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Abstract

The aims of this study were to survey, gather, study, analyze and present the body of
knowledge, skills and experiences on the folk wisdoms in the saline soil area management and
utilization of the saline affected local communities in the upper northeastern provinces are Khon
Kaen, Mahasarakham, Kalasin, Sakol Nakhon, Buang Kan, Nong Kai, Udon Thani, and Nongbua
Lumphu and to propose the appropriate and effective activities for improving and utilizing on
saline soil area in accordant with its potential. The volunteer soil doctor under the Land

Development Department act as the local wisdom teacher in saline soil management and
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utilization were interviewed and key informants. This study was conducted during April to
September, 2016

It revealed that, 1) The occurrence and dispersion of saline soil were happened by
inappropriate methods in rock salt production both boiling and dried methods, unsuited land
preparation for cropping, deforestation of recharge and discharge area, a huge of salt dome located
underground, unsmooth surface of land ,unsuitable land preparation for cropping, drought and
water shortage condition, water reservoir and distribution constructed over the salt affected area
without saline soil dispersion prevention. 2) Saline soil management: The opportunities on saline
soil occurrence and dispersion were awarded by observation the amount of salt scattered on the
surface in the dry season and low level of soil fertility included health and yield of crops grown.
Hence, the amount of salt existing on the surface of salt-affected soil act as the indicator for
classification of salt-affected degree. The management on the salt-affected degree deducting and
dispersion prevention in the farmland by (1) enlarging size of piece of land, surface farmland
leveling and big berm (khanna) constructing by family labor and cattle, (2) putting organic matter,
green manure crop, livestock manure and farm wastes, rice stubble and straw plowing and then
mixed with the soil at the rice root zone, (3) big dyke creating surrounding the highest
salt-affected area and fast growing tree planting, (4) ditch draining providing in the paddy land (5)
cattle and drug raising in farmland, (6) soil moisture preservation, (7) conservation, rehabilitation,
and cultivating the native and salt-tolerant local variety of vegetable crops and fruit trees for home
consumption and family income, (8) un-saline underground water providing for cropping, (9) dyke
construction for preventing saline water flow through the free-salt affected land. 3) saline soil
utilizing included: (1) for the low to high level of salt-affected soil were utilized for growing the
local rice varieties and on land and aqua vegetables in the wet season including for higher quality
livestock raising (cattle, poultry), catching and raising salt-tolerant aqua-animals, amphibian
animals and edible insects.(2) The highest level of salt-affected soil were utilized: (2.1) for
agricultural production such as ,acting as a good food sources (local varieties of vegetable crops,
fruits, edible insects) , salt-tolerant tree growing for high quality fire- woodlot production, edible
insect resident, source of lumber, economic fruit trees growing, cattle and duck raising field. (2.2)
for non-agriculture production such as green rock soil production both boil or melting and dry salt,
wisdom on spa-salt house, mineral drinking water providing, rock salt production study tour.

The study were recommended as followings; (1) the reviewing, improving, modifying and
extending the effective indigenous innovation, technology and body of the knowledge on salt
affected land management by integrating with the advance innovation, technology and body of
knowledge should be intensive conducted (2) salt-tolerant and high nutritional quality of local
varieties of crops, livestock, salt animal aquatic and amphibian animal should be intensively

rehabilitated and improved for producing the higher quantity, safety agricultural products by GAP,
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GMP and GI. and for higher sustainable farm income (3) Center for increase agricultural
productivities efficiency and wise-used of salt-affected land should be urgently established,
(4) furthermore, local wisdom teachers in salinity management should be strengthened their
potential and increased abilities on the higher effective salinity management for better and
sustainable agricultural productivities.

Key words: Saline soil area management and utilizing, local wisdom, upper northeastern provinces,
Thailand
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ABSTRACT

The effects of organic fertilizers integrate with chemical fertilizer on growth and yield of
watermelon (Kinnaree variety) in sandy soil (Banphai Soil Series) that was set up in farmer’s field
in Mahasarakham Province. The objectives were the investigation of effects of the high quality
organic fertilizers integrated with chemical fertilizer on yield of watermelon, changing on soil
chemical and soil physical properties, and economic return. The trial was designed in randomized
complete block design with 7 treatments and 3 replications. The treatments were consisted of
applying chemical fertilizer as soil analysis result (chemical fertilizer 16-16-16), recommended
chemical fertilizer (chemical fertilizer 13-13-21), and organic fertilizer different rate as 300 kg/rai
and 600 kg/rai, 2 recommended chemical fertilizer combined with organic fertilizer 3 rate as 150
kg/rai, 300 kg/rai and 600 kg/rai. In addition, the experimental plots were sprayed with organic
liquid fertilizer to protect the pests. The results found that the statistical data did not show the
different of growth and vyield of watermelon. However, the treatment with a half of recommended
chemical fertilizer integrated with organic fertilizer 300 kg/rai was the highest of watermelon yield
(4,132.67 kg/rai). While, the treatment with organic fertilizer 600 kg/rai and recommended chemical
fertilizer got the yield are 3,971.61 kg/rai and 3,829.87 kg/rai, respectively. As soil properties, the
result pointed out that soil amendment materials such as dolomite, organic fertilizer could improve
soil fertility, and soil reaction (pH). Moreover, phosphorus, potassium, calcium, magnesium, and
cation exchange capacity content were increased by the increasing of soil reaction (pH). For the
economic return, the result presented that the recommended chemical fertilizer can get the
highest net income (22,639 baht per rai). While, the chemical fertilizer (16-16-16) and the half of
recommended chemical fertilizer (13-13-21) combined with organic fertilizer 300 kg/rai, got the
net income were 21,437 and 21,326 baht per rai, respectively.
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thwinuasauasdulunniiunmmaassiinnuuanasiuagrsdideddgneaddfinnudesiu 95%
Tapnudnstadend v auuuzsihsauiudedunss 300 Alansusials ldnanangesn 4,929.65
Alansusials savasnAonsldiedunsd 600 Alanudals wazipndnudasmuuzy linanan
4,536.18 Alansusials way 4,351.32 Alansusinls drwssummeaasdug Senlnddeeiu Tnefeuansn
waslusnoglugae 4,057.39-4,109.68 Alansusinls wazliredsludi 2 Ao 4,304.63 Alansusials
wily T 3 dwinnanaaunsuluassummaasaivensinsiusgedidudfynieada feeds
4,026.96 Alansusials aziuldmananluif 2 gendmnd eradunaidesannuinanhnulugaesn
yaensinzUgnuasliluili 2 fiUFnairuann vilruduslemiaessngemsufiugnitsgehlyls
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Tfdnilugrsusnsesmsadaivln Tasfideds 3 U dll wasiilddowd 1 sanuuzihiudy
flpdun3d 300 Alansusinls Tinandngeqn 4,132.62 Alansusials sesaende wiasiildiadun3d
600 Alansusials wlasiilddandinnusnsiuuzin uwasilddend v Sasuusthswnudedunid
600 Alansusials wasilddoedmurdwseinu wasiladedunid 300 Alansusials wazuilasild
foinil ¥ Sanuuzhinduldunsd 150 Alandusals Tasfihwiinan 3,917.61 3,829.87 3,727.35
3,682.13 3,644.73 waz 3,502.81 Alaniustals auandiy
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3. HamBLWNUNNIAIEgRazasnsUgnuasluluganuinule

3.1 dununswaansUgnuasla Madenzinansunundaiofeinandnundlugaiu
tuld wudndununisnanaesnisUgnuadlafinnuuanseiy Wesannsdansiivanseiu Tag
fiwaslatafinusnamuui wazldlowiinnuainzitu dfumunsuanman 8,000 uas 8,020
vweials wadddond 1% danuushduivledunis 160 Alansusials fdununisnda 9,635 v
fals douutlasiladedunid 300 Alansusals wazudasladowil 1% asuuzisauiuledundd 300
Alansusials fifuvunsnanlnd@esty Ao 11,270 uaz 11,735 vmdels muady wasildladunid
600 Alansusinls wazudaddlawd 15 Savuuzihsaunuledunsd 600 Alansustals Taununisndn

Tn&Aesiu Ao 15,470 waz 15,935 Umsals anuady
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flady anansadmeileinnstgnuaslulasldisaiinusnsmuuzinduaziseldgnigefigade
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22,639 vmsals waznsladawdanuedwnzituiunistaloedl % sasuuzsthsawnuledunsd 300
Alansusinls feldgndlndiosiu Ao 21,437 uaz 21,326 v wenls dnunde wasiildiaeil 1% §am
wuzthuAuledurds 150 Alandusials uiasiildiudundd 300 Alansusals wazudasiildiedundd
600 Alansusials fiswleqnd 18,388 17,888 uay 15,871 umsinls musdi dauwdasiiladend 1
SanuuzisauAuledun3d 600 Alansusiols IseldqnBamgn Ao 13,884 vnsnls

dounslulisusimemsiiemesensadabuln Agazgassinenmsluiulsifiui msldlsnd
aufuuzdwmiemsladofinnuAieanzitu wionsidtsedinnufuuzthasemieuiuledunid
AaNNgIIRIIAe o Idud 300 Alandusnls awnsalinananunsluldd waslinansuunuiidueniy
mimmuLLa'”imsnamammmmmmﬂumu sehlafimnudasnaldiledunddnuangs Adeifunugs
nwasnsFouiudunuAIHEs ananstetagiiiuiladunisnanunandsBunidauaings dady
Lﬂwmﬂsﬂmm%qgLﬂmwuwawamm\ﬂm%umu LummﬂuqqmﬂLLauaumﬂiumsammsaﬂmunu
mMandnwazlamlage

asuwamsnaaov

mMafnnavessldedunidsauiuiowed senmaasgiivlnuazrnandnvauaslulufiunsy
gpnut Ul Sdaumansana wud weaneSaludugaiuihuliogugesdussnavtous azgnazazany
gadsld nslatledundd wietludunddsauiviued wietuwlsgafin vidmstantsesnpanasa
sonsnudszlosvsefis Woawass 1 soumstgnity Tassedrewesdiuduiunse definsuSudssiu
malalalusi waldiedunsdludugsrihldanmmemannassiiu Imstememed wazdeualiazay
5MeNTIeY whaBun winilBenifinduandiedy 69 waz 25 fadnsusioflaniy Wu 13840 waz
4471 fiadnSusieflandu muady mMenduiunandaunslimud Usinadunietag anasdndes
ﬁﬁﬂﬁﬁ%ﬂ’lﬂﬂﬂﬂmaﬂa\ﬂm 1A 5.0 W 5.77 ANUMWMUUTINUDIRUARANAIN 145 ASNABQNUIAALAT
W 1.35 niusegauAiuns uansinlassainewesiudiy wawamumﬂummmmﬂmjamu Yo B3
wuzdsauiuiledun3d 300 Alansudsls ldnandanasaunslugegn s09a9unAn s15udild
JeBun3d 600 Alansusinls Aoldnandn 4,132.62 Alansusals was 3,917.61 Alansusials musdy
wadloeuisufununisnanuaznanouununiaasegialunistgnuasiuasnuinnnsldiond
mudauuzdl Wiensldduwedmuinaeiu asvilfinaldgngeande 22,639 vmdals was
21,437 v wsinls spsasnfe mataluwell v danuuzisaniuiledund 300 Alansusals asfingle
g3 21,326 vwsnls

10NaNsSO10dv

AsuaNiAy. 2548, wiirassd Wushu drndiTaRuLazEuMITERAL. nsuTRUIRAY. N3ENTae
INHATWAZENATAL, NTUNN.

SRR, 2551, HARAsinAlLlaBFIN NSURRILNTIRY WDAUNANARTNSANSINGAT NILNTIABAS
WaZaNAIEL, AN

49




50

AsansaunIRuLazn 17 33 atfuil 2 e 2561
JOURNAL OF SOIL AND WATER CONSERVATION Vol.33 No.2 April 2018

nsuaNTinY. 2663, Aflomawauniiny dwsunupRunnauazinunIng. nsuiAUTRY. AsINTInEas
WAZEWATEL, AN 236 WU

295N AUNIIATYEY. 2536. MIFIATITHRULATNIAT. AITUAANGN, ANZINEAT, NINLIAY
NBATFEAT, ATINN.

Uszam nefiving wagdszna $191a29d. 2636, maldiluagefidssindamiuiislsiaswgia qliens
USudgethyeiiu wasnsldioauznssunsdnfanssuditediunaeu f. a3, 8385 Salsmeu wih 232

Usran saand Usetn wezdssnd fngans aames  waaen Mauwnyna UR A3nwn gams dujeides
waziudmn  lwenuz. 2534, Anwnslanausededieindurieagliuifumans Susenideaunie
wazmAwile. NBNUNaNTIUAUTUUTNTeRuMeBuNIYing (2526-2532) nauduniEinguas
YaqwanlFneeyindauuan nsuaLNinu nih 159-166.

Inyag dazngfisssw. 2528. waflvesiiu. MAITWaiIve, AuINBRT, NATINEIELNLAIFANERS, NTINN.

28n A magna Fwnd wazguni haweda. 2644 SpnunsisIaiy uluUuRuTinY
szfUdamdn IATaau 1:50,000 FwTaumansny. NosETIARAZILLNAY NINRRWTIRY N52NTe
INATWAZENATAL. 130 Wi

5% azihspz. 2521 mavgnuely Ty 78-90 mIsusuiEesin. ddnnudaadunsineas mensiuan
ATYI. NINAUATUNTINBAT. NTTNTIUWABATLAZENATA.

pegns loanan. 2524. Aulfuuaziulofin. AAITUsRANYN, ANSINBAT, NRIINDIFUNBAIAIENS,
ATUNNA.

il Wilng. 2548, MsAnIARTNLHWAnSNeNTRuRiTdumdensldUslarimeiuinensnssaludmda
wmaseny. anndimunifusmansmy, ddneuiauiitue 5, asuiRuNTiay, n3enTINnes
uazannIal

Afian wiling. 2550, MsAnmdRTuNUiinIsunsnsTansRunIaludmiaumansang. aandiauniiau
wmanseny, shinauiaunfiiuwe 5, nsuiRLNTIRL, N5zNTINEAILAZaRNTE).

sumfpuazimuIIiRNsTiaL. 2648, matgninlasannsldansiadl. nsuimLNTIRY. NITNTIMNBATUAS
annsal.

Dauden A. and Quiles E. 2004. Pig slurry versus mineral fertilization on corn yield and nitrate
leaching in a Mediterranean irrigated environment. European journal of Agronomy 21, 7-19.
Goyal S, Chander K, Mundra M C, Kopoor K K. 1998. Influence of inorganic fertilizers and organic
amendment on soil organic matter and soil microbial properties under tropical condition.

Biological Fertility of Soil 29, 196-200.

Sanchez, P.A. 1976. Properties and Management of Soils in the Tropics. John Wiley and Sons, Inc.,
New York.

Soil Survey Division Staff. 1993. Soil Survey Manual. United States Department of Agriculture
Handbook No.18. United States Department of Agriculture, United States Government Printing
Office, Washington, D.C.

Young, A. 1976. Tropical Soils and Soil Survey. Cambridge Univ. Press, Cambrid

=




yeansauinIFRuLazin 17 33 atfuil 2 e 2561
JOURNAL OF SOIL AND WATER CONSERVATION Vol.33 No.2 April 2018

<< misligniaAaIiaonNo: TBG1USHE’IU

AoUS:3NS _m1W8QTLm1§CLS,Q1LJ_[GSIOUJ
asoanBu duiuaisadu laanslsiaolswos)

o S/ oI Nt/ At A

mgwamomsmsryl ]_CIUO\)U'I@

Isolation and|Selection of Azospirillum spp: for; the Most Efficient:
in Nitrogen, Fixation, Producing Auxin; Gibberellins;and) Siderophore;
to,Promote; Rice Growth

wda USIUsulune* wina Incisiyane*  a:asum Buoou*
Panida Preepremmot Pikul Katechanvit and Sirinapa Chin-on

nATTeuenuazddenasloalusaduiifivszansnmlunsaselulasau wansasluuis way
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M5 16S IRNA gene sequence analysis wupzloalU3aausnuiu 10 loloian (T4 T12 KP6/1 KP6/2
T6/1 T6/2 CN4/1 CN4/2 NW1 waz AY16) danaasudszdndanmanseiulnswulagds acetylene
reduction wazn¥IaspuEY NifH wud1 femsesalulasiaueglugie 6.97-6249 pmol CoHy/lhr uag
nsranudu NifH 21 360 bp 919 10 talowan n193mssiUsunausssluueendu (IAA) waz
AUWBLIAaN (GA3) Y spectrophotometer WU dN3NIANER TAA ez GA3 Tolugne 12.28-47.29
WaY 25.80-159.13 ppm MNENU NAFPUUIZENSANANSHARANSDLABlaNesAIeA5 chrome azurol
sulfonate (CAS) assay WU laksian T4 KP6/1 KP6/2 CN4/1 waz CN4/2 snsnsananansiownalsnes e
fiefnaylugae 11.57-87.60 % nsfnwnavesezlaaliSadudonmssaiulavesdiuyusnd 1 wodh
atloalusasu Tualiinnugs Suiududenszans AnueITn dndnudedy washninuienn
Tupnsneainnslaislulasau
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ABSTRACT

The preliminary research aims to isolateand select Azospirillum spp. from rice root, efficiency
in N2 fixation, producing IAA, GA3 and siderophore and to study the effect of Azospirillum spp.
on Phatumtani 1 ricegrowth. Seventy-one isolates were isolated in N-free semi solid malate
medium and congo red agar medium. Only 10 isolates (T4, T12, KP6/1, KP6/2, T6/1, T6/2, CN4/1,
CN4/2, NW1 and AY16) were Azospirillum, detected by PCR using specific primer for this genus
and identified by 16S rRNA gene sequence analysis. Ny fixation based on nitrogenase activity was
investigated by acetylene reduction assay and confirmed by PCR-amplified NifH gene. The
quantities were in the range of 6.97-562.49 Umol CoHy//hr and NifH gene (360 bp) of all isolates
presented. The quantities of IAA and GA3 production by spectrophotometer, were in the range of
12.28-47.29 and 25.80-159.13 ppm, respectively. The isolates T4, KP6/1, KP6/2, CN4/1 and CN4/2
were produced siderophore in the range of 11.57 87.50 %, investigated by chrome azurol sulfonate
(CAS) assay. All 10 isolate affected to shoot height, num. of tillers/pot, root length, dry weight of
shoot and root/pot, were not significantly difference with N fertilizer usage.

aeloalU3ady (Azospirillum) L‘fJuu,mﬁL%'m?iﬁﬂmﬁ’ﬂa@p%nmmeﬁw%wamﬂﬁén (thizosphere) U84
fisnsznangmanzslin aunsanseiulasauldluanmiifeandaudes WullesBrnmniiddg Tasemng
unnnmdnmsssaulasiaudmsumsdassunsaduiulawasiunandais Jeinuduiusiuusisedy
fudnn d17lwe $19979 wazdnaand (Sivasakthivelan and Saranraj, 2013) wenanfgeaunsa
nangasluuiiy azaevpawn asvaslowalswesaiunulsaiis Unilosfissoanmaudy wazansfie
andslufulel (Cassén and Diaz-Zorita, 2016) fispawddomsidiledamnezlsaly3aaulunmstgndin
WU B ANNANERTILGES 5-24 Wasifus (Banayo et al, 2012) \insadanwvesinglussey
mMIuanne mIazanthninuisdn waznsazaniulasaululudn 16-60 Alansululasausiaionas
(Garcia de Salamone et al,2010) fstiy AsusnuazdaLdanaslzaly3asufifiszansamgelunisnis
Tulpsiauaseeaslu wazanslowelsves WeduaSumssydulmvevindaduiinaulaiiazyinsfinm
nARiRdanUsrasdfiousnuazdnifenelvalUaduiitivszavsamlumnidulpsiau nansesluuiis
wazansloinalsnesainsind1n wazAnsussansansenisduasunsiasuivladniiedaiien
Befifiuszansanganlduselosimemainens Tasdlusesaainunfunandasitedinmeniy
fasdumssgivlauaiiunanandn anUsinamsidloeiilulasay wazanfuumnandniunms
Ugninveunwaing Fuhasdumadenfismenisliiuinuasnsiunsnasdnlifinananifudulagls

sunusn wardudumsandansindndawedannsdszmadnsae
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gunsnila:dsms

1. MInUABg1e wazmsuenazlsalysasuainsindne

ushegnenndmanaiuiiundn doipenn munses gl uesanssd Soum wazuasEEeysEn
19D UATATIYR wenolralUIaduanINngINASANIVRY Akbari et al. (2007) Tuemns N-free
semi-solid malate medium vnfigamail 30 psrwaBus Wunan 3-5 Ju thdpneiifinihds
anusniBeliusqanslasnns streak DUDWNT congo red agar (CRA) medium Aaidanlaladduns
W Aseluamns N-free semi-solid medium 8nass ienasaunisiingn QﬂﬂﬁﬁLLﬂﬂL%@iﬁU%Q%%
wdfNeaseMNT nutrient agar WedulivimMImeasssaly

2. mansnsausslsaliiasuszmaliamedaluana wazmssuunsiinsizs 16S rRNA
gene sequence analysis

afafduievasuuaiideiidauenls Taunlaladossuuaiideutazatsluinduiisdnie
50 Talasams Uufigamgd 100 ssmwaBua Wunar 5 wiit didduieiildunnsaseuiamaia
polymerase chain reaction (PCR) Ioeldf nswiasfisnmneidiaeslsal Saaumsdsnmsves Lin et al (2011)
waztHandn PCR 1nasadaualgwmaila gel electrophoresis Ui 1.5 % agarose gel lu 1X TAE
buffer aNUUEFIEENTIN waUFBUEINTIWLATTnG83 165 TRNA gene sequence analysis
Tnmsifiuysunafidueludiu 16s tRNA gene sevfiizen PCR Iagld universal primer wawdn PCR
flgthinnsaasausemeia gel electrophoresis UU 1.0 % agarose gel 1 1X TAE buffer WasNanan
PCR daufiwmdntnlUinsnsianduiuadss Thermo sequence fluorescent labeled primer cycle
sequencing kit (Amercham pharmacia biotech) 7i1/5%n Macrogen (Korea) iy dhansuwailgun
wWisuisudsuwalaglflusunsy Nucleotide BLAST (http:/blast.ncbinlm. nih.gov/)

3. MNAaBUUILANSAINAITASULATIAY ANTHERSDIINUDDNTY AUIUDLIAAU WA
aslzmnlsnes

3.1 ﬂ']‘a"VIﬂﬂﬂﬂﬁﬂﬂ‘i‘iuﬂﬁiﬁ%ﬂlﬂiﬂ‘a’mu waznIIRaaUIY nifH

naaaufanssuAInsalulngaumeds acetylene reduction technique (ARA) mn3AEansved
Boddey (1987) Tasiheslwalusasuusiazlolnianiiasslusmamaniuna 48 falus U5uanugu
TfiFn OD,,, WA 1.0 (Bashan and Levanony, 1985) sniauslus1mns N-free semi-solid malate
medium 100 fadans Aus3alu flask vu1e 250 fladans Wua 48 falus andunanidsuudia
molu flask AuuAaszisfidu vnislifgamgiveaduiar 1 Falus wdruAadlduntacn
sesslulasiaudiundae GC (Gas Chromatography) Toeld Flame Ionization Detector (FID) Wa
asaapuBuTiisasivnszuumassslasiau Tngnymaondy nift fpUfi3en PCR musnuzes
Poly et al. (2001)

3.2 NINA&ULILANSAINNNTES1989513UDDNTY WASAUIUBLITAAY

Fia5idsunaeasluuaandu (IAA) §3g colorimetric technique lngasa iU NI A7
NFB #ifisl Tryptophan 100 fiadnsusindng dhlduufiansisy 120 seusaud Uil 30 peraBYs
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Funan 48 dalae anidusnduwissdsanudisey 10,000 sauseund Wunan 15 wi tawula
WIPUSINanIHER TAA ansBIues Akbar et al. (2007) shaedasawnlnsinlafines fienueindu
530 wiluas leswSeufisuivanududuresasazans IAA 1AT§Y

AATRUSINAUILBLISAAY (gibberellic acid; GA3) muA5vae Holbrook et al. (1961) lagih
dyulavaedingneliuns 15 TadanT LAY zinc acetate reagent (zinc acetate 21.9 N34 uaz
glacial acetic acid U53ms 1 Tadans UsuUSunasiidu 100 fiadansmetingy) Usinas 2 Sadans
fafaly 2w anduin potassium ferrocyanide (10.6 wWasidudluindu) U3ines 2 fadans
wthlfusisefisanuiisey 2,000 seudewnd Wunar 16 wiil geswladsines 5 Tadans
Tanapalsidin 30% HCl 15393 5 Tadaes waaliidniu wdihlusfl 20 ssnaadus Wunan 75 ui
wdriAUSnaunINGn GA3 shaiadasaalasinlniined fianuenindy 254 unlusns leewSuudisy
AuANNdNTUTRIaITazaNy GAS 1A

3.3 naasulseAndSannsasteansisiaalsnes

NAERUYITANSANINIaNaNsloealanas shemaflan Chrome Azurol Sulfonate (CAS) assay
(Schwyn and Neilands, 1987) Tnsusiuasloalusasuudaslolsanasuuamsuds CAS Tolzanas 3 4
wethlutugamadl 30 ssnwadoa Wunan 2-7 Ju faduiugudnarasvsemsudeiiuasudu
Awdnsdy (A) wazlalafveads (B) wdnhuimigiUsinasnsiawmelames muaunis i

USinaanslamalsnas (Wasifusd) = [(A-B)/B) x 100]
4. msfnswazeseslsalyiasusonsdauadunisiaigyiulavasinayyusiid 1

4.1 msfnmraeselzaluSaduronissonvasudadraunusil 1

NUNUNNTNAGDNUUY Completely Randomized Design (CRD) anuqu 11 #f15UMInAans
3 9 YsznausgsisuaIuau (wBwandnluomnsiasads) wasssuiiugwandnluasazany
peloal3aduusazlolsian sidunsmaaesaaidnsues Hossin et al (2016) wnzlifigaumgiivios
Wunan 6 Tu Teefiudeyaosifudanusenveaudadl 2 4 waz 6 Yu vidoyaundased
ANMULUIUTIUNNEEH (ANOVA) wazil3auisuainusand1saosaiaaslangdd Duncan’s Multiple
Range Test (DMRT)

4.2n15fnwnaveseslsalysadudanisdeaduadgifvinvesdadnusd 1
ludpedfians

MNUNLMINARBILUD CRD My 11 siumanaass 3 21 dsznaudhesiumuay (bildide)
wazsiviildesloalusasuudazloloian Tasmnzimdadnafinuanssndeiiinluauidsadeivim
ATz Aafin AN TEiEaudausen antuthinnslunasaneans (@una 20x150 TadinI)
e ﬁia'a'ﬁa:mﬂﬁmmmﬁ N-free nutrient solution (Broughton and Dilworth, 1970) wag
wrulnuFpuadniongnandnn ndsandniinn diflumslgnidoslsalsadundaslolzian
vhnsneasaduna 16 fu Wiodoyanugediy muenian wazdszansnmnseselulasiau didaya
UIARANLLYsUTIUNSERR (ANOVA) wazi3auifisuannuuansesasiiaaalagds Duncan's

Multiple Range Test (DMRT)
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43 nsAnwnavesezlsalyiadunenisdauasunisadgsivinvesdiunusni 1
TuanmlssiSaunnans

JINUHUNNSNAABNUULY CRD 113U 11 f5un19naase 3 40 YaznausigsiniumIuAY
(dfolulnsiau voanass wazlnunaBow) wazsnsvildezlsalydasuusazlolsan sunumsldie
Woaneass waslnunadoy Imﬂms"’slmwzﬁauﬁ‘ﬁﬁuﬁauﬂagﬂ wudn Audufisedunans pH Wi 6.8
UsinadundeTagen wihin 0.9 wWesifud Wearesafdudsslosds 8.0 fadnsusanlaniy uaz
TnunaBoniivanwasuldiann wndu 240 Taaniusealaniy fefusasnsladilonuiinneitu
Ao fJolulasiau 18 Alandu N/l weanesa 3 Alandu PO, /15 wazlwunadan 6 Alansu K,0/15
(AsATATIABAS, 2548; NINMITNI, 2552) Tneldnasiing

ATASENAY ALFLWNTSEAUANED 0-20 wuRwes yhansendesendiateausule
flgaungdl 121 psrnwaBos Wunan 1 $alus S 2 afs vssapufithunssnde Uinw 3 Alansu
Tunszaneunatdusnuguinans 10 i waswdoudulusamihddasldhiinumstendoud

nsessuaslealysasy ioveslaalusaduusazlolsianluanismas NFB My yeast
extract 0.5 n3u thlUiwganua 120 sousiewndi samall 30 seinwados Wunan 48 Falus
femznaumadny 0.85 % NaCl waztsunauguldfien 0D, whi 1.0

MIENan thideadmiihunssndeiifiage 10 % Clorox snutluihnduisenidodnamu
wnzauwaasen anndutianmnzndludgruadnussafuiiuassndenda 3 waasedie
fsummaaesiiinslaide aldesloalusadn 1 Sadanssedae sushsunsnaass waznddunan
8 U (ARuUasanidn1Iueee1nng (2553)) awﬂﬁuﬁwzJﬂQﬂi’]'saﬁumzmqﬁLm‘%aﬂ*ﬁmuqmzﬁuﬁﬂﬁﬁ
awsshiaue AaanszazaInsUgn 60 Tu Awsisngenmsludu loud Usunadundyiagluiu uas
Tulasauludu odeyganswdaivlaoesdne ldud anugeiu Swududanszans ALE133N
dwiinuiedy dhudhuienn menudeedy wadiemzifanssunmaedelulasaudlusndrageis
Acetylene reduction technique (ARA) wazdwanziSunausngemsludiuing Tdun lulnsiau wearesa
wan wazdenzd lagdviiasnziidininemansifienswmuniinu nsuimundipy wdnhdoyaun
FLATITRANNRUTUIIUNGEER (ANOVA) wazil3sufisuanuuwans1sssaaislagds Duncan’s
Multiple Range Test (DMRT)

wamshaaovlia:doisni

1. msuenazlzalyIaduainsindna MInsIRay wazanuunainnied 16S rRNA gene
sequence analysis

wenuuaiielupmns N-free semi-solid medium way CRA medium I§vienain 77 Tolzian
witlethinasaaeuluszivfibue Mmelnswesiamnzividaeloal3ady uwazduunaiinmeds 168

IRNA gene sequence analysis wuazloaluSaduiiesdaiuay 10 lalsan weunldaindngresindn
FanIaonn Iy 4 ploan Guwn T4 RT6/1 T6/2 wag T12 AWTAMIUNGINGT 31U 2 1D MELan bawn
KP6/1 way KP6/2 S9ninauAsadssA 4 udu 1 oksan Ao NW1 dwiadoum suiu 2 lalowas tewa

55




56

AsansaunIRuLazn 17 33 atfuil 2 e 2561
JOURNAL OF SOIL AND WATER CONSERVATION Vol.33 No.2 April 2018

CN4/1 uae CN4/2 Waz JWIINTZUAIAIBYSEN WU 1 Tolsian fio AY16 Fnuuaufidueuunn 263 bp
(Fig.1) diansraasudieinswesicinzivivaeslsalusadumudioatuseaures Linet et al (2011)
Tnsnan s wunsiisuaswlsalUsaduiidauenls wuin faduwandaadett Azospirillum brasilence
1w 8 lolatan Téun T4 T12 KP6/1 KP6/2 T6/1 NW1 CN4/1 waz CN4/2 fisesunumilau 100
99 80 80 100 100 99 waz 97 wWasiusd muadu AdeAFeU A. formosence @ lolsiam T6/1
fiszdumnuntion 99 wWasidus wazAdundety Azospirllum sp. fo BlBan AY16 fiszsuanumiiou
99 wasifud Feazdunalddn A brasilense aznwulusndunniign Fedaandesivnenuves
Hartman and Baldani (2006) 51esnudn aneiuguesezloal3adu finsnnendesgswnufisls wu
Fralne $196n8 wazdha 8 2 s leun A, brasilense waz A. lipoferum

B Fig.1 Gel electrophoresis of the
Azospirillum specific fragments after
PCR amplification; Lane 1 = Marker 100
bp, Lane 2 = T4, Lane 3 = T12, Lane 4
= KP6/1, Lane 5 = KP6/2, Lane 6 = T6/1,
Lane 7 = T6/2, Lane 8 = CN4/1, Lane 9
= NW1, Lanel0 = CN4/2, Lane 11 = AY
16 andLane 12 = dH20 (Negative
control).

2. mnaaavdssdnSainnisnselulasiay nnsnansasluueandu AVIUDLTAAY WA
aslzinalsnas
2.1 fanssumsndalulasiau wudn elsal3aduis 10 lalsan Sehmsedalulasiauuansneiy
Toalelzian CN4/2 TnminSslulasiaugedn 52.49 [mol C2H4/NV/hr uansnepenedidesndadeiy
Tolowan T4 T12 T6/1 way AY16 defimnsmsalulasiauwiin 17.83 697 29.48 waz 31.51 Lmol C
2H4/flask/hr anuansy wa ldunnsnedulelsian KP6/1 KP6/2 T6/2 CN4/1 way NW1 fian
mansalulaaauiiy 49.02 43.17 43.89 47.40 way 36.91 [imol C2H4/flask/hr muans (Table 1)
dlonyaaeudy NifH nowaufduwewue 360 bp i 10 olsan (Fig. 2)
2.2 USLANSAMNAINENTDS LUUDDNTUY (IAA) WAYAULUDLIAAY (GA3) NTIATIZRUSIN
IAA vpszlzaluSaduis 10 Teloian wuin Telsian AY16 fiUseanBamanInan IAA §9ga 47.29 ppm

wansnsagnedtudfydoeadn fuleloandug lagloloan T6/2 nanldgesasasn Hwhiy
45.26 ppm uazlolsian KP6/1 wanldsgn 12.28 ppm dautlszandnmnanan GA3 saselsalusas
e 10 Teloian wud loloian T12 fUszAnBawmandn GA3 §9ga 159.13 ppm uansneasnedl
Uushdrydanesdin Auloloiandug lolsian T6/1 nanldgesesasun dewintu 98.70 ppm uazlalsian
AY16 nanldsgn 26.80 ppm (Table 1)
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2.3 Uszandammsnanansionalsnes wudn ezloaluSadudise 5 laloan fianunsanan
aslwmalanasle I6un T4 KP6/1 KP6/2 CN4/1 waz CN4/2 Befivszdnsnmnlunisnanansioinalsnes
wansineiy lawloloian KPe/1 fidszdndammandnaislswslsvosgegn 87.50 woasifus uanss
pgnafifudddaneadndulolsanTd uay CN4/2 udliuwansnediulaloan KP6/2 uay CN4/1 wam
asloalsnes [9windu 77.78 waz 78.57 wasidusd anuansu (Table 1)

Table 1 Nitrogenase activity, IAA production,GA3 production and siderophore production by

various isolates of Azospirillum.

Nitrogenase activity IAA GA3 Siderophore
Isolate (umol C,H,/ /hr) production production production
(ppm) (ppm) (%)
T4 17.83 d 4213 d 48.37 de 1157 ¢
T12 6.97 e 17.94 £ 159.13 a -
KP6/1 49.02 a 12.28 g 27.33 e 87.50 a
KP6/2 43.17 abc 4432 ¢ 58.97 d 77.78 ab
T6/1 2948 ¢ 43.63 ¢ 98.70 b -
T6/2 43.89 ab 4526 b 77.87 ¢ -
CN4/1 4740 a 4414 ¢ 57.63 d 78.57 ab
CN4/2 52.49 a 42.49 d 50.83 d 72.22. b
Nw1 36.91 abc 3872 e 49.83 de -
AY16 31.51 be 4792 a 25.80 e -
F-test . o . .
% CV 25.54 18.68 28.45 29.73

B Fig. 2 Gel electrophoresis of
the nifH gene after PCR
amplification; Lane 1 = Marker
100 bp, Lane 2 = dH20
(Negative control), Lane 3 = T4,
Lane 4 = T12, Lane 5 = KP6/1
Lane 6 = KP6/2, Lane 7 = T6/1,
Lane 8 = T6/2, Lane 9 = CN4/1,
Lane 10=NW1, Lanell = CN4/2
and Lane 12 = AY16
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3. maneasudssandnmveseazlzalySasudensdaiumsadyiivinvesindnusii 1
3.1 navpsazlzalSasusionsenvouantuuusi 1
navasazloaldSadudomaenvaawdadUnusill 1 wud esloalusasulivilfivesifus
mesemessaedauanssiussurmuan Teefiasidusimsenit 6 Fu Teoglugae 92.00-10000 wesidus
(Fig. 3) wsingnelsfiony selalusaau dwau 7 lelsen fualdidesidudnisonaaauuingani
FNSUALAN

120.00

100.00
100.00

<]

80.00

% seed germination

7 7 7 72 AE
2

IIIIIIIIII L1171 I IS I 17 1S I 117 I

VLLLILILILILLLIS SISV I I/ 4
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[}

o
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B Fig. 3 The percentages of rice seed germination among 10 isolates compare with control.

3.2 wavpsazlzallSadusenisduasuasyivlnesdaunusid 1 lukowfofing

msldezloalusadu 9 lolsian ldud T4 T12 KP6/1 T6/1 T6/2 CN4/1 CN4/2 uaz NW1
fnalinnugeduimganivisuaunuiimelugie 20.00- 2270 wufiwns e 10 Teloian Taivinlk
AU wanseiuiuasueu fdeglugae 8.03-12.87 wufiwes dufanssunissseiulasiau
wud Telsian AY16 fansssalulasiaugegn 390.33 nmol C,H,/plant/hr wansaiussunnansdue
wsilsiumnsiefumsldidelolaian T6/2 waz CN4/2 fAnisaislulasiauwindy 370.33 waz 377.00
nmol C,H,/plant/hr auaay (Table 2)

3.3 wavpsazlzalusasusenisduasumaasyivlavesinugusil 1 ludanmlseSounnass

mManaasulszansamveseslsalyiadu donisdaasunisasyiivlaveednaunusid 1
Usngwa sl

USinasinemsiuiu wudn dsunadunisTaglupu gnssunsmaasslddauuwanss
neadd luvasfinislaesloalusaduloloan T6/1 fnaldSunalulasaulupugegn 0.60 wosifusd
(Table 3)

ANNGeIBsnY Suiudusens dwinudeiy Anwgn wasthninuienn wod nashiu
Taifimnauansnemeadia fieeglugas 76.13-83.00 wufiwms 13.67-17.33 fusionszans 14.28-17.63 N3
39.67-52.80 wwufAmns waz 13.62-19.45 n3u mwaney (ldlduansdoya) wansimsladezlsalusady
finaldnsasgiivlavesdnlduandsiunslddslulasay dwdnnudealonodt dsuaiugu
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Table 2 Effect of various Azospirillum on shoot height, root length and nitrogenase activity of

rice at 15 days after planting.

Treatment shoot height (cm) root length (cm) nitrogenase activity
(nmol C,H,/plant/hr)
T1 AIUAN 1417 b 8.03 327.00 e
T2 T4 21.17 a 9.87 354.00 cd
T3 T12 21.80 a 10.83 331.67 e
T4 KP6/1 21.33 a 10.23 366.00 be
T5 KP6/2 18.17 ab 8.53 339.67 de
T6 T6/1 22.00 a 9.37 359.67 bed
T7 T6/2 20.00 a 8.57 370.33 abc
T8 CN4/1 21.33 a 10.30 366.67 bc
T9 CN4/2 22.70 a 12.87 377.00 ab
T10 NW1 21.33 a 9.47 332.67 e
T11 AY16 22.33 a 9.63 390.33 a
F-test * ns x
% CV 15.42 15.51 6.32

(latelulnsiau woanasa waz nunadew) fdnnaudeslugedn 33.93 unnsheagneditdfyniesdn
Aumsldesloaly3adulalsian T12 T6/2 CN4/1 waz CN4/2 usipenalsfimunsidezlzalusadulolsian
T4 KP6/1 KP6/2 NW1 waz AY16 grwaaadulirnaudsaluwihhu 31.77 30.90 32.63 30.77 30.57
way 31.30 ldusnsnenunsladalulasiay swsufanssumsaselulasiau wud nnshsumsneassld
ANULANAeaaR Tenegflutas 204.67-326.67 nmol C,H,/pot/hr wazdunanuitmsldezlsalysadu
it 10 Tolmian fnalifanssumsisiulasiaugenins3umuny (Table 3)

USinasnemstududne wudn nslddelulasauinaliusualulasaulududiagendn
isuiildeslzalusadunnlelsian fewiidy 091 Wedibud Tuvaiinsldidolelzian KP6/1 sdenalsidl
USanausnnmantududnageniniionsmeasedug Jawinhy 841.33 fadnsuranlandu (Table 3)
onaflumnzanslseslmesfidonanty

nnuammeassazdunaladn nsldezloalusadudisdaasumssyivlnesinuyusii 1
fuANNGs MIUANND ANNENTIN. LazsnaTammansdinld liunnssiumstatslulasiay sididosan
pzlgalu3aduiivszandanlunisndelulasiauainussennialdedlusuiidudsslovddviie
delulpsiausivnumlumsdeasunsaduiivlaesddn fluszezamsasydivlanety medy nens
Auriug WazITHazauNATAWRLLER (Mae, 1997; wagn5, 2558) vananileslaaly3adusasnunsanan
gosluuenndy wazdvwesisadu waznlolsiangeanansananasisnalaesiddndae deszandam
yov0zlzalUTadusnanazaalieINgs MIUANNE ANNEITIN LazIIaTIANYBNT I faINATY
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Table 3 Organic matter and total nitrogen in soil, SPAD reading, nitrogenase activity in root of
rice, nitrogen, phosphorus, iron and zinc in shoot of rice at 60 days after planting.

Nitrogenase
Treatment OM | Total N SPAD activity N | P e Fe Zn
(%) (%) reading (nmol (mg kg-1) |(mg kg-1)
C,H,/pot/hr)
T1control (N-P-K) | 0.93 046 c 3393 a 204.67 091 a 0.15 560.00 bc 35.67
T2 T4 + PK 0.98 | 049 bc 31.77 ab 255.00 0.69 b 0.14 | 481.33 bede 32.33
T3 T12 + PK 113 | 057 ab 29.57 be 205.76 071 b 0.15 333.00 e 34.00
T4 XP6/1 + P-K 1.12 | 0.56 ab 30.90 ab 275.00 0.71b 0.15 841.33 a 36.00
T5 KP6/2 + P-K 1.17 | 0.58 ab 32.63 a 289.00 0.70 b 0.13 | 456.00 bede 34.33
T6 T6/1 + P-K 1.19 0.60 a 30.77 ab 247.00 0.71b 0.14 352.00 de 34.33
T7 T6/2 + PK 1.08 | 0.54 abc 29.10 bc 279.33 0.69 b 0.13 538.00bcd 34.67
T8 CN4/1 + P-K 0.99 | 049 bc 29.33 bc 219.00 0.67 b 0.13 629.33 b 32.00
T9 CN4/2 + P-K 1.14 | 057 ab 27.63 ¢ 315.67 0.66 b 0.14 433.33 cde 31.67
T10 NW1 + P-K 1.12 | 0.56 ab 30.57abc 262.33 0.68 b 0.14 | 469.33 bede 36.67
T11 AY16 + P-X | 1.12 | 0.56 ab 31.30 ab 326.67 0.70 b 0.14 416.00 cde 35.67
F-test ns * > ns * ns * ns
% CV 10.53 10.67 7.00 20.35 10.72 8.54 31.90 8.85

Feanandneiuns@inunues Hossain et al. (2015) wenazloalSaduanntiuwazsnnii winthanasey
dszandamsienssuivlavesiniluaninlsedeunnass nudn msldezloalySadn snunsaiiy
masivlamesiuanugs Suauludei Anuen wazanunisly thwinan waztninuieras
Fudaldpnedodf ulfioddusieuses Isawa et al. (2010) Felsvinnnsfnsinaves
Azospirillum sp. B510 siamsiasesivlavesinilulsedaunnase wuin Azospirllum sp. B510 Zruiiy
aFrimnuesinegeiitudfy way Garcda de Salamone et al. (2010) WU mMaldiFeelvallsaay
finasamsiisinadiannasinaluszasmnsuanng

asu

1. wenazlaluSasuansndald 10 Tolsian Sdnsasalulasiauaglugae 6.97-562.49 Hmol
C,H,/Vhr anansandn TAA Tflugas 12.28-47.29 ppm Wan GA3 6lugae 26.80-169.13 ppm LaZWU
azloaluSaan 5 lolsian ansnsandnanslomelsnesls (durd T4 KP6/1 KP6/2 CN4/1 uaz CN4/2 lag
Tolsian CN4/2 AY16 T12 uaz KP6/1 fifanssumsn3elulnsiau wan IAA WaR GA3 WasHAR
anslzinalanesifgegn musey

2. msldezlzalusaduie 10 Toloian denalinnsasadvlavesinunusid 1 luaam

139130UNAABIAUAIINGY WIUAUFIND ANMULIIIN W mdnuiedy wazdmdnuiesn Biwansns
anmatatalulasiay
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