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Selection of Effective Cowpea Rhizobial Strains for Centrosema pubescens

ABSTRACT

Selection of effective nitrogen fixation rhizobial strains for Centrosema pubescens was
carried out in three separate experiments. The first experiment was conducted to compare the
two growth system for counting populations of soils by whole soil technique, i.e. 1) Gibson
tube with N free agar slant 2) Niftal tube with N free solution using towel paper as supporter.
Centrosema pubescens a small seed legume was used as a test plant for 10 soil samples and
3 rhizobial strains (TAL 652, TAL 655, TAL 688). The result indicated that Centrosema grown
in Niftal tube results in faster nodule ‘formation (14 days) than Gibson tube which required 23
days for nodule formation. When soil rhizobial number was lower than 102 cells/ g of sail,
plant grown in Gibson tube failed to nodulate whereas in Niftal tube the nodule was found.
"This experiment indicated that Niftal tube can be used for counting rhizobium in soil by plant
infection test.

Enumeration of indigenous soil rhizobial population for Centrosema was conducted in
34 soil samples collected from different parts of the country using Niftal tube as the growth
system. Nodules were found in 23 soil samples but the number of rhizobia (by MPN} were
relatively low. Number of soil sample with MPN < 102, 103, 104, '105 and ‘IOG cells/g soil were
6, 6, 4, 5 and 2 samples, respectively. The highest rhizobia estimate was 7.I§4x105 cells/g sail.
[t was also found that soil with rhiz;bia number higher than 103 cells/g soil were collected
from the area where Centrosema were grown at the time of sampling. Soil samples collected
from plots growing other crops even it was closed to where Centrosema was grown, the
population of rhizobia was low or not found.

The third experiment was conducted in Leonard jar using 8 soil samples containing
high number of rhizobial population from the second-experiment. Suspensions (10 fold dilution)
of the 10 " and 10 Gwere used as whole soil inocula. After 5 weeks, plants were harvested,
dry matter weight of shoot and root together with nodule number \;vere determined. The
result indicated that plant inoculated with 10-1 dilution grown better than 10“3 dilution.  Scils
with rhizobia number more than 105 cells/g soil resulted in higher shoot and root dry matter

weight and nodule number compared to soil with lower rhizobia number. The rhizobium in



these soils were found to be more effective than Rhizobium strain TAL 655 but not as

effective as strain TAL652.
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- 1151 pH 1viagflutng pH 6.66.8 Tnald 1 N NaOH vi3a Hel

- gaansazaneliuTms 27 Haddns ldlunasanaaasisiasuaan
- YpqndnAudndurisans inluiksinde

- 1avaan el Ul ls slope wamuny

22 m:‘m‘i“ﬂu Niftal tubes

- winszaneviesetnauluvsesnasasdiniulgn iunan 24 $alug

=)

- Fudnduiuinszanuneiia (menend3uaenldiunniiga)
-ldansazans N free nutrient adltlunaananaaasaanas 22-25 YaaaAS
- tpelvaansae KIMKAP udaiinluiiezinige

3. mawzsuiadwmiuldnaaennisifinly (Infection test)

o o g o o o < = P Y

Anpaniudaturulnsianysal ave1n uwsslawnalndideeiu Ussunm
10 nfu wilunsadaysnidisndss (conc. H,50,) Wivinuiudn i1y 30 unit Fuiensmeanls

1 v v oy v o v

8nfign Fwdaehnauiieeihdaudavane A (Aasinatineniie ity winea
9/ as ¥ dl o ar [ g’ = :’/ ° -3
IiFunnufeuiliiaannissansrasnsaiuianniduli) aandu dudsldinzluens
v o R gy T SV 2 P -
4 16% fiussqlu petri dish indelillszasvinezndrandamin o Ay udasieidlifignumgl
2 | ar £ %4 o Y dl9l A’ 2 dl dl 9 dl ) ¥
viaw 1uasn 2 M lnenwlindusunduiudrsuuiefiaglisnfsenaanundludunse
(AEPRG

Warnsanenatszunn 12 uuRwas dindraslgnlumaen Niftal waz Gibson

tubes MeTenld d7uau 1 siusle 1 waen nisdgnnszinlaaldAuilantse (orcep) Ay



gnaneanAds Audutan ddlu luseamsadnaidesmstiuvaendat aluminum foi
simnanfilgndufesuda U3 luifsan fuusafieame
4. 117 inoculate AulA#IAT whole-soi fechnigue
4.1 MIFTUNAIIATANEINIY tenfold dilution series
d

15u 10 nfu Mdadldlutindunisindauda Lsunms 90 Jaaams Nussa

9

agflu Erlenmyer flask 1u1m 125 Sadans iliizehuiisianadidunalsznm 5 und

2

a -1 Y ) a
arlfansazane@uniaudindu 107 andulfluuln (pipett gransazanafuiFuams 1
a oo 1 ,G’ ulz a aa d' 1 al é’ ]
fndamns ldadlluindn 9 fad@ns Mussyagluziadin@en (screw cap) gATLAALN
Hae 56 AN IeAALLAzKLATIGEaanan e mETuy 2-3 uiasldasazaafu

'2 £ 4 =) aa o ] ¥ 1
audndu 10” udalfliingeansasasduainusentiun 1 Radans Hatuildelauls

d’d o ¥ Y 73 o d”
ANTAZAENNITAUAMNIT NI UANNEaINNT S35
o ' i p . ' -1 -4
Ausinaeinefl 1-8 wisu N1 ldanududuseus 10 D4 10
a o ' i 1) A | -1 5
AuFnaenan 9-10 wisan g uidudusaus 10 89 10
d‘l’ o o &
v lsladeuane g TAL 652, 655, 688
AN A -1 5
wirgN Al A ud ud s s 10 D4 10
42 fURNAUNIIN inoculate
IfllulngearsazaneRuissivanudidiusine inoculate adli/lumaanilgn
Gibson WAy Nittal tubes 1 WARARIFABVARA WARZILAUANNUITUTIURINIT inoculate 3 91
9 o [ w dldl Lar ] = o =Y a q‘/ = d‘
udarinauldaeBluifldfuusaduin - duneninaindulaeesd  mafiadudisn
v = o = o ] . o & v & a ¥ = a
tunnuadunaunsoiiutunsnduusn vasmandgn 21 Ju dufinnafady d18nais
t v
U tuinifluuan uagliBady uiinifuay wdainadlaluamnBunugelsln ey

Taeimn319 MPN n1sAturaimnen MPN 1duanelslunisenimaunnd 4

nsvaaasdauil 2; eldaanmmaaesdanil 1 dmaannaaeeLLL Gibson e Niftal
tubes 1ugnsnfilgniiFdusuiuiinndelstndonluiu ¥3apugniiuiitaiuBunn
delstnfluudwiusetnedudn 24 fethedsne dwiAEmmesessng 7 le
axiBaatuitniunimeaesdauii 1 ussufinuaninfadly Meaudsign 21
- Fretedl 11 Pusnudaslgnueiiuin uitlaqulidfr3unaqn annil
tgefufdng a. Usdus

<l

o ' - a o v ~ o [ « =
- AN 12 Aiuanuilasdgniiannnsi anttiingeiugdnd A, dsAuys

9



a

Fagneil 13 Auanudasdgrua anaflithpiugdnd a. dsauys

b

Fateil 14 Auanulastgnuaiuautaauns anftngeiugded

<l

a. YAy

‘.

%

1 a ° [ -l
faasinedl 15 Auannuiastignanungin aniditingeRugdng a. Ay

g
b

1 a ° o o <l
Fhatiai 16 Ausnudasdgnanung anithingeiugdnd &, Usmaugs

aelwdl 17 Auannuuastlgndandy apiWmnfiduuneene A, 9813

3¢

1 1
o 1 al a

[ a =i
Faatiedl 18 Auanulasgnuendin anilimunAfuLneleng . 1613

b

Fnat1edl 19 Auainudasdgnuaiiuln guadnsRmuimanszagaT i
dau 2 nuNa1TANN A, ATUNT
Faatineil 20 Auainulasgnuai guidnmimuimunszata-saniuday

2. NUNANTAN A, AZLTIUNG

] 1
ar

o 1 = a ulz = dl 6] [ 4 )
FIRAENN 21 muanLﬂmﬂqnmLsnuimeﬂuﬂl,mzmau°] AULANEIWAUIATN

=

WILINTA1E UNTUTAU 8. WUNRITATN [, :f,ﬁamﬂ

9

pnat1eil 22 Ausinudasigndlnng 'lm@]uﬂﬂnmwwmmmwszmmmim

¥

Afau 9. NUNATTANY “ﬂ RALLTINI

=1

saeinai 25 Auanulasifnandidszauuagudnssanend anaitngoiugdng

< ar 4
. 137Ul
o 1 < a 4 (3 Ao
Fretiail 26 Auatnuilastlgnueiig an1iitngiugd af a. 135ud
st 27 Ausnudasgnuaiuneuszuzann antilitseiugdnd
. gaung

9

b

a

paeined 28 Auanudadtgnnestiv fa Siato faulnsdun nanduwg e

antingWugdnd . duns

et 29 Auanudastlgndaulngdun dranunsa nanfuvegd guel
2W9dRdiunaNg . thndes A, uassrdun

o’ ] dl = 73 d" & 174 Ly -4
Fangine? 30 Auanudasgnuniiiuiiios uewd1n wzann dudanvnedng

Muna14 2. Unded A, uATsTRNN

10
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la (enfivananuiiiusnudesing < Sussanannlunissielulnsauseiy uazms
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d' o ’c’ g Vi/ v g as 4 d‘ 2
A9 2 A1UuLN daninuuse sy muunmemmnwimmnmmﬂam

d -1
14 Leonard jar \l® inoculate #nel whole soil solution tdudu 10

Frfumaanad | saautluse | dhwiinufedy ﬁmﬁnuﬁqmn
biRpI (ﬂ‘}lﬂ/ AR} (ﬂ%‘,&l/ AR}
Control 00a 0.115 ab 0.068 a
Husnaeine 12 6.3 ab 0.218 d 0.112 b
Ausaeened 20 9.8 be 0.105 a 0.065 a
AuFnaNN 23 163 cd 0.162 bc 0.120 b
Auseeined 28 238¢e 0.333 ¢ 0.167 ¢
Pusnaened 29 35.0 1 0.546 f 0.157 ¢
Pusneted 31 250 ¢ 0.203 cd 0.105 b
Pusaaene 32 10.8 be 0.203 cd 0.115 b
Ausnatief 34 50.3 g 0.827 g 0.200 d
TAL 662 490 g 0.933 f 0.210 d
TAL 655 21.8 de 0.287 0.127 b

*

) 1 )
= inoculate ﬁ@ﬂﬁ‘ﬂ‘lﬂmﬁﬂuﬁ 10 dilution
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dl o 'al % k4 174 'al o U l=; 124
ANINT 3 R1uULN WnTnUAITasyY uﬂ'ﬂuﬂLlMd‘IJ'f]\ii"\ﬂVl‘lﬂ@’mﬂ’]?ﬂﬂﬂﬂ\‘l :

. o . 9% , R ” -3
1 Leonard jar L4 inoculate M2l whole soil solution L NILU 10

Frfunsmaaed | arualusa | smnugiedy | shaihudiesnn
190 (NFu/ 298) N3N/ m)
Control 0.0 a 0.115 a 0b68 a
Ausatine 12 8.8 ab 0.127 a 0.097 b
Ausaginei 20 78 ab 0.265 ¢ 0.133 d
Ausaaenad 23 8.0 ab 0.125 a 0.120 bed
Pusnatied 28 213¢ 0.172 b 0.100 b
Ausnatnedl 29 205 ¢ 0.343 d 0.105 be
Ausagied 31 8.0 ab 0.115 a 0.100 b
Ausanened 32 90ab . . 0.135 3 0.70 a
Ausnagned 34 115 b 0.260 ¢ 0.220 ¢
TAL 652 490 d 0.933 e 0210 e
TAL 655" 218c 0.287¢ 0.127 cd

*

. 5 : a )
= inoculate snell@alsTaidand 10 T dilution

19




LANA1TANNAN

1ryde udlgad 2518 daane dnarsTnsinfitensdng 202) ; 1213,

Yy Alawa 2626 Arawnsdndianfeunaznisdanis medandaanans anizinems-
ANART Nuanende e |

qfinn ralsey efdng Tnddu Ustema Alarssny amading quisded audnd denn uas

4AARA AIUNNA 2532 mﬂ%ﬁﬂ‘lﬂml,ﬁﬂuLmzﬂﬂw'mﬂm”m’l,unmﬁuuaN'ﬁmm;
@mmwﬁ"f:mm?ﬁmﬂumﬂm:f‘i'u@'anL*?mximﬁ@ neunsideaauasielasans
wezvitannlunany @auiden) nasyiwin 80 i

qfime gjolenw 2535 mednidenidelstnindidssAnanwlumssidlulanau  lud
L - |
Th9fun Menun1sdde Usssatlutssunns 2535 aaizmaluladinnsinmms anntu
walulatinszaanindidrnunsainnszd 48 wii

Bonish, P.M. 1978. Clover rhizobia in soils: assessment of effectiveness using the plant
infection count method. N. Z. J. Agric. Res. 22: 89-93.

Brockwell, J., R.A. Holliday, and A. Pilka. 1988, Evaluation of the symbiotic nitrogen-fixing
potential of the soils by direct microbial means. Plant Soil 108:163-170.

Buchanan, R.E., AW. Ravin and R.Y. Stanier. '1974. Burgey's Manual of Determinative
Bacferiology. S‘h ed. The Williams and Wilkins Company, Baltimore, 1268 pp.

Date, RAA.  1983. Microbiological consideration -Rhizobium specificity for nodulation and -
nitrogen fixation. In_ Burt 'ét al. (eds.), The Role of Centrosema, Desmodium and
Stylosanthes in Improving Tropical Pastures. pp. 221-226. Westview Tropical
Agriculture Series No.6, Westview Press., USA.

Elmes, R.P.T. 1976. Cross inoculation relationships of Psophocarrpus tetregonolobus and its
Rhizobium with other legumes and rhizobia. Papua New Guines Agric. J. 27(3) : 53-57.

Grof, B. and WAT. Harding. 1970. Yield attributes of some species and a ecotype of
Centrosema in North Queensland. Qid. J. Agric. Anim. Sci. 27; 237-240.

Halliday, J. and P. Somasegaran. 1984. The Rhizobium Gerplasm Resource at Niftal :

Catalogue of Strains. University of Hawaii Niftal Project and Mircen.

20



Humphey, L.R. 1978. A guide to befter pastures for the tropics and subtropics of coastal
" Australia. Aust. J. Exp. Agric. Anim. Husb. 14: 1273-1275.

Kang, U.G., P. Somasegaran, H.J. Hoben and B.B. Bohlool. 1991. Symbiotic potential,
competitiveness, and serological properties of Bradyrhizobium japonicum indigenous
to Korean Soils. Appl. Environ. Microbiol. 57: 1038-1045.

Moore, AW. 1962. The influence of l.egume on soil fertility under a grazed tropical pasture.
Emp. J Exp. Agric. 30: 239-242.

Norris, D.O. 1965. Acid production by Rhizobium : A unifying concept. Plant éoil 22: 143-166.

People, M.B., AW. Faizah, B. Rerkasem and D.F. Herridge. 1989. Methods for Evaluation
Nitrogen Fixation by Nodulated Legumes in the Field. Australian Center for International
Agriculture Research. 76 pp.

Johnson, AW.B. and J.E. Berringer. 1976. Pea root nodules contaiﬁing more fhan one
Rhizobium species. Nature 263: 502-504.

Tin, D.M.M. 1991. Early summer vyield of six tropical grasses in the first year of association
with Centrosema Qubercens.':Unpuinshed M.Sc. thesis, Asian Institute of Technology,
Bangkok.

Whitney, A.S.; Y. Kanehiro and G.D. Sherma. 1967. Nitrogen relationship of three tropical

legumes in pure strain and grass mixture. Agron. J. 59: 47-50

21



dy I dl Y o U 14 ﬁl = 1 gj 1 Y o ¥ € Y ¥ .
wnanstluenasianulidmiunisldnuienisfinwivintu ldeygnlriluldusslevisunisen

. B $2 4 &y ~gvw E Y Y oo = v & da B o
13J 1@ VNG aﬂmmuﬂmmwmmam LLazma\iE)’]\‘iaflﬂ\‘lL‘R]W“UENL@ﬂﬁ’]iﬂﬂﬂi\iﬂmﬂﬁuﬂﬂiﬂ
2 . 22 9q v

4

by el



7 1 Annusinll uaznaadoyiuTnuestainulngdan

unaeANAaeILLIL Glbson LAz Niftal tubes

23



e

a .'a =) ell
nmsifiaUnreesindaimulastunndgnlunasavaass

LU Gibson LAY Niftal tubes

24



791 3 mafadnesdaaulnedunfiUgnlunaeanaaasuuy Gibson

25



\hiv. e
bt ) eIk

U 4 mafsdurestaimulnsduafidgnluvassnaaecuuy Niftal

26



- o <~ . >
ANS1INMANEIN 1 Nguunlsiddanmiugzuy Cross-inoculation groups

Cross-inoculation

Rhizobium species

Host Genera

Legume Included

group
Alfalfa group R. meliloti Medicago Alfalfa
Melilotus Sweet clover
Trigonella Fenugreek
Bean group R. phaseoli Phaseolus Beans
Soybean group R. japonicum Glycine Soybean
Clover group R. trifolii Trifolium Clovers
Pea group R. leguminosarum | Pisum Pea
Lens Lentil
Lathyrus Sweetpea
Vicia Vetch
Lupine group R. lupini Lupinus Lupines
Ornithopus Serradella
| Cowpea group - Vigna Cowpea
Archis Peanut
Crotalaria Crotalaria
Pueraria Kudzu
Phseolus Lima bean
Lespedezs Lespedeza
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= a./ A 2 1 o
WIRTLANINLUDEBIAL

W’JF]L@?‘EI__J WL Ts139 (Fast growers)

Rhizobium meliloti

Rhizobium leguminosarum

biovar. trofolii

biovar. phaseoli

biovar. viceae

Rhizobium loti

Rhizobium fredii

fndanani (Medicago), Melitotus WAL

Trogonella

dalaawef (Trifolium spp.)
faunaany, datiule, dauan (@n)
(Phaseolus vulgaris), Pheblus multifolis
dadusn (Pisum, daLhndn (Vicia,
1aud (Lens) LAz Lathyrus

Lupinus, Lotus, Anthyllis, Ornithopus

f9111aR4 (Glycine max)

a' = F74
WanseyLFL s (Slow growers)

Bradyrhizobium japonicum
Bradyrhizobium spp.

- sp (Vigna)

- sp {Lupinus)

famand (Glycine max)

ddan, drare, datlnenn vas

Lupinus sp., Lotus pedunclatus
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m‘a"mﬁ 3 N-free Nutrient Solution (Broughton and Dilworth, 1970)

Stock | Element M From MW g/l M
1 | Ca 1000 | CaCl,.2H,0 147.03 249.1 2.0
2 P 500 | KH,PO, 136.09 136.1 1.0
3 Fe 10 | Fe - citrate 365.04 6.7 0.02
Mg 250 | MgS0,.7H,0 246.5 123.3 0.5

K 250 | K,S0, -174.06 87.0 0.5

Mn 1 | Mnso,H,0 16902 | 0338 | 0002

4 B 2 | H;BO, 61.84 0.247 0.004
Zn 0.5 | ZnSO,.7H,0 287.66 0.288 0.001

Cu 0.2 | CuSO,5H,0 249,69 0.100 0.0004

Co 0.1 | CoSO,7H,0 28112 | 0.086 0.0002

Mo 0.1 | NaMo0,2H,0 | 24198 0.048 0.0002

For each 10 liters of full strength culture solution, take 5.0 ml. each of solution 1
to 4, then add to 5.0 liters of water, then dilute to 10 liters. Use 1N NaOH to adjust.
the pH to 6.6-6.8 For plus N control treatments, KNO, (0.05%) is added giving an

concentration of 70 ppm.
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C.ten-fold dilutions ; (A = 10)

Positive tubes . Dilution step (s}

n=4 n=2 s=10

40 20 7x10°

39

38 19 6.9
.37 34

36 18 18

35 1.0

34 17 5.9x10’

33 3 s=8

32 16 1.7 710

I - 10

30 15 5.8 6.9

29 | 3.1 34

28 1 17 18

27 1.8 ¢ 10

2% 13 5.8x10° 5.8x10°

25 3.1 3.1 s=6
24 12 17 17 7X10°

23 10 u

22 K 5.8x10° 5.8x10° 6.9

21 ‘ 3.1 3.1 34

20 10 17 17 18

19 1L:o | 1.0 1.0

18 9 5.8x10° 5.8x10° 5.9x10°

17 : 3.1 3.1 3.1 s=4
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C.ten-fold dilutions ; {A = 10)

Positive tubes Dilution step (s)
n=4 n=2 s=10 |

16 8 1.7 1.7 17 7%10°
15 | 1.0 1.0 1.0 |
14 7 5.8x10° 5.8x10° 5.8x10" 69
13 3.1 31 3.1 3.4
12 6 17 17 17 18
11 10 10 1.0 1.0
10 5 5.8x10' 5.8x10' 5.8x10’ 5.9x10'
9 3.1 3.1 —ad 3.1
'8 4 5, 17 > 17
7 1.0 1.0 1.0 1.0
6 3 5.8x1 5.8x1 5.8x1 5.8x1
5 3.1 3.1 3.1 3.1
4 ( 2 1.7 17 1.7 1.7
3 ‘ 1.0 1.0 1.0 1.0
2 1 0.6 0.6 0.6 0.6
1 06 06 0.6 06
0 0

Approx range 102 11 10’ 10° 10°

Factor, 95%

fiducial fimits” n=2 66

n=4 38

Calculated from table VIiI, of Fisher and Yates (1963)

* Cochran : Biometrics, 1950, 6, 105
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nneaesii 6 divton Hausi 10 78910 (A1 s = 6)
WHAZ dilution 5 447 (A1 n = 4
3317 inoculant AL 1 4.

1. AMUANRIIUNARATSUNATITULINANANSNTUANKS

SELAUATNN Nanfmﬁmﬂmmﬁ"qmu‘fmﬁm ﬁqmwa'ﬂmﬁ
ifsiding §1f 1 g1 2 §13 | 41m4 | - e

10-1 + + + + ’ 4
74 + + + + 4
10-3 + + - + 3
‘IOJ1 + + + - 3
10° + + + + 4
10° + + + + 4
ERLY 22

5 d } 75 d' :l/ 1 %4 2 1 J dl
2. Waldmusaniduuan (+ fauauda WieuAraanasaniakuani
1 1 A d : U ] o 4
4 TauduAa n = 4 uaz s = 6 TeanAseRziiAninty 6.9 x 10
3. A1 MPN 2elstaidiassiandy incculant angms

MPN = (mxd)/v

<5 1 dll 2
A m = arnddldainmme
L 1
d = dilution m1g4m (10 )
- A.
v = 1B3ualdlunng inoculate (mi)

B v
[ R

1 A o - 1 i 4
QU A1 MPN 283Ausna8n9R 22 = (6.9 x 10) x1/ 1
- 5 1 o ~
=6.9x 10 manfupwdan
4. waldAr MPN vaslstadaasianiuRuusiuda ilidunudusiuuse

nfuAuuwis IneniAudnetngllmanuiy drannseufigouy 100 C
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