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Abstract

Cattle production in Thailand has been increased greatly,
especially dairy cattles. Production of high quality cattles require
high quality feed including roughage. Grass based roughage is
usually low quality compared to forage legumes. Legume in
symbiosis with a bacterium rhizobium can fix “atmosplieric N
“ enough for plant growth: In order for the forage légume to fix high
nitrogen available phosphorus in soil is important. It has been
known that mycorrhizal fungi in association with plant roots can
absorb enough phosphorus for plant. Thus the aim of this research
was to utilize biofertilizer rhizobium and mycorrhiza to increase
yield of forage legumes

Results obtained from this study confirmed that some strains
of Desmanthus virgatus rthizobia, Centeceina centurion thizobia
and Chamaecristo rotundiforia thizobia- were highly qffective.
I'hese strains were used to make inoculants for soil application in
combination with mycorrhiza inoculant. Results showed that
rhizebial and mycorrhiza inoculation alone could not support plant
growth normally. But when dual inoculation with rhizobia and
mycorrhiza forage legumes could grow vigorously comparable to
the use of chemical fertilizer.

We also found that rhizobia and legumes symbiosis could fix
nitregen more than the plant need. The excess of N fixed could be
used by grasses grown near by the legumes. This evident was that
the dry matter yield and protein conten in ruzi grass were higher
when the grass was grown in combination with Desmanthus
virgatus and Sesbania sp.
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(Review of Literature)
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TsTdouiunuaiiSofisaeglu Family Rhizobiaceae, Un@figUsrafiuvion (rod
t & o 4
shape ) vuIAYszaw 0.5-09x1.2-3.0 luneu ewegiluadifes wasulnaTasldma
& a . '
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ﬁ%ﬁdﬁﬂﬂ; (non spore forming) doansemalunisdisedia (‘aerobic bacteria )
v v J =1 v A o ~ o a d Y as A
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s A a o i o d ° v a
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[ ] A a 9 a '
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2. Bradyrhizobium
3. Mesorhizobium
4. Azorhizobium
5. Sinorhizobium
1Ay Rhizobium fredii Tua15190 2 92800414 Sinorhizobium fredii
v a 1 . < a A < LY ' [y Y v
IsTwdounsdas species Hszaniamlunisaselulasouluszdva q du udua
Ty species (REITUIAR wEBRUTdalisz@ninmandudis  dudualutistafaiy
Mt a o o o w R 9 1 {'Lle v A as
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meumsaseiulasiou  Tagmsdened lulasuluddu  wudhszaululasiouludeds
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o & o o ' ' o &
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o Y a «® i [ c:z & w v t Y
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a o QU A A 2 v T Y a oA
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[ t L& o ®Q v - o o
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[ o [ v & a a 1 @ o Ja
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\ls/ a 9 ' o ja A o4 2 . Y] f
Auntazivualuy s ilTinaniiedeianua (lotal nodule tissue) YBIUNABAUTIZ AINA
1USInuues  leghaemoglobin  fileglutusindann  lddszaninmlunisads
v 4‘1 a . dv a 3 o - oA
luTasiougs mieeenliniuves leghaemoglobin Hamnsafiez1flumsiadsz@ninmlu
msesdlulassuluoimalfildouineglugvesmsisznouluTasnunannsair T4
1852 Tomige Uohnson uag Hume, 1973) ualuwiensd 1s Tmdouusaeiugadrasyld
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wwaszpanalisuaunndsznenlidie 3 wszgades fe  Subfamily
Mimosoideae § 56 afa  Subfamily Papilionoideac i 480 ann  uag Subfamily
Caesalpinioideae 1 152 ana Aawisoadrauiu'lsTmdion (Boonkerd, 1986)
3/ < - N é’ [V sy =1
nmsadedunaznisaielulasinuusnvinssdiudumoniug 1s TmTounaz
9/ o & % oY A o oM v Y. . : . S VI
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, K o ] o LY W L. Y Y R ) P —
Munazmsaselulasnulutiszuandieiua mdnyazRugnysunisamiug wu lums
@ A LY S A .:'1 < s oA L ac .
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. Ty o z @ 2 ' o .Jz.;’f é’ "o W
Ruduction Assay WU31 62082918 97 Wuf lmmuaranfudmanuaivegiudnyue
A19 9 NNAIURLTABRUENTIY (Zary HOTANY, 1978; Miller and Fernandez, 1987)
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- . s - a oy ' :/’ o 1 v o A [} . [T=1 A P
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P a v ys o U = )
goufsziiatuldanyls Tadoummzuemedugvniu (Brockwell 18y Katznelson,
1976 )
e = v JdaA Y
Brockwell 112y Katznelson ( 1976) naasdld lsTandonmeiuiifeoadu wa
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borne fungi 9MNERHRTAINA1IN IRsFanquiFesunaiiian “¥es1luinlsan - Mycorrhiza
fungi” ( Gerdemann, 1968 ) 1¥e31 uTalsdunisesnilu 2 nqulvajmwdnsuzdugu
et Ao
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1. Ectotrophic mycorrhiza ¥38 Ectomycorrhiza 92195Q8gn1ousns Ny uge lay.
wahudulelnaquieu q sinfivsurinligadie q fuiiluilanSedenfusndy Wule
yoasnzinyegestvnumnusudidnuasadio q uiuur  Unaquegsey 9 sinresyes
- : < A \ 11. . a dyq ’ . :;’ 9 o
Ay y1enfusveSon lulalsarwtiatiil sheathing mycorrhiza TuuWATIBNLIAU lBvDS
a ' A = a a g “ 3
TUTYBYIBY 7 cortex vouT Ty uFeervwTgeen llududis JumsnTudldlusia
a » 3/ ¥ | { ' " (a‘/l = ~
vy Iauveadulommeqn ldegasniaaaddulu cortex weenndy il
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1967 Mosser wurgosudalalulalsgn luiugldaszgasnq el (ffunns uazaug,
2534)
-Pinaceae 15U Abies, Ketelusia, Psecudosuga, Pscudolasix, Cathaya, Tsuga,
Lanx, Pmut, Picea, Cedrus.
-Betulaceae '¥U  Alus, Corprinus, Ostryosis, Betulus, Ostrya Salicaceae (U
Salisc, Populus
-Rosaceae 1¥U Oryas, Pyras, Malus
-Fagaceae Ry Fagus, Castanea, Pasania, Trigonobalanus, Castanopsis, Quercus
- -Caesalpinaceae 1¥U Gilbeidiodendron, Anthonotha, Afrelia, Paramacrobium,
Monopetalanthus, Julbernardia
-Mystaceae 1¥u Eucalyptus
-Tiliaceae %Y Tilia
-Ericaceae 1%U Vaccinium, Arctostaphylos
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Tug1ues vegative form 1&uan1s$wmnyinldornims1z31 reproductive form 9z liiifindiu
= 1 o o [ . . . . a o
a5 latin @MU fruiting bedies U89 ectomycorrhizal fungi 9xwuuuAIAUIAG q
¥ g v a [ 2 t d{ [N I5% v+ . a o t 9/
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ot oy oy v a ' <
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1% N 9
audutugeszdudimsiaTyuesst s1lungy  ectomycorrhiza oz lufiaoweansalu
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mstegaauaglad wazdniiu muuﬁufluﬁaqmﬁamﬁu‘lamwﬁm%’almmmuuﬂﬂﬂ
A -:;ﬂ a o a [ S o 3 A A v [] “’T
vInyNdlu host  MsRivuBRNUNATHARNMMNNINAYUNIIZENT WA dejiliiwaz 1T
B Y a’l‘
a$1998952VUTINABR Y metabolites NI IALA auxin (FUNIN indole acetic acid FINNI
4 st T a Py P a8t °
asdu q  Nlunumasnssiniy@uTavesdy  Feeweziidaulumsiidsiniisuaneen
ludnuuzdon (fock - branching ) Tastanizestslusinau ludnyszasnTyulas i
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lwhuesdnfunfssdomudszansamlumsganazazauemsIiunfisfidu bost

lunsaasmemsvesiy sInfiAe  mycorrhiza yuezhifisnuuseu firozga
o5 uAnTaoly fungal sheath uasiduly (hyphac ) ved31dIy Hartig net Aaziiud?
AANTTHIN fungal sheath Auadues host Iﬂﬂﬁ ectomycorrhiza vsxﬁuﬁuﬁﬁa‘lﬁuﬁ
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Treatment Dry matter Protein Total protein
(g/m2) (%) “(g/m2)
3% 210.0 62b 130b
3% + Tuom 23622 1012 2372
3% + Tl 2202 72b 159b
CV% 154 138 18.1
F-Test -ns 5% 5%

4 vy " vy
M1af 8 uaanimings % Tulaswuuashlsaulunlasngnaadd

Treatment Dry matter Protein Total protein
{z/m2) (%) (g/m2)
Tuusa 2425 17.3 42.0
Torunnala 202.6 17.3 35.0

o Y v 3 - v o
MmN 9 uanhminsnveanginand) vazldsfunalunlaanghaaus

Treatment Dry matter Total protein
(g/m2) (g/m2)
3 2100b 130¢
35 + Tuon 278.7a 65.7 a
3% + Tumdld 422.6 50.9b
CV% 15.4 17.8
F-Test 3% 5%
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#15u Gl 59U
1 2 3
hildes Isiae 10.00 8.00 9.50 27.50
TsTandion 11.50 875  11.00 31.25
Tuinlsa 4700 2325 2275 93.00
Headeda 49.75 4125 3225 123.25
15 landion + T Tn'lss 3875 5050  58.50 147.75
15 Twdloy + Woarosa 3225 5100 47.00 130.25
ANOVA
sV DF SS MS F
TREAT (T) 5 5318.666667 1063.733333 16.31%*
ERROR 12 782.833333 65.236111
TOTAL 17 6101.500000
cCv. = 25.4%

*x = significant at 1% level
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A5y 4 521
1 2 3
Tildeslsian 14.86 1350 1450 42.86
ERAETRIRY 1625 1688  13.88 47.01
TuTnlsan 6550  61.00  65.13 192.63
oavesa 8275 7250  86.50 241.75
Y5 Tandlon + TuTalsan 89.50  78.00  81.63 249.13
s Tandlens + Hoare s 86.50 7125 9275 250.50
ANOVA
SV DF SS MS F
TREAT (T) 5 16563.53231 3312.70646 90.26**
ERROR 12 440.44020 36.70335
TOTAL 17 ©17003.97251
cv. = 10.7 %

o = significant at 1 % level
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MINAInA 3 hnipaavesdunuaugisou (niwdu) TuSewmed

3y %1 72
1 2 3
hildey1sian 0.48 0.42 0.45 1.35
IsTandlon 0.45 0.52 0.47 1.44
Tulnlsss 3.06 3.97 431 11.32
oavadw 5.41 4.58 5.83 15.82
15 Tmdon + Tulalsan 8.41 5.95 6.25 20.61
15 Tmilon + Woarlesa 7.10 4.60 6.34 18.04
ANOVA
Y DF SS MS F
TREAT (T) 5 116.2170444 23.2434089 32.67%*
ERROR 12 8.5365333 0.7113778
TOTAL 17 124.7535778

C.V.

il

221 %

x = significant at 1 % level
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ATy 4 394
1 2 3
hildes 15iae 0.13 0.13 0.16 0.42
I5Tandlon 0.15 0.16 0.13 0.44
TuTa'lsah 1.09 1.55 1.52 4.16
WoawWasd 1.87 1.42 1.91 5.20
Y5 Tandion + TuTa'lsah 2.74 2.10 2.05 5.89
TsTamilon + earlesa 2.51 1.46 2.05 6.02
ANOVA
XY DF SS - MS F

TREAT (T) 5 13.08731667 2.61746333 27.75%*
ERROR 12 1.13173333 0.09431111
TOTAL 17 14.21905000

C.V.

i

* % =

= significant at 1 % level
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A5y % 571
1 2 3
Tildes 151t 0.17 0.09 0.10 0.36
15 Tandion 0.26 0.16 0.18 0.60
Tulalsan 0.60 0.28 033 121
oavesa 0.31 0.94 0.76 2.01
15 Tandion + TuTnlsan 0.54 0.68 0.87 2.00
15 Tmdeon + vieavese 1.06 0.99 2.60 4.65
ANOVA
SV DF sS MS F

TREAT (T) 5 4.03666667 0.80733333 4.87*
ERROR 12 199033333 0.16586111
TOTAL 17 6.02760000
Cv. = 67.1 %

= significant at 5 % level
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€l

AU % PR}V
1 2 3
lildesl5iae 0.0425 0.0245 0.0378 0.1048
I5Tandion 0.0498  0.0298 0.0380 0.1176
TuTal5an 0.1233 01015  0.1140 . 0.3388
Woawesa 0.0943 0.1383 0.2133 0.4459
T Tandion + TuTa'lsah 0.1820  0.1708  0.1668 0.5196
IsTandion + Woarasa 0.2058 0.1480°  0.2868 0.2135“_
ANOVA

SV DF SS MS F
TREAT (T) 5 0.07863756 0.01572751 10.66**
ERROR 12 0.01770307 0.00147526
TOTAL 17 0.09634063

C.Vv.

il

Kk =

= significant at 1% level
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15y 7 39
1 2 3
lildes 15iay 0.00 0.00 0.00 0.00
15 Yo 2.50 5.00 2.75 10.25
Tulalsan 8.25 6.00 9.50 23.75
woaada 6.75 500 2650 38.25
T5Tandion + Tulalsan 3200 625  33.50 71.75
15 Tandion + Heavlese 2350 1650 29.75 69.75
ANOVA
Y DF SS MS F
TREAT (T) 4 1002.500000 250.625000 2.94 ns
ERROR 10 852.375000 85.237500
TOTAL 14 1854.875000
CV. = 64.8 %

ns = not significant
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CRbRT 1 594
1 2 3
Tiildes Isiae 0.0000  0.0000  0.0000 0.0000
Is Tandion 0.0007 0.0007 0.0003 0.0017
Tulalsan 0.0127  0.0183 0.0304 0.0614"
Woarlesa 00120  0.0026  0.0175 0.0381
IsTanfon + luTalsan 01590  0.0670  0.1170 0.1309
5 Tanilon + oo sa 00555 0.0008  0.0746 0.0436
ANOVA

SV DF SS MS F
TREAT (T) 4 0.02462009 0.00615502 8.21%*
ERROR 10 0.00749405 0.00074941
TOTAL 14 0.03211414
C.V. = 71.4 %

x = significant at 1 % level
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AIIINHINT 9 umummamum'lmm (ATNMAU) luiSoumizan
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@151 1 53
1 2 3
15 Taiion 1.395 1.639  2.039 5.073
TuTalsan 2.485 2337  2.938 5.955
& < v i v
5 Tandon + luTa lsan 1.517 3.508 1.228 6.253
15 Tadioy + deavesa 4750  3.578  4.505 12.833.
ANOVA
SV DF Ss MS F

TREAT (T) 3 11.67772892 3.89257631 7.30%
ERROR 8 4.25384200 0.53173025
TOTAL 1 1>.93157092
CV., = 27.4%

* = significant at 5% level
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AN 10 mnunﬁmmﬂum"luﬂﬂ (nsu/AaU) luFoumizh

9/ -
A5y 4 PRI
1 2 3
15 Tandion 0.153 0139  0.158 0.450
TuTalsan 0442 0228  0.198 0.868
b =1 U Y .
15 Taion + Tula lsan 0.174 0328  0.134 0.636
T157andeu + voadesa 0503  0.631 1.020 2.154
ANOVA
Y DF SS MS F
TREAT (T) 3 0,594 0.198 7.92%x
ERROR 8 0.200 0.025
TOTAL 11 0.794
cV., = 46.23 %

* %k =

= significant at 1 % level
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A5y q?yw 3
1 2 3
15 Tanow 6.4 . 3.0 9.4
1uTn 159 40.4 11.2 3.2 54.8
s Tandion + TuTnlsan 314 3.0 38.2 72.6
15 Tmiilon + Woareda 12.6 2.6 5.2 20.4
ANOVA
SV DF SS MS F

TREAT (T) 3 679.58 226.53 117"
ERROR 8 1538.45 192.31
TOTAL 11 2218.03

C.V.

i

25.69 %

not significant
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A5y 1 534
! 2 3
15 Yoo 2309 2102 1.767 6.178
TuTa'lsa 1346 - 2.600 1.332 5278
Yo Tandion + lula e 3447 . 5494 4510 . 13.451
TsTnflon + Woare e 2846  2.688 . 3.426 8.06
ANOVA
SV DF SS MS F
TREAT (T ) 3 13.498 4.499 9.97**
ERROR 8 3.608 0.451
TOTAL 11 17.106
CV. = 27.63 %

ok = significant at 1 % level
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A5y %1 59U
! 2 3
Ts Tandea 0177  0.151 0.156 0.484
TuTa'lsan 0178  0.188  0.158 0.524
15 Tandion + lulalyan 0265 0286 0230 0.831
Y5 Tmlon + Woavesa 0185 0231 0312 0.728
ANOVA,

Y DF SS MS F
TREAT (T) 3 0.028 0.009 9.00%*
ERROR 8 0.007 0.001
TOTAL 1 0.035
CV. = 14.78 %

o = significant at 1 % level
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AU Cal 3
1 2 3
Y5 Tandion 3.6 8.4 248 36.8
TuTa'lsan _ 6.6 6.0 28.6 412
T Tamdey + lula'lsan 1062 33.4 15.0 154.6
I5Tandiow + oavesa 08 384 0.0 39.8.
ANOVA
Y DF SS MS F

TREAT (T) 3 3328.81 1190.60 1.44™
ERROR 8 617835 772.29
TOTAL 11 9507.16
CV. = 30.16 %

ns = not significant



523010398
4 v -
1. %e (w1 lne) weiunns yaiie
(NH189NGY) NANTAKORN BOONKERD
2. sradse$1d 38401000
o ] o o o Py s o o A <y -
3. dwmdsilogiiu ewisddszdraviinmalulagdinm duindyuna lulagnsinyag
wianedemaluTadgsuts

V2N ~
4. dszramsanun

TP - o o oy ) Q : 4'4 ! Y A o
ﬂﬂ%u 53ﬂﬂﬂ'3mmu1 DAYIYD VIV UDN F¥OADIUU SCINANN
< a - a & o = =
msaayt - (@3 Inenuaz USyan  uaz¥edu AITANYT MTAN
Uszmaily
195)
2509 a3 aay.  Ugiane UMIINGTY ne
2515 Tn MS  Soil NYATAIAAST USA.
2524 18N Ph.D  Microbiology University of Maryland USA.
Soil Texas A&M University
Microbiology

5. v lvIMsAlianusuy ey (eNa199IAENTANYET) SEYTIIMN
Biological Nitrogen Fixation
Biofertilizer Production
Bio-organic Fertilizer Production
S 9 [y a o A’f o
8. ﬂiZﬁUﬂﬁﬂJ%!ﬂﬂ')‘U@dﬂUﬁU?i]fJ‘YNﬂ181u1163ﬂ18uﬂﬂﬂ351ﬂﬁ: quﬁQWUﬂTW(IuﬂW%']
ae ¢ @ 3/ Ay g ’ A
'J%EJ'JH{]UW'JYI‘UﬂﬂiQﬂTS m@vgﬂm%ﬂiwmamm
P 3
6.1 Tasamsasenhdusoudn:
Methods to culture, Maintain, and Propagate Azolla Under Tropical Conditions, 1935-

1988

Awarded by BOSTID, US National Academy of Sciences. (ﬁ?ﬁﬁﬂﬂﬂﬂﬁ)

The Enhancement of the Biological Nitrogen Fixation by Genetic Engineering

Technique NCGEB, 1985-1988. (#ant11a54n13)



50

Screening with Nuclear and Other Techniques for Yield and N, Fixation in Mungbean.

TAEA, 1986-1987. (f1m111A59A15)

Molecular Identification of Frankiae Using Cross Inoculation Group Specific DNA

Sequences. PSTC 1987-1989. (it Iasens)

Increasing Biological Nitrogen Fixation of Peanuts in Developing Countries. US-
ISRAEL CDR Program, 1987-1989. (Ham111as4n1s)
Indentification of Rhizobium Strains by Genetic Enhancement of N, Fixation and

‘Inoculant Production. NCGEB 1987-1989; (fan1i11nsen1s)

Exploitation of New Technologies to Monitor the Survival and Nodulation Effectiveness
of Bradyrhizobium japonicum Inoculant Strains of Soybean. Commission of the

European Communities. 1989-1993. (ﬁlﬂﬁﬁlﬂﬂﬂmi)

Ecologically Based Models for Prediction of Legume Inoculation Requirement. USAID-
PSTC 1989-1992. (WantIssens)

On-farm Optimization of Biological Nitrogen Fixation of Grain legumes. Commission of

the European Communities. 1990-1993 (ﬁ?ﬁﬁﬂﬂiﬂﬂﬁ)

Screening with Nuclear and Other Techniques for Yield and N2 Fixation in Grain

Legumes. IAEA 1990-1994. (1111 1A54013)

Breeding ¢ Nitrogen-Fixing Bacteria in Southeast Asia. Monbusho International

Scienticfic Research Program. 1994-1997. (ﬁ}ﬂﬁﬂﬂﬁmi)

'
a5 & o A

6.2 MIUITINA19: FoiToewazaniunmnlunisinide

5.2.1 Using molecular biology to detect rhizobia in agro-ecosystem 5utl 2536 N
i 4
IAEA vaziifdsduiumsey

[ a ¥ o o [
8.2.2 ﬂ’liW@!iﬂfﬂiWﬁﬁﬁ‘b’ﬂ\ﬂ'ﬁﬁﬂ') 'E)TT”T{JIU HazMISHANE MU Tauy nu

<4

any. 50T 1 wouniaw 2538 9Ulle 30 NGENIALY 2541

o a d

a vy & o= v 1§ a a A o o
6.23 M3 1% s Imdlounoay lulas lsyuiunandansaszgatiniduemnsdad yu

e, 1531 2538-2539



6.2.4

6.2.5

6.2.G

8.2.7

6.2.8

51

Yo & kY A < - N A A
nslEiagqmae lsmemsinyasiiemamizmayiiaais o N una. 1313 2538
&R .3y
241 2539
n3ldmaluTagginwiemsnldowiudilzndwaz Sagmaoninassiuds
dnlendaltifluemisdad Fuil wa2s39-2541
nITanITIge MmN MsUKakAaIa s AIURUAUNIHYBdE{U (1T
2541-2543

4' a ' -
nansznunnMssunlaesinszuaunsneszuinamsmilaeunta
Uszrnsedunidnaselulasiou uaniamy. Sudutiunms 1 Jguieu
2539- 31 WOHNAN 2543
nnaatazassmhsemisnandateuluGandsd yu ana. Fudutiunis

1 AuAIRUT - 31 ATNGIAN 2541

,ﬂ\ guiusINmIsIezFon1sdinu |

&2 sminendunalulodgng




