Indicated that there were changes inef fetiveness of some,stra1nu due
 
to troatments. Relatively ineffective isolates (460% of plant dry mat-*
 

tor produced as compared to parent culture) wore found in rolativoly
 
high frequency (30% of isolates) in tha population of nodule isolates
 
of strain TM.-309. The variation was not as great when strain TAL-309 
IsolatoI wore obtained directly from soil. Strains Tha-201 and T-1 wero 
compratively stable in effectiveness. Selection of strains that Wav 

stable effectiveness chiaractoristics, is important for Inoculant produc
t ion. 

~Soil microbiologixt, Pacteriology and Soil lHtcrobtolony section, 
-Division of Plant Paethology. Thailand Departmnt of Agriculture, fang

khan, Blangkok 10900. Thailand and professor Soil and Crop Sciences 
Dept*$ ~Taxnx AM 1nivornitys Collage Station, Texas, U.S.A. to ho 
publinhio4jIn J.11.G. Stophetig (od.) Proceedings of tho Vill Nortli 

- - -Aorlcan k1iaofum cofrcilr 

c 



Sr~pontaneous 10lOf 010~I~ inftiityy fifdiflylibiotSc clinracto2,Lptics 
effectivoneos of rhizobia hnve been reotd(ogly 96
 
Schw.$nghpner,~1964, and Labandera a incnt R15).f Frequencyo

'mutation in a single Bgn.aji1 bacetria ic about 10- 7 and 10-8 per cell 
per generation (St-nt.and Calendar$ 1978). Thr r ubro ee 
involved i.n cffactivenass in nitrQon fixation in Rhizobi, ncuLng 
17 frnit2,oftnage O(frill, 1980), a hydrogen uptako ys tem1(Schubert 

and Vaat .j9T?, YChaintA9B0 -.- orls-o.o 
by pontaneous mutation is considarable since~ many genes are involved. 

1.rlloeidneta ee raquired'for nodulation and ~ -w
nitrogen fixation are plasmid-borne in rhzb4(uia l 1979, 

BrowSin at nl 1980, Buchanan-Wollaston a$18,ndCasadosus at all

1980). Thoraforo, loue of plasmidu from afteutiv, rhizobI4,may,.also

result in Ineffective or non-nodulating mutants as was debonstte byf 

Casadsusat al, (1980). 
'Variation in symbiotic effectivenoss of cowpoa rhizobia has boon 

reported by lfarridge and Roughloy (1975). They found that 17-sub
strains of C8756 varied In symbiotic ef fectiveness; 9 wer* fully.. 
effective, 5 were modrately effective, 2 were relatively Ineffective 
tnd IWS completely Inoffoctive.
 

The majority of rhisobinJ, Isolates obtained from nodules7 on. 
peanuts In peanut growing areas were either only modrately effective 
or relatively Ineffective (Weaver, 1974). 81.1lar .results were obtained 
with Isolates from nodules of clovers Clergerson, 1970, bargerai tk.11971s... 9, Holding and King (1963)and Brockali 1968). and Wutuan 

(1946) reported that soil factors have Influence on variation Inan 
effectiveness of r 

, , 

. . , . 

From an economic standpotnt inefectlve variants in a ftll e nvi
ronmient compvo with offectivo rhisobta for formation of nodules on 
legius and decrase the yield poti-ntlal. The fro~uancy of effective 
rhiaob%.1 &*ratnonuatn to hoc^?v InffeetLye tdar strop# In tho 

2f 



C)~ '
sQ1 1lQlU w i~0t uo4QV~40t4na y exmle 4Tho u 0 alorjJthe 

ityvriosf stain Qfrhtzobla to soil tomporturo andii4 tQ*1,@ 

MATUTAL AND NTHODS 
Sybiti
sabl"tyofcowpda rhizobia instrrilized irnd non%jjI j 

loaeiize'ol codtoewsiVastigaed. >Tho soil was a oasnd
 

strains of copArhtobia weeselected# Tw rinowere islae 
fr~om peanut, Tha-201 (Thailand) and T-1 (Texas AM University), cnd~ 
were Offuctiv@> onl C~wpeA aid peanut. The third strain, TAL.-309 was ob

cultu~re designation'is CB756 and belonged to the Sydnoy University 
 ~ 

collection, NIow South Walos, Australia and iseffective on cowpea. 'Two 
 "~*moisture rogimea, air dry and moist (-0.33 bar) and two temparatures,
 
400C for sterlizeod soil and 450C for non-sterilized soil, warm used 

ons t
for inc batA l oat ant w r rpl itcated tw c , S i was
* sterilized by autoclaving 10 g samples Intest tubas for I hour on each
 
of 2 successive days.
 

From the stocks of each strain six working cultures were prepar.J 
onyastextract mannitol ga lat (Vincent, 17) ln& lr


stored In a refrigerator at 40C after approxliately 7 days of tncubation 
at room temperature. The working cultures were used as standards over 

'. a period of Iyear without additional transfer*, 
Inoculum for soil was prepared by transferring a loopful of culture 

from awrigculture to 20 *1yeast extract amitol, broth (Vincent,
1970). The broth cultures ware cultured Inan incubator shaker At 2900 

-' for 7 days at which tine the cultures were In *,he late log phase of 
growth. The cell densities of strain Tha-201 and TAL-309 used for 
inoculatInS non-sterilixed soil were respectively, 5.6 x 108 and 
7.0 x i0oa cells "C1 The cell densties of strains 7hm-201, TAL'a)0 I 
*and T-1 used for tnoulatll steilized soil)ware respactIvely, 5,7 x

10 5.5 x 0aand 6.7 x 10acells "I'm, Soil was Inoculatod by addIng 
0.5 al of broth culture to 10 g xwqles of soil contained In 15 x 100 m 
tent tuboh,v~th plastic vapo. Thu. approprinto quntIty of stertio dt..' 



4. A 4 ~-tilled Watvtr Was dt 0t~Mtsth01soil to0-03 bMr i tire. For 
2 tfic dry tottsnt, Cnpa woro r(-movod rrum th1C tubca iand tcil 1was ~-~1 

air dried ina laminar flow hiood at room temporaturo tor 2 hours bo-,?7?.§"-1 
foro roplacinD papa anld P1CIAthe o i il Incubator, Titbes cc'~i-. 

loan.Nonetoi 1 asic colt@ at 40~ r1 ay u,sInue 

stoilxd001 411Inubtedat40C for 45 am 
Two roplicas of non-storlixodu soil were used for Isolation ofrhizobIa' lauediately afte ionocpulation and again 15 days After Inola-1g 

to.The entire 10 S mll were added tou90mSfAall~itlawater Contained In screw-cap bottlas and mechanically shaken for 5 
44,.sod -wr-urae 

with a I'Z suti~on of comrca bouschod bleach for 5~ ninuton anti 
rinsed sovotal times with top water (60"C) to remove all traces of the 
blea'ch. Four storilixed seeds ware, sown in modified Leonard jars cons* 
taining vericulite. The seeds werei Inoculated vith a soil suspension
of Tha'-2OI by dribbling the ontire semple onto the seeds. After 
Inoculation s**ds wore covered with vermiculte. Saedlings were 
thinned to two plants per pot. For TAL-s309o the sm procedure was
employed except that covpoa (YIM yg~junaMcitA (L.) Waip) was the hoist
plant. Uninoculated soil was used tor inocilatlon of peanut and 

* ~covp04 In same pots to provide a check for Indigenous rhisobia. i 
Plants used for Isolating rhisobia wore supplied with h~strongtit

plant nutrient solution Otuanas, t96$) except for H&which was used at . 

Istrorsth and vore placed in a light teem providing a photon flux don
sItY of 650 tiE a-2C"' at the top of the plant-s. The teimperature of
the room was maintatnod at 29'oC dluring a 14 hour light period and at
21 0C during 10 hours of dark each day. At 5 weeks of plant growth all-
nodules were collected and more than 40 nodules frm plants in each 

. 

container were used for tsolaticn of rhixobia. Modules were surface
sterlised by first rinsing in 95% ethanol aid then soaking In 102
bleach -for 3 to 4 minutes. The nodules were rinsed repetedly In 

-sterile voter to remoe residl bleach. RhImo~a were Isolated by
piercing a-nodole with a flassdl 24 gauge, needle and streaking en YNACyoaol extract nanoltol *ar) c-k big congom~ After?7red, to 10 44@4,
colonlos eharetertstir of rhisobia were trwniferretl to agar slants. 



storod ln a rofrtoaor t4"C
 
~ rjj ofseiie olnd4 dayo~
o~cl ollowingloqltn 

atrInoulatioHn YMA spruad plates 
were to za to 'bti single 

colny AferInqubatioisoltes 
 of plates for 10 days.-3 colonies 
of ouch wrtransf@oroto slants.strai 
 Sl8ants wamostorad~l 4.
 

and Sterilized soil were cofreda h iotainefte ncua 
strains by istaB the tMiorocntntibody'taqo (Shmd I'tnou 41,~ 
1968). ws;'~For effectiveness~ assays a loopful of rhitobia WSaseptically>
 

transtorrod 
 from YHA slants to 6 ial'of YMB (yeast extract mannitol.7 
broth) In 15 x 100 mmn culture tubes having plastic closures. Tubes
 
were'placed In test tube racks and were 
shak~en on an incubator shaker
 
at 29 C for 5 days. The populations of rhisobiA In the broth after 5
 
days ranged between approximately I1x 107 to 10Oa calls al - . $Jx
 

uirato (L rkijjum p rop!urot K. Urp) seedlings Ini separata
 
compartments of plastic pouches were Inoculated singly with each Igo-

Into at 
a rate of I at broth per plant. The plants war* grown In the 
same light room as those used for nodule Isolattons. 1ecause of, labor 
and space restrictions All troatments coul~d not be tested at the some
 
tine. To compensate for this procedure 12 
 to 24 plants inoculated u-Ith 
a working culture were included to each test so that plant growth--
conditions over tino could be compared. 

The quantity of dry matter produced Inplants top after 5 week.s 
of growth woo usnd to group plants into 12 categories. Categories were4 
In 10 mg Inereasnts beginning with 20-30 mg. Plant dry weght of 
parent culture and uninocutatud controls were not included in the 
analysta of varaco. The ViAriances of subpopuiAiops wtthin each date 
of ampling woro analysed uising the OMS (Statistical Analysis System)
campitpr program. Ilomtnotty oft variance between troatmantis was 
tested by the P..ax ratio method whtch to the ratio of the largest t 
th malt tr@Atment vJartantoo (Stool nd Torrio, 1960). 

44 



Stbiit of uffactivonoss of~ cowpo4 rhtoi in non-ter i4 " a''" 

cl''-a---ticsnil---'Nf44o pan nutriont rioutin woonnri izod t 

quniyo fixeovuld o expected to be hiably corrolated with 
plant dry woight ;(Urdmnn ana en,'15,Wyn ta. 90 n 
fladock tal, 190) 'lpnts used for effectiveness assays of 
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In o-trlsdsi i oncreased the varriabiity of offectivenossi"hU~ 
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