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ABSTRACT
 

The VA mycorrhizal (VAM) spores were isolated from the soils of soybean
and mungbean field in the North and Northeast of Thailand. Twelve selected isolates of
VAM were used to inoculate soybean CV. S.J. 5 and mungbean CV. U-Thong I grown in a
glasshouse. The objective was to compare their effectiveness on increasing grain yield and
phosphorus absorption. Six of twelve isolates which showed highly effecttiveness were then 
further tested in paddy soils under field conditions at Chiang-Mai and Kalasin provinces in
which the survival of VAM was also studied. Soybean/mungbcan were inoculated with
VAM and grown as the 1st crop during dry season and followed by rice CV. RD 23 during
wet season as the 2nd crop. After rice had been harvested, soybean and mungbean were 
grown as the 3rd crop without reinoculation. The results showed that the number of VAM 
spores in soils increased by approximately 3-4 fold and 0.5 fold of indigenous number in
soybean and mungbean field respectively. However, the spore number was decreased with 
condition which rice was grown as the second crop. Nevertheless, the number of spore was
again automatically increased when the legumes were grown in the third crop. No root 
colonization was found in the rice roots. eventhough some spores were remained in the soils.
This evidence suggested that VAM fungi could survive in soils under submerged conditions
in form of sopre.'Glomus intraradices, Gloinus mosseae, and Acaulospora scrobiculata # 22
seemed to be more superior to the other species on enhancing growth and yield through
increasing phosphorus absorption, particularly on those legumes grown in the soil low in 
phosphorus content and low in indigenous VAM population. 

The method of producing VAM inoculum was also studied and it was found
that the number of spores in soil and infectivity were high when sand + clay, peat or coconut
coir dust were used as the growth media. It was also observed that soybean, corn, or sorghum 
were the best host plants for producing inoculum followed by peanut and kudsu. 
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1. INTRODUCTION
 

In Thailand only i few plants such as rice and corn are considered more 
important than the other grain legines. Anong the legumes, soybean and mungbean are 
the most valuable crops becaus;e they are used for producing a variety of consuming products 
such as vegetable, protein, oil and starch. At present, soybean and mungbcan alreadyarc 
the major protein componcnt in the staple diet of the rural population in Thailand. Improving 
yield of these grain legunles is the '-.'st tlui..ckest way to augment the production of food 
proteins. For increasing yield of these legunes a large amount of chemical fertilizer has to 
be used which created the big problem for fanners to afford the high expense for those fertilizers. 

An 	advantage of legumes is that they perforni symbiosis with rhizobia that give 
them being virtually sclf-sufficiCnt for nitrogen Thai farmers could have rhizobiun inoculun 
from Thai Departmernt of Agriculture which prollce tile iiicuIluin about 2)1 tons/year 
applying for 400,M) acre., of' legulC cultivatlion lield. A complementary symbiosis with 
VA 	mycorrhizae can increase greatly the ability of thcse crops to take up phosphorus in low 
phosphorus soils. Mvcorrhiizae fungi are species of fungi that intimately ;.ssociate with plant 
roots forming a syiniiolic relationship with the plant providing sugars for tile fungi and the 
fungi providing nutrients, s.uch as phosphorus, to the plant. Mycorrhizae fungi can ahsorb, 
acc uniulate and transport large quanutitics of phosphate within their hyphae and release to 
plant cells in root tissue. 

Under the undisturbed ecosystem, plaot roots are nornially inycorrhizal infected 
(Mosse et al..1971 ) and this may be an important factor in the light nutrient cycle known to 
operate in this environment. 1Local rock phosphate which is relatively low solubility is low in 
cost. Thus improving the availability of rock phosphate through mycorrhizal activity is greatly 
benefit the farmers. Most Thai soils, the available P are usually low. "Io increase soybean 
and niungbean yields, heavy application of phosphorus is needed. The same effect can be 
achieved with VA mycorrhizal fungi. 

This study was conducwed to determine the extent to which the crops were 
nycorrhizae, the constraints to mycorrhizal perfOrinanc, and the opportunity for enhancing 
the bencfits of niycorrhizae in field-grown soybean and mungbean. The studies were also 
included the mechanisms of infection and survival of mycorrhizal fungi in the flooded soil in 
Thailand which was still not known and was not brought to attention. From these studies, it 
was expected to show that niycorThizal fungi might play an iniportvnt role in tropical agriculture 
in solving phosphorus difficient probleri or even the nitrogen. 

2. OBJECTIVES 

The overall objectives of this project were to improve the phosphorus nutrition 
of soybean (Glycine ,max), and inungbean (Vigna radiata) in Thailand through assured 
symbiosis with phosphate absorbing niycorrhizal fungi. The study included: 

A. 	 Selection of the effective species of VA mycorrhizal fungi on enhancing the 
plant growti, yield and phosphorus absorption of soybean and mungbean. 

B. 	 Determine the survival of mycorrhizae during and following flooded 
condition of padd7 soils. 

C. 	 Improving the method for producing the mycorrhizal inoculum for field 
trial. 
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3. REVIEW OF LITERATURE 

3.1 Mycorrhizae 

A mycorrhizae ("fungtus-root") is a type of endophytic, biotrophic, mutualistic 
symbiosis prevalent in many cultivated and natural ecosystem. There are numerous reports 
in the literature on the incidence of this fungi on the root of plant including legumes (Suttons, 
1973; Powell, 1977: Sparling and Tinker, 1975: Hayman ct al., 1976; Rhodes and Gerdemann, 
1978). There are three major goups of mvcorrhizac, EC'I'OMYCORRIIIZAE, ECTEN-
DOMYCORRHIIZAE and ENDOiM1YCORRHIZAE. Ectomycorrhizae and endomycorrhizae 
are important in agriculture and reforestation. (Harley. 1969; Smith, 1980). The ectomy
corrhizae are ge i'r.illv associations of higher fungi (Basidiomycetcs and Ascomycetes) 
typically involving tbe roots of woody perennials (Marks and Kozlowski, 1973). The fungi 
form intrcellular ramifications of mvceliunn within the host cortex (the hartig net), and 
dense hyphal encapsulaiions of the fine roots (the shcath or funal mantle). Ectornycorrhizae 
are the most important in forestry ecosystems. 

Endomycorrhizae arc characterized by fungal penetration of the host cells. 
There are two major groups (Harley, 1969; Smith. !980) of septate and aseptate hyphae 
Endomycorrhizae. Scptate hyphae occur in the Orchidaccae and the Ericaceae. "Ihe associated 
endophytes are higher fungi, aseptate hyphae Endomvcorrhizae are the "phycomycetous" 
or vesicular-arbusculai (VA) mycorrhizae (Mossc, 1973; Gerdemann, 1975; Cooke, 1977). 
The fungi belonging to the family Endogonaceat of the ordcr lndogonales and the class 
Zvgomvcetes (Trappe and Schenck, 1982). Four genera engage in known VA mycorrhizal 
interactions :Acaulospora Gerd. and Trappe, (;igaslora Gerd. and Trappc, Gloinus Tul. 
and Tul., and Sclerocvstis. Berk and Broome (Gerdemann and Trappe, 1944). One more 
genus. COMPLEXIIES had been reported by Smith (1982). Schenck and Smith (1982) divided 
VAM into f,,o groups : AZYGOSPORIC genera including Gigaspora, Acaulospora, 
Entrophospora and CHLAW4YDOSIOIRIC genera including Glomus, Sclerocystis, and 
Complexipes. Little knowledge of the life cycles of these organisms is known primarily 
acco ling to non available of pure culturing method. 

3.2 Di.stribution of VA Mycorrhizac. 

VA mycorrhizae (VAM) were found indigenous in soils and remarkably 
widespread distributed geographically throughout the plant kingdom. VAM occur over a 
broad ecological range, from aquatic to desert environments (Mosse, 1981; Gianinazzi & 
Diem, 1982). Noparnornbodi et al. (1980) reported a mumber of plant species including field 
crop, vegetable ctop and fruit crop associated with VAM. Bakshi (1974) reported VAM in 
plant family:- Aracecaiaceae, Aracuriaceae, Aceraceae, Acaceae, Altingiaceae, Bombaceae, 
Bignomaceae, Cupressaceae, Combretaceae, Leguminosae, Lauraceae, Magnoliaceae, 
Myrtaceae, Moraceae, Meliaceae, Papilinaceae, Proteaceae, Platanaceae, Taxodiaceae, 
Verbenaceae. Allen (1984) also stated that VA mycorrhiza may colonize stripmnines and 
form the first stage of succession. 

3.3 Extraction of VA mycorrhizal spores from soils. 
f 

There are several techniques to extract the VA mycorrhizal spores from soil. 
The pioneer was leaded by Gerdemann in 1955 on "wet sieving and decanting f'chnique" to 
extract nematode cysts and larvae from soil. Later, many techniques were modified for 



VA mycorrhizal Epores extraction. Ohms (1957) usin, "density ?radient centrifugation" 
method, seperated VAM spores by means of different concentration of sucrose. Gerdemann 
& Nicolson (1963) used "applied wet sieving and decanting method" to collect spotes passing 
sieve numbetr 420, 2.4), I), 74 and .44 micrometer respectively. 'lis methot has been mldified 
by Smith &SSkipper( 1979). Besides these techniques. "differential sedimentation on gelatin 
column" by Mosse & Jones, (11)68), "floatation-adhesion" technique by Sutton & Barron, 
(1972); "floatation-bubbling syslem" with glycerol 1y Furhn & Forlin, (1975); "discontinuous 
aqueous sucrose gradient" b\ Nlrt/ ct ai. (l979): and recentIv. Fur n. Ba rtschi & Fortin 
(1980) h;ad nodified media for density gradient extracting technique. 

3.A Counting of spore prepagules in soils. 

-
)ilution of soils are made front I(0. to 10( then drop tie solution to the 
plant grown in vial. After 6 weeks, number of spores were calculated by Porter's table (porter 
1979: Powell, 1980). Smith & Skipper (,1979)applied plate method by making the solution 
of soil and water by I : ) il and shaking thoroughly then drop I ml of soil solution on1 the 
filter paper in the petri dish. [hey streak tie line from soil solution about 9 cn long and 
count spore propatiles on the line. 

3.5 Examine colonization of VA mycorrhizae in plant root. 

To calcuklatf the percent colonization of VANI in rooit, the examination of 
,rbu-cule or vesicic in the corticle cell has to be done lliere are several neth(ds to examine 
and calculate percent of root colonization. The general methods are as follow :the Slide 
method b Phillips & I layman (197)) by cutting dyed root to I cmt long about 50-1(I) pieces, 
count the number of VANI infected pieces then calculate the percentage of root colonization. 
Visual meIhod by Ilayman & Mosse (197!). Yellow pigment forming by Becker & ( erdenann 
(1977 h), by counted the yellow color root colonized by VAMN but this method can bc used 
only for some plant such as onion. Colorimetric method by Ilepper (1977) by measure the 
light intensity of glucosamine from the fungi at 650fnm wavelength. Gridline intersect method 
by Giovanetti & Mosse (1990) by using Newma,t's formula (1966) to calculate the root length 
Ilid pc rcent root colhnizat ion. 

3.6 Host plant for VA mycorrhizae. 

The obligate symbiotic nature of VAM presently dictates that all VA mycorrhilza 
inoculun must le grown in rooLs of an appropriate host plant because VAM are inable to 
grow in pure culture. Mosse (1973) found that one VA mycorrhizal species can infect many 
host plant species, for example; ELndogone mosseat, from onion root can infect many other 
plants such as (oprosma, Liquedambar, Fuchsia, legutnes, apple, tomato and many others. 

\,.\ mivcorrhtia sulch aIs ( Odlwnts. m',( N fa'.icul'tanotUIfi. (Gltlna.('1 Jtlit(Illlfln 

isolated from citrus can infect many host plants e.g. sudan grass (Sorghtm valgare Pers.) 
(Kleinschmidt & Gerdemann, 1972; Schenck & Tucker, 1974; 1lattingh & (erdemann, 
1975; Menge ct al., 1978 h; Nenec ct al., 1981), Zea mays.L . (Mani et tal., 1971), lvcopersicon 
escuIentun L.., Gyci, max, Phaseous talgalis L., ('oleIs V., Asparagus officinalis L. 
(Menge & Johnson. 1978) and Allium cepa IL.(Nemec et al., 1981). 

Schenck & Kinloch (1980) found abundant spores of (igaspora inagarita in 
cotton, soybean, peanut. corn and sorghum but none of (G.magarita was fiuind in bahia grass 
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while the soil grown bahia grass will contaill of (;omusfitdiclatumand (;loms claruan. So 
VA mycorrhize will have a broad range ol host plant. 

3.7 Identification 4f VA mycorrhiza iising inininolluorescence. 

Most lh,dogoacav have bcen described and are identified on the Nasis of 
the morpholh gy of their sprIloeCarps anlt lr Slmes ((icrdimnann & Trappe. 1974; Hall. 1984).
"lie exception is a few of tile VA nII* lrrhiza species where characteristics of the morphology 
of the mycorrhizal infectionS can also be of value (Abbott, 1982). Ilowever, imorphological
features may b? insufficicnt in distinguishing bhcmwen clselv relatcd fungi species and a 
more specific identification method is iequired. Fluorescent anti body ([A) techniques have 
proved useful in idLitiyling other Soil fungi (FitzCll etL;11., 198( ;, b; Frankland et at., 1981 ).
But because VA iuycoirhiza aic difficultl to grow, they have not recieved the same attention. 
The FA technique should bc useful inI tracing tile .soil phase of VA nycorrhiza and spores. 

3.8 Factors tl'ectiing the growth of' VA mycorrhiza. 

)aniels & Trappe (I 980) studied the factors affecting spore germination of 
(honus epicu,'s lhcn coicilRICtl that moistur. p11, tem)pCrature in soil id concentration 
of' phosphate eritilizer will cfect the M-erimti.1on 1"of Spores while species of host plant will 
not effeci. Schenck et al. (,1976)ieported that teiuiperatute, light. pf11 and aiount of nutrientwill hvC an fLct oii sporc gcruinnation ill culture media. 

Niellvcen & ('ole (lt,0)) reporitcd that in the soil applied with agricultural
 
chemical such as cap sol. carlondazin. flalmpropisapropol, d1osanox alnd Irifurafin 
will inhibit 
lhe spore -Crini natina of l'A rawlo.r7J- huViS, (ItIs cah'doius and (io11us11tIOS t..
 
l)Daniels & 'rappe (il8(1) applied N, 1). K fertilizer in the form of NII.1N() , Ca (1I 4)1

and KS(-,)., 25,51 ad 2M21i
1(150, X)ppn. itespectively. after I week the spores of ( spavi(JLat 
have bCCn applied, these falcti(S do0 not have ;iny effect on spore germination, hut when P 
fertilizer was applied it increased sonmte percents of spore gernin ation whilc at 2(H, ppm the 
ge1nilation\will be reduced. 

I laynan ( 1971l found that in the agricultural land applied with N fertilizer will
 
bare less [ornation of VA nuYcorrhizal 
 also fol,, 1und 
will inhibit tle growth of VA nuvcorrhiza in wheat and using met hvl bronide 12,00(1 ppni 

sxorcs than the bare Ianrid. Ie that fungicides 

about 4(9) lb/acre %v'ill kill VA nvccrrhiza in 7 hrs. 

Chlainydospore forniat ihn of (/oltus mnacrocarput will be decreased in the 
root when the plant root was infected by I'Ihytochiriumn and PI*whium like fungus, and Ph",
tophlihora sp. also decrease root infection Of VA mycorrhiza abouLt 3(1-35% (Kruckelman, 
1975). Sutton & larron (1972) found the aniounit of VA iycorrhiza deciase with the depth 
of soil from tihe soil surlacc. 

3.9 Effect vf VA mycorrhiza on plant growth. 

VA niycorrhiza plays i very important role otienhancing the plant growth and 
yield tile to ;in increase supply of phosphorus to the plant. It has been shown that mycorrhizal 
plants can abs wb and accumulate several times more phosphate from the soil or solution 
than non- mycorrhizal (Mosse, 1981 ). VA mycorrhiza increase growth and yield of soybean
about 31-40 percent when grown in sterile soil and mycorrhizal plant also accumulate phos



phorns, potassium, calcium, copper, and manarese in tIhe leaf at ile ti,,her amount than 
non-mvcorrhizal planw (Ross & I larper, 197(). It %kitssuggested that VA iawcorrhiza may 
absorb phosphorus dire.tll} f'rin fixed phosphate sources (Allen el al, 198 1; Gianinazzi & 
Pearson, 1981 ). This phetioicna depnl very much on the host plant, VA mycorrhiia species 
and soil types (Krishna ct al., I1985; I loweler Ct id.. I: 7). 

Plailt inlocultei %lh VA Invet r11li/r; I en l ,wi iI) bte MtIt resistanit to 
SoIc ro ias.s. (I ''ln. vL.,'q' .Qiatv cnI!l Ictfllt'V tihc s tyCI'V of,olionot d iU or na '11hi'111[,a 


root 
discase caustl 1w I t-,,lochrafe h'tw:.\ (,%.iclitl 1,QI7). ( ;Ihmls t.!Imicrlanan 
reduce the seVelilv of soybe;n root disease ciuSe hy h.tht/h,)ra m ,tt.iavL'rmla(Schenck. 
198 I ). (lomiru mfl'sv'uc' reduce tlhi sc\crliv off I tmaz't .pd/l,, huI'llrilrm .li' i/lid 
Macrophonrinairhaweuina III so *bact root. I/mholinil & Schnck. )S3: /;Inbolir ,'tI/., 
I983). ;lotnv Ii.ittsicilattim reduce the se\te itv of I'h.pt! , ill citnistlora /para.itia root 

(I)vis & NteCrig IN81 ). 

3.10 Surikil til k A inycorrhiza 

I)anicls & Traippe (11)iE) 'tudicd tle elffect ol walci potent ial (lt spore ger
mtiatim hv ;Iddt, diStIlled \:atr inlto tht soil until noisiirt contint as ', 17.%. 26% 
34.S";., 13. .s :1-' .' id O, W ihe' pr, wll't,\vl! atlthal fitl-l . iaitN I) ;I littler above 
fild caplcit%. ilie l it. d v.'hii olcttleliAl .tjil lower 1Itansipor erlltll;ilil will he etlii ,'ter ill 

field capacii v . so Itl;tilln ItitThere arc ;ic plints li;tvi, lIl t nriitli of* VA ivcorrhiiza 
ith netd 'ii elway(,Sainde7rgard ,& I ;zev7. Ill77) i l i;iiV itti \, iltn. the,ill!' V \V et. 

incluldine saline NAIl the ;Mln11rllt of V A nIIV( MivotrlnIadi tl S kIllle low . (i ) s e & Bowell 
NS6- KhIn, 1i07.1 a). N(j itOl)ttchi.h whtet lr teiltittil haili, the cffet otil VAM 

Ile ,:litritt tt: o;f \"t\ titvctrrl i Soil '.\ill bo '1ied hy s;as'o s.Ipll(sf 

ThC re hInh l VA . i t'otrrhi/il t .11i of St Ii tiillllrill, theln tile,ll tI e)C , mes tl uillit m! 
allil lllt , stf rcs 'will he relCt cl ill Wilitl . p ii . tld rl lillti l t're I mtllttit relates with 
the growtl of hot plnilt and climate Itiloll & Itii., 1,'72. Kh;m. lf974 b). 

3.11 VA nlYVcorrhizai intiUhIilit plro(lionl 

I lith c'tilwtillttn of N ftrtiltih rs lxili ictc irvo',rrliizail coli l oillalin) root 
(Illaynin, 1982). The qtlalitV of VA rivoCOrrhii' ilottululirILiF tue:irs to te scverelY reduced 
ulnLe~r too weorl toi dry t'OitlitIitil. It is lllt hetier t itdcir %kil'erIlcrlihill lflaits than 
OVler-vite r ItClin .\l0tYt' tlIA IT, Rt., , it.cr. OtP(). 

Nian \'A Mvcorrhi,.;z will I)ro(llii.C cexllet intltini over a1wide pll Itlge. 
(Iohnus sicthiahim prefer pll from .. 5 to 9.5 while (1i/mruo nttA'th' irid lit olher' (ionmri.\ 
species prefer p1l ahovc 5.2 when Acarlopora species rcquire plI below 5.t) (lambert & 

7 7('Cle. It1)8) ..- Its &k R t st ) i(. . %IttsseC. It72)*\bt , 

I ligh light intensity aild long, d;iYCltiiL ithprtItvet itvC lrthi/al Colitiitn or 
spore piodriction il mnliv pli title tt inclci iti, ill pliotosynthesis which lead to ilercase 
carhohLydLrac; lncCitratitnMid exti tillm from rottt. (( iraihai ei al.., 1982: Fergusoi. I18). 
Illiipei lrtire has seere effect upon both hosit plant and VANI fuil ii gLivlowth. The "oil 
tellier:Atrire ire Irorc inipontai t in tiheVA ivcorrhit t pittictiti thllan the itr tIipe'raCtre. 
It is tcointriended that VA rttvcorrhi/ii rm utluitin Shtild be prdtilucetd at leirirt slichtly 



above oplinitim for the host plant ('e rguson. I981 (ra ba 't ,c.. 1 2) 

Pruning plant host reduce VA mycorrhizal infeetuc imid sporulaon due to 
the consequent reduction in flow rate of phttosvnthate to root (Ferguson, 19,1). It is desirabile 
to produce VA myctr Iiiza inocut i in hiirgc Containers with deep not greater than I metre 
(M|Ienge. 19 4. Fer.isoi,. 1987). 

Mar, ptsticio.c, irc' ,-tilniiil| to V,\ ivcmrhizal ifectJion and sportilation 
but some are quite compatible x,,ith VA m.icorrhiza inocultim such as: l)l3(WP 1-30, etliazolc, 
captn., and metUIhx\l (NlCuce . M herbicides which datag%, !lost plant are alsoI .ost 
dcetrimental tII VA mvcorrhiza miroculum, loe ,er, sonict, herbicides stch as paraquat, 
simazine. allrazine and inallc hraide havc Ibeenl found to) increa' VA infection due to 
increasing rott exud;Itioni of iIlltlr acid orl sal ( Nlcul 19,12 . 

4. MATERIALS ANI) MI'IIIODS 

'iesludicN'w ci centi 'telon tile fItll ing respectively. 
I) Selectim of the cluctil.e species (f V,A itvcorrhizal lungi on enhancing.h Ill.. ............ I ,ild t .ycal and
ant 

lIret clauj l ill. 

II) l)tArm.ilit.- ilIstli'iri if not .ulited \ANI tungi luring and following 
Il Iki iI Hdl t,)i(i )Il tald + "(Ilk'. 

IlII) l l I , tI M .C i I 1, I l l i lt -iltit ili , I1 V A. Il i + l tl l lL~l il !l I m)fie ld I tiu1 1 . 

1\ ) I ti tiii ti \ tiHi._IietI rt trcc i'tii\tj I I.. I I i ilt .'t" 

4.1 Inviestigauion dd ilirtt lihiln li-t)ir:liiioi. 

TC \ A i\t lih/ it USc Ill lhl, Aliy wCrT collected foill soybean and 
Iiin bt.ill cid tlvt wilt llei. ill cvc.ial hicw litiuns to oblerv the distribution of VA 

cIri, ibcO Itiu i l liitiiis paddy fields in l'haiiland.iAl _, lna ields ,illd 

4.1.1 Saiplelulletioll. 
Solil+alllcs illd plant ro)(ot saiipliiiiD foll fromsaillples were sailiplc collection 

IllC ;iiitlti dic hicl l1d Clil!iiln it ill tp UitI', li t ice: fg lll.,-- lic.n e . I ,,iVcicti h . 
for many .x i T .t. iiv.c IIrl lC, s rc 'rtdf 0ri di. dIluial field soils are likelys.us \ bi/al 
beenl- l)roitlIlICL h\l Kt1t ttl cIul'id ,;ti ldav' ii,.ed iii moilfor i number ill ver.kiiil, Icii colt 

,These 11cI t ICi H tlth't I J,T N i li ,1111 t ill.l' 

r>, dlild thl Ild,ailt S.,tiplc., ' t Il 5 tilscitLci ltiCol.lI At lic'.it \,tc' sai pling 

p1 Soils 
from11i field in1 le NtithCiil. Ccinral. Ntithieii r and ;astel pari (.iI liiailalid. Six ctlil)osite 
s:ilillel 

at the deplh ,i 1 t ' I' hc ,iii, Il ilt(' .'1iiplc', intill i ilc l heI it pltii~. eic' collected 

sIcicollected for rersc lmoil siile oIft'ach site. The ittl samles weie ct)llected 
from IIpii) irite' with )- sites ilt1 kic, hl ll at 2 5'Cstord iltlividiiI n poleIylene,balgs 
uLntil the spore wer ild ilid l.tnlified.l t'\Wleiic 

4.1.2 Samipli idvitlifit ,iiat.
 
itl S.irIjutS- tLciuititI-,Sioil Mn i ,iit. 1011\ANI Specle.S id perc nittoot ctdolni
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4.1.2.1 Counting spore propagules in soils. 

VA niycorrhizal spores %kereextracted from soil samples by wet sieving 
and decanting as described by (ierlCmatnn (1963). Soil samples aptlor'.ximately 250 gm wcie 
suspended in I litrc of water by gentle stirring. 1Ilea icr particles wee lllwcd 10 Settle 1o1 a 
few SeConds ant the lituid was decanted throulia ,.i\ 25(1 clli'lkln IICIIIVc IteLige 
particles of or anic matter atnd alow the dCsire'd t0 p throtugh The SLI.,piI'hitinSI, 1 

"was patsscdl again throigh .;ievCe i)( micron and 6 3 micron. lhc ,toi and isall aniorits Of 
dcbris remained on cach sieve were Iiin ic ed fromII the .icvc to I A lit ti,vel ot wItcr" 
for eVlliltion undlcr ;I stereoscopic microscope. ['he qporcs k ctC pi,'kCd (iti indiIk!'.allv 
with a small tip capillary tube. 

Acc,rdlin to ime consumine for 'it-ldin,: VA m ,-,rrhi:'al s'),,rc ht 
Gerdle laili n tecliitii, the sucrose cetntrilu,ai, t iiitlhodI 1V Sllith S! ippl, ( JON9) %,ts 
used. Soil suspensioi was siteve 1it11 The dcblisscreened throuvih 2.tII t.'}ll !1out,3 Inwrfoli 
Midlt S. '",;t "tIll M ]l (I. I II I* ,t Vl\ C f ' p Il t t'd l!'.' ;lII1 llCl' lkt kj ( ,llli l ll! ( iilji ) h l i l ! \ ; (.l 

Cenirl'ifticed't I , 'tO . C1111t l Ipo hi,I ' hit rp 'lhhie ug ' l \t.,' td OiL'. 1illt oti ll \' 
dil ed \\]III a;Ito l cnllldl tl 1tttlt .2 Iinlt ' at i p I 1lie llp( ,olw~itIn ,,' 

ItalI; t Il tit)ml lit l' 11111h1 11i1e t' titi 'l .Mt;':1'.' t , I't I i I ll l i.lt Id \ 

uloicthat lhit aid, t 4 i 1, Ii lle di\ 

vcre stored in Rigc 's ,0lin f0r turthllII tdV SpIorCs filti c,11, 1.;iiplh ,\ ti , C ,.i 
ISCd up)ol 1W grains of ,oil. lilt io ,giIIC IIIIIIhI._'IS I-itlMle i V , .-It. ;cordc . 

4.1.2.2 l;\xtinlinatlion of vesiltl, and arhttiltelt it. root LIssUt,. 

Alter the soil w,,s waisicltirom til p1a it, t.,l. :le teCtteC l ioots \crc 
removet frin cach plant. lC iiitd d0t :I;'t tlclhy Vt, ietd ltllllCto ut'IIlllt[ C I rt 
coltnizatim by Phillips & I lavliai niethtid (lO). I tie foots \t.crc cleareti it I', K)l-I, 
boilt ilt t) Cahout 15 Iltt IIIt' "tidt tuit ll I;itCllet lciio ,l ,ii blue I ts c nt1\ ', Cul ill I 
ctm lon, for 1(0 pices randonlv ind placctl oi tihe ,litCs hor coUtIlni. . sing a lercosctilic 
microscope ( IM X) 1 cstiic tie prcentiiage: '. root cfeoloriati.ttt hV CtOti Itd tilt" picCs 
that obtaintil ahticIIlcS or surface m1vcl-ialor clusters of echinliate vesicles. 

4.1.2.3 Idlnification of NA mycorrhizal species. 

I- tllCt' tl 'ptorC, \\Ctl d iIcLL i Vi1 > I.tIiI lit. ,iL cll. ir;I'terisLi s 
itrritlClliti cit0l l ilt: S,)Ch CIiClc ll:ili I lI111ilt\tt l i\lr t ttl Of ( Citui
mntl rd ti i 1 ( :I W )," ) ,SJLt i' \ic." tu i i,,,?i '1.1 ,,'1T\1:l (nus tit.'lNtIhIm 

(dI d ",' .'ILA."p'. and ill tn p~lho's/ r. ',I) . I, l _'.-I nM}nt :I ',i+ ',LiC l, 0I V A IM I-,',,1.h1,/Al [lt1111i 

wreiI ,CIllifl,CiouintIlil;IIt'lt[Il, ,lt lfed l l~ 1/111.thuI> .f thittiki ' t'Iie Ctittili ',I)t'IIIIle 'll tNI P] tIIIOil. Iie I lt tt litl - . 1lliitici- tl 

' usedCt . Ihli" 1 MIll>l ll ll ' L1cClI t 'c l ,0:lltC 't i~llil ',l)( tC t~ t ' I '-,ICx, lh t ',\i;ll chillut'cl'is

tic,, andt ,po~lC o ftl'm . lHie (1vl 'ill tWll", (d ',pI) C 0'11M . SI)tO ' thIIllo'1Cl. l pll:''L.-'cll]t,,IlasvI sl i ii opit-(dtilllof I L te t*L tl it t iwe t bi,1l Ittvl) t\H tl 
,Sl'NKlC .' ; ilk 't")M lkitllt C ltI ( 't1 'tI",p l(M lllcOL![11,+ l V C."+ll tl ' ld IM~ 11 tL1.10, ffl: h e 

4.1.3 lnocuilum preparalion . 

InoctIlnil ol each ,pccic wirc prepar d bY .i ,'ti I piantl :Iittid lay -f S;n 
in the ratio I I ill 12 IcheC , cly psits.. Soi I l a stcIiiilc-. ol llt.Itt daV , eachtitC ilire 41t 
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time for 7 hr. at 82" c. Sorghum rulgarewas uself as host plant by growing first in paper cup
for one weck then transfcrcd to grow in clay iot Spores of VA mvcorrhi/a were applied at
the xottoni of tile transplant hole Each pots wtre fertilizCd with halt strt:i;th of [Foagland's
nutrient solution. indwatering t alternate days. At about 80%',flowering stage of host plant
(ahout 3 montIts tler ricintd). ool :trOl Sso! samples were collected to examine the percent
root colom:attill Aitl Illmlbel "t Spores produe. Aftcr harvesting, the infected root and 
soil were ie 'i, t s ' a, it'OCtli ItII r l iet'! 'tdies. 

4.2 Identificijfion of VA mycorrhiza by using immunffluorescence. 

'he stttdv of the iil pli:isC of' VA lnlvcorrhiz: vs hampered by the difficutltv
of tracing arm dlistingutshing th il yphaeC holn tholsc of the indi ,cicouss Itngi Fluorescent
an!ibod, (FA) techtique migllht b,- sfilIl ir cxlanitiin, tiet( coloniztion of VA m\'corrhiza 
in ttI. ro,i ;.'I the 11,11d 'Xepel n nt [hC pleIpAIti lnsIor p' ,l tzicill fhieal iritisel ill Were ;as
folhlow 

4.2.1 Preparanm of fungal atigut. 

N, t ' '1)0rC , (t , ,fue,', os,, ta ,\ cr ot a 1iilc, fron the soil in pot cultures. 
I'he 8A tlt of r . w.i.lh , 7,l)'Nt tVlI , re weJre hi d i steril ditilllcd ater,
atgitte 'li .'!ji ,i 1 '1il .. It I l ' I j 'I,. , I 'ttll! lUre't, Icilt,- t IItI I lf e wi IIh
distnllie Im,:id.1witil !thi;! i)i 1e:IuI,;11t\,!N 91 0 ;i ;tit s pfot)nlVCin 2W p1)i11l. Thet 
ilesj ,.'!r wt'lr ttricted ill til "',vi of NA I 1(. mttd gri 'urld in the tissiI !Tiidenl [r The spore 
-o ut i l s. li\ted l t !ji\'ot it I:I r;it li 

-1.2.2 linuiuizdi,im and di'lermisue tinn of titre. 

)li.'r iul ' ,, al;i , ,I \,\,!l ,tij' i OlqII I , fill) \ iII ;:',- Iis,"Io In jetd tIl IhI lilt; ill,m ,!'llt11\t'il 11k.'- itm~li t t:t ' !1tLt' Ilt0 1l,, \'.'lt' IC.')C', lt'td (Mt fiIC Ik l 2r11d d ilt 
.Ird Lv 1 iteI 101t l , )Ii ti ll '111thill )thlI(laINfhn ilt r;imhhil, toi the illiCt'otl .;CeitilCetl
\it I .l. A I L t '1 1 Kl, l,";lII idC '(,1t&N( lh A otkl approxillm icl, 5 fill were0:i\1. JCS 

'ithidia.',t; ll i lh ' tm :111'. '".'I il,' , ii to 
t 'llllllh" tile ltre . I lie itnject su
ion lt.,li.C

\was relC'dll th vI8th d;ih iil tlli AiA onh01bed 28th dl:i\. Ile Wl Od \., ;allOWe'd to
 
sltand overtlihtl h o Uilli .ilt 1l d 1 'd
tile te1C , cells \s'rc si)tlll (lovll. "lit seruirll \\ as eiil

leCtId aid IiNI Uiikl'M. IettJlieC h:til dv titi iI,\a\'. 

'The ;ililittb(ld t r xr"\v;i s dteh ifil, l I','." i otlification of Ihe iiTulutination
 
technique. Mycelial wall lpire!;iraiiots was ic-ribed It Valaiczuk et 
 il. (l175). ("hlin'do
sporc; sipendtd ii P1i N- t, 'j, ,!ii. vi :'- rIs,r then left for 2 hoLis to allow tile 
larger frag nt t pf cell wallk o :,-ttlc ow. hi;,: re tiii stlT,_,i1iOll wias tetllti\s ad u ,ed;iu(l
its all alltigell ill anl a,glitimt i The.'The r.ction with rabbit setill ,s carried Out ;t 411 
in a1coverd water hath for 12 it. Fhe aigliliatioi iciiOll wis.1 ;isseSSL h Cxalililation 
under i disstiug iicitiroscope. A positive rc;t ioi rCsulId in a diffuse ClOu d otf aggitiiaied
particles: i legative reatiun was ;aclear suspension. Based oil these results, all furtheu serulli 
collCtioliS %WeiCdiltCd kkith '1BS (1:25) and stlred in I)fil aliquats at-I ° C lntil needed. 

4.2.3 Spcifkitci Ilests with spores. 

('lil i mtip' ,' ) ( ils fit's.scav, were hutcollected is described abl bv,,e 
were not extracted. Spoics of Ot her VA nivcorrhizil species were obtained h) sicing and 
dec;iltiiig ltoliti t iitlt'Its,, i iI:Iii I trc, irat flr examine were placed in*u25 in 



membrane filter apparatus (Millipore Inc. ctuipped with a (.4 p inuclopore filter, then 
washed with 5(l0 ml sterile 'B'S alttc lich 1.5 ml ral,bit cltmnn tdillitc'l 1:25 .,thITS) was; 
Introluced. Ihis cohinatliln was allowcd t( realct in* a c\tt.retl k, cr lith ait -M: L !'(r 1 h. 
(tutrol lfunal piparltion with I'BS but mthout r.dihhit or i itnrIItSr turn nl,n U11rabbit
 
s1CriliI Were kept In lie"saiiie ch:ilibc'r. TilW nNIiiiplC, wet c tilie[ liilStd with )0 1in!lPBS. and
 

(O.5 ni of 1:51 diltiion ,1tlliorceCcin lahclled goa antl r'abit seruim (,,\ibtjdis Inc. l)ivis. 
('A) waN added t0 all s,upl , iIcludin, the cii1til. werC tht'lllhic rettirteld to the watcrbath to 
react ro n al cr Which s'aMipil, \wcrc iiisCel \\ilhl 5()1) 11l tl IHIS. anIsit;red in mi1st 
plalic ,cal hags i the dark at I' C Ir cxNlniti tM.['Ihe\ctild hte kept up io2 days for 
CVxallilat t1'n All ' lalalll \,eic C\aiiiiiCt+ iIi ',lilsciit id 'V. illminatioll 

1111I L'I ' ipe' 

V.\4.3 Selection of'ct'letie e cies oit' oiiciurhizal funtti. 

I lt OIcCIeL'li\C VA ,,otl.t;heCC. \'iirrhiz;;li oniit :;aicil1i vielhl, pltoe plall llowili, 
spl1i"t u Ibs l. )li Il. HIth)10il,IIIl/,,itIiill ;itlt \ A NI "pmn'. Ill oduit-d il the "ttl n It.i "ti0bC.Ill 
and tiiit\bcaii, the xperiniets \cIc Cilnucted illbth glassuttlusc id field. ( )lly obeajl 
and lultiebcall weIC 'tudied ill this limhiccl lie)) tri:l, ration,,Ill\Ieo ,sIishl it thrc 
ThaiaItIl. At (IIIinimai. th cniIit tI i lea II! we I L nnI I partIII ('Ii vetIn I 


Kalasiri. lilIlic;ii pcIrl 1 i. wcr,' ei',m ;IrItl it llildIdl
tof I 1;ii11id. iii itle:I l'lachilihiii. 
pl:trt t " ha]I l;tI ,I Lbcllii 'i, b - i.l \tih I L \ I ( I II:I, )II(Ilii tiltl i IIi',t itcLr 'I(I t h
f'er tile sil v in m in l,+. ttilIIt .k ,, I e t Hw ' II l : l i ,x)hillri hl l
I M u le K da d l'r ;I ' In Il v l\ h I,m 

cla\ hiiiuu textuIr' \kilh pll I" . oMer;MiC im;il I-,", i :\ II ,Pxti'ciltlrph I' 31) pi h c swil 
it l'alusil i,:IhiaitV ,aind tcxluic k I iic I+ , lirI\,ithSill.I. Lira attl P II C\tlaclablc P N 
1 t1i a111MidlOW siil at l' icliihitiii I,,J ch.I tct tii , ith p1 I'N. r'ant nn;ttrcI r t)",, l r, II
 
extrIctale V 2 pplir (iIA)ilw tin t ( 'liilllllli \V.ic ctlill ittit" smhrant rice rotation
 
where as at Kalasil i ncAlllarl;'It1 it \',tr ltltLtan aind
\..rc blIIJ riot,.. lld riachinhiuri n 

sovbtIIu- rice rOulatilil., hal Cop1 i ,applied with siill at nt1 Alt !'itiliecm.
 

4.3.1 Soil And plaitil lsrmparation. 

Plais used in tlliS were Mttk1 \':af .1.5,tuthv ,oVlIu.Mi (/lVic v ind lunbean 
(Vi'na radialta) Variety U -lh, mu 1. s vcre tltaiimi.d trot Fit-M (ip I),'ision. )epartnent 
of Agriculture. 

4.3. 1. I (IsstI)OUse experiment 

Soil used ill the glasshonse is loamy sand texturc with fill6.5, Bray II 
extractable 117 ppin. Steam sterilized soil wCC f'ilh.d li:illCtr clay pot Twelvein the 12 iich 
species of VA mycorrhiza selected trom the ptnoculture after in iplied were uIsed to Sttidy 
for their cifectiveriess. Forty spores of each VA mvcorrhiza iSttatt weore placed iltile Ihottulll of 
tile plant hole about 3 cm below soil surface. F I seeds o' each legumine were l)lIhced ableC 
the spoies and covered with soil. Five days after emergence, tle pantts %kcrcthinned down 
to only two plants per pot. All treatituerits wereJin m'tl;itdwith pc;tise rhi/ob0ilr illiiCii.Um : 
Bradvrhizzohium jowiluii for soybcan, aid ("owea IA11:'hohiaI iin pheal. One gramiu olii 
rockphosplhate (5'Yi/ available I')was added tIoeach pot 

4.3.1.2 Field experiment . 

The field trial was carried out for soybean ii('hiangmai, miighean inKalasin and soybean 

http:illiiCii.Um
http:oVlIu.Mi
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and mmighean a' Prachinburi. *Iie field was kept free o1 vegelation hy ploughing the soil 2 
times with a diA'k 'arr w before planting At planting time, 937.5 kg/ha of rock phosphate
(5 PI ),( :t,; applicd oih' il ,rtilizcd plot \hile IN,75 kv Nhl/ha of''tea Mid 3 .5 kg K, o/ha 
of KCI Aerc hroadc'sted and inicorporated to the ,l in every plot. Only 6 species of VA 
nycorrhi,/, which were .,cclcd il 1ht,1JSh"Iis ;androwed a ligh effile ncy in phosphorus 
nutrient ahsorbtion and vield increased fbI each cultivar were used for the field trial. Two 
hundreds spores of .at'h VA mvcorrhiza species from pot culture were applied in each plant 
hole at I inch bolmw the legume ,eeds. Two plant s vwre ahowed in each hole. The plot size 
was 3 x 2 netres, plant spacing was St cm b,.teein rov,, and 25 cm between plants. The 
ditch was made around each split plot pieparing for the furtther experiment on survival 
detertinatioi. 

4.3.2 ,:perimenlal design and management. 

4.3.2. (;lissho;, experiment. 

The pht CxpIrml iS were conduted in Randomized ('onplete Block 
(RC13) design with 6 replications and 13 ti'aiments for each cultivar, sybean S.J.5, 
nimngh-an U -ThonL I as fllo,,ed :-

I reatmient I, intocul:,'icd wit h f ;I'imu, t iPi(Jt fmm,, 31 ([-'II) 31) 
Treatment 2. inriculated wrth ( b'wil ,%Jc.'rtirola?, 3(I) S 3))t 
lr; utiriit , ,). 'i.t'a.s,,,,,ol '_, IUlttd ;vith ,ii," -I) ( MA R 4t)) 

Iocilatcd withTrcllmtn.n , ;iga.spora igrcgaria 4/ 33 (RFl 33) 
"]reat m In , inuClUted \kith Iitrotplipora// , (IFNTRO 8) 
Treact met '. iniculat d with ( igaspoa i,,armu # .57 ((.R 57) 
Treatmet 7 in with tiga,'nim sp. # 56 (Ml 56)'-datel.'d 

'reiiieit 8. in' ,nlt with ,'aumrora .wrobi'ulata h' 22 (A.''R22) 
lre-atment 1), ino':lLred \with ;IMU ,ni.,w' ' 6 ()( ),S61) 
Treatmnt 1t). inoculated vith (fhumtus intraradices# 26 (INT 26) 
lrealllt'nit I I. inoculated with (,!omus m..mea (M()S) 

'reaitment 1P. in'tnlatcd with (Glnusvsp. # 17 ((;l-( 1-,) 
Tr,'atrii'nt I), nuln inoculated (control) 

4.3.2.2 Field experiment. 

Field exp'riincn was conducted in split plot design with 6 replications 
and 7 treatments for every localtios. The main plot was no fertilizer and fertilized with rock 
phosphate (5"1'( ) ,) plot included non inoculation and inoculation with037.5 kg/ha. Su 
each species of the following VA mycorrhiza : 

Treatment I, inoculated with (Ilontns # 156 # 6 (MOS !S6) 
Treatment 2, inoculated with (Glonius s.. # 17 (GLO 17)
 
Treatment 3,inocilatedwiih Glomus intraradices # (INT 26)
 
Treatment .1,inoculated with Acaulospora scrobiculata # 22 (ASCR22)
 
Treatment 5, inoculated with (Mlfmts etunicattm 31 (ETU 31)
 
Treatment 6. inoculated with (hotinu de.wrticola # 39 (DES 39)
 
Treatret,lt 7. non iiioculated 'conirol
 

Pesticide. enthazole was applied at 30 and 6) days after inoculation. The 
weeds were controlled and dliminated by hand. In the glasshouse, water was showered 
everyday. In the field, water was applied into the ditch along the plant rows until harvested. 



4.3.3 Data collection 

Plant growth included height and dry matter of shoot, grain yield, percent 
root colonization and number of spores in soil were retorlcd every 30 days. Two replications 
were used for examining the plant growth, percent root colonization and spores, produced in 
soil and the rest 4 replications were kept for the harvesting time. Nutrient content in shoot 
especially P content were analyzed ;,t harvesting time. 

'lie data were statistically an'alvzcd by using ANOV and Duncan's multiple 
I*lnLtC test to compare tile ,rility of VA mvC0,rrhizai on phosphorus nutrient absorption ahility 

and yield increased. 

4.4 Survival of VA mycorrhiza in the 2nd crop in paddy field. 

To study the survival of VA mycorrhiza under flooding condition, the 
expCrinlent was done stic'c,2CCdine1 ftlCr the selection of clfeclive VA nvcorrhi/al species Ir 
enhancing soybean and nuogbcan growth, which was conducted in the same plot by growing 
rice. 

4.4.1 Soil and plants prepar-tion. 

Rice variety RI) 7 was used tor this study. Rice seeds were obtained from Rice 
)ivision. Department of Agriculture. 

4.4.1.1 Gla"shouse experiment 

To detect the exact number of spo~res survival in flooding condition with 
and withou ho':" .lant, the host plant used was rice RD 7. Steam sterilized soil from paddy 
field was fi eO' in the 18 inches diameter pot, and 40 spores of each VA mycorrhilza species 
were inocUlated into the soil per pot then flooded tile soil with water. 

4.4.1.2 Field experiment. 

Rice variety RI) 7 was grown in spacing of 25 x 25 cm in the same plot 
of the first experiment. At planting time. 625 kg/ha of rock phosphate. 18.75 kg N/ha of urea 
and 37.5 kg N/ha of KCI were broadcasted and incorporated in the soil for every plot. 
Ditches were nade around each split plot and flooded the plot with water, 15-20)cm high in 
level. Rice seedlings it 14 days were transplanted to grow in the prepared plot without 
VAM inoculation. 

4.4.2 Experimental design and management. 

4.4.2.1 Glasshouse experiment. 

The experiment was employed in split plot design with 6 replications, 
main plot was growihg rice and non growing rice, sub plot included 7 treatments of VA 
mycorrhizal species as follows : 

Treatment 1. inoculated with (lomus tflossaea # 156 # 6 (MOS 156)
 
Treatment 2. inoculated with (fhwnus sp. # 17 (GLO 17)
 
Treatment 3, inoculated with (Gloniusintraradices# (INT 26)
 
Treatment 4. inoculated with Acaulosporq scrohiculata # 22 (ASCR22)
 
Treatment 5. inoculated with (,'Iou.v etunicattm # 31 (EI'I.J 31)
 
Treatment 6, inoculated with Ghotnuts deserticola # 39 (DES 39)
 
Treatment 7, non inoculated (control)
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4.4.2.2 Field experiment. 

After harvesting sovbean andLmungbean from first experiment. the root 
of those plants were left and were ploughed and incorporated into the soil. Each plot was 
seperated by the ditch made from the first trial. The same experimental design, split plot 
was employed inthis experiment. The main plot were no fertilizer and fertilized with rock 
phosphate, subplots was i'hioded an(J noln flooded plot. No VA mycorrhizal species were 
inoculated at this time. 

4.4.3 Data collection. 

Plant growth included height and dry matter of shoot, grain yield, percent 
root colonization and number of spores in soil were recorded after 60 days of transplanting. 
rice. Phosphorus contents in the rice shoots were analy:'ed at harvesting time. 

The data were statistically analyzed by using ANOV and )uncan's multiple 
range test to compare fihe effective on survival of each VA mycorrhizal species. 

4.5 Surviv"- of VA mycorrhiza in the 3rd crop of soybean and mungbean field following rice. 

Soybean and tnunghean, the same variety as in Materials & Methods 4.3, 
were used. These crops were planted following rice in the same plot. 

4, .I Soil and plants preparation. 

Soil pieparation was tlie same as in Material and Method 4.3. 1.In this field, 
instead of applied urea as N-fertilizer, rhizobiun inoculant had been applied. The other 
treaLments were the same as the Ist crop. 

4.5.2 Experimental design and management. 

Same design and management a';in Material & Method 4.3.1 was employed. 

4.5.3 Data collection. 

Plant growth included height and dry matter of shoot, grain yield, percent 
root colonization anid umhCr ofspmcs insol were recorded every 30 days. Nutrient contents 
were analyzed at harvesting time. The data were statistically analyzed by using ANOV and 
Duncan's multiple range test to compare the ability of VAM on phosphorus absorption ability 
and yield increased. 

4.6 VA mycorrhiza inoculum production. 

Since VA mycorrhiza can produce in the pure culture, pot culture techniqueiitn 

by Menge had to be used for inoculum prOduction. Spores density, appropriate media and 
suitable host plant were studied for mass production. 

4.6.1 VA mycorrhizal spores density for plant growth. 

Peanut Tainan 9 was used as a host plant grown in clay pot contained 1)kg 
sandy soil low in phosphorus content. The experiment was employed in Randomized 
Complete Block design with 4 replications and 7 treatments comprising various numbers of 
Glomtsnmosseae spores from 0,10, 20, 30. 40,50 and 1(X). Peanut seeds were surface steriled 
by 1(% clorox before planting and using 3-4 seeds per one pot. Rock phosphate with 5% 
avialable P was applied I gm/pot and mixed thoroughly with the soil before planting. Spores 
were placed at the bottom of the hole under the peanut seeds then covered with soil. Seven 
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days after germination the plants were thinned to two plants per pot. Water was showered 
everyday and pesticide, Azodrin, was applied at 30 and 60 days after planting. 

The plants were harvested at I0M days, dry matter for shoot, root and pod 
were recorded. Percent root colonization and number of spores produced in the soil were 
also recorded. All data were statistically analysed by using ANOV and Duncan's multiple 
range test. 

4.6.2 Selection of appropriate media. 

Appropriate media were selected from 7 plant growth media: sand, clay, peat, 
loany sand, rice husks, coconut coir dust, vermiculite and two combination of sand + peat 
and sand + clay in ratio I : 1by volume. The experiment was designed in Randomized 
Complete Block with 4 replications and 9 treatments of different media mentioned above. 
These media were steam sterilized 3 times successively and filled inI the 10 inch clay not 
about 3/4 )1pot volutle. Peautllill 'Iaiall w Is used :Is the host plant :tlil SCCd \ws "llIcCStCrilized 
1w 10% clorox before using. Four to five peanut seeds were plantcL in cacli pot inoculated 
with 1(0t spores of G(lomus fasiculatm by applied under the seed. At seven days, plants 
were thinned to to plants for each pot. Water was given everyday until harvested. Once 
a week, every pot was applied with the standaid Iloaglanl's solution (1/2 strength) minus 
phosphorus. 

Ileight, dr\ matter o shiool, perlcCt root toloni/atin and ntnl l'r of' splrulatiOin 
in soil were recorled at 310 Mnd (10 ,lays. All dalal cI\c tistiiiclly' allal\/Cd by' iisiing ANoV 
and il)uncan's multiplc ranwe test. 

4.6.3 Selection of suitable host plint 

A suitable ho[st planl was selected 1ml II species tf culivar: onion. s rghuin, 
corn, soybean, mungbcai, pcaiUl, sabi, bahi i giass. kud/u andi cabbagc (which was a 
nonniiycorrhiial plant) was included. The experimcnL was lesignld inllRandomized Complete 
Block with 0 replications aid Itn i-citmieuts of plmit ientioniCd above. -achM cci'CIil host 
surlace sterili/ed plant was grit l in 12 inch clav pol Coltlillied I0kgs of steile said i- clav 
in the ratio I : 1 y volume. Plnts in one po tre inoculat.d with lti sporcs of (lomlus 
fusiculaiiwm by placinig tlhe Spores bencil Ihlie sc.ds. ()nce ii \.ek. evcl\ pot \vis, applied 
with the stanidard I loagland's solution (1/2 s rength) nuiliis phosphtrus. 

At (), 90 and 121 days, root (Iry weight, percelt root colonization andinumber of 
spores in soil \crc recorded. Thc dala ,Cie allalvc le statistical Comparison of spore 
production by ANOV and Duncan's multiple range test. 
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,5. RESULTS AND DISCUSSION 

5.1 	 Selection of the effective species of VA mycorrhizal fungi on enhancing plant growth, yield 
and phosphorus absorption of soybean and mungbean. 

To select the effect VA mycorrhizal species, spore samples were collected, 

multiplied and identified both via morphology of the fungi and immunofluorescent antibody 

(FA). The identified species were then chosen basing on tlir effectiveness on phosphorus 

absorption and enhancing growth of soybean and mungbean. 

5. 1. V Description of collected VA mycorrhiza. 

Soi! and root samples were collected from several sites of soybean and 

mungbean field from May 1983 to April 1984. (Table 1). At each site, five soil samples were 

randomly collected for composite sample at 0-36 cm depths. Extracted ipores and sporocarps 
were stored in Ringer's solution and were mounted in lactophenol on g;iss slides for identi

fication. Number of VA mycorrhizal spores in soil at various location varied from 0 to over 
27,2(X) Spores per 1(X gm of oil. Soil at Khonkaen (Utisols, p'. 6.20-6.60) had least amount 

of VAMF compared to the other soils at another province. The highest VAMF spoies were 

found at Saraburi (Vertisol, pt1 6.5) where most soils contained low available P, less than 42 

ppm available phosplhJorus. VAMF representing of 5 genera of (woinus, Gigaspora, Ac

aulospora. Scutello.spora and Sclerocyst is were observed. Species of Gloinus, Gigaspora 

and Acaulospora were the most frequent species obscrved. Identified species were included 

Acauilospora scr,ici,ttlta Trappe. (;lonins We sxcav (Nicol. & (GiCrt.) (;ertl. & 'rappe. %;iomus 

inicro'PU17)Mu "'nl. & Ttu. (0loltu.%IUti,'atdis Geld. & lIkshi. (0IoniSi'luuxno1NrIMu icrd. & 

Trappe. (Gloinu, itroaradic. (;'Iolnt. d,'serticohla I ape, i ss & N geol( ts.1i'iathuttnIm 
(I'lhaxter & (ltd.) (112id. & Trappe (Gdlo lllttl('ltc(ltlrlll 'Fiul. & Tul.. (;i tavporat mnagarita 

Becker & I Lall, ScItnwvsis ('jcmi lierk & roiiic Scl(erY.'is avispora 'rappe. 
Sclerocvstis siiuosa, Sc'utelhspora grceI'ia (Schenck &. Nicol.) Walker & Sanders, comb. 

nov., S 'cel lpora hetcrogaltia (Nicol. & (erd.). Walker & Saitlcrs. 

http:6.20-6.60


Table 1 Soil characteristics ,f samples from paddy field survey with number of VA mycorrhizal spores from 

Locations 

Ayudthaya 1 

Ayudthaya 2 

Chiangmai 1 

Chiangmai 2 

Kabinburi I 

Kabinburi 2 


Kabinburi 3 

Kabinburi 4 

Kabinburi 5 

Kalasin I 

Kalasin 2 

Kalasin 3 

Kalasin 4 

Kalasin 5 

Kalasin 6 

Khonkaen 1 

Khonkaen 2 

Khonkaen 3 


Mahasarakarm I 

Mahasarakarm 2 

Mahasarakarm 3 

Mahasarakarm 4 

Nakonrajsima 1 

Nakonr'ijsima 2 


Pisanuloke 1 


different locations. 

Sod order Soil texture 

Inceptisols Clay 
Inceptisols Clay 
Alfisols Sandy Clay loam 
Alfisols 

I stults 

Ustults/ Loamy sand 

Aquults "1.99 


.4.88 


Utisols Loamy sand 

Utisols Loamy sand 

Inceptisols Clay 
.. 

Alfisols 

Soil pH 

6.30 
6.05 
6.2j 
6.57 
7.30 
6.80 

6.72 
7.50 
6.90 
4.60 

5.70 
6.00 
6.20 
6.30 
6.20 
6.60 

5.69 
5.50 
5.60 
4.80 
6.30 
6.50 

4.49 

Available P 
by Bray 1I 

(ppm) 

20 

20 

36 

39 

15 

9 


14 

13 

14 

13 

13 

17 

15 

12 

16 

11 

12 

7 


5 

3 


16 

8 


13 

20 


36 


No.of spores 
per 100 g 

soil 

246 

389 

190 

160 

116 

63 


79
 
132
 
263
 
340 

104 

54
 

120
 
174
 
363
 

27 (dead) 

18 

21 


230 

170 (dead) 

260 

175
 
145 

180 


20 


VAM species 
Founded 

Gigaspomr sp., Scutellosporasp.
 
Acaulospora sp., Glomus sp.
 
Glonius sp., Acaulospora sp.
 
Gigasporasp.
 
Gigasporasp.. Acaulospora sp.
 
Glonus sp. Sclerocystis sp.
 

Gigaspora sp., Glomus sp.
 
Acaulospora sp.
 

Glomus sp,
 
Acaulospora sp.,
 
Gigasporasp.
 

Gigaspora sp.,
 
Scutellospora sp.,
 
Acaulospora sp.
 

Glonius sp, 
Acaulospora sp. 

gp sp. 
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Besides tile soybean and mungbean roots which collected at the same time of 
soil samples, the root of weeds growing in the same area were also collected and examined 
for the colonization of the VA mycorrhiza fungi. Thirteen species of weeds were found to 
be infected by VA mycorrhiza in their root system (Table 2). The highest colonization were 
found inthe root of 'lehotropn indicum I inn. about 15",. ,o(t of'Ioll u(wu c,0/01'1,M 
(Linn.) Link and I:'riochloa proera (Rcit ) U .L-. Ilubbird v,crc cqually infected 1)\VANI. 
All the weeds listed in Table 2 wcrc commonly found in the soybean and mlungbean fields, 
therefore these plants might be the allernatcd host plants which hlpin 'v VA mycorrhizal 
fungi to survival from one cropping to atmther cropping without re-inoculation. 

Table 2 Percent root colonization found in the root weed grown in paddy field. 

plant species percent root colonization 

Heliotropium indicum Linn. 15%
 
Echinochoa colonum (Linn) Link 
 12%
 
Eriochloa pr(cera (Retz) C.E. Hubbard 12%
 
Mimosa pudica Linn. 
 10%
 
Scopanri duleis Linn. 
 9% 
Lhrozaphora rottle' 9% 
Hedvoties diffusa Roxh. 7% 
Ilyhllanthis virgatus Forst.f. 5% 
Sporobhus vir-A,'ncus Linn. 4% 
Physalis tnhinma Lhinn. 4%
 
Euphobia hirta lin1. 
 3% 
Euphobia hyericifohlia Linn. 2%
 
Dichanthiun caricosun Linn. 
 1% 

All spores of the species collected were multiplied in pot culture using Sorghum 
vulgare as the host plant. Twelve species listed in Table 3 were selected for use in the further 
experiment because they could sporulate well in pot culture not later than 4 months. Ac
aidosporascrobiculatacould produce the highest number of 4.2(H) spores per IM g of soil via 
direct count. Gigasporaspecies yielded spores in pot culture less than the other genera, 
Acaulosporasp. and Gloinus sp. 

5.1.2 Identification of VA mycorrhiza by immunofluorescence technique. 

The serum collected was diluted I :.0 for use in(he tests. Antiserum produced
by spores of Glomtus mosseae was hardly reacted with crushed spores of' Glonus inosseae. 
The fluorescein-labclled was not uniformly distributed on the outer spore surface of G. 
mosseae and the spore of VAM species in other genera tested (lid not react although some 
had been reported on their success (Kough, 1983). According to the limitation of time to 
develop FA technique to identify VAM isolates, the identification of all species for this study 
was (lone after DR.N.C. Schenck and I)r.J.A. Menge the consultant of this project via using 
spores characteristics and morphology. 



5.1.3 Comparison of the effectiveness of collected VAM species in glasshouse. 

Twelve isolates of VAM identified by technique of Nicolson and Schenck 
(1979) were chosen to study for their effectiveness. These isolates were selected because 
they were able to sporulate and produced enough spores without contamination in the pot 
culture. 

Table 3. Number of spore produced in soil by 12 efftdive VAM species in plot culture. 

VAM species no. of spores/100 g soil 

1. Acaulospora scrobicuhata # 22 (ASCR # 22) 4200 
2. Glonus intraradic's 183 # 26 (INT # 26) 250
 
:3. Glonmus mosseae (MOS # 6) 140W
 
4. Glonnis sp. # 17 (GLO # 17) 1200 
5. G(otnus floss)Oea 156 # 6 (MOS # 6) 1450 
6. Glomus deserticola 160 # 39 (DES # 39) 840 
7. Ghmus ctunicatun 157 # 31 (E'U # 31) 2000 
8. Gigaspora iarit 103 # 10 (MAR # 40) 134 
9. Gigasporag 116 # 33 (GRE # 33) 123,regania 

10. (;igasporasp. 011 1 57 (GRE' # 57) 115 
11. Entrophoslxm sp. # 8 (E'NTRO # 8) 115 
12. Gigasporasp.O02 # 56 (GI # 56) 175 
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Figure 5. 	I. Enlr h'slrlihlhLi-(l.lI.%(d). ma turC spore., x 20. (h). surface spore (shell). x 4)0. (c). 
mature spore Irom S1:N1. x 400)). (d). mat1ure spore Irom SFM . x 720. I[.I:flr,,phs;.lr 
c,,homliim., x 20 
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Figure 6. 1. Arbusculc (a). in sorghum root, x 40l, (b). arbusculc in sorghum root by SIEM, x 720,
 
II. vesicle in soybean root. x 40 III. vesicle in corn root intcctcd by Glom s lhi;sicultum.
 
x I(0 



5.1.3.1 Soybean. 

Result Ilithe glasshouse showed that many ,pecisof VANI fungi were 
effective. Data in table 4 showed that there were no significantly difference of soybean height 
'it
30 and 0)dqays, tk'ntholVora # 8and (Ionmus mflUX'ac '16 were not significantly diflerent 
from the other VAM hut were significantly difIctent in height from the control at 15 and 
12' respect ivel\. Sovtcle inocul ated with (t tigasjoragrcg,ria # 5 was shortest-7 tIIh( and 
even shorter thali contrtl. "lhcre were no difftifence in avcrac ' s,Shoot wcights amiong the 
inoculated and tie nonillOCtillatcd. The diflerenecs were fouind anllong the VAM isolates. 
Sovbcan inoculated with G(m."mo.sscct # t h ilthe iglicsi shoot dr., w :ight 0! 1.5 grains 
illIXt (!ay" while (;Iomis et'fitatmiwu had li.lowest shoot dry wchilOt ,li().N grams at the 
same a,,c It was; shown that the sovean itocullated \\ith t;It'o.o illrw'ui', i 20 had the 
hihest p,)d drv wcicht which was noiMitoCtlatd Iht! IS 1)'.higher than till lhis indicated 

i'0 l/26 hilad ih 'ant1At (G '..MUA the ici'nc\y it,ait, Nt' \h(,, whol grown 
tinder ,elasshouse c'rdi ii w',illIm, pl ,sphit!, and fre,, 'nnt inn \'.,i i, tafninat ion. 
Most sCle-ted VANI speCi,s tted illthis slllk had tie ,:ipahlit\ ltvctloebcing Clt)ilprt~dtlottm 
eeptVPI ( . "'It'v'ltinctu ::ii 31 ,tLI (ili''g ' i ; 33 M ilt diI lc+v ;tV cttcI! r )tt llit 

"l;t-I : I l ) { ' IIllllc k ! ;:lll it I,t \'( ;,.C"O l s I l i l l Il c t ,.,t l t !tu t t 'it 


V \'. I % l ll11.',lIW 11l { I .I ile\m , 1, 191i,,' ,I. i,'l.'d It, ll ll t (lfl, ! ill ] it,'!l l11t' .' ...i [v 

eaie r Ilitan Owlt'1tIcl \ A\N i',i~lh',,. ,\t h~Adx , ,O l' l;Ol 1ill!I lkp (); A ;I~tL'fl It1A ()t-,11Zitil'0 

'.crc ciloni'cd'%as loutd up1)tot00',.-At 0(ilvs"all tlt,tcic;i romtxIs II '.'\NI isolates. 
[he hituc't cohtt/llmil '\,N;" , htomid ilt so\sh't(i itoot iltl;Itelatc(d'mtu. 'iw''.',sitli it'r # 26 

Whil tit Ic t+,. , h illtl %kwith i ,1,Iz.',1AIe I, ..'r lilltl !i .". Ih It \% lo'.cl w ct',lllla llltii s 
altitll M"'.inl h, ttilltt'ttd' pot. thcre wcre eirlel;ition alOn" th 1i0c1lt r0ot c0ob

v.oit I i . ll I CCnIt rI,tI iM I dln \it IillN.iNI if/1( ;llclii 5';D mie, Pwac 

. -t 't 1cilethe he'.s p,. t 1 101 tLn tM ( ;bM '.t .WINI hii ('1101h " ti.tultctl ill 

.

I{ I C Il', ) IClI~ hl I t t ll I ',I)(ifc"s ill ',( illtdImc , 11ll' , I 110 0 ]l)t \ct' 11,1 )[1tI 'd 

Ioolt ol,itii lln IsLolate obt tined lrom .c'atdtplora ,s,'rbiultad # 22 were t011dt I)pitl'icC 

Ili thest nriiitmher o spt -stip (t es per ll .rams of 'solil with 001 perCentI loot c'olltonlitt837 

zation\while (G;li(to.in;ti/'l's #i2#'6prtduced only 217 )rcs \with 98' )fotl, cohniittlon. 
This showed that th' \AM isolates which producini high t'iult
pors arc itt necessary 
to ohtain t1ie high inleetivitY ,ild Vioe \10'rsA. 

('unsidering the plttsphorus content insovbeall shllnot and leaves founded 
that the VAN isiflates \which influcntccd on increasiilt! sovhean iell contained the greater 
phospholus contelit han nllninolculaeld soyhCan.
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~~pTable 4. Average height, shoot dry weight, yield, root colonization, number of spores and phospho
rus content of soybean grown in glasshouse. 

Height (cm) Shoot dry weight (g/pl) Yield (g/pI) 
Treatments 

30 days 60 days100 days 30days 60 days- 100 days fresh pod dried p 

ETU # 31 21.8 a 28.9 a 28.8 ab 1.6 ab 9.1 a 9.8 b 2.9 c 1.6 b 
DES # 39 21.1 a 29.1 a 28.9 ab 1.3 b 8.3 ab 13.5 ab 9.0 abc 3.8 ab 
MAR # 40 22.3 a 29.9 a 28.3 abc 2.2 ab 9.8 a 11.9 ab 11.4 ab 4.9 a 
GRE#33 21.7 a 29.0 a 28.9 ab 1.6 ab 9.2 a 11.3 ab 3.5 c 1.7 b 
ENTRO #8 28.1 a 28.4 a 30.6 a 2.1 ab 7.4 ab 10.8 b 5.8 bc 3.3 ab 
GRE # 57 18.4 a 25.2 e 24.6 c 1.2 b 6.4 b 10.8 b 5.5 'bc 2.7 ab 
GI # 56 20.9 a 28.4 a 27.5 abc 1.1 b 8.7 a 12.2 ab 6.3 bc 3.4 ab 
ASCR # 22 18.4 a 26.2 a 27.0 abc 1.7 ab 6.4 b 16.0 a 10.0 ab 3.8 ab 
MOS #6 22.4 a 29.9 a 30.0 a 2.6 a 9.5 a 16.5 a 12.0 a 4.6 a 
INT # 26 19.4 a '27.4 a 27.6 abc 1.4 ab 8.9 a 14.5 A 12.9 a 5.0 a 
MOS 19.2 a 27.6 a 27.9 abc 2.3 ab 9.2 a 12.0 ab 6.5 bc 3.8 ab 

- Glomus # 17 23.5 a 29.5 a 29.2 ab 1.8 ab 9.5 a 11.8 ab 9.5 ab 4.4 ab 
, Control 20,1 a 26.5 a 26.7 bc 2.1 ab 9.3 a 11.5 ab 3.8 c 2.0 b 

%CV. 9.8 4.3 6.2 16.7 15.4 21.7 20.7 18.4 

Table. 4.cont. 

*;:,:: Root colonization (%) No. of Spores/100 g soil P content in plant tissue (%) 
, Treatments 

30 days 60.days 100 days 60 days 100 days 100 days 

ETU#31 7.2 d 15 c 24c 3 d 38 d 0.119 
DES# 39 0 f 24 b 72 ab 292 a 443 b 0.148 

MAR#40 0 f 48 b 73 ab Oc 128c 0.161 
GRE # 33 0.5 f I c 9 d 3d 15 d 0.113 
ENTRO# 8 4.0e 3 c 23 c 16c 518 b 0.139 
GRE #57 15.0 c 20 b 25 c 1 d 7 d 0.124 
GI##56 15.0 c 17 c 30 c 2 d 40 d 0.143 
ASCR #22 3.1e 54 b 60 b 0 d 1837 a 0.154 
MOS#6 23 b 74 a 80 a 0 d 202 c 0.169
 
INT #26 60 a 90 a 98a 4d 207 c 0.174
 
MOS 2.5e 17c 31 c 13d 155c 0.163
 

i " Glomus # 17 0.2 f Ic 36 c 80 b 85 d 0,179
 
Control 0 f 0c id 0 d 0 d 0.120
 

%CV. 73.5 89.3 87.7 102.5 98.7 9.4 
:, In a colwnn, means followed by different letter are significantly differen at the 5% level by DMRT. 

' ' 
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5.1.3.2 Mmigbean, 

In (able 5 sh 'wed that Ihere was no differences btWLen inoculated ard 
noninoculated on mungbean height at 3(0, (() aund () days. 'lhe differences were found in 
shoot dry weight at ((0 days. Mr nighCar inOCul1itcd with .'uuluspo.vcr,,irt # 22, had 
the hil'c'et1 ei.l WMi1 \Na hichcl thl;Um alttad I l')..IillulIh( i oill'lr \" 1.X da'.s. tire highest 
weig~ht jtired Ifnro unlgbean inrocutated with (Glomius ntraradics # 2-1and (;ii,aspora 
mtPU llal f; i ollirl ,, /;1i 440( ,\c('e l i h ll li i .nli:ithed Ad,, -r."4ld " I%, \ 
could Increase nitrrgierrr yield up to 10.3". over Iollnoiroculat ed, while (t;rlur. #/ 17. (;i
ra.\f(m) migrarita# 4(0. A 'urlIopora s'rbiculta / 2,2inCre:rlsCd Iun rgheal iehlda! (8"'",. 

and 47" 
(iga.spora ,,ri, rt# 13, lntropl/o.pora# 8 aaarind (;Irkxt.', ,Giar.., 22 did rmnt "hmw any 

5,8l',, o;er cn itrol respectively. Some isolates stuch is(Nntrlut de'l,ti o/ # 3q, 

sinificantly diftfcenct, frori noninoculated. 

Thc colonization of VAM i niIg tci root was r(, s.rvcd at 61 day's. 
(hmtntis intrar 'ie.# 20 showed the eifrlicsI c1'lorrizatit inll MrlIcLi rort. At I l\days 
alter planiti. all t[ie treatment.i were coloized 1y \'AM. l'hc per~ent rooIt c loni atin bv 
Glorue.. inrt(tadtes i 6 ajTiad (;ii.,'uspora ,t.arefrito t' 40, %ecrC toUird highl 9 & 78> ,t 9,'-k 


(/ ,:ci nu..\m ith SS"., lo,,l rllllrespeetiCI \ ll's ' Wrtr w ,,iwat hlehrlleiereS[ ,,ti, 

. ,lois u/u 22 ' hh-1i.", ;' il. I(Q) ip pCi
podlrt' rirml ,r() I 1 1 lc Mlgla l"s 

/1iade s A'lun'of sni . whili (Thnui x tr ,Irn'm. "..( r1 r llr'lN)ta) .1l ilfl (-1o0rmivl ',rom 
o , 37 arLId s riur 

spor illsoil arrd pe re:er nwot cr11 lnl/,.1 rl waU,foun(l I llnu 11rrA. "IlC pln)SphI(trutnm; 
lprlin crme i.R .)(l IS.' l;k, NiOt L ntnlni htl _tll itic lre ."of 

ri rheaill 
COllltllrIlrtnlgheall siroots anid .laves shorwed the gfreattr J)coirit in ile e'lctive\'VAM 

Iball
rurin culard florllrr inIl tle 1rflillocnl;rt1d 



A d,ir 
Irls cotc! !it c-1 m,!,,,hl1l gOw D i; :b, gh t'+' 

'able 5. Aver;ige height, :.-,I>ad(rVw I..! P. t C lAnlZ;al )I I, nun c f1sIx)r,,, a nd , h( hI 

I llI ci Ii , iI dtv weight Ig/plh Yi:' d (, pl)
Trv~ftlncnt., ... . .... ... . . 

3) LY+ 60 ( \. ii(f fri.h pIod driod p,'dvo dv. (];\I% ) divs 10)) days 

EllU # 31 17,.3 20.-5 1 1.6 .: 1) . ab 8 11) ,1.7 )c 
IE7 ) , ,7 18.? 20. 1 1. ) il) 1.2 1) 6.2 1. 1.7 c 
MAR :/ Th I;. I 21.5 13. 2.0 1.3;1h (;1i L. ji ah tl.) 1) 
tiRE ,'"1 ] .8 1,.." 20).: 1.6 1.7 1 1.9 ;t 7.1 .6 
EN I'R ) i - ().0 19.5 1.6 1.;G 1.1 ib 1..1 1 ., .7 

7 1G.9 1 1.7 .4 1.9d9 ;it) 5.2 ahl (.8 i 2.2 
(CI# :)1 n' I 11 .19I I ..P : 1, 1 .) ;1h i. (I , 
:\SCIR !2 17 1 21.: 2_!; 1.8 I1.6 1 2.5'/ i n.. .2: '.1 

M1s a 6 17.(0 20.7 . 1.7 1.2 ;i) ) i . ZI,31 .31 
INT # '1; 17.8 21 03.) 2.1) 1 ab) 6.2 ;lb 7. 6 1.1) I 

MlS 16.3 19.5 21.7 1.3 4. 0 a 19. at) 18.1 ;1 7.7 a 
(0;]ziLIlS # 17 16. 0 1S.6 20.3 1.,1 3.6 ah 1.2 ;i1) I1.5 ,1b 6,.1 a 
Control 16.6 19.7 21.8 1.5 2.1 1) 1.3 ab S.0ll )S '18 I" 

% CV. 9.1 12.3 8.6 17.9 i5. 8 19.9 12.6 

lable 5. conl 

Root cohlnization 1%) No. of Spores 11)m) P conlent in plart tissl,g soil (') 
Treatments 

60 days 101) diaYs G)O davs 100 days 101) days 

EI # 31 13 c 5o c 88 c 92 d )0.327 
I)ES # 39 .15 ) 7.1 b 189 b 150 c 0.263 
MAR f ,10 35 bc 97 a 5 c 37 e 0.287 
GRE 4 33 1 d 16 d 2 , 15 f 0.290 
ENTR() # S 2,1 c 84 ab 5 c .1 f 0.280) 
GRE # 57 11 (1 6i b 1 c 15 ef 0.295 
(;I # 56 3d 14 d 1 c 50 e 0.,130 
ASCR # 22 20 c 701) b 193 ) 10105 a 0.393 
M()S # 6 5,1 b 68Ic 3,1 (1 213 c 0.390 
INT # 26 65 a 98 a 28 1., 96 d 0.389 
M()S 9 (1 88 ;2. 55 c 182 c 0.,136 
;lornus # 17 21 c 49 c 296 a 360 1) 0.399 

Control (0 d 19 ( 1 e ) 1 0.294 

47%cCV. 69.3 72.5 93.4 91. 1 23.0 

In a column, illuans folloe tby diflerni tettcr are signific;intly diffe'rent at the 54 level bIy i)MRT. 

11.8 



5.1.4 ( aayaristm of the efTectiN eness of' ct,iected N AM .swtienin Ivid trial. 

Six scre iru l l VANI is,L'.', ''i,,I, '. 'llv'. 1Xp'.!InwIii1: N 'S I 0'. ( iI.() 
# 17. INT # 'o,. R - II t # 31 .i d i) S cr', c lIs , l Mill tiih' Ihl Itdies. Gi. 
gapr NJ' was dIsc'.ird(:c.',,is W it. j1 )lt\l!H 

5. i .A. I So ht-anu 

I ),It; il II k () sllm %,,.,th1 1;1 llcl _,llt iml l ("illtl+'-.lll: li )Io I ,,t.\ hC;In +I', 90t 

dih,'s attt-r pih lni!11! \ ';t \\tihi d%% \ A'' ti ,:!v IliI:ercit .\ !tell imcilt ,', t.'cit(1 .\N . S1,1V. be'an 
in CtII:It.ecl ".ili iulillll', a 7 \".I', h,'S'ht hiI, 1,t',Wiil:r ,'d '.Ir I , i/ ' ,'o rI"' \I robi

+(11/11la a I ,ic nIs iikIt'rIC ' i ,: i \\ilti li,._' ' , it', c ' i,' a plik't ti n.Ik phosphate
 

dld Mll .\A ir h uil,l i :,.iI rr iW l hti\ii dla\,l, otlit
\(lA,r, t en iat 011l.&ii'[.ybean
 
il ictilated ', itll 3 'cu .' A t a ti Ii:- i ni ui;i t , ,\ilh ,i i/,/0 1 0 
" ' ,l' i:", I ,'* ! l4., ,I)k,11i
ctall as"., h .. ",h! , "st. I e \..'t,.s, I pciiI, ,t rall; dllic t ,' 't IL- pith aippi ,l withIi 

rock pihospiatc ,ind nn. 

I '' I; tstill iiti Iit' t'ilt ' lt i. ,,tre I , tii,. Itli ' if 

ct( ititlthil il it'. i t'I til ili\ t lilclht',t Il i ll .,.t ,.hriiilt ,i1ll. ;lu. ,tuilou d ill 
l \'ib cit l ,illi t h; 1c il i' ll Ill ic ';1li III lctl itcd,llkti II I i1\c cI.) 17Tl 
w hte ll I 1l( I (',I I f ;1 ,#ll, 'IN lit: C'i'tt IIt: <,. ' I, I \ \ cl_I, h .I <It, ll\\'l 1 t m '-, I / '"f ICY I lI I ic 

l('h lll l Ill , ' +,' It ill,', ti. , ,Mh, .W iitl it! Ides( -, t f! 1 I\Ni ,iiii tt ilt i ies 
' hA' , tIi ,,' I Lsil Chlcm iz ,tLte'A alli Ir ;s'ti" iiyihtl I .:'l.l ll, this l l ,'IIIii. i' It ,'I olnll,, 

differace h,'iw i l'~ ( 111 I' h''s (iii1ic'A:i i' pI!oj ~ Iind i0 .1, lidIc m c' i Xi;lmloroc1( Plil~sll~lllii 'tic l\ tl iti'i rciuti hnl l ti,i:t4, i I'hun .ml l ;;ilaci t 1 iIIIA lh-i/ , fI' iu' 
gri\ vC h ic h. hIrlicr thalin t etili il tl'i li ' i !i'tr 'sl. l;t pp-ll'the land'wisl i ict tl iiit,]liiltit tuli,cirtt itic' t. II (it
resuli c. lit'lhc lir' I helc A.,t ]'atWasilll Url a tt i 


il pR it'o ill Il-it',ce '-tl : tI I ',p 'lic',ioII w'as'l 
alltcrith, inuItii. ' C' , oe , a \sol 

piil hrsa Ivl ti', pIl h. iiit I ilI 'I l"rc liI phoItislicl vlls(, eita"t t h tl ti c' aiittul t' i %tl 
diffCIinCC the~vclllc h,'! ;ip t %,n-h riki-A phtu i,,il a n il 1](1 . 1 h 11 1WIc CllCC, ill N.ichl 

7ohi;1iliC'd# 17.ur~clili 1lila M!id3iI I'r ichinhuricd ,i \ lu , (AlcIc c,,,C'5 , ird. Bcside~s(N !ICli.'rIio/hiItlii b ar~'i cie. nlnt''inl\ ;! vLL--h\ tlen7 is,(il lcitilitI1iiha 23 lklziha 
soil f~cliliI\, tile \Iih.cr stics", I, is ;i livtllvced. At\ IIlClIIlti~II thrilli- tile' .L 'i'ing :;tasoll, 

ite land \\;is drie.'d tll'rt iut tci t li/ailis%pet d Tsoe clhcnl IIV, h ia ti i tuiaw 'is 
more th edwe cl01 . ' The ,, oiltileIhr tilnicl atl th Irc'i oI ieap hIIhA'/c. ' ' ti , r.(ciev d
rock photisphate anld illocull d \0111 ,.ca+uloysortl.sc'#li/-Ilfilla/, (Wo,#11A. C'lll fllnll~, (;IonlusIA 

# 17., ighl sth'st'r cl i #3. latid bOrirtA4)h,\ ,''n 7 (lahir '). 0 ,it , .a n 2tilt3k/lI 
rfapeclivc.chMnuich wherehl l hin It WIrCeilt ctdll1 liiln phtplu/(iic atpplicatin. ahis
resuti inidictedlc tIhat unlder dry' conlldition M\iele lilt' \\a:ll r was 114)1 aitc tmtliet tI( d~tissolve 

phosphorus availahlter I :an, VI\M highph tlhlticlitca tltl( Ai iasorhing plhosphorus
for plant. 

Pitlcenl rotl col~uiiii ti(ls ol soyhean rll l l ill (Chiaillrillii \yele tile 
highest x\h]ili inotculalted with A,calU.l n .pori (Gloniu.\dem.++raicola anld litevscrobuhlta aund 

were higher thanil thc niinli octilaled ahoti 40'',. anld 1{7"., (Tabile 9). The saniic re'sutlls were 
fo tund alt PrachilhU li w he~re stoyhe'iil ls w cre w ithl ,'A T/W r(l lrot ilnfec chd (4l .x' OCr I I'ulIxlI M lid 

G lomus'des.erti<'la ,were 15 a d ,1 higher thani noilotculati l . A tI ( 'lia #04,llai, M7olina 

di'trtui'olaand 'tt''tuloiptora .t'rohi'ul'tawere found 1i0 product, higher nunber of 5sprs in 
soil. Il1he similar reslts were also flound il Pracliinluri. AI both places, tlie annmint ni sporecs in 
soil were lighcr when sr()yhcans, were iitciiatcd with \"ANi (Tahie' Ill 

http:rfapeclivc.ch


Figure 9. Soyhean field (Ist Crop) (a). Soybcan grown at (hiangniai inoculatcd with differcnt V, 
mycorrhizal fungi. (h). Soybean grown at I rachinhuri inoculated with (/onus mosse 
applied rock phosphate (left), Glonn.% Cfuniclutm with no rock phosphatc (right). 
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Table 6. Average soybean height (cm) inoculated with VA mycorrhizal species' at Chiangmai 
S and Prachinbui (1st crop). 

Chiangmai 
30 days 60 days 90 days 

P, Po Mean P, Po Mean 1) Po Mean 

MOS 156 # 6 25.7 28.6 27.2 35.2 37.8 36.5 45.7 42.3 44.0 
GLOMUS # 17 26.3 28.3 27.3 33,7 31.0 32.3 41.1 40.1 40.6 
INT 183 # 26 24.7 27.3 26.9 34.0 34.4 34.2 45.7 42.1 43.9 
ASCR # 22 25.7 30.0 27.8 34.0 37.3 35.7 46.8 44.9 45.8 
ETU 157 # 31 23.7 29.3 26.5 35.2 35.7 35.4 44.1 42.0 43.1 
DES 160 # 39 28.7 24.6 26.6 38.3 35.7 37.0 46.6 41.4 44.0 
Control 30.0 28.3 29.2 39.1 31 .7 37.9 46.0 43.1 44.6 

Mean 28.1 26. 27.2 35.6 35.5 35.6 15.1 42.3 43.7 

CV.P (%) 25.5 14.3 11.1 

.1': CV. Species (%) 19.8 13.3 5.1 

Prachinburi 

30 days 60 days 90 days 
Treatments 

P1 P)) Mean P Po Mean P, PO Mean 

MOS 156 # 6 17.9 15.7 16.8 28.5 33.5 31.0 29.5 29.5 29.5 
GLOMUS # 17 16.5 14.2 15.3 27.7 31.8 29.7 32.2 30.7 -31.5 
INT 183 # 26 14.9 16.9 15.9 29.0 28.5 29.8 29.3 25.7 27.5 
ASCR # 22 16.8 15.3 16.1 36.6 30.3 33.5 30.1 27.6 28.9 
ETU 157 # 31 18.0 14.2 16.1 28.0 26.5 27.2 28.9 27.4 28.1 
DES 160# 39 16.7 15.0 15.9 27.1 28.0 27.6 26.6 29.9 28.2 
Control 14.9 15.5 15.2 28.3 30.2 29.2 29.2 25.4 27.3 

Mean 16.5 15.3 15.9 29.3 29.8 29.6 29.4 28.0 28.7 

CV. P( 16.7 18.1 7.8 

CV. Species %)' 14.5 15.0 15.1 

In a column , means follov, ed by a different letter are significantly different at the 5% level by DMRT. 



44 

Table 7, Average shoot dry Weight of soybean (grn) inoculated with VA rnycorrhfizal species at 
.~...-.. ".hmangmai and Prachinburi (1st crop). 

S Chiangmnal 
30Odays " 0 days 9odays _-_ 

,YV P1 PO Mean P1 P Mean P, Po Mean 

t 

MOS 156 # 6 
GLOMUS # 17 
INT 183# 26 
ASCR #22 
ETU 157 # 31 
DES 160 # 39 
Control 

1.36 b 2.07 a 1.71,ab 14.20 b' 24.26 ab 19.23 b 
1.41 ab 2.04 a 1.72 ab 20.02 ab 18.79 ab 19.41 b 
1.06 ab 1.16 b 1.11 b 24,16 at) 16.08 ab 20.12 b 
1.13 ab 2.186a 1.66 ab 29.57 ab a26.69 a29.13 a 
0.95 b 2.14 a 1.55 ab 26.81 ab 13.85, ab 20.33 b 
1.49 ab 1.77 b 1.63 ab 32.80 a 10.20 b 21.50 ab 
2.05 a 1.91 a 1.98 a 30.00 a 20.74 ab 25.37 ab 

10.88 
7.72 

10.23 
6.08 
9.94 
8.75 
8.06 

10.01 ab 
9.,47 ab 
6.18b 
3.90 b 

17.76 a 
6.84 b 

12.18 ab 

10.44 ab 
8.59 ab 
8.21 ab 
4.99 b 

13.85 a 
7.80 ab 

10.12 ab 

Mean 1.35 1.90 1.62 25.37 18.66 22,01 8.8 9.5 a 9.1 

CV.P (%) 69.1 61.9 58.8 

CV. Species (%/) :34.6 37.8 61.8 

Prachiziburi 

Trcatnients 
:Treatments: 

P1 

30 days 

P Mean P1 

60 days 

P) Mean P1 

90 days 

Po Mean 

. 

IMOS 156 # 6 
GLOMUS # 17 
INT 183 # 26 

ASCR 4#22 
ETU 157 # 31 
DES 160 # 39 
Control 

2.27 
2.16 
1.83 

1.99 
2.57 
2.17 
1.08 

1.97 
1.52 
2.29 

1.71 
1.63 
1.87 
1.97 

2.17 
1.05 
2.11 

1.87 
2.10 
2,02 
1.92 

7.02 
7.02 
4.85 

11.33 
5.25 
5.10 
6.36 

9.77 
7.68 
5.78 

7.64 
4.83 
5.96 
6.05 

8.39 ab 
7.35 ab 
5.32 a 

9.48 a 
5.04 b 
5.53 b 
6.21 ab 

4.28 
4.32 
4.23 

6.39 
2.79 
3.52 
4.22 

4.13 a 4.21 ab 
3.86 a 4.09 abW 
4.48 a 4.36 a 

3.53 a 4.96 a 
3.50 a 3.15 b 
3.56 a 3.54 b 
3.77 a 3.99 ab 

Mean 2.14 1.86 2.00 6.70 6.81 6.76 ,25 3.83 4.04 

CV. P (%) 
CV .speis 

32.6 

29.8 

45.3 

45.2 

60.9 

29.1 

!In)' oIumn mea-ins followed by-a diffetent letter are significantly different at tie 5%level by 
'~' DMRT. 
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Table 8. Average pod dry weight and yield of soybean inoculated with mycorrhizal species at 
Chiangmai and Prachinburi (1st crop). 

Chiangmai 

Dry pod (g/plant) Yield (Kg/ha) 
Treatments 

P, P0 Mean P, pO) Mean 

MOS 156 # 6 45.12 43.37 ab 44.24 ab 1250 b 1489 ab 1369.40 b 
GLOMUS # 17 23.36 bc 1191 b 1214 b34.74 29.05 b 1202.40 b 
INT 183 # 26 40.38 16.34 c 28.36 b 1342 b 12:36 b 1288.68 b 
ASCR # 22 50.08 46.25 ab 48.17 a 1831 a 1653 a 1743.76 a 
ETIJ 157 4 31 29.,41 49.25 a 39.33 ab 1411 1) 1230 b 1:320.69 b 
)ES 1W) # 39 29.69 29.93 abc 29.81 1) 1603 ab) 1275 ah 1,138.98 b 

Control 37.68 37.59 ab :37.63 al) 1575 al) 12,14 ab 1409.76 b 

Means 38.16 35.16 36.66 1458 13:34 1396 

CV.P (%) 23.2 9.6 

CV.Species (%) 33.6 16.0 

Prachinburi 

Dry pod (g/plant) Yield (Kg/ha) 
Treatments 

P3 Po Mean P1 Po Mean 

MOS 156 # 6 6.47 a 5.12 a 5.80 a 355 b 331 343 
GLOMUS # 17 7.06 a 4.68 a 5.87 a 368 b 306 3:37 
INT 183 # 26 6.86 a 4.68 a 5.87 a 260 b 270 265 
ASCR # 22 11.28 a 6.27 a 8.78 a 529 h 249 389 
ETU 157 # :1 7.18 ab 4.71 a 5.95 a 283 b 217 250 
I)ES 160 # 39 5.33 b 6.09 a 5.71 a 275 b 230 252 
Control 6.48 ab :3.59 a 5.03 a 265 ab 259 262 

Means 7.09 5.02 6.06 334 266 300 

CV.P (%) 45.7 30.3 

CV.Species (%) 58.1 27.4 

http:1,138.98
http:1:320.69
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Table 9. Percent root colonization of soybean inoculated with mycorrhizal species at Chiangmai 
and Prachinburi (1st Corp). 

Chiangmai 

Treatments 
P1 

:30 days 

P, Mean P1 

60 days 

P, Mean l1 

90 days 

P, Mean 

MOS 156 #6 
GLOMUS # 17 
INT 18:3 # 26 
ASCR # 22 
ETU 157 # 31 
DES 160 # 39 
Control 

53 
58 
44 
61 
67 
57 
53 

50 
51 
58 
60 
:38 
61 
69 

51 
55 
51 
60 
53 
59 
61 

76 
45 
50 
82 
71 
69 
74 

81 
48 
6:3 
76 
70 
79 
85 

78 
46 
56 
80 
70 
7:3 
79 

a 
b 
b 
a 
a 
a 
a 

80 
43 
42 
82 
50 
80 
42 

78 
44 
55 
86 
56 
84 
78 

79 
44 
49 
84 
53 
82 
60 

a 
b 
b 
a 
b 
a 
b 

Mean 56.0 55.3 (i(i.,1 71.7 59.9 68.7 

CV.P (%) 31.5 15.7 20.5 

CV.Species (%) 19.2 11.0 12.0 

Prachinhuri 

Treatments 

P, 

30 days 

Po Mean P1 

60 days 

PO Mean 

90 days 

P, P1 , Mean 

MOS 156 #6 
GLOMUS # 17 
INT 18:3 # 26 
ASCR # 22 
ETU 157 # 31 
DES 160 # 39 
Control 

32 
57 
70 
23 
50 
34 
31 

26 
45 
45 
16 
26 
28 
32 

28 
51 
58 
"34 
38 
31 
32 

c 
ab 
a 
bc 
abc 
c 
c 

68 
62 
77 
48 
73 
53 
63 

ab 
abc 
a 
c 
a 
bc 
abc 

57 
51 
58 
62 
57 
60 
48 

62 
57 
68 
55 
65 
57 
55 

79 
78 
82 
86 
76 
80 
76 

87 
84 
86 
84 
89 
88 
72 

83 
81 
84 
85 
82 
84 
74 

Mean 42 35 63 56 79 84.1 

CV.1 (%) 53.4 18.2 6.9 

CV.Species (%) 39.7 13.0 11.9 

In a columniI, means followed by a different letter are significantly different at the 
5% level by DMRT. 
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Table 10. Number of spores in 100 gram soil grown VAM inculated at Chiangmai and Prachinburi 
(1st corp). 

Chiangmai 

Treatments 
P1 

MOS 156 # 6 204 
GLOMUS # 17 275 
INT 183 # 26 185 
ASCR # 22 209 
ETU 157 # 31 125 
DES 160 #39 128 
Control 109 

Mean 176.4 

CV.P (%) 

CV.Species (%) 

Prachinburi 

Treatments 

P 


MOS 156 # 6 144 ab 
GLOMUS #17 135ab 
INT 183 # 26 86 bc 
ASCR # 22 92 b 

ETU 157 # 31 58 c 
DES 160 # 39 186a 
Control 113 ab 

Mean 112 

CV.P (%) 

CV.Species (%) 

30 days 


Po Mean P, 

92 148 165 
90 183 67 
141 163 81 

119 164 177 
199 162 126 

141 135 95 


80 95 134 

111.7 120.7 

29.4 

15.2 

30 days 


Po Mean 

78 bc 96 
83 bc 109 

101 b 94 
105 b 99 


197 a 128 
58 c 122 

132 ab 123 

107.7 

5.2 

7.3 

In a column, means followed by a different 
5% level by DMRT. 

60 days 90 days
 

Po Mean P1 P, Mean 

117 141 ab 118 104 111 cd 
65 66 d 218 144 181 bc 
87 84 cd 177 164 171 bc
 

124 151 a 323 168 246 ab 
94 110 abc 124 89 107 d 
97 96 bc 235 279 257 a 
100 117 abc 144 178 161 bcd 

97.7 191.3 160.9 

16.5 7.7 

8.7 8.3 

60 days 90 days
 

P PO Mean P] P0 Mean 

119 95 107 a 221 190 206 
50 77 64 b 81 90 86 

109 1:5 112 a 97 127 112 
108 113 132 a 247 227 237
 
149 103 126 a 188 153 171 
41 108 75 b 123 120 122 

102 121 112 a 188 101 145 

96.9 110.6 163.6 144 

8.4 9.4 

9.6 7.1 

letter are significantly different at the 
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Data from Table 11 and 12 are showing the nutrients in soybean shoots
and leaves and N, P, K, content in soil. There wre no differences on nitrogen, phosphorus
and potassium content between inoculated and noninoculated soybean at Chiangmai. There 
was also no difference on phosphorus content in plant tissue among the plot applied with 
rock phosphate and non. At Prachinburi where the soil was low in P content, the difference 
P content in inoculated soybean was greater than the noninoculated by the mean value but 
not great enough to show the difference in statistics. 

5.1.4.2 Mungbean. 

Height of inocu!ated mungbean grown at Kalasin was different from
noninoculated at 30 days after planting (Table 13). Height of mungbean inoculated with 
Acaulospora scrobicukata was the greatest. After 30 days, there were no significantly dif
ferences between inoculated and noninoculated mungbean. The same results were found at 
Prachinburi. 

Shoot dry weights of inoculated mungbean were not statistically different 
from noninoculated but some isolates such as Gloinus deserticola, Glonus mosseae were 
greater than non inoculated in the average mean of shoot dry weight at Kalasin (Table 14).
At Prachinburi, the dry weights, of mungbean inoculated with Acaulospora scrobiculata 
and Glomus intraradices were greater than the noninoculated. 
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Table 11. Nitrogen, phosphorus and potassium content in VAM inoculated soybean shoot grown 
at Chiangmai and Prachinburi. 

Chiangmai 

Treatments -
.)I 

%N 

PO Mean P1 

%P 

PO Mean P 

%K 

P Mean 

MOS 156 # 6 
GLO # 17 
INT 183 # 26 
ASCR # 22 
ETU 157 # 31 
DES 160 # 39 
CK 

0.896 
0.900 
0.982 
0.833 
0.917 
0.959 
0.912 

1.020 
0.971 
0.857 
0.891 
0.822 
1.059 
0.854 

0.958 
0.935 
0.920 
0.862 
0.870 
1.009 
0.883 

0.093 
0.088 
0.1(00 
0.078 
0.099 
0.089 
0.094 

0.107 
0.091 
0.089 
0.086 
0.076 
0.117 
0.095 

0.100 
0.090 
0.094 
0.082 
0.087 
0.103 
0.095 

0.523 
0.547 
0.484 
0.447 
0.523 
0.553 
0.567 

0.597 
0.528 
0.648 
0.587 
0.557 
0.643 
0.581 

0.560 
0.537 
0.566 
0.517 
0.540 
0.598 
0.574 

Mean 0.914 0.925 0.091 0.094 0.521 0.591 

CV.P (%) 4.9 10.8 47.6 

CV. Species (%) 16.1 13.4 13:9 

Prachinburi 

Treatments 
PI 

% N 

Po Mean PI 

%P 

Po Mean P1 

%K 

Po Mean 

MOS 156 # 6 
GLO # 17 
INT 183 # 26 
ASCR # 22 
ETU 157 # 31 
DES 160 # 39 
CK 

0.806 
0.815 
0.895 
0.750 
0.870 
0.860 
0.810 

0.918 
0.873 
0.871 
0.820 
0.729 
0.943 
0.768 

0.862 
0.844 
0.883 
0.785 
0.800 
0.902 
0.789 

0.084 
0.079 
0.097 
0.080 
0.089 
0.080 
0.052 

0.096 
0.080 
0.096 
0.087 
0.068 
0.086 
0.051 

0.090 
0.080 
0.097 
0.084 
0.079 
0.083 
0.052 

0.471 
0.490 
0.465 
0.459 
0.471 
0.496 
0.510 

0.537 
0.475 
0.583 
0.528 
0.501 
0.579 
0.520 

0.504 
0.483 
0.524 
0.494 
0.486 
0.538 
0.515 

Mean 0.829 0.846 0.085 0.081 0.480 0.532 

CV.P (%) 5.7 11.9 26.2 

CV. Species (%) 15.3 14.6 15.8 

( 
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Table 12. Nitrogen, phosphorus and potassium content in sod after grown VAM inoculated soybean 
at Chiangmai and Prachinburi. 

Chiangmai 

Treatments 
PI 

% N 

PO Mean P1 

P(ppm) 

P( Mean 

K(ppm) 

PI PO Mean 

MOS 156 # 6 
GLO # 17 
INT# 26 
ASCR # 22 
ETU 157 # 31 
DES 160 # 39 
CK 

2.35 
2.15 
2.22 
2.22 
2.42 
2.22 
2.22 

2.15 
2.15 
2.15 
2.22 
2.22 
2.22 
2.15 

2.25 
2.15 
2.19 
2.22 
2.32 
2.22 
2.19 

188 
203 
173 
198 
220 
250 
270 

29 
37 
25 
26 
32 
25 
37 

108.0 
120 
99 

112 
126 
138 
154 

52 
60 
68 
71 
70 
68 
84 

66 
64 
76 
60 
64 
60 
65 

59 
62 
72 
66 
67 
64 
75 

Mean 2.26 2.18 215 30 68 65 

CV. (%) 5.8 26.4 15.3 

CV. Species (%) 15.6 17.9 13.2 

Prachinburi 

Treatments 
P, 

% N 

Po Mean P1 

P(ppm) 

Po Mean P1 

K(ppm) 

PO Mean 

MOS 156 # 6 
GLO # 17 
INT 183 # 26 
ASCR # 22 
ETU 157 # 31 
DES 160 # 39 
CK 

2.01 
1.90 
2.15 
2.15 
2.24 
2.24 
2.24 

2.00 
2.90 
2.10 
2.11 
2.20 
2.20 
2.20 

2.01 
2.40 
2.13 
2.13 
2.22 
2.22 
2.22 

63 
67 
67 
58 
67 
59 
71 

29 
28 
23 
26 
29 
24 
26 

46 
48 
45 
42 
48 
42 
49 

67 
60 
60 
60 
59 
61 
63 

70 
61 
61 
59 
61 
61 
61 

69 
61 
61 
60 
60 
61 
62 

Mean 2.13 2.24 62 26 61 62 

CV.P (%) 4.2 7.4 7.6 

CV. Species (%) 17.1 15.4 19.5 

ti (f 
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Table 13. Average height of mungbean inoculated with VA Mycorrhizal species at Kalasin and 
Prachinburi (1st crop). 

Kalasian 

30 days 60 days 90 days 

Treatments 
P, Po Mean P1 P0 Mean PI P) Mean 

MOS 156 # 6 14.3 ab 14.5 ab 14.4 b 24.9 25.9 25.4 b 25.1 b 26.0 bcd 25.6 a 
GLOMUS # 17 12.9 b 12.8 ab 12.8 bc 24.9 25.8 25.3 b 28.A ab 28.7 bc 28.5 a 
INT 183 # 26 16.9 a 16.6 a 16.8 a 27.3 29.5 28.4 ab 31.8 a 30.9 ab 31.4 a 
ASCR # 22 15.1 ab 11.3 b 13.2 bc 27.2 26.6 26.9 ab 28.0 ab 26.0 bcd 27.0 a 
ETU 157 # 31 13.5 b 10.8 b 12.1 c 28.6 30.9 29.8 a 33.2 a 24.8 d 29.0 a 
DES 160 # 39 14.4 ab 14.8 ab 14.6 b 27.8 29.0 28.4 ab 28.0 ab 34.6 a 31.3 a 
Control 14.9 ab 12.3 ab 13.6 bc 26.1 28.9 27.5 ab 27.9 ab 30.9 ab 29.4 a 

Mean 14.6 13.3 13.9 26.6 28.8 28.1 28.9 28.4 28.7 

CV.P (%) 12.4 24.9 12.9 

CV. Species (%) 12.8 16.2 12.9 

Prachinburi 

30 days 60 days 90 days 
Treatments 

P1 PO Mean P, PO Mean P1 PI) Mean 

MOS 156 # 6 13.7 10.2 12.0 28.9 19.0 23.9 32.4 24.1 ab 28.2 
GLOMUS # 17 13.9 12.2 13.1 29.2 21.7 25.4 33.4 21.8 ab 27.6 
INT 183 # 26 15.6 12.6 14.1 31.7 24.1 27.9 33.7 26.5 ab 30.1 
ASCR # 22 12.3 11.2 11.7 27.0 20.5 23.7 28.7 24.3 ab 26.5 
ETU 157 # 31 12.3 10.7 11.5 29.2 20.0 24.6 32.5 21.5 b 27.0 
DES 160 # 39 12.3 12.5 12.4 29.1 24.4 26.7 29.2 27.4 ab 28.3 
Control 13.3 12.7 12.9 25.7 26.5 26.1 32.8 30.2 a 31.5 

Mean 13.3 11.7 12.5 28.7 22.3 25.5 31.8 25.1 a 28.5 

CV.P (%) 18.1 28.0 17.4 

CV. Species (%) 19.4 22.9 18.5 

In a column, means followed by a different letter are significantly different at the 5% level by DMRT. 



52
 

Table 14. Average shoot dry weight of mungbean inoculated with VA mycorrhizal species at Kalasin 

and Prachinburi (1st crop). 

Kalasin 

30 days 60 days 90 days 

Treatments 
P1 P0 Mean P1 P0 Mean P1 Po Mean 

MOS 156 # 6 0.75 b 0.60 0.67 ab 6.37 7.61 6.99 6.45 4.57 a 5.51 a 

GLOMUS # 17 0.63 b 0.68 0.65 ab 5.65 6.53 6.09 4.71 5.13 a 4.92 a 

INT 183 # 26 1.18 a 0.67 0.92 a 4.77 8.06 6.41 6.12 4.40 a 5.26 a 

ASCR # 22 0.83 ab 0.52 0.67 ab 5.95 7.77 6.86 4.06 3.42 a 3.74 a 

ETU 157 # 31 0.62 b 0.45 0.54 b 5.39 7.12 6.25 6.63 2.98 a 4.80 a 

DES 160 # 39 0.66 b 9.53 0.59 b 7.66 6.45 7.05 6.51 6.11 a 6.31 a 

Control 0.74 a 0.50 0.62 a 6.10 6.21 6.15 3.74 6.71 a 5.23 a 

Mean 0.77 0.56 0.67 5.98 7.10 6.54 5.46 4.76 5.11 

CV.P (%) 13.5 27.5 16.9 

CV. Species (%) 38.9 44.9 48.8 

Prachinburi 

30 days 60 days 90 days 
Treatments 

P1 Po Mean P, P0 Mean P P0 Mean 

MOS 156 # 6 2.06 1.27 1.66 3.51 1.67 ab 2.59 ab 2.43 1.52 1.97 

GLOMUS # 17 1.64 1.:36 1.50 3.19 2.62 ab 2.90 ab 3.26 1.51 2.39 

INT 1&3 # 26 2.09 1.56 1.83 3.22 2.79 ab 3.00 ab 3.75 2.02 2.88 

ASCR # 22 1.43 1.35 1.39 2.65 1.22 b 1.94 b 3.42 2.39 2.90 

ETU 157 # 31 1.74 1.30 1.52 2.71 1.41 b 2.06 ab 2.55 1.58 2.06 

DES 160 # 39 1.35 1.32 1.33 1.95 2.03 ab 1.99 ab 2.67 1.44 2.06 

Control 2.06 1.87 1.97 3.28 3.63 a 3.46 a 2.96 2.39 2.68 

Mean 1.77 1.43 1.6 2.93 2.19 2.56 3.00 1.84 2.42 

CV.P (%) 35.8 34.0 32.2 

CV. Species (%) 43.6 50.2 63.7 

In a column. means followed by a common letter are not significantly different at the 5% level by 

DM RT. 



53
 

At Kalasin, yields of mungbean inoculated with Glonus deserticola, 
Acaulospora scrobiculata, Gloinus intraradices and Glonius t,o:,:c wcrc grcacr tha tile 
noninoculated 11%, 10%, 10% and 5% respectively. At Prachinburi, only mungbean inoculated 
with Glomus intra radices was greater than noninoculated 91 % and the effect of rock phosphate 
on mungbean was higher than the nonfertilized 38% (Table 15). 

The similar effect of dry condition also observed in the mungbean field 
as of the soybean field mentioned above. Regarding in sufficiency of water to irrigate the 
cultivar field resulted in the very low yield of mungbean. Under this condition the inoculated 
plots showed more cleary effect by VAM, and rock phosphate which is slow releasing in avai
lable phosphorus should be used when the effective VAM fungi inoculum was applied. 

Mungbean roots were found to be colonized by VAM at 30 days alter 
planting. At Kalasin site (Table 1(), inungbcan root infected with (lonnUs intraradices, 
Glomus inosseae and Aclaulosp)ri scrobiculata. roots were colonized at 85',,, 81'Y) and 78% 
respectively greater than noninoculated. At ,,ichinbtri, mungbean root inlcctcd with (Thrnius 
intraradiceswas colonized greater than noninoculated 35'%. The noninoculatcd plants were 
found to be colonized by the indigenous species. Number of spores produced in Kalasin soil 
of mungbean inoculated with Gl nUmi intraradicesand Acatuh.lspora scr iculat were grealer 
than noninoculated while in Prachinburi soil, only (ilonnus d(esurtic()ha was found greater 
sporulated than noninoculated. From tl[, number of spores tormed by inoculated VAM 
showed the superimposement of effective VAM isolates over the indigenous VAM population 
which resulted in a stimulation of increasing growth and crop yield. ('Table 17). 

Data in Table INwhich showing the plant nutrient anilysis of nitrogen, 
phosphorus and potassium indicated a similar result as found in soybcai,. There were no dif
ferences among treatments at Kalasin. At Prachinburi, however, there were soime differences 
between the mean data of sole isolates inoculated and the non-inoculated but was not dif
ferent in statistic. Differences were found among the N, P, and K content in soil. The plots 
applied with effective VAM species had nutrient left over in soil (Table 19) less than the 
control plot. 
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Table 15. Average pod dry weight and yield of mungbean inoculated with VAM species at Kalasin 
and Prachinburi (1st crop). 

Kalasin 

Dry pod (g/pl) Yield (kg/ha)
Treatments 1), Po Mean 11 I'll Mean 

MOS 156 # 6 
 7.74 4.86 ab 6.09 617.9 bed 643 ab 630 abGLOMUS # 17 
 8.96 7.42 ab 8. 19 
 588.7d 618 ab 603 bINT 183 # 26 
 9.24 6. 11 ab 7.68 701.4 a 622 ab 662 aASCR # 22 
 6. 18 41.14 b 5.16 663.8 ai) 664 a 664 aETU 157 # 31 
 9.47 3.90 b 6.68 605.4 bed 589 b 579 bDES 160 # 39 
 6.56 9.18 a 7.87 668.0 ab 668 a 668 aControl 6.79 8.28 ab 7.54 601.2 cd 605 aib 603 b 

Mean 7.8522 a 7.0464 a 7.0464 635.18 629.82 aa 632.51 
CV.P (% 59.2 4.1 

CV. Species (%) 43.2 6.5 

Prachinburi 

Dry pod (g/pl) Yield (kg/ha)
Treatments 

P, IP Mean P0 1 P( Mean 

MOS 156 # 6 
 5.79 a 2.33 4.06 ab 381 144 263
GLOMUS # 17 
 4.66 ab 2.8, 3.75 ab 356 158 257
INT 183 # 26 
 5.41 ab 3.51 4.46 a 195 
 221 358
ASCR # 22 
 3.08 b 2.38 2.73 b 269 
 138 203
ETU 157 # 31 
 4.69 ab 2.92 3.80 ab 341 
 162 251
DES 160 # 39 
 4.69 ab 3.33 4.01 ab 277 160 
 219
Control 3.39 b 2.56 2.98 b 259 260 
 260
 

Means 4.53 2.84 b 3.68 340 178 259
 

CV.P (%) 40.6 51.7 

CV. Species (%) 70.2 60.5 

In a coluni, means followed by a different letter are significanty different at the 5% level by DMRT 
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Table 16. Percent root colonization of mungbean inoculated with mycorrhizal species at Kalasin 
and Prachinburi (1st crop) 

Kalasin 

30 days 60 days 90 days 
Treatments 

P1 P, Mean Pl P, Mean P1 PO Mean 

MOS 156 # 6 12 9 11 29 23 26 abc 44 29.0 36 a 
GLOMUS # 17 13 10 11 22 19 21 hw 31 25.8 29 ab 
INT 183 # 26 12 10 11 27 :33 30 ab 37 39.0 38 a 
ASCR # 22 13 16 15 31 36 24 a 37 33.8 35 a 
EHTU 157 # 31 10 9 9 2 27 26 t 22 30.3 2(1) 
)ES 16 # .39 9 11 11 20 3.1 27 ,)c 38 31.0 36 a 

Control 6 12 9 17 21 19 c 17 23.3 20 b 

Means 11 11 25 28 32 31 

CV.P(%) 89.2 12.1 21.0 

CV. Species (%) 28.0 18.9 14.9 

Prachinburi 

30 days 60 days 90 days

Treatments 

)1 P)0 Mean P1 P, Mean P I PO Mean 

MOS 156 # 6 15 1.1 15 20 17 18 16 38 27 
GLOMUS # 17 21 25 23 32 16 24 31 2.1 29 
INT 183 # 26 28 16 22 '16 17 31 40 '10 40 
ASCR # 22 20 25 22 17 26 19 31 25 28 
ETUJ 157 # 31 19 15 17 24 18 21 26 36 31 
DES 160 # 39 15 15 15 13 21 17 31 33 32 
Control 12 21 17 15 26 20 30 30 30 

Means 19 2419 19 30 32 

CV.I1 (N) 119.8 37.7 33.9 

CV. Species (%) 35.6 35.0 29.5 

In a column, means followed by a different letter are signiticantly different at the ./(level by )MIRT 



Figure 10. Mungbean field (I st crop) (a). Mungbcan grown at Kalsin inoculated with Gloinus 
mosseae applied no rock phosphate (left), uninoculatcd with rock phosphate (right). (b). 
Mungbean grown at Kalasin inoculated with, Glomus ctimic'alun applied rock phosphate 
(left),Glonius mosseae with rock phosphate (right). 
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Table 17. Number of spores in 100 gram soil grown VAM inoculated mungbean at Kalasin and 
Prachinburi (1st crop) 

Kalasin 

30 days 60 days 90 days
Treatments P1 Po Mean .P1 Po Mean t1 p1 Mean 

MOS 156 # 6 44 b 99 ab 72 83 131 107 157 170 16 3 c 
GLOMUS # 17 42 b 83 ab 62 80 127 103 189 1() 194 abc 
INT 183 # 26 42 b 92 ab 67 138 122 130 197 189 193 abc 
ASCR # 22 44 b 119 ab 82 101 1,19 125 212 255 233 ab 
ETU 157 # 31 301) 691) 49 107 111 110 217 165 191 abc 
DES 160 # 39 80 a 147 a 113 111 141 126 288 206 247 a 
Control 71 a 42 c 57 137 108 122 219 126 172 bc 

Mean 50 93 108 127 211 187 

CV.P ) 10.3 8.3 7.2 

CV.Species (%) 8.6 5.6 5.2 

Prachinhuri 

30 days 60 days 90 days
 
Treatments 

P1 P, Mean 1)1 Po Mean P1 Po Mean 

MOS 156 # 6 102 86 4:3 87 60 74 33 110 72 
GLOMUS # 17 81 69 35 50 82 25 138 1:34 136 
INT 183 # 26 72 62 31 100 I(X) 100 123 141 132 
ASCR # 22 53 59 56 51 113 57 108 106 107 
ETU 157 # 31 79 64 72 68 83 76 129 103 116 
DES 160( # 39 74 79 77 110 70 90 161 151 156 
Control 13 68 41 74 83 78 170 99 135 

Mean 74 70 77 84 123 121 

CV.P () 1.8 10.4 3. 8 

CV. Species (%) 11.1 10.8 7.4 

In a column, means followed by a different letter are significant different at the 5% level by 
DMRT 
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Table 18. Nitrogen, phosphorus, and potassium content in VAM inoculated mungbean shoot 
grown at Kalasin and Prachinburi. 

Kalasin
 

%N %P 
 %K
 
Treatments 

2 P Mean P1 P0 Mean P, P Mean!o 


MOS 156 # 6 2.675 2.428 2.551 0.21.1 0.183 0.199 2.675 2.428 2.551 bc 
GLO # 17 2.662 2.665 2.664 0.204 0.198 0.201 2.662 2.665 2.664 abc
INT 183 A'26 2.618 2.215 2.131 0.211 0.158 0.185 2.618 2.245 2.431 c
ASCR 22 2.957- 2.770 2.s61 2-. 5 0.225 0.230 2.957 2.770 2.864 a 
FTU 157 # 31 2.692 2.188 2.59 0.2.18 0.2X) 0.228 2.692 2.188 2.590 bc
D[ES 160 # 39 5--..II'' W!: ,.726 0.216 0.2W 0.208 2.5,10 2.913 2.726 ab
Control 2.480 2..169 0. 1902. 157 0.257 0. 223 2..180 2..157 2.469 bc 

Mean 2.661 2.5i66 0.221 o.193 2.661 2.566 

CV. I' (11() 13.5 19.9 19.4 

CV. Species (%) 16.3 21.2 19.1 

Prachinburi 

%N %p )%KTreatments 

P, Po Mean l) I, Mean P Po Mean 

MOS 156 # 6 1.313 1.2114 1.279 0.107 0.092 0.100 1.:330 1.210 1.270
GLO # 17 1.331 . :333 1.332 0. l(o 0.099 0. 1X) 1.3021.311 1.307
INT 183 # 26 1.309 1.123 1.216 0.107 .'82. 0.095 1.309 1.122 1.216
ASCR # 22 1.385,1 .43 I 19 0.1101.419 1). 0.115 L.4 iO 1.380 1.1'25
ETIU 157 # 31 1.346 1.2, 1.29 o.I ) 0.101 0.1(6 1.337 1.24,1 1.291 
DlES 160 # 39 1.270 1.457 1.361 0.106 0. 097 0.102 1.289 1.157 1.373
Control 1.240 1.229 1.235 0. 100 0.090 0.095 1.240 1.221 1.231 

Mean 1.331 1.24 0.107 0096 1.327 1.277 

CV. 1 (%) 13.0 20.6 21.3 

CV. Species (%) 15.4 21.9 16.4 

In a column, me,ns followed by a different letter are significanty different at the 5% level by DMRT. 
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Table 19. Nitrogen, phosphorus, and potassium Content.s il "oil gown VAM inoculated inungbeani 
at Kalasin and Prachinburi. 

Kalasin 

% N P(ppm) K(ppm)
Treatments Tet en0 Mean P1 Po Mean 1'1 PO Mean 

MOS 156 # 6 1.58 1.34 1.46 69 b 10 40 b 80 41 61 
GLO # 17 1.51 1.48 1.50 175 a 10 93 a 51 70 61 
INT 183 # 26 2.68 1.68 2.18 65 b 11 38 h 65 8(1 7:3 
ASCR # 22 1.28 1.41 1.35 13 b 17 30b I1 82 62 
ETU 157 # 31 1.54 1.41 1.18 5.1 b 11 33 b 657 60 64 
DES 160 # 39 1.54 1.34 1.44 108 ab 10 59 ab 55 55 55 
Control 1.5,1 1.68 1.61 158 a 11 85 a 67 87 77 

Mean 1.67 1.48 96 11 61 68 

CV.P (%) 14.6 21.7 23.6 

CV. Species (%) 9.5 16.9 19.3 

Prachinburi 

% N P(ppm) K(ppm)Treatments 

P, P( Mean P1 Po Mean l), Po Mean 

MOS 156 # 6 1.30 1.40 1.35 132 60 96 86 80 83 
GLO # 17 1.12 1.48 1.45 98 64 81 74 75 75 
INT 183 # 26 1.56 1.42 1.19 96 60 78 60 65 63 
ASCR # 22 1.6() 1.39 1.50 87 67 77 43 60 52 
ETU 157 # 31 1.60 1.56 1.58 I1 60 72 60 58 59 
DES 160 # 39 1.60 1.31 1.46 160 53 107 59 58 39 
Control 1.58 2.01 1.80 107 61 84 65 65 65 

Mean 1.52 1.51 109 61 64 66 

CV.P (%) 8.7 24.9 16.9 

CV. Species (%) 19.6 18.7 21.4 

In a column, means followed by a different letter are significantly different at the 5% level by I}MRT. 
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5.2 SURVIVAL OF VA MYCORRIJtZA IN PADDY FIELD UNDER 
FLOODING CONDITION. 

To determine the survival of VA mycorrhiza in paddy field under flooding 
condition, the same plots trial from 4.1 were maintained. The 1st crop of inoculated soybean 
and mungbean fields were harvested, the same fields were grown rice (without VAM inocu
lation) as a 2nd crop under flooding condition for 4 months. After rice was harvested, the 
3rd crop of soybean and mungbean were grown without reinoculativn. The survival of in
oculated VAM was determined by the examining number of spores in soil and percent loot 
colonization of VAM in the 3rd crop. To confirm the number of VAM survival from flooded 
condition, the exact number of VAM spores survival were detected via pot experiments in 
the glasshouse. 

5.2.1 Survival of VAM species under flooding soil condition in pot in the glass
house. 

Data showing in Table 20 revealed that VAMF did not infect the rice root. 
After rice was grown in the pot under flooded condition for four months. the spores of 6 
VAMF inoculated species did not increase in the IInumber I soil and folnd that some of the 
spores still survived. 'lere were no differences in height, wc,,.it and seed bctween inoculated 
and noninoculated rice. The results showed that when VAMF were applied to the rice 
VAMF did not infect the rice ro!, and VAN F spores al)plied, could survive in soii undei 
flooded condition even no host plant. . nder the field condition there were some other plants 
such as grasses or weeds which could be the alternate host for the survival VAM spores to 
infect and multiply the spores in soil after flodcd condition. Ii this case, VAMF that couLhd 
survivc and cal play some role on enhancing the nutrient absorption in the third crop that 
grown after rice even no retioculation of VAM fungi. 
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Table 20. Average height, dry weight, seed yield, %root colonization, number of spores in soil 
and N P K content in rice grown in glasshouse. 

Treatments Height Dry weight Yield % root colonization No. of 
(cm) (gm/pl) (gm/pot) spores/pot 

MOS 156 # 6 132 ab 282.0 50.4 0 160 
GLO # 17 126 ab 174.8 47.1 0 180 
INT # 26 136 ab 251.8 46.5 0 60 
ASCR # 22. 124 b 189.3 91.6 0 200 
ETU 157 # 31 136 ab 226.0 42.3 0 220 
DES 160 # :39 139 a 231.5 25.2 0 220 
Control 128 ab 245.2 57.7 0 10 

CV. 3.75 27.47 20.08 - 9.43 

Talbe 20 cont. 

%N %P %K 

MOS 156 # 6 0.753 0.139 1.700
 
GLOMUS # 17 0.890 0.160 2.163
 
INT # 26 1.003 0.156 3.003
 
ASCR # 22 0.893 0.150 1.913
 
ETU 157 # 31 0.857 0.144 2.080
 
DES 160 # 39 0.780 0.150 2.440
 
Control 0.873 0.145 1.823
 

CV. 3.7 5.4 39.6 

In a column, means followcd by a different letter are significantly different at the 
5% levelby DMRT. 
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5.2.2 Survival of VANI species tinder flooding condition in the 2nd crop of rice 
following the first crop of VAM inoculated soybean/nifnlglean. 

5.2.2.1 Soybean 
Iteight of rice RD 23 at both Chiangmai and Prachinburi (Table 21) was 

not significantly different among inoculated plots nor between inoculated and non inoctlated 
plots at all stages of rice growth. The same results were found on shoot dry weight of rice at 
both places (Table 22). Eventhough yields of inoculated soybean (Table 19) in 1st crop were 
greater than the noninoculated but no significantly differences were found in this crop. Only 
mean yield of rice grown in the plot inoculated with (lomus intraradicesand Glomtus deser
ticola were greater than 'lie noninoculated about 4.2% and 4. 1% respectively at Chiangmai. 
At Prachinburi yield of rice grown in the plot inoculated with Glomus intraradiceswas greater 
than the noninoculated about 3.3 1.. (Table 23). 

The colonization of VAM was not found in any rice root cventhough 
quite a number of spores were survival in the soil but no infection occurred (Table 24, 25). 

Data in'ablc 26 are showing the nutrient content in plant tissue of rice 
grown at ('hiangmai and Prachinburi. No differences were found on the nitrogen, phosphorus 
and potassium content among the inoculated plots and between the inoculated and nonino
ctlatled plots. For Phiosplhorus content the mcan data in the plot applied with rock plhoaphate 
were a little bit greater than the non phosphate applied plots. 
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Table 21. Average height (cm) of rice grown after mycorrhize inoculated soybean at Chiangmai 
and Prachinburi (2nd crop) 

Chiangmai 

6() days 90 clays 120 days
 
Treatments
 

P)1 PO Mean ), PO Mean I)1 
 Po Mean 

MOS 156 # 6 70.9 68.3 69.6 79.0 80.4 79.7 111.2 108.5 109.9 
GLOMIS # 17 69.8 68.3 69.1 79.7 79.8 79.8 110.2 110.2 110.2 
INT 183 # 26 71.7 70.2 71.0 79.8 80.2 80.0 112.0 108.7 110.4 
ASCR # 22 68.3 72.8 70.6 79.3 79.2 79.3 105.3 108.0 106.7 
ETU 157 # 31 68.7 66.0 67.4 79.5 79.7 79.6 108.8 107.0 107.9 
IES I60 # 39 68..I 70.2 69.3 79.7 78.8 79.3 110.2 108.9 109.6 
C(ontrol (9.1 66.4 67.8 82.0 79.6 80.9 110. 1 107.8 108.9 

Mean 69.6 66.9 69.2 79.9 79.7 79.8 109.7 108.4 109.1 

CV.I1 (%) 4.1 5.8 2.7 

CV.Spccies ("4.) 6.9 2.8 3 

Prachinburi 

60 days 90 days 120 days 
Treatments 

1), PO Mean P)1 Po Mean P1 Po Mean 

MOS 156 # 6 60.2 59.7 60.0 95.8 90.3 93. 1 108.7 100.5 104.6 
GLOMUS # 17 62.9 61.9 62.4 94.2 89.() 9i.6 106.5 98.7 102.3 
IN'I' 183 # 26 60.5 60.0 60.3 95.3 90.0 92.7 105.4 99.0 102.2 
ASCR # 22 61.7 59.8 60.6 94.3 88.5 91.4 10-1.3 96.4 1(0.4
ETU 157 # 31 62.5 60.3 61.4 94.5 87.8 91.2 103.7 96.(0 100.6 
DEIS 160 # 39 62.4 61.0 61.7 93.4 89.6 91.5 103.0 102.3 102.7 
Control 61.0 60.0 60.5 92. 1 87.9 90.0 103.2 100.2 101.7 

Mean 61.6 60.4 61.0 94.2 89.0 91.6 105.3 99.0 102.1 

CV.P (") 4.6 10.7 7.5 

CV.Species (%) 12.0 13.7 9.2 

In a coluni, means followed by a different letter are significantly different at the 5% level by DMRT 
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Table 22. Average shoot dry weight (gm/pl) of rice grown after mycorrhiza inoculated soybean 
at Chiangmai. 

Chiangmai 

Treatments 
P, 

60 days 

PO Mean PI 

90 days 

PO Mean P1 

120 days 

P Mean 

MOS 156 # 6 
GLOMUS # 17 
INT 183 # 26 
ASCR # 22 
ETU 157 # 31 
DES 160 # 39 
Control 

14.4 
18.3 
14.6 
14.5 
16.9 
15.0 
19.2 

8.6 
10.8 
12.5 
11.3 
13.7 
15.0 
15.0 

11.5 
14.55 
1:3.55 
12.9 
15.2 
1,7.1 
17.1 

35.7 
29.1 
26.1 
26.1 
28.8 
27.6 
27.6 

25.3 
29.6 
33.9 
28.3 
28.7 
24.1 
24.1 

30.5 
29.35 
30.00 
27.2 
28.75 
25.85 
25.85 

:30.1 
29.2 
25.2 
30.7 
31.3 
27.2 
27.2 

21.1 
29.7 
28.6 
24.8 
21.9 
30.2 
30.2 

27.1 
29.45 
26.9 
27.75 
26.6 
28.7 
28.7 

Mean 16.12 12.51 28.75 29.3 29.15 25.9 

CV.P (%) 17.7 25.0 14.2 

CV.Species (%) 51.1 30.1 23.7 
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Table 23. Average yield of rice grown after mycorrhizae inoculated soybean at Chiangmai and 
Prachinburi (2nd crop). 

Yield (kg/ha) 

Treatments Chiangmai Prachinburi 

P P( Mean P1 P() Mean 

MOS 156 # 6 4909 4471 4690 3927 3580 3754 
GLOMUS # 17 4884 4508 4696 3910 3607 3759 
INT 183 # 26 4816 4802 4809 3867 3854 3860 
ASCR # 22 4386 4491 4-441 3840 3725 3783 
ETU 157 # 31 4817 4575 4696 3853 366) :3757 
DES 160 # 39 4939 4671 4805 3952 3738 3845 
Control 4726 4507 4616 3760 3710 3735 

Mean 4782 4576 3873 3696 

CV.I' (%) 31.5 15.7 20.5 23.5 

CV.Species (%) 19.2 11.0 12.0 17.3 

In a column, means followed by a different letter are significantly different at the 5%level by IMRT 
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Table 24. Percent root colonization of rice grown after VAM inoculated soybean at Chiangmai 
and Prachinburi (2nd crop). 

Chiangmnai 

60 days 90 days 120 days 
Treatments 

P, Po Mean P, Po1 Mean P1 Po Mean 

MOS 156 # 6 0 0 0 0 0 0 0 0 0 
GLOMIS # 17 0 0 0 0 0 0 0 0 0 
INT 183 # 26 0 0 0 0 0 0 0 0 0 
ASCR # 22 0 0 0 0 0 0 0 0 0 
ETU 157 # 31 0 0 0 0 0 0 0 0 0 
DES 160 # 39 0 0 0 0 0 0 0 0 0 
Control 0 0 0 0 0 0 0 0 0 

Mean 0 0 0 0 0 0 0 0 0 

Prachinburi 

30 days 60 days 90 days 
Treatments 

P13 PO Mean P, Po Mean P PO Mean 

MOS 156 # 6 0 0 0 0 0 0 0 0 0 
GLOMUS # 17 0 0 0 0 0 0 0 0 0 
INT 183 # 26 0 0 0 0 0 0 0 0 0 
ASCR # 22 0 0 0 0 0 0 0 0 0 
EIU 157 # 31 0 0 0 0 0 0 0 0 0 
DES 160 # 39 0 0 0 0 0 0 0 0 0 
Control 0 0 0 0 0 0 0 0 0 

Mean 0 0 0 0 0 0 0 0 0 

CV. (%) - - - -

CV.Species (%) - -- . .. 
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Table 25. Number of spore in 100 gram soil grown rice after VAM inoculated soybean at Chiangmai 
and Prachinburi (2nd crop). 

Chiangmai 

60 days 90 days 120 days 
Treatments 

1) P, Mean l' P,, Mean l P1 Mean 

MOS 156 # 6 103 90 97 cd 61 53 57 c 58 36 47 
GLOMUS # 17 158 109 134 hc 50 59 55 c 12 71 57 
INT 183 # 26 273 118 196 a 79 67 73 at) 88 80 84 
ASCR # 22 152 121 137 ab 59 73 66 abc 72 53 63 
ETU 157 # 31 90 69 80 d 66 54 60 bc 81 64 43 
DES 160 * 39 185 169 177 a 73 83 78 a 116 73 95 
Control 106 125 116 bc 65 74 70 abc 106 59 83 

Means 152 114 65 66 80 62 

Prachinburi
 

30 days 60 days 90 days
 
Treatments 

Pi h, Mean P, P, Mean l' !, Mean 

MOS 156 # 6 102 81 92 64 57 61 52 56 54 
GLOMUS # 17 39 65 52 30 49 40 37 40 39 
INT 183 # 26 91 101 96 60 83 72 51 70 61 
ASCR # 22 90 134 112 59 92 76 43 84 64 
ETU 157 # 31 117 89 103 67 80 75 56 73 65 
DES 160 # 39 35 91 63 23 74 49 37 65 51 
Control 84 95 90 45 69 57 40 53 47 

Mean 80 94 87 50 72 61 45 63 54 

CV.P (%) 10.9 15.4 21.2 

CV. Species (%) 14.7 8.3 20.9 

In a column, means followed by a different letter are significantly different at the 5% level by 
DMRT. 
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Tible 26. Average nitrogen, phosphorus and potassium content in rice (2nd crop) grown after 
VAM inoculated soybean at Chiangmai and Prachinburi 

Chiangmai 

Treatments 
t), 

N 

P() Mean P1 

!) 

P, Mean 1)P 

K 

P) Mean 

MOS 156 # 6 
(,LO # 17 
INT 183 # 26 
ASCR # 22 
ETU 157 # 31 
DES It') 4 39 
Control 

0.540 
0.550 
0.171 
0.528 
0.518 
0.56l 
0.562 

0.537 
0.532 
0.558 
0.528 
0.528 
0.507 
0.551 

0.539 
0.5.11 
0.511 
0.528 
0. 523 
0.536 
0.557 

0.10:3 
0.101 
0. 103 
0.093 
0.099 
0.101 
0.0O 

0.096 
0. 093 
0.113 
0.078 
0.096 
0.089 
0.103 

0.1()0 
0.097 
0.108 
0.085 
0.098 
0.095 
0.101 

2.168 
2.193 
2.22,4 
2.273 
2.444 
2.517 
2.555 

2.591 
2.541 
2.370 
2.493 
2.503 
2.419 
2.322 

2.530 
2.517 
2.297 
2.383 
2.47:3 
2.4(i8 
2.438 

Mean 0.533 0.534 0. 100 0.095 2.425 2.463 

CV.I (%) 2.6 6.8 5.8 

CV.Species (%) 8.4 9.3 9.4 

Prachinburi 

Treatments 
I 

N 

I)() Mean p1 

P 

P,) Mean l), 

K 

P, Mean 

MOS 156 # 6 
GL(O # 17 
INT 18"3 # 26 
ASCR 4 22 
ETI' 157 # :11 
)ES 160 # 39 

Control 

0.521 
0.518 
0.561 
0.569 
0.556 
0.576 
0. 564 

0.581 
0.507 
0.537 
0.613 
0.573 
0.546 
0.542 

0.551 
0.513 
(1).549 
0.591 
0.565 
0.561 
0.553 

0.1(X) 
0.(095 
0.(096 
0. 106 
0.073 
0. 102 
0.111 

0.109 
0.112 
0.110 
0.115 
0.105 
0. 103 
0. 099 

0.10.1 
0.104 
0. 103 
0.110 
0.089 
0. 103 
0.105 

2.370 
2.175 
2.346 
2.150 
2.22.1 
2.273 
2.2,18 

2.175 
2.150 
2.224 
2.224 
2.224 
2.321 
2.273 

2.273 
2.163 
2.285 
2. 187 
2.224 
2.297 
2.260 

Mean 0.552 0.557 0.097 0.108 2.255 2.227 

CV.P (') 3.2 30.7 4.7 

CV.Species (%) 11.4 6.9 6.5 
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5.2.2.2 Mungbean field. 

The same results were found in mungbean field as in soybean field. 

No differences were found on shoot height and shoot dry weight of rice at Kalasin and 

Prachinburi (Table 27. 28). At Kalasin. rice yield in tile mungbean plot inoculated with 

Glomus intraradict'swas 3.4.1greater than noninoculated plot (Table 29). At Prachinburi 

rice yield in the iiiunigean pl t inoculated with (lmus intraradices was only I'% greater 

than noninoculated plot. 
There was no explanation mn the effect of some increasing illrice yield 

compared to the result in Table 27 which showed no infection in the rice root ('Table 30). 

So VANI might act in sonic way in the soil to increasing rice yield as shown ill IWomus 

intraradicestreatmclt. The spores of \"AM were fouInd inc( ,,idcr amount in both inoculated 
and nornintoculated hut It..,,',Ciln ,ICl01r (I 1ble 31t.11dil thC 

No difference oin ii itrogen, phosphorus andi potassium content in rice, 

grown after munghcan. were found bet wecii incoulated and noninoctlated plot at both 
Kalasin and Prachinburi (Table 32). 
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Table 27. Average height (cm) of rice grown after VAM inoculated niungbean at Kalasin and 
Prachinburi (2nd crop). 

Kalasin 

60 days 90 days 120 days

Treatments
 

P P1, Mean I I,, Nlean P, I Mean 

MOS 156 * 6 65.7 62.7 G.1.2 99. 1 86.9 93.0 107.5 102.1 1(.8 abGLOMUS # 17 61.6 65.369.0 96.8 91.5 95.7 105.7 101.8 103.8 bINT 183 26 66.3 68.7 6 7.5 97.7 97.5 97.6 104.7 103.0 103.9 abASCR 4 22 68.6 62.6 65.6 93. 198. 1 95.6 105.4 102.9 104.2 abETU 157 4 31 68.7 62.4 65.5 97. .1 90. 1 93.8 104.7 101.8 103.3 abI)ES 160 0 39 65. 067.7 66.4 9.5.2 92.6 105.293.9 10.7 105.0 abControl 67.6 65.4 66.5 96.4 97.2 96.8 105.7 105.7 105.7 a 

Mean 67.7 64. 1 97.2 93.1 105. 1 103.1 

CV.I (1 ) 4.(6 9.8 2.5 

CV. Species (%) 6.9 	 5.4 2.4 

Prachinburi 

60 days 
 90 days 
 120 days

'reatmns 	 -I--S
 

I) ,, Mean 
 1), P, Mean l, Po Mean 

MOS 156 # 6 60.4 60.0 86.560.2 81.7 81.1 99.7 87.3 93.5GLOMUS # 17 65.0 6:3.7 64.4 85.3 82.980.5 96.5 90.2 93.4INT 18:3 # 26 63.7 61.5 62.6 86.1 83.5 95.680.5 98.2
ASCR W22 64.,1 61.3 62.9 85.7 81.3 97.3 

96.9 
83.5 90.9 94.1ETU 157 # 31 61.3 60.2 60.8 81.5 80.4 82.5 96.2 87.9 92.1
)ES 160 # 39 65.0 61.3 83.2 82.3
63.2 79.3 94.9 90.0 92.5Control 64.3 61.0 62.7 85.0 80.7 18.3 95.3 91.7 93.5 

Mean 63.4 61.3 85.262.4 80.6 78.2 96.9 90.5 93.7 

CV.P (%) 5.9 17.2 8.6 

CV. Spcies (%) 10.6 9.0 5.9 

In a column, means followed by a different letter are significantly different at the 5% level by
DMRT. 



73
 

Table 28. Average shxt dry 'Cight (g'pl) of rice grown after \W\M inoculated mungbclan at Kalasin 
and Prachii bui (2nd crop). 

Kalasin 

60 days 90 days 120 days
 
rreatments 

1)' P, Mean P1 P,I Mean P] Po Nean 

MOS 156 # 6 30.3 a 22.1 abc 26.2 23.9 14.8 19.4 21.6 17.6 21.1 
GLOMIJS # 17 21.01) 17.1 19.1 20.2 17.5c 20.4 20.3 1f.0 16.8 
INT 183 # 26 21.1 1) 25.8 a 23.5 19.1) 19.1 19.2 19.1 19.,9 19.7 
ASCR # 22 27.1 a 19.3 bc 23.1 22.9 18.9 20.9 21.9 18.3 20.1 
ETU 157 # 31 21.21) 21.5 ab 22.9 16.7 16.1 16..4 17.2 17.9 17.6 
[ h'S 160 # 39 26. 1 ab 20.-1 a)c 23.3 17.2 17.5 17..) 21.1) 18.!) 20(.

Control 21.0 )b 23..1 ab 22.2 17.3 
 19.2 18.3 17.9 22. 6 201.3 

Mean 2.1.0 21.8 19. 6 18.0 19.9 18.7 

CV.I (141 10.4 25.0 10.5 

CV.Species (%) 16.8 26.7 34.3 

Prachinburi 

60 days 90 days 120 days 
Treatments 

1), Po Mean , Mean IPP,, 1), Mean 

MOS 156 # 6 23.5 21.8 22.7 29.8 27.3 28.6 31.2 29.3 30.3 
GLOMUS # 17 22.7 2(0.5 21.6 30.0 27 7 28.9 29. 28.5 28.9 
INT 183 # 26 23.2 22.7 23.0 27.9 25.8 26.9 (0.5 26.5 28.5 
ASCR # 22 21.8 20.3 21.1 29.3 27.: 28.3 30.9 28.7 29.8 
ETIJ 157 # 31 22.6 20.7 21.7 28.. 2,1.7 26.6 28.3 25.9 27.1 
IDES 160 # 39 22.5 20.5 21.5 27.5 25.9 26.7 29.3 27.3 28.3 
Control 20.7 20.0) 20.4 27.0 2,11 25.9 29.9 27.0 28.5 

Mean 22.1 20.9 21.7 28.6 26.2 27.4 2).9 27.6 28.8 

cV.I1) (C/.) 7.8 12.7 17.8 

CV.Species (%) 1:3.2 15.9 19.6 

Ina column,n eans h)lh)wed by a different letter are siglificantly different at i)he level by I)MRT.5,,, 
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Table 29. Average yield of rice grown after VAM inoculated mungbean at Kaasin and Prachinburi 
(2nd crop). 

Yield (Kg/ha)
 

Treatments 
 Kalasin Prachinburi 

P1 Po Mean 1), Po Mean 

MOS 156 # 6 4054 3524 3789 4506 '1104 4305 
GLOMUS # 17 3676 3336 3506 4:303 4062 4184
INT 183 # 26 39(X 4242 .1071 4499 4179 43:39
ASCR # 22 .13314 382 3908 ,1183 4007 4095 
ETU 157 # 31 :3566 3190 3378 4321 1175 4248
DES 160 # 39 .3766 4083 3925 4476 410W 4288 
Control 3991 :3883 3937 421:3 1018 4115 

Mean 3898 3677 4:357 4092 

CV.1 (%) 15.9 22.7 

CV.Species (%) 19.0 19.3 

Ina cJluInIn, neans followed l)y a different letter are sig lificantly different at the 51, level by I)MR''. 



Table 30. Percent root colonization of rice grown after VAM inoculated nungbean at Kalasin 
and Prachinburi (2nd crop). 

Kalasin 

Treatments 
P1 

60 days 

PO Mean P 

90 days 

Po Mean 1), 

120 days 

Po Mean 

MOS 156 # 6 
GLOMUS # 17 
INT 1&3 # 26 
ASCR # 22 
ETU 157 # 
DES 160 # 39 
Control 

Mean 

0 
0 
0 
0 
U31 
( 
0 

0 

0 
0 
0 
0 

0 
0 

0 

0 
0 
0 
0 
() 
0 
0 

0 

0 
0 
0 
( 
U) 
0 
0 

0 

0 

0 
0 
0 
0 

0 
0 

0 

0 
0 
0 
0 
U 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 

'0 
0 
0 
0 

0 

Prachinburi 

Treatments 
P1 

60 days 

P() Mean P)3 

9) days 

pI Mean P.)3 

120 da;s 

PO Mean 

MOS 156 # 6 
GLOMUS # 17 
INT 183 # 26 
ASCR # 22 
ETLJ 157 # 31 
DES 160 # 39 
Control 

Mean 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
U 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

CV.P (%) - -

CV.Species (%) - _ 
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Table 31. Number of spores in 100 gram soil grown rice after VAM inoculated mungbean at 
Kalasin and Prachinhuri (2nd crop). 

Kalasin 

60 clays 90 days 120 days 
Treatments 

P1 PO Mean 1), Po Mean P1 1 P1 Mean 

MOS 156 # 6 7,1 3.1 54 ,18 70 59 a 18 20 19 
GILOM US 4 17 57 .11 .19 29 ,11 35 ab 37 28 33 
INT 1:3 # 26 113 72 93 24 58 41 ab 18 22 :35 
ASCR # 22 42 50 46 '12 36 39 b 21 56 39 
ETU 157 # 31 50 50 50 .12 158 110 a 12 50 31 
IIES 160 # 39 4. 58 56 50 39 45 ah 2(1 35 28 
Control 56 6.1 60 31 ,14 39 ab 25 23 24 

Mean G1 53 38 61 26 33 

CV. IPv) 36.3 51.5 12.3 

CV. Species (%) 26.5 22.9 30.3 

lPrachinijuri 

60 days 90 days 120 days 
Treatment s 

l I'l, Mean P1 Po Mean 1 P, Mean 

MOS 156 # 6 81 99 92 65 72 69 5:3 52 53 
GLOMIJS # 17 120 125 123 69 65 67 ,16 50 48 
INT 183 # 26 107 109 108 92 90 91 59 47 5:3 
ASCR # 22 i)5 97 96 8,1 76 80 67 51 59 
ETI 157 # 31 103 117 11( 66 70 68 50 ,18 119 
IDES 160 # 39 136 121 129 76 67 72 61 56 59 
Control 125 85 105 68 69 69 60 59 60 

Mean 110 108 109 71 73 74 57 52 54 

CV. () 12.3 11.7 3.0 

CV.Species (> ) 6. .1 10.2 6.4 

In a column, moans followed by a different letter are significantly different at the 5% level by DMRT. 
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Table 32. Average nitrogen, phosphorus, potassium content in rice (2nd crop) grown after 
VAM inoculated mungbean at Kalasin and Prachinburi 

Kalasin 

Treatments 
P1 

%N 

P( Mean P1 

%P 

Po Mean P1 

%K 

Po Mean 

MOS 156 # 6 
GLOMUS # 17 
INT 183 # 26 
ASCR # 22 
ETU 157 # 31 
DES 160 # 39 
Control 

0.682 
0.608 
0.5:38 
0.493 
0.603 
0.583 
0.610 

0.554 
0.543 
0.597 
0.520 
0.531 
0.532 
0.660 

0.618 
0.576 
0.568 
0.506 
0.567 
0.558 
0.635 

0.175 
0.173 
0.157 
0.1,17 
0.167 
0.167 
0.154 

0.102 
0.144 
0.146 
0.135 
0. 113 
0.124 
0.188 

0.138 
0.159 
0.152 
0.141 
0.140 
0.145 
0.171 

1.122 0.697 
1.306 1.013 
1.100 1.100 

I.0511.022 
1.156 0.819 
0.981 1.147 
1.148 1.359 

0.910 
1.159 
1.100 
1.036 
0.988 
1.064 
1.254 

Mean 0.588 0.562 0.163 0.136 1.124 1.023 

CV.P (%) 16.5 67.1 35.2 

CV.Species (%) 20.6 21.2 29.7 

Prachinburi 

Treatments 
P1 

% N 

PO Mean PI1 

% P 

PO Mean P1 

% K 

PO Mean 

MOS 156 # 6 
GLOMUS # 17 
INT 18:3 # 26 
ASCR # 22 
EI'U 157 # 31 
DES 160 # :39 
Control 

0.530 

0.492 
0.562 
0.541 
0.491 
0.489 
0.520 

0.526 

0.490 
0.506 
0.540 
0.552 
0.480 
0.530 

0.528 

0.491 
0.534 
0.541 
0.522 
0.485 
0.525 

0.130 

0.129 
0.139 
0.137 
0.102 
0.118 
0.116 

0.095 

0.093 
0.079 
0.079 
0.088 
0. 102 
0.090 

0.113 

0.111 
0.109 
0.108 
0.095 
0.110 
0.10:3 

1.671 

1.129 
1.571 
1.744 
1.629 
1.378 
1.495 

1.944 

1.120 
1.970 
2.006 
1.845 
1.420 
1.734 

1.808 

1.125 
1.771 
1.875 
1.737 
1.399 
1.615 

Mean 0.518 0.518 0.124 0.089 1.517 1.720 

CV.P (%) 6.8 17.5 37.3 

CV.Species (%) 9.3 15.2 43.5 
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Figure II. Rice field (2nd crop) (a). Rice grown after rnungbean at Kalasin. (b). Rice grown 
after soybean at Chiangmai, in Acaulosporascroliiculatawith rock phoshateplot (left), 
in Glornus mosseae with no rock phospphate plot (right). 
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5.2.3 Survival of VAM species in the third crop of soybean/mungbean following 
the second crop of rice. 

'rhe 3rd crop of soybean and mungbean fields were established only at 
Chiangniai and Kalasin because at Prachinburi had not enough water to irrigate the plants. 

5.2.3.1 Soybean field. 

Data in Table 33 and 34 showed that there were no differences on height 
and plant dry weights of soybean between inoculated and noninoculated plots at Chiangmai. 
The differences were found on soybean yield inoculated with Glomnms iitraradices, Acaulospora 
scrobiculataand Glomus etunicatum which were greater than the noninoculated about 10%, 
8/0 and 3% respectively (Table 35). 

The infection of VAM isolates were found in soybean root at 30 (lays of 
soybean growth (Table 36). At 9(0 days root infection were found in all plots including the 
noninoculated plots. The number of spores produced in soil were found in all plots and the 
number in uninoculatcd plot was the greatest (Table 37). Even there were spores sporulated 
and colonized in soybean root of uninoculated plot. the higher yield of soybean grown in 
inoculated plot was still obtained, this evident indicated that the VAM isolates of Glomus 
intraradices,Glonusettnicattt and Acaulospora scroblculatawere Superior to the indigenous 
VAM. 

At Chiangmai the nitrogen content in soybean was high compared to the 
other crops. This might be due to the left over of rice straw in the second crop. No difference 
was found in the phosphorus and pota.,,ium content in soybean plant (Table 35). 
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Table 33. Average height(cm) of soybean (3rd crop) grown after rice at Chiangmai 

30 days 60 days 90 days
Treatments 

P1 PO Mean 1 PO Mean P P0) Mean 

MOS 156 # 6 36.1 34.5 35.3 56.4 53.851.2 60.3 55.3 57.8GLOMUS # 17 34.6 33.0 3:3.7 57.0 49.5 5:3.3 60.5 54.3 57.4INT 183 # 26 35.2 32.2 33.7 50.8 59.354.6 52.7 54.6 56.9ASCR # 22 :37.3 36.0 :36.6 56.4 51.5 54.0 61.3 55.3 58.3ETU 157 # 31 37.2 35.6 58.336.4 '19.8 54.0 61.7 52.9 57.3DES 160 # 39 34.2 34.7 50.334.4 48.2 49.2 54.4 52.6 53.5Control 35.3 30.2 55.432.7 5:3.2 54.3 58.8 56.6 57.7 

Mean 35.7 33.7 34.7 55.5 50.6 57.0 59.5 54.5 53.0 

CV.I (%) 7.1 7.4 6.8 

CV.Species (%) 10.9 9.5 9.2 

Table 34. Average dry weight of soybean (3rd crop) grown after rice at Chiangmai 

:30 days Go days 90 days
Treatments
 

P, PO Mean P, 
 Po Mean P PO Mean 

MOS 156 # 6 7.8 4.3 6.1 40.8 38.7 39.7 68.0 81.8 74.9 at)GLOMUS # 17 4.7 4.9 4.8 14.9 41.5 43.2 67.7 83.3 75.5 abINT 183 # 26 7.3 5.5 6.4 13.6 32.6 38.1 66.168.6 67.3 bASCR # 22 7.2 4.9 6.0 47.7 37.5 42.6 68.589.2 78.8 abETU 157 # 31 7.1 6.3 6.7 48.2 26.0 :37.1 87.1 88.9 88.0 aDES 160 # 39 5.9 5.8 5.8 32.1 40.8 36.5 61.8 83.6 72.7 abControl 6.1 5.1 5.6 14.2 38.9 41.6 72.3 59.8 60.0 b 

Mean 6.6 5.2 5.9 43.1 36.6 39.8 7:3.5 76.0 74.8 

CV.IP (%) 48.0 50.0 67.5 

CV.Species (%) 27.5 24.2 32.0 

In a column, means followed by a different letter are signigicantly different at the 5% level by DMRT. 



Table 35. Average yield and nitrogen,phosphorus and potassium content in soybean (3rd crop) grown after rice at 
Chiangmai. 

Treatments Yield (kg/ha) N content (q) P content (%) K content (%)P)1 P., Mean 1), P, Mean P1 P, Mean 1 I'l Mean 

MOS 156 # 6 2100) 2119 2260 3.035 3.210 3.123 0.255 0.260 0.258 2.830 2.850 0.28,1;ILOIMUS # 17 210.1 2179 2292 :3.0:30 3.013 3.022 0.211 0.257 0.2,19 2.827 2.821 2.826INT 183 # 26 2,199 2.131 2.165 3.003 3.030 3.017 0.230 ).262 0.2.16 2.695 2.821 2.758ASCR # 22 2501 2:331 2 116 . 1(0 3. 113 3.107 0.2.15 0.251 0.218 2.680 2.690 2.685ETU 157 # :31 2333 2292 2:308 3.0)68 3.4)' 3.' 3{; 4.2.19 0. 256 0.253 2.670 2.7.10) 2.705)ES 160 # :39 2183 2260) "222 3. 6) 312) 3. 051 0.238 (0.251 0.245 2.663 2.782 2.723Control 2310 2180 22.15 3.40)8 3.01) 3..009 0.210 0.25() 0.2.45 2.665 2.771 2.718 

Mean 2:375 2256 2:315 3. 013 :3.60 0.2.13 0.255 2.719 2.783 

CV.P (% 7.4 
 8.6 9.3 8.9 

CV.Species (%) 12.0 11.5 10.9 7.3 
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Table 36. Average percent root colonization of soybean (3rd crop) grown after rice at Chiangmai 

30 days 60 days 90 days
 

Treatments 
P, P0, Mean P1 P, Mean P1 PO Mean 

MOS 156 # 6 9 10 10 24 22 23 55 59 37 
GLOMIIS # 17 8 7 8 28 29 28 64 57 60 
INT 183 # 26 10 10 10 21 23 22 56 41 49 
ASCR # 22 9 9 9 30 28 29 68 50 59 
ETU 157 # 31 8 8 8 20 23 25 45 47 46 
DES 160 # 39 8 8 8 27 28 27 60 33 47 
Control 8 8 8 24 27 26 74 58 66 

Mean 9 9 9 25 26 25 60 49 55 

CV.P (% 9.8 37.9 54.3 

CV. Species (%) 17.0 20.3 26.9 

Table 37. Average number of spores in soil grown soybean (3rd crop) after rice at Chiangmai 

30 days 60 days 90 days 
Treatments 

), P, Mean P1 Po Mean P1 PO Mean 

MOS 156 # 16 63 58 61 203 170 186 260 181 221 
(;LOMIIS # 17 50 49 50 158 153148 181 225 203 
INT 183 # 26 56 60 58 163 242 202 211 136 174 
ASCR # 22 69 61 65 207 126 166 184 242 213 
ETU 157 # 31 43 60 52 146 184 165 196 194 195 
DES 160 # :9 49 54 52 175 220 198 173 328 251 
Control 65 60 6:3 1:36 154 145 282 205 244 

Mean 56 57 57 170 178 174 212 216 214 

CV.p (%) 15.7 10.9 32.1 
CV. Species () 21.9 10.3 12.9 
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5.2.3.2Mungbean field. 

No difference was found on the mungbean height at 30 and 60 days after 
planting (Table 38). At 00 days, mungbean inoculated withGlomus # 17 was taller than the 
noninoculated one. No differences were found on the mungbean shoot dry weight at any stage 
(Table 39). The differences were found on niungbean yield in the plot inoculated with (lomttm 
mosseae, Acaulo.vora scrobiculata ani (fIomus des'rti'ola which were greater than the 
mungbean yield grown in noninocUlatcd plot about 4,. 2,, and 2',, respectively (Table 40). 
The incidence of percent root colonization in mungbean root and tile iurn her of spore in soil 
were the same as the soybea n experimental plot (Table 41.42) 

At KalIa,,in. no differences were found in the nutrient content of nitrogen. 
phosphorus anrid potassitun (Table 401). For phosphorus content. the plots applicd with rock 
phosphate were greater in 1)content than tile Ionphosphate applicat ion. lihis was probably 
due to rock ph.osphatc could be released more available phosphorus to plant and the Kalasin 
soil also contained low phosphorus. 

Survival incidence of inoculated VANI isolates and indigenous species 
were similar in both soybean and munighean plots. Yield of inoculated sobearn and multingbeall 
were significantly greater than noninoculated in the Ist crop. but no significantlv differences 
were found in rice yield of file 2nd crop except for some isolates that greater in nican vield 
when compared to the niean value of no01ninllLted. For the 3rd crop. soybean and rtiingbean 
yield in sone inoculated plot had higher yiel than the noinoculatcd plot. Although the 
differences were not shown statistically but the nican data showed somiie evident (i superim
poseciient of tlie inoctn lctl VANI isolates over tile i diic nm,, VAN1. 

Root colonization was highest in the Ist crop. llic iroctlum placed below 
the see(l provided a greater opportunity for introduced ftunti to infect, tile root prior tlhe 
indigenoius fungi which were abundant throughout the soil. Therefore, both fields where 
soil contained the indigein ion, fungi at the same level of inoculum, plant growth lnd yield 
responded significantly to inoculation. The colonization in the root were found in the Ist 
and 3rd crop of soybean and rnungbean, but not in the root of rice grown as the 2nd crop. 

Quantity of storc, in the soil frori the 1st crop were higher and decreasd 
with time during flooding condition. Number of slxres were lowest when the land wa,s flooded 
about 20-30 inches of water for four months. Then they were increased again ii tile 3rd crop 
when soybean and rnigbean were grown. [his showed that same VAM slorc could survive 
under flooded coindition. I larley and Smith (1983) also stated the most VAMF could survive 
as spores or other resting structures and may persist as myccliun in perviously active root. 
In this experiment the survival VAM: .ihowed their effectiveness of %omeisolates on increasing 
soybean and trunigbean yield in some extent over the indigenous VAM which naturally always 
presented in the soil. 
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Table 38. Average height (cm) of mungbean (3rd crop) grown afte~r rice at Kalasin 

30 days 60 days 90 days 
Treatments
 

I1 P, Mean l) !)P Mean 
 P1) P, Mean 

MOS 156 # 6 42.8 11.2 42.5 bc 5312 52.(0 52.6 66..1 66.9 66.(6 ah
(;LOMI 'S # 17 4.. .13.,1 ,13. 1a 51.1 51.1 52.1 67.3 67.6 67.4 a 
INT 183 # 26 12.1 12.1 .12.1 cd 52.3 50.0 51.1 66.2 66.3 66.2 1)
ASCR # 22 .13.(1 12.8 .12.9 1b 53.12 51.0 52. 1 67.0 65.8 66.4 b 
EU 157 Y 31 .12..9 12.8 12.8 ;l) 53.0 53. 8 53.-1 66. 1 65.6 66.9 ab 
I)ES 16l , .12.9039 .12.0 12.5 hc 53.9 53.1 53.5 66.2 66.7 66.1 b 
Control .1IA; .11.7 11.6 d 52.1 52.3 52.2 66.0 65. 9 b65.8 

Mean .12. o .12.1 .12. 5 52.7 52.2 52.2 66. 5 66. .1 66.4 

CV.p (1;) .0 2.7 1.6 

CV. Species 1.1 2.1 1.3 

1In a column, means fllowed by a diffeicnt letter are signigicantly different at the 5 % level by 
DM RT. 

Table 39. Average shoot dry weight (g/pl) munglean (3rd crop) grown after rice at Kalasin 

30 days 60 days 90 days 
Treatments
 

fi' P,, Mean '1) P) Mean .1)1 P, Mean
 

MOS 156 # 6 4.7 4.7 1.7 13.2 15.1 1.1.2 17.6 16.9 17.2 
GLOM[ IS# 17 5.1 .1.8 4.9 11.6 11.7 11.6 1(.2 16.2 16.2
INT 183 # 26 4.8 .1.7 4.7 12.3 12.6 12.1 1(.9 17.0 17.0 
ASCR # 22 .1.7 1.6 .1.7 16.0 12.1 11.1 17.3 16.5 16.9 
ET 157 # 31 5.0 .1..9 5.o 18.7 11.7 11.7 16.7 15.9 16.3
DES 1W0 # 39 5.0 ,4.8 1.9 12.7 1H1.0 13.1 16.7 16.6 17.0 
Control 1.7 .1.7 14. 64.7 16.9 15.7 17.3 15.8 16.2 

Mean 1.9 .1.84.7 14.5 13. 0 13.8 16.7 16.4 16.7 

CV.1 (%) 362 76.7 26.7 

CV. Species (%) 14.25 26.5 15. 3 



Table 40. Average yield, nitrogen. phosphonis and potassium content of mungbean 3rd crop) grown after rice at 
Kalasin 

Yield (kg'a) N content (r ) P content ('.) K content (%)
 
Treatments
 

P 1P, Mean P ,, Mean I, MeanI, I', P,, Mean 

MOS 156 # 6 750 750 750 a 1 2211. 191 1.208 0.109 (1.092 0.101 1.695 1.690 1.693GLOMUS # 17 701 692 698 ) 1.189 1.1111f; 1. 103 0. 1 ) 0.(8.1 0.095 1.680 1.6.1 1.672INT 183 # 26 713 725 71!) ab I.(b51 1.021 1.0)37 ).115 ). (18.3 0.099 1.8-13 1.825 1.834ASCR # 22 746 721 733 ib 1.116 1.18.1 1.150 (.117 ().1h' 0.112 1.726 1.830) 1.778ETU 157 # 31 721 692 706 h 1l.-l 1.209 1.127 0 (.118 0.1191 (). I() 1.710 1.813 1.762DES 160 # 39 738 729 733 ab 1.113 1.2(m) 1.157 ().1()7 .()(90(.099 1.821) 1.764 1.792Control 692 709 700 1 .110 0. 103 

Mean 723 717 720 1.10)5 1. 1-12 (.11( 0.,092 

1.028 1.110 1.01 (). ().)91; 1.25) 1.51) 1.380 

1.675 1.728 
CV.P(%) 2.4 

CV.Species (%) 4.5 
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Table 41. Average percent root colonization of mungbean (3rd crop) grown after rice at Kalasin. 

:30 days 60 days 90 days
 
Treatments
 T) m P,, Mean l) F',, Mean 1), lh, Mean 

MOS 156 # 6 12 49 30 14 18 16 20 21 21 
(;I.)MUS # 17 20 22 21 25 23 30 3220 31 
INT 183 # 26 1.1 23 18 20 27 24 27 43 35 
ASCR # 22 18 18 18 24 29 27 30 31 31 
ETU 157 # 31 1.1 20 17 16 19 17 19 26 22 
DES 160 # 39 21 34 27 19 27 23 20 29 25 
Control 18 34 J6 21 :35 28 34 40 37 

Mean 17 29 23 20 25 22 26 :32 29 

CV.P (%) 89.4 52.7 91.0 

CV. Species (%) 35.6 45.2 43.3 

Table 12. Average munber of spores in soil grown mungbean (3rd crop) after rice at Kalasin 

30 days 60 days 9) days 

Treatments 
I'1 ,, Mean l) t',, Mean !1 Po Mean 

MOS 156 # 6 23 31 27 59 66 62.5 ab 85 99 92 ab 
(;LOMIS# 17 20 27 24 42 48 b 59 8454 72 ab 
INT 18:3 # 26 19 24 22 41 47 44 1) 54 68 61 b 
ASCR # 22 20 .32 26 73 80 77 a 96 118 107 ab 
ETU 157 # 31 16 29 23 68 79 74 a 58 108 83 ab 
DES 160 # 39 20 38 29 43 45 44 b 50 6:3 57 b 
Control 20 27 21 86 110 98 a 116 135 125 a 

Mean 30 30 25 59 69 ( 74 96 85 

CV.1I (%) 21 37 20 

CV. Species (%) 16 23 14 

In a colunm, means followed by a different letter are significantly different at the 5% level by I)MR'T. 



I4'i!ure 12. SO'lCanI liCld (/St cOIp) alter harvested. 

Figure 1.. 1 111d prpCirc(l 1r the .3rd crop. 

Figure 14. So be n field (.3rd crop) at Chiangniai 
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5.3 IMPROVING THE METHODS FOR PROI)JCING VA MY'CORRHIZA 

INOCULIUM FOR FIELI) TRIAL. 

Pot culture is the practical method for VAN inocultum production at present. 

The pure collected spores were multiplied in pot caltuire. The spores pi oduced illsoil and 

root fragments weIe UsCtL Ias the inculun. The various culturc Met ho.ds Wtre described by 

many researchers. Manipulatio n of VANIF rootinC iredia, hosts, frtilizeres ;ld 'tevcronm nmc 

to produce VANI inoctilum were reenle an art forn father than true scihtnic, NIany scientists 
beleived tha tihe diffii:ulthi.S involve in producing clan. high qluahtit VANI innoculuntilol 
cornmercil scale may prevenit any large scale agricuhural use o thtse tungi (M enge . I1084: 

Johnson and I uinuiL'l. l9SS- .\mon. !9)X : \dlman andiMorton,I 985I )ancilk & Trappe, 
1978: l)aneik & NIihn'C, l)980: (r:ihaiin & Timlmer , l)84; Nlanjm i!h 1l,-: lorton. 198: 
Fe r.,tlson. 19,1 ). Thes, c\p riliCTIts W chIeved inI: lirst, si iher of sporOst :wee to th,,, ihhli n 

to he iiNC i tt Ih Ot c lllt 'X eri , L.lht etimate theC\ ii lhc ;Cstuh fromnIli] nCilt ', 

tlliantitv tf iinltuhill h, . II'ed ill , ,\XptIrllllC ' tI ex'erCac'M wa% ilsivircift ield lWhe C rrtl 

to produce hihi i thtr of 1lilltir ,IP tilet i' ri Iti'ti illid t('io\'/\1 ilct ,tl atlIIll'l, nly 
s iod ilhI,,I 111 1mlvttlI Il V., 'LXI tilab1iW host 1'or i,I 1 litnll Ie! Irtlll C ,I 1)i ti, 

this stiud \ the lietts N r1" 1,1h M iI, :1 ( ih('I l lfrontI 1 ilhln -i. 

;.3.1 Sltii(l(lit-appropriae V,:\,M s,,rt, dthisi l lii iniili. , 


Tih shMl\t . ;,-tcri*ll t e iIutltii ll i oif1 itlltlt 
' 

Rc,,iil, itimI .cI lIllIf !i1 lto t lot 

ot \Nt nculi l i 'ted 

W hithithel ,litc i IIMl .,1ore p .itt lot i0 ll I 'h, 

were it ,t '<k ,lii' lt i .cisi'I \ 1 i I)p I ')til 

c io c the it,i\ilMltli c'ii i, \Clgthlt 

,ll(INi, ih . h il tilice i;!. iiLlil (it \,\N\N itiI ititiili i:t lh11 height (fp ,A:. Iit,t'CIIiCl ti ii 

general, it :ippcai lh llhu Iiitum t '[C.lt'til il litt':ISIr) lerCtrictnLstc ldoil&j i I t.g 

r ,v tII01)(t1ni11i 1 t laca gre lteroh1rtitl etilol/,illot). I limcv c l 111it ro C htiIilhrt/ti ,)ls hcdt, 

Ni/C .it Llergnstrn:i cilopsin0 1ulttili W\i , elic iCt 0]I llI.lti Iini clilr/ ilnntt Ii liIlluttitii 
wil short _i ii1 , . i I. 1i1it it eltlitlill illl,, l it I1iXtillnfl plant l'rowilhuho'.iIt i'tircl 

stilatii i- to h11a1c0hie vedCL 'I ilder (I II to 2( spores areNICen'ue Aillt 1182) suPg sted that 

u.S1ually uicLntill t iinoulalte loots,ot voul scedlinlu crown asepti ally illhe recnhouse 
whenIhCthe spoic littIl Cotlttdie this rcsult thelre p iii W1th the root. 1-ron xrhntni in the 
field trial ,a uIId the dollC VA,\I inllOuIlhl Si/C. 2Xti sposici lant t c p1elllte with 
the nu.dgiolrtnil, population in the Soil 
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Table 43. Effect of VAM spores density on plant growth, yield and root colonization of peanut 
Tainan-9 at 10 days. 

Treatments plant growthl Shoot/rool dry pod root 
ratio yield colonization 

height shoot root (glpl) (%) 
dry wt. dr\ \t. 

(cIII) (gpl) (gpl) 

1. 0 Spore 39.5 c 5.0 c 1.1 ab 1:0.27 0.43 b 3.A c
2. 10 Spores 13.8 ab 7.9 abc 1.6 at) 1:0.20 10.29 bc 8.9 bc 
3. 20 Spornt.s 1!;5 a 7. 8 abc 1.9 a 1:0.25 0. 1.1c '1.0 c
4. 30 Spores ,12.1 h. 10.3 a 1.8 ab 1:0.17 0.18 tc 6.5 bc 
5. 10Sport., .10.3 t 7.5 abc 1.7 ab 1: 1.22 0.15 c 32.3 ab6. 50 Sporc., 39. c 7.0 ,, 1.1 1 1:11.16 0.11 c 33.6 ab
7. 101)0 Spors ,39.8 c 9.2 ab 2.0 a 1:1.22 0.91 a 14.6 a 

'; CV. .1.9 23.6 29.3 25.2 6().5 

Ina colunin, meaii. follo,,cd by aIdifferent letter are siImificantv di, erent at the 5"i level by DMRT. 

5.3.2 Selection of app~ropriate media for pot culture. 

Ilhieresults iII table .14 stiowcd thai a . rowtli mnedium 1ifsand and clay mixing
was the best in all parameter. plant growth, root infeclion and sporulation. follwed by peat.
('ocounut coir dlst wa,also ,g<o. on rot infection and sportilatioil hut moderately on plant
growth. The porus inedia such as peat. rice husk, coconut coir dust, sand + peat except
vermiculite %,eregool for hinvi infection the sune as clay or clay I-
sAnd. Furthermore tie
sportilation showed the samc pattern as root infection except iII rice husk meditm which 
showed very low in spmil.tion eventhouyli the percent root infection was rather high.
Verniicuilite nedinim wa, even provided ho inpeiccnt root coloiiization but high numelr of 
spores could le ploduccd in s.oil aid plant growth responded lie vermiculite medium. 

5.3.3 Seletion of suitable host plait for pot culture. 

'he reults from 'I able 45 showed that sovbean, corn. sorghun and onion 
could be used as tile suilable host plhlans for VAM production in pot culture because of their 
root system ,erc suitable foir thiInfection, colhnization and sporultion of VAMF. Corn 
was tile best host plant. better than sorghum, soybean and onion respectively. KuIzu was 
the second alternative, bahia grass anird sa hi grass were not suitable for using as the host
 
plants to prlducc mass inoculuim. 
 Ifth[re prpose was to mintinii the VANI inoculuni In potculture, these grasses cmuild be used as tle host plants a,, well as kudzu. For pineapple, they
 
were harvested after the other plants becausc iio infection and growth response were found

by inoculation. After 8 months tlicre were 
very few infcclions f )u nd in the roots. So it was
 
concluded thiat pmneappic cal iiot ic 
 used as the host plant for VAM production. 



Table 44. Average height, dry weight, number of sprcs and roltt% oni:atitmnf VAM inoculated peanuts grown in 
different media. 

Height (cm) D)ry wei.zht/(g/pl N(1. of sptre,/100 % Root
Treatments 

g. grwrh n,'d a c( lonizartion 

60 days 90 day 60 days 90 da&v 60 dav 90 days 60 days 90 lays 

I. Sand 29.7 de 34.5 e 1.82 cd 1. iS c 105 1, 160 a 6 1 27 b
2. Clay 48.3 abc 5;.0 ibc 4.72 ab 3.49 abc 2N4 a 315 8 b 35 h3. Peat 54.9 a 60.9 a 2.9 bcd 4.73 a 345 a ,,1 a 17 a 58 a4. Loamy sand 28.5 H " d"4.0 1.0. 1. c 21 104 a bh 25 b5. Rice ht,,k, 38.,' cde 31.) dc 2.24 bcd 1.67 bc 2 c 12 1 11 ab 40 ab
6. Coconut coir dust 42.7 hc ,49.0 be.t: ;-Co abc 2. 34 ,I- 1 a 140a 14 a 48 a
7. Sand + Peat 40.7 t'c 43.5 cd' 3.97 abc 2.90 bc 245 a 2)4 a 9 t 39 b8. Sand + clay 51.() .i, 63.3 .- 20 a 5.03 ., ,13 a 370 : 12 a 60 a
9. Vermiculite 49.6 abc 52.7 abcd 3.' ibc ".72 Ab 144 a 156 a 4 b 16 b 

C'. 11.59 7.,,13 17.61 51.45 .74 59.31 67.93 65.24
 

In a column, means folloWed by a 
 different lctter arc significantly different at the 5% level by DMRT. 



Table 45. Effect of different kinds of host plant on root dry weight, %-root colonization and spores in soil when infected by 
GlOmus laIsiculatum 

Root dry weiht (g p) Root colonizjiin ('") Sporesi100 g. soil 
Plant host 

34) days 60 days 90 days 120 days 6() days 90 davs 120 days 60 days 90 days 120 days 

1. Onion 6.85 a 6.91 a 1.92 h 3.80 c It;a 8(0 a 80 253 3-12 cd 312 c 
2. Sorghum 6.60 a 8.38 a 8.29 1 8.11 ) 12 bc 60 a 80 a 293 b -113 a 110 a
3. Corn 4.87 a 1.30 c 3i.91 b 1.01 , 21 ) 76 a 'S a 269 bc .365 bc .115 a 
4. Soybean 1.67 c 3.59 b :3.61) ) 3.68 32 61 a 333 - 121 a -131 a
5. Mungbean 1.54 c 0.51 c (4.31 c 1.28 d 6 c 14) c 1. cd 205 de 313 d 329 
6. Peanut 2.56 b 3.80 b 1.72 c 1.2) d ()bc .16 b 20 c 253 c :372 bc 379 b 
7. Sabi 0.42 d 0.72 c 0.71 c 1.20 of 6 c 6 cd 8 d 1:37 of 28.1 d 310 c
8. Bahia 1.17 c 0.6 c 0.25 c 1.18 d 8 c 170 319 d c10 c 10 d 3 325 
9. Kudzu 1.37 c 2.12 b 2.89 ) 1.59 c 10 bc 27 b 56 1 25(1 c 368 bc 390 ab

10. Cowpea 1.52 c 3.50 b 3.75 h 3.87 c 20 b 31 ) 5.1 1) 210 d 300 d 313 c 
11. Sudangrass 3.06 b :3.87 b 7.3. a 8.(0() ) V; 431) 85 287 1)00 ab 410 a
12. Chinese cabbage 0.61 d 0.78 c 1.23 c 1.36 d 0 d 0 d 0 d 130 f 139 e 12jd 

CV. (M) 11.0 8.7 15.9 17.6 39.7 27.0 35.2 17.9 20.3 10.5 

In a column, means followed by a different letter are significantly different at the 5'7 level by DMRT. 
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Figure 15. 	 Pot culture in the clay pot using (a). corn (Zaca ma'av) as the host plant, (b). grasses 
(Dactyloctenium aegyptium L. Richer), (c). pot culture in Leonard jar using 
Arachis hypogaca as the host plant 



J,~urc 1(,. (hhunridos 1,vre from the Iifected roo)f (a). sporhes ifl tHe 1-00t, (b'). CehIIm.d0Sp)(IV I'l Inlth 
g~rasses root (C). sporcs reVleaISed/ t&,(Inni the In 

Figure, 17 Spn i inerp (a)..%I)()rL.11icaip Ofn( Ib S m (h). SporOCilirp Of (1/0 iiiuti.,I iLIkhItI~IIIii nu 
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6. SUMMARY AND CONCLUSIONS 

6.1 Selection of effective spceies of VA myorrhizal fungi on enhancing the plant growth, yield 
and phosphorus absorption of soybean and munghean. 

For soybean the result in glassh)uc shown that the effective species for 
height were GRE * 33 and ASCR tt 22. for shoot dry weight was MOS and for yield were 
INT # 26, MAR * 40 and ASCR # 22 (Table "). In the lit ld at ('hiangiiai the effective 
species for dry weight was DFS # 39. for yield was ASCR 0 22. VAM ASCR It 22 also 
produced the highest quantity of spores in stil and olbtained the highest percent root coloni
zationt. ('Table S and 9). 

For nitinghcan the result in glasshouse showed that no effective species Tor 
height, effective species for shoot dry weight was MAR 4 40, tor yield were MOS., Glomus 
# 17 and MAR t 41 (Table 5). In the field at Kalasin the efflctive species w'ere DES 
- 39 and ASCR #i 22. IN1 it 26 (Table 15). INI 4 26 obtained the highest root coloni

zation while ASCR # 22 produccd the highest amount o spore,, ("Fable 16 and 17). 

No si.niltiently difercncc wia, folld blt Chcu !1Cain plot o10 ldhe applied 
non applied phosphate in both locations. At (hiuntieiai where pio.sphorus conutent was 
higher than 15 ppm, no cfect of VAM was shown on phosphorius content ili shoot while it 
was shown at Kalasiln where tihe )hosphol(s orn tentiln soil wits abOtll 7 ppm. VANI isolates 
INT t 26, MOS nt6 and ASC'R $422 were the Cflctive SlpcciCs on irCCasing yield When 
grown in the low pliospiloLirus soil aid applied only sinall amount of availahle phosphorus 
(Table 8 and 15). 

The result indicated that the phlsphorus absorption ability in VAM inoculated 
plan! grow n in soil high of phospholus content (> 15 ppm) was shown no different when 
phosphate fertilizer was applied where in the soil low in phosphorus absorption in plant was 
increased. 

6.2 Determination of the survival of mycorrhizal fungi during and following floxKling condition 
of paddy field. 

The survival incidence of i noculated VAM ind indigenous species in this 
experiments were similar in both sO)ybCan and iurglbcan field. Sporesi qlantily in the soil 
from the 1st crop were decreased with time. Numiber of spores wcre lowest in the second 
crop when rice were grown and the fields were covered about 20-31 inches of water for four 
months. Then it increased again iln the 3rd crop when beans were grown (lFigure IS). 

Root colonizat ion was alSo lourid highes! il tile 1st crop. The VAM inoculurn 
which places below tile seed provided a high inocuhuirn pore ntial for the introduced fungi, 
giving them and advantage over tlie indigrn ntilu rigi which vereplic:0llhrtughol lie soil. 
So at both field where soil becaime colonized by the indigentous fungi at the same level of 
inoculated, plant growth and yield responded signilicanily to inloculation with SOliC (Of the 
introduced fungi in the first crop. Most sample found no colcaization of VAM in the rice 
root. (Figure 18) 
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Figure 18 Comparison of VA M SJ)OI eS, ro ot COIlr~iiat ion and yieILd ill the field of soybean/
munigbean (ci op 1), rice (crop 11) and SO)bea/IiI nughean (crop 111). 
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Yield of inoculated soybean and rnungbean are significantly higher than 
uninoculated in the 1st crop but no significance were shown on the 211d crop , the 3rd crop. 
The total infection and spore number after the 3rd crop showed the VAM fungi could survived 
from flo,,ding. The number ()f VA M spore decreased by flooded condition a1(d also by some 
microfaina in the soil. To obtain the highest benefit from \'Ai according to this phenomena, 
the crop after paddy rice should be reilOcunldC with \VANI. (ligure 18) 

6.3 Improving the method for prodncing VANI inoculuni for field trail. 

'he result on determination the suitable growth! medium for host plant 
shown that sand + clav intl sterifized peat were the best media fir produce VA N1 
spore in pot culture. For the appropriate host pl:nt determination, the resunlt shown that 
soybea n,corn and sorLh nlii wete the most satisf;ictorv host. Peanuit aId Ku/,,l were the 
secondary ("kible 4-and -I'S). 

All tIe it'stllts infollow.are.,summarized 
I.11 ,lroi',horsc selected species of VAMF showed thecond it itn, sonie 

ability of- enhancilr, hei.i dr weight mnd yield of soybean. For nmignbean the effectiveness 
species ,lrMCd 1hC CthC Ml()t, dry weig!ht :nd yield. 

2. I field c,n(li(II,, the t iectivemiess mn increasing vield of VA NF decreased 
because of the lftcd of iiditi,,, st).'els in the so~ls lnd some Olther uncoilrl conditions. 

3. Fvidirc, rom 'glasshottusc and field experiment slowed that individual 
species differ signiit.;irtl,, illtheir efiectreess !C.promote growth with chitin plant 
species and soil h'rtilitv. 

4. No infection as found in the paddy rice rloot so the effectiveness of 
VANIF did niot occurc oi the rice (2 nd crop) growii in the flooding condition 

5 Most VANIF survived alter floding condition from the rice field. 

6. Survival VANIF infected the bean root in the 3 rd crop but less effectiveness 
wIs fou1nd. 

7. It is evidenut from the glasshouse and field experiment thll tlie iddition of 
V\N lt soil', sieniiic;.itlk (,0cr ;rid c t1ithtir.e clt I)bi;lect, ant nllurrm rio\ ill I st 
VANIF sho01id be ,C;1)lppiicd to the 3 [d c101p gro Icl t pthl\ rice.lie 


8. ]i low phtsplhorus loctat ion (Prachintburi. Kali sin) the effect if VAMF was 
more evident ol enhancing grow,,th aid vield of styiean ard mungbean than the high 
phosphorus hocat ion (C'hiargmai1. 

t). The effective species for soybean were (MIomus itzraradices, (,ontus 
dt'st'rti'olaand t.IIsor s'robiculate. l'Oio' tIrungbcan the effective species were Glomtus 
ttosSCa('. (loinus intraraedic's, (;hlIts des'rticola and Acautlos ,oora srolr'UiclaI. These 
species produced high qoimantity of spores for inoculun used, were superinmposenient over 
the indigenoius VAMF anti could survived over flooding cindition in rice field. 

I1. Sand + clay was tie best growth mediulm for host plant aid the appropriate 
host plant for VAMF were corn and sorghum. 
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7. APPENDIX 

7.1 List or equipments obtained from this project 

- One microbus 
- One microscope 
- ()ne nicl copc \with tLtolllaIic Cera set 
- ()ILn c Iu .I hto n 1icr lcopcIm 
- One inctibltr 
-- O)nl CitLUeci 

One el crt ic corl ollcr 
- ()ie sliri l'v hot plate 
-- O.)ii l~riinin~ir ! h cw 

- One W;iter ath 
- ( )ne W\ltc purificatirn 
- One cailcultor 
- One camer 
- OJicr it'cnpllhr iid iccessary 

-- ' ;i-cuidiliolners2 
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