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Abstract

The project “Effects of long-term application of organic amendments on soil
microorganisms mediating ecosystem functioning for nitrification to enhance N fertility of
soil” appeared that higher bacterial, archaeal, ammonia oxidizing bacterial and Ammonia
oxidizing archaeal population were found in soil treated with organic residues (groundnut
stover and tamarind) when compared to control (soil without organic residue application) by
real-time polymerase chain reaction. In all three gene libraries, the majority of sequences
were affiliated with the firmicutes which was predominantly represented by sequences of
Bacillus sp. and Paenibacillus sp. (all treatment). Several sequences were affiliated with
firmicute (Tumebacillus sp.) and beta-proteobacteria (Herbaspirillum sp.) with large
proportions in control and tamarind treatment. The other majority of isolates obtained from
tamarind treatment belonged to the firmicutes Alicyclobacillus sp., In the control treatment,
several sequences were, in contrast to the others, assigned as alpha-proteobacteria,
Ochrobacterium tritici and Ochrobactrum anthropi with the high G-C gram-positive bacteria
Rhodococcus ¢gingshengii. The finding of archaeal biodiversity showed that dominant
archaeal phylum of Euryarcheota was found in soil treated with tamarind. Crenarchaeota
was found to be dominant archaeal family in soil treated with groundnut strover. Different
archaeal community structures in control was observed when compared with archaeal
community structures in soil treated with organic residues. The findings appeared that
different quality of organic residues such as nitrogen content, carbon contents, lignin
contents, polyphenol contents including allelochemicals from tamarind and physical

properties of organic residues can alter bacterial and archaeal population and biodiversity.
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ranlalunsussgndldansdunideamuninanldlunisuilelymauvdeninsuanuaauauysaives
sy ueenideanieniifunseuntunaiildedignin lneilidmwansenunennudulselegives

auvsdluay Feavihlugmsiaumeiunisinuasiuudsdusely

Contral OIGAreC Mater decompostion o~ o
— | ¥ and ¥ -{\ poor soil )
/"ﬂ ., :/ (No organic matier) soil carbon sequestration — -
; - = I

(P

] 5
[\ poor soil g7

" O\

— +7 ' organic mates decomposition /-"F_ T
- / ~.
organic matter | — and 3  goodsoil |
S0l carbon sequestralion l\m ey

Cruality ()

Physicochemecal emaronment {F)

Organisms (0)

microbes |
- population
- typs

- COommnity

> soil fertility (M) —= Sustainsble agricultural practics

AT 1 NTOULWIANILAA (conceptual framework) ¥84lATINTI8
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2. dun3gInguazasdunsd

dun3edng (Organic matter) vunefs Feliliainnisgesaaiofivetasdunsd aun

Ny B nded Tadtuaeveyyduazdnd invvezag 9 1Wusu

[
a

nsrUIUNIsAanefvetansdunIsiiiatulussuuiudunszsuiunsfiddayuin e
Uadeniidvanadenssuiunisdevaaiell 3 favan A AMNIMUBIE1SBUNSE (quality w38 Q) lauA

13 P~ wa a e g n = s P~
23AUTENOUNINAT kaEAMANUANINIENINYBIENTAUNTE T3UNS modifiers FeiluasAUsznounuAll
suaqmiSuvﬁé%ﬁwﬁaﬁﬁimm%ﬂuLaﬂﬂaﬁﬁﬁw%waﬁamaﬁmmmawqmﬂiimaamﬁmmﬁLéihsiaa
@a19a150uUN38  Wwua1s allelochemicals L‘Uumu, aammmmmiaaaama mam LLazﬁgaumamu
(organisms %39 O) LaZENINLINADUNNNIBATINLAZLAL (physicochemical environment 38 P) 1gu
gl Llofu ANTUAY waz pH vosRu Wuduy

v dada a

3. U298 911d75nananszuluNISaangfIvaIa15ounNse
3.1. Yaduamun1nansdun3d (quality factor)

AN MUDIATBUNTIRUTIMdugunImnIsnIenIn  (physical quality) wazniandl
(chemical quality) A WMMIIMEANTINETsRaaNTRNII A YD TBUNIETT 3 Anwaewdn
#un Auaud® Nufin eumieamuniu (toughness) wioauuda uazauiatu (Swift et al, 1979)
drununmyesansdunidmaaiiduussifuiifing@nwiunn ssdusznoumaaiiiudladelimdanm
Moy (O) uarsmewnIdu o undidiTinidndesaaslaianzadunid lngiunianszuiunisi
WasugUasuszneudunidliidusuasusznevedunidifonin mineralization 19u msluleinsmgn
Wasusuidu Co,, WsAugniasusuidunenlindlen ( NH,' ) waglumsn ( NO, ) waglwian gn
Wasuduneams ( H,PO, ) Wudu dmiusigormstulagiau (N) AsldEEsnsdm C do N (O/N
ratio) \Jufausueninaziin net N mineralization %3® net N immobilization lunisaatefives
ansduniduiianis aednsndn ON aggnlfidusiaunimansdunidmaniifldfududyadures

ANSANYINISEDUAANE LLa‘viu{ja] Judadinislaonsiaiu antin/ N Usenausie (Melillo et al., 1982)



3.2. Yadganiniinaaun1siu (physicochemical environment)

a v [y 1

Jadanmuwindeumsdudunaunandadegloniandiujduiusiviu Alnadenis

Y
[ v

govaanglusruuAudadudadonnmenimaesiu loun Autuiu wazgamginu uenanildlidade

maadau laun pH vedu lneildansdunsdluanmuiamiudusiininiinisaaeitey #21501970

CY

nilnwAasusenemdesguinnitluaninsuunis (wadld, 2551) Paul and Clark (1996) wuin

v a

auvsddalianulisiennnuieien vie useBaU (moisture tension) veshu lngAanssudunidazanas
dieAussBaundugudluaniminds wazilleAussdaunvesfuiinduluan nfuuisty wenaininig
wWasugUlulasiauangudunidluegluguvesedunidlulasiau (N mineralization) 1unszuiunisges

A8 lAsUBNENAIINAUTUR UMY

'
a

3.3, Yadp@slivinlufu (decomposer organisms)

Fafiginlufundunumlunisgesaatafisdnd (macroorganism %38 fauna) waw

98uUn3¢ (microorganism) laednilufinseandunds@livuinlvgninqdunidesiiniiinanlunisges
a 6

1871911800 LA nszuIUNSYilndunIdtvuinanasdavinliadunsdaiusatngasaalanig

q

a el

FualllaogaiiussdnSameadu Buvsdivsinaeslufu e 1-3% veaduvsdmiveuninunveIiu
(SOQ) wallunumgananlunisgesaans aduiulganafanssugdunidiinnnnismelavesiunians
Uantaes CO, andiu lnegauvsdvantasy CO, Anlu 80-95% veanisuantasavianun (Lavelle et

al,, 1993) aunsdnvihnistosaanalaun wuafiiseuasidesidiulngilu chemoheterotrophs dalesu

]
[ 1

NAIURAZAITUBUIINATBUNSYS  QAunIdMvinnisdesaaialaun wuafiiSeuaziwesidiulngdu

a

chemoheterotrophs #4l@sunasuuarasuauaInasdunse natinislaansdunidaslufuieusulys
wazLiuBunseing nuAutuevdmansenused AU gluAuTInlAstas v yNudunidla lny

Kamolmanit et al,, 2013 WUINNAIAINTINNSEANTIUNSE bAKWA YINOIAET YN UNEVIN TUNAS ey

a a 6

W99 WuszezaIuy 16 U aunsaddnansenumaduiulseeinsveaadunss (wesi) Tufuls Tae

q

[
a | [

TuRunfinnsldansdunsdaanansenuinlnauiuaesiufufnuInTule NetuananauwIudseeIng

wMsldansBunsddedamansenudolasiasniayuaulausd (Wesn) me lnewesmaninuluauiinig

[
A v

Td W99 1aun Mycelioptera  thermophila Fesmdnfinuluduiiinisldenndrdas Taun
Mycelioptera thermophila Proleptomonas faecicola Wag Aspergillus fumigates L%aiﬂﬂﬁﬂﬁwuslu
Auiiinislalumans Loun Mycelioptera thermophila Aspergillus  versicolor Anguillospora
longissima  way Aspergillus fumisates \asmdniinuluiuiidmslaluuzey 1dun Mycelioptera

thermophila Aspergillus versicolor Fusarium oxysporum Wag Cryptococcus podzolicus Hudu
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v a o w

(Rasche et al,, 2014) a814l5AmuINATeANLITRIRUNSHRIaANaNTBUNISlasLuATIS 8T TR

pd)}

Audluiagdesiinisidenansenuvesasdunidnnunmiideaunainalen1edinim via

Uszanns wazAanssuveswuadiSelupudiugy
35n15AL U5
1. LUUNNS3Y
NN UIIUNAADILUY Randomized Complete Block Design (RCBD) 3 8
2. JupeuuazdslunsHsy nsiiudaya Mstuanud

Mmnsneaeslunlasmaass o @019MAa0IveId1tNIUNYATLALENNTAl ANUATITNSE
9N JIUNTAVDULAY (16°20° N; 102°49° E) Feruluulamnassdananagldassunsdayads
Tuthaaedeumweuisiuiounguniauemnt Tneduundaued 2538 Tnsusazutastosdivun 4
x 4 wns misegeRuiiundeseilunisnaasdusfidessudunisifusaegreiulunisld
aNTBWVEEUN 16 Adumsmunsndtiegdu 3 nsnitvnassiuineaziBenuar T nsuoRuans
M5 197 1 ansBunIaald I8un Tunzeusas uwasirwnninaas Inawrwanuesdiaassldisdunazsin
Tnedudurioudn 9 dilusnliuis nsdluazemaslfiameluisrmauandulu vinissavsalu
L9192 wazLAwrndaas THlEUsTafidesnsandunidesifudanutiuietunfuiamin

3
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AN5197 1 NSTUITNARBIVBINITNAABINIAFUINTIUADINARDY

35435 nsnnaeanInls AN NESBUNTE B[y

NN o o
(AU WU, UNa

fowanms et

1 lyilda158un3g (Control) - 0

2 Tungams29 (intermediate quality) 10
(tamarind leaves residues) & C=42.7%, N=1.36%, C/N=31.5,
Lignin=8.77%, Polyphenols=3.15%
way cellulose=14.3% (Puttaso et al., 2011)
3 gniaaes (high N) 10
(groundnut strover) 1 C=38.8%, N=2.28%, C/N=17.1,
Lignin=6.76%, Polyphenols=1.29%
way cellulose=17.8% (Puttaso et al., 2011)

< v
3. N13tNUVBYA

nsiuieg iy wasihnsinszimduiudsseins sl uaslasadagusuees

AUNTIAY
4. N15ATITHEUUANINIBATWLALEUU AN ATV IR

v

alun1TIAswviseg1eRulure U URn ssnuandinisn e nLas A TN g

a @

wivesdu liun nsdesizinilesidundunieTng (% organic matter) 1ngd8 Wet oxidation n13
Ansiiionu Tnoseuiurunzunsavua 2 faduns wiorua 10 we (Mash) Wiemdnvaszibenu
(Soil Texture: % Sand, % Silt, % Clay) Img35 Hydrometer ns3as1giAIAIlunsA-A989AY
(Soil pH) MsAasizimaAn sl luAu (Electrical conductivity; EC) n1stAsizviniamansnsaly
miLLaﬂLU?%EJuUﬁzfqmﬂ (Cation exchange capacity; CEC) 1835 Ammonium Acetate Extract n1%

Jipszmmesidudaiuaulufu (Moisture content) NNSIAIITANIAIANUAUILLUYDIAY TATILI

wilulnsiauianuelufu (total nitrogen) #1335 Keldahl method n153ns1esineanesadiiu



Usglew] (Available Pippm) #1135 Bray Il nshasigsimnlnuwnaideufiadnles (extractable K) Tngld

Ammonium acetate \Jufainudisnuaiain Atomic absorption spectrophotometer [udu

a N da

5. NM1931ATAIUIUYTEYINTYRRAUNSERUlua U URNS

N13ANYITIWINYTEYINTVRIRAUNTEYINIAETT RT-PCR (Real-time polymerase chain
reaction) Inevhnsafmrduenniuiiegisania 3 nssuisneass wdwhnisfinusinadudusy
o mmenuudealng vlaunsainvsinanesiduedhmanesaduanasiosnisasiainlauay
annsaindSnamidueiiiutumléid Tngldsidudesselinsruiunsadeduney Selsinamdue
fiiutulufasen PR Tuusdassouvilildauiinuiiduefifiusuiuaianind1ves exponential
phase AlFannsisuduvesiduedvune lnevhnsatamdueaniusieguainis 3 nssuisneass
WEvhmsiinUsinaduduSuetming 16SRNA gene uay amoA gene wuuSealm] laglgynlng
Lmai‘ﬁjﬂﬁ amoAlf (5’-GGGGTTTCTACTGGTGGT-3’) - amoA2r (5’-CCCCTCKGSAAAGCCTTCTTC-3")
(Rotthauwe et al., 1997) uay Arch-amoAf (5’-STAATGGTCTGGCTTAGACG-3’) - Arch-amoAr (5’-
GCGGCCATCCATCTGTATGT-3’) (Francis et al, 2005) azgnlddmsun1sfinudnuiuyseynsves
wonluifoeandladeuvaiiie wazueslindeeondladaorfids awdiiu lasyalnsiued Eub33s (5'-
ACCTACGGGAGGCAGCAG-3’) (Lane, 1991) - Eub518 (5’-ATTACCGCGGCTGCTGG-3") (Muyzer et al,,
1993) wag Ar109f (5’-ACKGCTCAGTAACACGT-3’) - Ar912r (5’- CTCCCCCGCCAATTCCTTTA-3’)

(Lueders and Friedrich, 2000) gnlddmsunisfinydnuiudssvnsvesiuaiise wageisife sy

6. NSANYITUN AMUNAINNABNINTINN wazhanssuvauaiiseludu

a da

N13ANwIYTa 1ATIATIYUYY UATAIIUNAINNAIENNTININYDRTUNTIAU Laun
wuafise 015i@e  wouluiflzeendladuuafise warwenluflvoondladeenside vinlae3s T-RFLP
(Terminal Restriction Fragment Length Polymorphism) Fudunsiasizimuwanamianiny
venvaevesIwIAt LA ueduaefiAnanmsiadeLeuladins g (restriction enzyme) Alul
adyalnsiwesAldluds T-RALP asdulwswesyaiReatufunisin RT-PCR $rasu udaziinnsiinnan
anstuunsealiilndwesidunis ndsarniurnisiaset T-RFs (Terminal restriction fragments)
aaelUsunsu GeneScan uazldinaiia 454 pyrosequencing Augluse laedddueilmunefe
16SrRNA gene Amplicon V1-V3 Tnevhnisainmdueaniusiet1sainis 3 nssuisnnass udawhnis
inUSinamuduiBuervng 16SrRNA gene Tneldinaiia Polymerase chain reaction (PCR) @inwn

Ineld primer 27f uag 1492r (Lane, 1991) dmsufAnulaseaseyusuluAfiseway primer Arl09f uag
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Ar912r (Lueders and Friedrich, 2000) dwsufinwilassasnyuouesiie wuanseufisenusenausiy
AdutoAuLUY, PCR buffer (10x), MeCl, 1.5 fiadluans, dNTPs 200 lulasiuans, primer 27f way 1492r
0.45 lulasluans, DNA polymerase 1 giin wazih antuidie3ess Thermocycler fesaunns
FURIn13197 2 wae 3 wdinisesivaeuiiduledieinies Electrophoresis Ingld 1% Agarose gel
fiarusnedngliin 110 Taadt 1 Hlus JouwauRiBuiediléde Ethidium bromide wazsunaiildse
\A304 Gel documentation n&sIntusinislaauiiu 16SRANA gene Tntldwanadingalaauuas TOPO
TA cloning ¥BIUIYY Invitrogen (USA) Wazm313@eu PCR products LLazi’ﬂﬂeijﬁauﬁﬁgﬂLwU
witoufuliidu Operational taxonomic units (OTUs) wienfiu 91ntuti OTUs Mushunuainusay
nssuiEneaeslumasuiaailelndlaedsnegislaauluingeideis 454 pyrosequencing 7i 1°
BASE DNA Sequencing Service thdfuihnadlelndilsundunilugiudeya GenBank Tuiiulasveg

National Center for Biotechnology Information; NCBI (http://www.ncbi.nlm.nih.gov) dienmdnsud

1AL AT TINUAUALD UAYDIRIDE19NADINITHIIVEDU

a A a a a | ° o aa
MITNN 2 ﬁﬂ']')gmisiﬂUﬂqiquﬂiqum@L@uLaﬁ']ﬂi‘ULL"UﬂV]LiEJ

“?JJUG]’EJU @Qﬂ’]L‘UaL‘?JFJﬁ LI 39U
Pre-denaturation 95 5 Y77 1
Denaturation 95 30 AU
Annealing 58 1 U 30
Extension 12 2 U7

Final-extension 12 7 U9 1
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d' A a a a | ° o s
AITNN 3 aﬂ"ljgmisi‘fiUﬂqiquﬂimqm@LQULE]a'TVii‘UE]']iLﬂ?J

%UG]’EJU aQﬂWL"UaL"’?IEJﬁ L3981 U
Pre-denaturation 95 5 U 1
Denaturation 95 30 U
Annealing 52 1w 30
Extension 72 2 U
Final-extension 72 7 Ui 1

7. NMIATITRVONANTNE DR

Y

Wnswndeyannsatialagldlusunsy SPSS 17.0 ¥N15AATIERBVENEVRY NITUTT

AINAADIEAITDUNIETNLITIATIZI ANOVA ALLEUNISVIAGaILUY RCBD Wisuiflsuaadelngds
Least Significant Difference (LSD) wayiianevimnudusiudvesteyalunsaznssuisnnassiildluusiay
Franaiteglditesiusenaundn (Principal Component Analysis: PCA) 3918u3sTmunzausonisdne
mMaAsuulacuazinzausionsAnusULuUANdIusTe s lnUsEnTvesgAunidlunsaznssuis

nsnaasanazlunmazrnialnenavae PCA Nleazianwauziduns v 2D use 3D wislwirusanisyin

'
1 a1

AN TAANUALNUSTLIIN9AI887197R19NISUATNSNAADITU WAL A1zt OTUs Tunfaznssuisiae

TalUsunsu Cytoscape V. 2.8 uagdnyin heatmap analysis laglalusunss Mothur v.1.33.3
FTYLLIAMINITIY

2 U Sudunsusiinou 2 dquigu 2557 - 1 Iquigu 2559
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NAN1539¢
1. MsaATIzRaudRANIINIENMWKazaNURANIBLAiva IR

AN 197 4 ANIASIZTENTRNINIEANLAE ALTRNILATIVD IR UY

auUAnu NISNITNAALY
. F-test
AIUAL INGIRA  UNBVINTN
Soil texture Sand Sand Sand -
Bulk density (g/cm’) 1.65 1.59 1.52 ns
Soil moisture (%) 6.04° 6.91° 7.02° *
oH 5.08" 6.05° 6.52° *x
EC 33" 212° 94” *
CEC (cmol/kg) 2.11 2.03 2.20 ns
Total C (g/kg) 0.17° 0.35° 0.39° o
Total N (g/ke) 0.06" 0.25" 0.21° o
Soil C/N ratio 29.0° 14.0° 18.8" *
Oreanic matter (%) 0.30° 0.60° 0.68° o
Available phosphorus (mg/kg) 20.42 21.42 18.07 ns
Exchangeable potassium (mg/kg) 30.7° 66.7° 48.7" *x

Y] Y

ns AaaglddmiuuenansiuegnildedAyneans ** AladuilanusanaeiuegsiltedAynseia

[y

NILAUMNULTDIU 99%

IINNISNAFDUANTANINIYNINVBIAUTUNUIINSIda15DUNI L dusrezian 16 U
fawslag v lrauTan19n1en NIIRURTUT1e wetiarursavin e fundufunsiedsundacle

(115197 4) FIFURUSAUAMUNUILUUTINVBIRAULAL LU IFUAAIMUTUYDIA UMY WUIINIThda1TDUNTE
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Y Yy

= o 2 a [ & £4 = v A2 5y & o o o« a H [ [
NN@VIWI%@TALﬂUﬂ’]']EJ“UUVLWQJWﬂ“U‘LJ‘VN‘LJEUU’e]EJﬂUﬁﬂ']W@']ﬂ’Wﬂ ANFUFNANS tazUSuracudutade

Y

@ =

&y esnnansinianisnnvesiuianuudsuudatidreuisenuayldsresinany wnas
Ufudgsaudnamenmuesiudioddsraznaiuiunn ueninddmuiausinenisamuesiuiing
un9ndadedug Wy anmgiivssma mnudu uagdumisnagiienans [Judu (FAO, 1989 uaz
Smaling, 1993) Ssanunsaaguldinmsldansduvisinavilrnisasuntadlassairsvesfuiinunldud
Y pgslsfimuandivesiuidauduiusiosuniuuiinm ¥ia waganumainuaisnadinimees
wuafiSeluiu Fsenafululsinfanssumesqdunisluduiimnugauauysalilésuavswanniadenis
dinasemsadludulaenisldarsdunid uazannmameassnuiinisldansdunidifuszssnaiuiuy
ansnuiulpsantinanivesduld wu msldamsdunidamsouivssiundanundunsada Tned
dutefuaudunsa-ssvesdulidlndamiunansuniu sawluiednarldensdilnives
fiu Uialulasauitvmelufu Uiinadundetagluiu anuansnsolumsuaniudsuuavlessuvosiu
waglnunaideslufugedu silviuiarwgauanysoigatudmalidaumneuinisaigdulavesi

v
[y [ P=1

WnTuse agdlsinusinemsiigsneginsanvalngdreglussdunainininvdeanis uenanil

a =<

UfAseveshudalinnuduiusiunissyiulauasianssuvegdunsdaudalinaluniedeuseanius
audusglosivessinemsiy nefinalisuaulssrnsuuaiFogetu smdsdenalivuadiFeiia
AuantRdnaS s yAulmesiiedaumananensTnmasdude sgndlsimunuilufuilails
Sudvsnannnslaansduvsdivimnameae Sandulsslonilufudoudnegs Tnodlngiidganinly
n35uAsATnsldansdunid nenuimeaneafidulsslonilufuiamniigalunssuitnaassilald
@50UNIE Aw 20.42 me/kg eﬁq%’m%ﬁuﬂ%mmﬁﬁau%ﬂaqa (waild, 2544) agnslsfmuiieUioudisudu
nssisneansilldansduridvsaesrianuindalndiAssiunar iifnounnsronsada ieteradunaun
nnlufuiireuthadunsnda (oH Andn 5.0) e19dinnsandsvesteweanesaninnisiinisnunsieu
nMsvnasslutTinaiias eannweanedaanieiadiinisldaslufuaunsannddudul fiduszey

6

nauy egslsiaunuitlunssuinaassiinisldasdunidiinaanusuiureanesaluguindy
Usgleniludu vstlonalieawnanluwlameassniinisldansdunsdnsnniidauazlutgausifaudn
d' ! a a ] V| v o oA X ! a a

Mnzaudensasyiulavesivannninlunalinuivivtulnaqulullameassegiatouaziiusunu
unndnlundasmivay Fedyivndrididnisdneveanesaludululdedsatiosaurinliusunu

WoavlaanlugUilanasla
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2. M9AATAIUINYTEYINTaRALnsIRulua TS

NSANYIIUINUTEYINTVRIRAUNTERUYNIAETT RT-PCR (real-time PCR) lngyinn1sanin
MEUENAUMBE19I91NIT 3 NITUIENARRY AWMU IN AT ud LB UMY 16SIRNA
gene Wag amoA gene wuuliwalnyl

NANSNARDIATIERISuUUsEns AT Se Tl aTied

dlavhnsiiufegedundnsldansdunis Quusvusie uazgindadas) Weoveasam
unUsEensuuaselulUasmnandlaeds Real-time PCR (RT-PCR) WU31919UUSE9NTVBY
wuafiselunssudineassiifinisldansdunss Quuzviusie  wazendadas) f5aurulssvinsves
wuAfiBeganimIussnsvesuuaiiSelunsaiinaaosiilaifinisldansdunid (Control) failsuan
Uszansvesuuaiielunssuisvnassiiinisldansdunidonidacdadumsdunidauningaesd
FunusrrnsvesuuaiiiogeigaillerIeuifisuiunssitnaassiiiinisldaansdunidlungusied
Juansduvsdhauniniiunans waznssudsnnansdildiinisldansdunis audisu egrelsiniunuin
Srunulszannsvasuafiselunssudsnnassiifinisldasdunisenddaslifiamuunneiuniada

AUNUIUUTEIINTVRILUATLS 8 IUNTTUATNAaRINTIN1S e TBUNS TluNE VNI AIWEAIlUANTI9N 5

A15199 5 F1UIUUTLVINTVRILUATIS 8LElDYIINTI AU Bg1RUnaInNIsTdansdunss unzviudiy wag

FINdaa)
. UIUUTEVINTVOIUUATILTE
(TEsHETnReT (gene copies ¢ soil DW)
Mean SD
Control 6.70E+07 ° 5.99E+06
Ground nut strover 4.21E+08 ° 8.16E+07
Tamarind 3.93E+08 ° 3.83E+07
F-test * -

o w aa

* = ANRAYNALLANANNURE9IUYER N IEDANISEAUAIILLTDNIY 95%

<
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NANNSVAABIIAT IS IuILUSE NSO S RE AT

devhmsiushegatundenislaansdunses Quuzuusie wazendadas) ennaeen
uInUsErInsoshelulUamnandlneid Real-time PCR nUIa1wuUseEdnsvesosimelunssuids
naaesfiiinislamsdundd (uuraudas wagenidas) fdwiuszvnsvesersidegenindiuiu
Uszmnsvesondidelunssuisnnassitldiinisldansdundd (Control) suiisnuaudssunsvesondifely

N3 NRaRIntinsldansdunsglunsrusrsduduan sdunsdaun nuiunateas s uiulseunsve

=4

s d' d' ™ a o aa aa | a a6 U a <, a a6
E]']iLﬂEJQQ‘W@@LQJ@LUSU‘UL‘WU‘UWUﬂ533J35V]@a@¢]7]uﬂ']313375@u%3U‘Uqﬂﬂﬁaaﬂ"?ﬁ\‘iLﬂuaqﬁaumiﬁﬂmﬂqwgﬂ

[y [

LaLNISUISNAaINlUinTslda15BuNSd MUAIAU AILaRIluAISI9N 6

AT 6 UIUUTEIINTVBIDSAEIDYIINTIAUTBE9RuNaINISTaansdunss duuevnugie wagewn

faa)
. IUlszEINTeIsiAe
NI5UIENAADY }
(gene copies ¢ soil DW)

Mean SD
Control 1.42E+06 ° 1.32E+05
Groundnut 3.40E+07 ° 8.69E+06
Tamarind 5.76E+07 ° 4.49E+06
F-test * -

v
o w aad

* = ANRAYIAULANANNURE 9 UYEA N EDANISEAUAILLTDIY 95%

o

[
Va v A

NANISNABDIIATIEINIUINUTEINTWaNLUTHE N e swuaTiis s Nl ATA 9Tl
Wevihnsiusiegsmunaanislaasdunss (luuzunusie wazeindldas) wiennasdnd
Funuvszrnsuanluiiseandladnuaiisslunlainnasalaeids Real-time PCR WuUI191UUUsEuNg
~ N a A a Aa | a ¢ | U a ~
Yaakaulutdeeandladswuaiiiselunssudsneassninistaarsdunse Qungwiusie waze1nddas) i

)

Puulszrnsvekenluilseandlagawuaiituginiduiulsennsveswenluisoendlagauuailise

Tunssuisnmasailifinisldansdunse (Control) MatduuUsEvnsvwaNluissondladwuaiiselu
an aa ' a = < a = & a s A o ~
n3sudsnaaeniinsldansBunsdviniidasdaduansdunidnuningeasidiuiulsznnsveauanlanily
sondladauuaiisugeiigadloSeuiisuiunssuisneaassniinislaansdunidlungaiuswedaiu
a9 uNIdAunNmUILNa1kazNIsUITNAaaInluTin1sldansdunsd anudisu adralsAnunuIIeIUIY

q

UszvnsveawaluiisaandladaluniiselunssuiSnaaseniinis liiinnsldansdunsdluimnuwnneng
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[y

FUN19ERRNUIILINYTEIINTVRILaNluLueandlad sk uaiiselunssuiSnaassiiinislaasdunsdlu

1N AIbERITUA5I97 7

a o AN a Ao Y a s =] dl' o < o ! a [
BTN 7 ‘U']u’)u‘lJig‘lﬂﬂisU’eNLL‘U?WILiEJVI‘VI'WI‘LJ'WIELUﬂﬁii)EJﬂ""dl@“dLL’e]llI?JLUEJLELI@VI’m"IiLﬂUGYJE]EJNG]‘LWI@Q

A5lEa5BUNTY (Bnadas wazluuzuugs)

a

1UIUUTLVINTVRILUATLS 8L UN150n T laduauluLle

NITUITVAADY .
(gene copies ¢ soil DW)
Mean SD
Control 1.96E+406 4.09E+05
Groundnut 7.41E+06 ° 1.50E+06
Tamarind 3.36E+06 > 7.34E+05
F-test * -

o w A

* = ANRAYIAULANANNURE YU ER N IEDANISEAUAILLTDIY 95%

o

NaNSVRaesiAT s uIuUsEnsuenTuseandladonsidedlais

devhmsiushegatundenislaansdunss Quuzuusie wazendadas) ennaesn
Srurulsznsuenlufiveondladensifslunaimeanslagid Realtime PCR Nus1uaudszans
vosuwanlufsoandlndensifelunssuisnaaesiifinisldansdunis Quuzainsae waserndaaas)
ﬁ‘i’]muﬂizmﬂimaqLLazﬂluLﬁaaaﬂsﬁiﬂ%qaws‘Lﬁaqaﬂ'jﬁwmuﬂizﬁmﬂwaaLLaquLﬁaaaﬂsﬂm%qaﬁlﬁﬂu
5513 IMnansiliifin1sldansdun3s (Control) siisnuiudszvnsvosuesluiluoandladeendidelu
nssisvaaesiiinisldansdunidenidastaduamsduvidaunimgeaziidnulsznsvesuenlnde
penTladsensifsgenianideiIouiiiouiunssuitnaassiiiinnsldarsdunidluuzvnsiedady
ansdunIdamnnUunaaznssdsnaassiilafinsldansdunss muasu egelsinunuingiuny

9

UszansveawaluiisaandladensifelunssuiSneassniinistdansdunsdenddastuimnuwnneng

AuneadfnuiInuIuUszrnsvadwauluiesandladsansmelunssuiSnaassniinislaansdunsdglu

ULV AUEAIIUA1I197 8
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d' o s a a o 2/ i a < =] dl' o <3 o ! a [
17NN 8 Q']‘Ll’?lu‘lh%“(ﬂﬂi%@ﬂ@?iLﬂEJ‘VWl']WUWmUﬂﬂia@ﬂGZIIGWGZILLEJNINL‘L!EJLiJ@VI’]ﬂ'ﬁLﬂUGYJE]EJ’N@UM@Qﬂ']i

Taansdunse (@1noldas warluug1usg)

FUIUUTEIINTVRIDNS ANV I UN150enD ladwanluLde

N3IIBNAADI M
(gene copies ¢ soil DW)
Mean SD
Control 1.22E406 " 5.28E+05
Groundnut 4.26E+07 ° 1.25F+07
Tamarind 4.01E+07 ° 7.17E+06
F-test * -

v
o w aad

* = ANRAYNAULANANNURE USRI EDANISEAUAILLTDIY 95%

o

:.; dy a &€ o a a Y @ U
NHan1TATIERILIUYT TV NSV ILUATILT B luLUaInaDITr oz e ILan Sl AU

A o 17

AMNMYBIANTBUNIdanunsadmareduiulsErInsveawuaiienvimiluniseendladueuluiile

warorsifgvimihlunseendladuenlindelufuld lnsansBunidamnings wWuenaadas wdmali

6

UINYTTVINTVOIRAUNTOAINA 1geian  FevallilumauiaintuasBunidanaiiiunatomisves
wuaisewazanfifslaglanzunaemsiulasiaugaian danudgindidas 1 Alansuszlulasiauey
99 22.8 n3U (Puttaso et al, 2011) wAraAUIENOUMUANVRIENTBUNSY WuaTTadlanNNilegly

a L= ! [ [y = a 1 o a al a 1%
asounsdlunzusiealuladenieidmansenunednuinuseannsvealuaiiissluauaiey

a |

3. NSANBINANTENUVBIENTANALUNZUINLATETTARLaNNNRDIUIUYTZYINTVDIRAUN AU

INNITANBINANTLNUAINAISL@a15DUNI I duszezIatuIunuIInNIstaasdunsdly
1YNUTIALAINA PADNUIULUATILS 8 A1UULUATILS eNvivtn N lun1seendladnauluile waganuIu
a1stAgNyintnluniseandladuauluiiuanadtilioSouisuiunistaalsdunsduinalaas Nad

WasanlunswiudninisUantaey allelopathic substances Wy WUy (tannin) @15Usznay Wuo

a

an (phenolic compounds) Waliuews (flavoniod) waz san1asen (alkaloids) aonun TneasaInan?

Uanunsodanasionisasyiiulnvesgdunidlufuld (Lorenzo et al, 2013; Al-Fatimi et al., 2007) A1

1 '
= & A

av | <1 Ao = = . a aa '
MuAdsludrulldlinguszasAatiaAnuidanansznuveg allelopathic  substances lufuniinnsld

q

<, aa

arsdunsaiduszezinaruunidenalnneadinwidunsnuiulszansveskuaiiselufu Ingyvinnisiiu

fod19RundInisldarsdunsdeinaidas Tunzaiusie Wunai 19 U edasiendiuiulszeinsusd
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wueiieluannzunfuazanizfidnisldans allelopathic chemicals laun gallic acid, caffeic acid
4a% tannic acid saasatnlunzusanae Tnensdnwuvadu 2 Msneaes N1SNARBILIAIN
WNUN1TVNABILUY completely randomized design (CRD) AtHuN1sAN#IIUIUUTEYINTVDILUATILTY
TuAuuALaznIsUITIALIS serial dilution sauAvansainaInluuzn (Tamarind Crude extract) 10%
Tnenisunlunzauutudidaimin 10 nfu laluvingUounuSuns 250 1addns duhndu 100
fadans Uaruduhluweriinug 70 seusowndt Wunan 2 Yu arntduthunsesiienssanunses
a3 5 (Syeda et al,, 2003) waziins®sauIn 0.25 pm nntuthasadmanludyuuitunsnsesein
Foudr 500 lulasans asuuemsiasaide Nutrient agar (NA) vaidunan 1 ¥u udrduswaulalad
NM9NIAAEITIABIIIUNLNITVIARBILUU Factorial in completely randomized design (CRD) Tnedaded
wilsfoduluusarnssuiineaes Yadufiaesfomududuresarsdadlanidl (allelopathic chemicals)
AdunsAnerdruaulsssnsvesnuaiisglufunaLagnssuislaeis serial  dilution  $auAU
allelopathic chemicals 3 %fin lauA caffeic acid, tannic acid way gallic acid lagldansazaisves
asiaiive 3 wie Arnududu 3 sedu Ae 500, 1000 war 1500 ppm

Tnenansneaedilaiisiae asatnlunzausis 10% lddwasoUsymnsvasuuaiise
ludiuth 3 nssu3s wonaniinsldansdadlantit 1éun eallic acid, caffeic acd lddnarausynsves
wupdideluduii 3 55033 (1mdl 2) eehalsfnu nnsldansdadlanndt Ae Tannic acid aslufuia 3
n33u33 demalisuaulssnsvesunfiselufuanasegeflifed @y (ans1ed 9, 10 wag 11) fedunis

NAADIN IV ATIUINENTOAAlan AU TnanusadeNasa s uuUsesnsveakuas e luRule

20 -
A
18 A
10 4
- 14 B
2 J
K 12 B
E 10
3
wy 8 -
= c
61 C
4
2 p
0 —
Control GN ™

a ) A1 o N a a
AN 2 Naﬂ@ﬂﬁqiﬂﬂﬂiUmg"quWN@@QWH'JUU?S‘U'W?LL‘UWWLiﬂiuﬂu
nssuAIneaes: Control (n3suianaansiluiinisldansdunss), GN (nssuitneassiitinisldansounsdendadas) way

™ (nssuionaaesniinislaansdunidluuzans). nsmuvisdan: nutrient agar Nlillaldansanaluuzain nsvuvisd
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U1 nutrient agar Mldansaialuugwiy 10% e CV. (%) = 17.04. AnadslanuunnaaiuegelitiedAynig

ADANTTAUAUTDIU 95%.

AN5197 9 WaUBY caffeic acid NilMpI1LIUUSEYINTWUATIS ETURY

N3513NAADY FIUIUUTETINTHUATILS &
(CFU/g soil)

A: AUNAADY
Control 3.90x 10°"
GN 8.24x 10"
™ 2.15x 10
F-test A x*
B: AALULUUTDY caffeic acid
Caffeic acid 0 ppm 5.49 x 10°
Caffeic acid 500 ppm 4.41x 10°
Caffeic acid 1,000 ppm 4.54 x 10°
Caffeic acid 1,500 ppm 4.60 x 10°
F-test B ns
F-test AxB ns

A5513sMAaes: Control (nssuidnmasslufinisldansdunsd), GN (nssuddnmassniinisldansdunidenaiaes) way
™ (nssaisveaesiiiinisldansdunsdlungeusag) ns AnadeldinnuunnansiuedefidedAameadd ** Auadeil

AMNLANANAU g ilTEdRYMsERANTEAUALLTDIU 99%
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N . ., aa o A a a
H1997 10 NaYes tannic acid V]@JG]@"U']U’JUUi%GU']ﬂiLLUﬂVlLiﬁﬂu@u

N55UITNPADY FUIUUTEBINTHUATIS Y
(CFU/g soil)

A: HUNARDY
Control 1.18x 10°"
GN 4.45x 10"
™ 137x10°"
F-test A *
B: MIMULUNTUYD4 tannic acid
Tannic acid 0 ppm 531x 10"
Tannic acid 500 ppm 192 x 10°
Tannic acid 1,000 ppm 1.13x 10"
Tannic acid 1,500 ppm 9.72 x 10°
F-test B ns
A x B: control soil with 0 ppm tannic acid 3.05x10°
control soil with 500 ppm tannic acid 1.13x 10" <
control soil with 1,000 ppm tannic acid 3.75% 10" '
control soil with 1,500 ppm tannic acid 213x10" '
GN with 0 ppm tannic acid 1.05x10° °
GN with 500 ppm tannic acid 332x10° °
GN with 1,000 ppm tannic acid 2.00 x 10"
GN with 1,500 ppm tannic acid 1.98 x 10°°*
TM with 0 ppm tannic acid 235x 10"
TM with 500 ppm tannic acid 132x10°™
TM with 1,000 ppm tannic acid 1.07x 10"
TM with 1,500 ppm tannic acid 733x10° '
F-test AxB x>

n55135MAaes: Control (nssuitnmassnlaifinisldansdunsd), GN (n5suISnmassninisldansdunidenalaa) wag
™ (nssuidveassfiiinisldansdunidlunzeinsn) ns Anedeldinnuunnasiuedniidedidgnieda * Anaded
AMULANANAURENTEdAYNIERANsEAUANUTEIU  95% **  AledsiinuLenaNaiuE Ted Ay NIEdan

SYAUAIUIDIY 99%
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| [

< . ., A o a
A1519% 11 Waves callic acid NI WINUTTHINTUUATISETUAY

aa o a a
NIIUITNNAB AUIUUTEVNTUUANLTY
(CFU/g soil)

A: AUNAADY
Control 6.56 x 10°"
GN 2.28 x 10°°
™ 6.33%x 10"
F-test A *x
B: AuLINTUUDY gallic acid
Gallic acid 0 ppm 1.40 x 10°
Gallic acid 500 ppm 1.29 x 10°
Gallic acid 1,000 ppm 1.01 x 10°
Gallic acid 1,500 ppm 1.05 x 10°
F-test B ns
F-test AxB ns

n55135MAaes: Control (nssuitnmassnlaifinisldansdunsd), GN (nssuISnmassniinisldansdunsdenalaa) wag
™ (nssuisvaassiiinislaansdunsgluuzainsa) ns anadeldfinnuuandrsiuedniidedidgyniseda ** anaded

AMALANANAURENNTEdAYNIERANTEAUANULT DI 99%

ca OQ‘LydO

NNASNRaRsHuandlmiuInNsldan souns dilnavinlvtsuiulssvnsveauuafisely

v 6

Augeduuazdanuduiusiuaiueauauysaivesiu lngnudnaunilninugauauysalgeasdiiuiy

Uszansvesgaunidlufuganuluse visiilesaingduvsdiuiidiudisduasunssuiunisengg iy

Y 9

Uszlovinielufu 1wy nszuiunsgasaatsdunssans nszurunmsasalulasiau wWusu agrelsAniunis

a

ldasdunsdniansdadlanmdussrusenau 18nsnavnliauiuUsernIvaIwuASsansT1UILAY

a

agalsimunuiinisivdsunlasUunanazianssuvesgaunidiuuenainaziing

WesnnnUsunuuazylinvesdunieingluiuuas delasudnsnasnniadeduy wardanuin

a a fa v v

annndeundiunuindifgunaesdn Usuiu LazAanTsurediiodunsonu anwuwindeniidfgy

q ]

a

oA audu nmsanemenid aaumgl pH v0eiu Usunauarwindunsearslufu WWusu dlvg

o

msveuludunigingazgnuasseanuituglvesarsveulaeanled astulunisldarsdunidlunis

9 Y

4 o a 6

USuusanaunmuesiuaziesmienaan i vesiandunid wu ON ratio ldmsgaiuly d9019
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dswadodoity wazarsedeisantimanivesansdunss wu nisldassunssannluuguugae 39l

o

asRUsENOUTRIAIdaalanfianavinlinanssuveaunsdaiululad uavqdunsddeddlulasiauain

q

a a 6

Auenavilifivualulasiauld dsorananliinfandunidiinuantAfviiligndesaanslatuiasinaiu Tu
n1sienldasdunsddmsulsuusaingsiudemsaleadigunIneetasdunsdaiy (FAO, 1989 uay
Smaling, 1993)
INNITNAADUALILYBLUATISEAUENTENAMUNE VY WWEVNNISLALUTBLUATILS BUNDIIIS
X & Ada ) I A ay o & ' o o a v A a a
Weenlansanalunzaiu 10 % wuinlujduiusssnintasdadlantiidunuaiieauluwlaimaass
A o w | a A g ' a 1Y) X & A a =~ ~ '
NN1SNRaLLlaufIag19RUTINUlLY I REIN UL IAaRLAS YR UATIS WS 8 UTIE USE31901S
ldansanalungwy 10 % dunsdeadewuulildaisinuinnisidasanaluuzey 10 % dnaliaiuiu
Usgnsvesuuansennuidnuiugaulunnnssuisnaassudlifinnuwandafunisadnseninansld
ansanalungwy 10 % nunsaeaaskuuldldansannluyzany wenantansanalunganunglagning
sanadiarsiludadlaniiannlungviuluanudutunseaulinansenumnosuiuysev1ns Ve
A a X & w I P A @ v o P Y] Y v Ao ™
WUATIS B NTLANTEY D1 U1 dansnludadlan MuseAuAmUNTLAnT Jeuanainayliiingly
A158UEINNTTUVDILUATIS S TUAULAY §989lNaluAIUNISELASUAINTTUYDILUATILSY TABLUATILS e
° A av v a Pt v & | ] N a a A U a
ausauasous Alaarnarsdunidiluldiduunaseimsuazndseu vazuuaiiselufuuissdndall
Auaunsalunsidsuasniilveglusuiilunivivesas (inderjit and van der Putten, 2010;
Inderjit, 2005) uonaniwewupfiselufuuvidadaunsaldanasaiilunquansdadlaniduumas
waaulunsAsaTn Uilani et al,, 2008) Tuvazinanisnaaauwandbiiiuitnuaiseludulunssuds
naasildlunzuusie (TM) dnsneuaussieasatsdadlaniludnsisifgaiilaiUeuiisunisiig

o

FuUsznnsluniaznssuItnnaes egralsimuransenuliintudWuseiudadedus wu ssuuing

Y

AsAne Franandanisldasdunsdlunlamnanivessnegrsnuiilinaaswilssarnnisdesaansy
miauw?éﬁﬁﬂmmwmmnmﬁﬂumamawmLLavmmu‘inmﬂﬁsuawau‘w'%éﬁv‘immﬂumiﬂasJamsJ
& lunsanwissanunsadividiuinansatnanluszvalusnsivansadlidmalunsdudaianssy
wazsuuUsErnsvedonuniiBeluiy

ﬂ’]i%ﬂaaﬂLaymL%IE)LL‘UﬂﬁL%EJﬁ)Uﬁ’]ﬂumjlﬂJa’]iéjaaiaW’]ﬁﬁgﬂ 3 ¥in Ap caffeic  acid,
tannic acid wez gallic acid Ingvhmsidsadsuuafideuuamsidsadeiitnududusanseiu Teua
0, 500, 1,000 waz 1,500 ppm 1u wui1 lunisnedeuans caffeic acid waz eallic acid laflufduius
sywiansansslafunuaiise ImaLﬁaLﬁmzﬁummLSﬁwﬁwuaqa'mi’ﬂmuﬂszmﬂsLmﬂﬁﬁaﬁwuagﬂu
sauiilndlAssty wazlufinawanasiunisadd Tuvas finanismageunansidiuiwuafiseluduly
nssuinaaesfildgnddas (GN) Snisnevauasdeansiassiingsiian nefiuuliulunisansiuan

U529n5909mUATISuEloUS s UM UTE 9N EgRR UL NS NENs tldasiua s i luldansaanann
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aa

wellflnannnaneiun19aas ag19lsAnulunisnaasuans tannic acid WiaLTEAUANUTUTUVDIET

NWUIAUHAURUSIENINES Tannic acid Aukuaiisy lnelinalidiuinyssensuuniiseanatadig

'
[ =

FaulunnnssuIBNIIvnees wasliauuand 19 uneEds ganuinlunssuisaaesildyindidas (GN)

fiaulalunismeuauesioans Tannic acid gafian lngasiuladnfefinnnududureasuaidnuim

q

)=

Uszunswuafiseanastniay luvaziwuafselufulunssuisnaaeailaluuswiusis (TM) Tnns

navaussRoaIsnIfan valloraidesuiannisldansdunsdanluuzviusiaifiansdadlanifiiu

a @

asdUsenovadtufudusreziiaiuiuaneIaianisasanvesa siiiuduwazoglusedumlunivle
dl' a a6 o QI 1 1 Y] 1 Y A 1 a d‘ v S o
\Heeangdunsdusednduldansunsadevaameansanailaviedesanelalulsunuitey vieenald
seggnauulunstesaansansivail awenvdwralun1sIininvesgaunIgluauliume Fauunaiise
P a a a Y v = A a aa = AA & a ¥
anansaasylufvuinnildenaresduiuaiisendanuaunsalumavasuaseiiniduivlvedlusy
A a v ~ Y o o P | ) ° a A &
MuRutdead wardauaIu1sotunsaInasoadlanMluwnainasanulunisaisedn wsawy
WUATISENTAINUADINITANTDIITUNYTANTAINULANILLINE D
o o oA ' N a Y P a a1 o X
nsUSusiventsegsenvekuAfiise wunisuTuivesuaiiseluAunssudsa1a fall
Tunssuinaaeanldlutzusie (TM) nudwuaiisenusuduienisegsenlannan WeiuSeuliiguiu
N aa a9 a a s aa a9 & a = i aa A
LUAISENssUITNnansnbildansdunsduwarnssuisneasefildasindidas (GN) Fanulinkuaiisennulu

AuNIINIBNAReIlNInsUTuden1segTonlanniign

4. n1sAnwrvila Taseadreguay uazalunaINuaIen1edinnyesgdunidauiineideiu

NSTUIUNITMYUIBUTINDIMT U LAstauTuRY

devihnsiiufiegsfundinisldansdunid Quuzausie uazeiniaa) Wonaasd
AAFIBRMIAIURAINTAIBNNTINNVBIwUATISETuLUaInasslaeds T-RFLP (Terminal Restriction
Fragment Length Polymorphism) i'wﬁlumﬁmeﬁiﬂiﬁa%’]ﬂ‘qu%u%mLLUﬂﬁﬁEﬂULLﬁia%ﬂﬁaﬁ%ﬂﬁ
NAaeITINAUNISlY Principle component analysis (PCA) 98381 165 rRNA gene WUINHATD4
wuAfiSefiléan 165 rRNA gene amplicons Tunssudsnaaesiifinislaansdunis (ungvuse wae
gnfhda) waznsaitneassmuauiliinisldmsdurisiimnuunndaiuegiadaiau dauanslunmi
3 Tnglududisinsldansduradlunzsnusasilassaisyuruvosuaiisounnsseenluanaudisinigld
asduvIdendadas wazdloais Dendrogram 990 Bray-Curtis similarity index 189Usznswuaiise
Mnduildnudaznssuisnismeaesmuiilasadegmvuresuuaiielufulifinisldasdunsddud

AMUKANA19AINTATIas e gusue s ualssluAudnsldansdunid uasnuitlaseasieyuyuyes
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a a a a 1 a = 1 = 1 ¥ a a a = 1
wupissluuinisldansdunidlunsuusidinnuuand19ainlassaseyuuveseuaiiselufuiinisld

AN5DUNIIVINDIAET AILAASIUNING 4

* C
. DP :°
= GN
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naaee [Punluiinislaa1sdunsd (C; Control) Aundnsldansdunideinaldas (GN; Groundnut

strover) warAuNin1sldasdunsgluneuusIe (TM; Tamarind)]
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Answimaiaveaiuafissluwlamaasdaeds T-RFLP wuinsfinvesiuniliseflaain 165 rRNA gene
amplicons Tunssuitnnaeesin1slaasdunis (@1ndaas wazluug1usie) LagnTsuisn1vaaes

ruanilifinsldansdunsdd Bacillus sp. waz Paenibacillus sp. \Jurdinvesuaiiisaiimuiludiu

v
N a

Tuafluiu (91971 12) Fadunquuuaiidefifieufertosiunszuiunsdesaaelulnsiouiu eduie
vesuuailiiefinulunssuitnanssarvauitlidnisldarsdunidduarusanunduuuaiiie
Tumebacillus sp. Ochrobactrum sp. Herbaspirillum sp. Wa¢ Rhodococcus gingshengii adudae
uananiwinvesuuaiiFefinulunssuitnnaesifinisldansdunislungrmsrsiuaunsonunga

wupiLse Alicyclobacillus sp. Tumebacillus sp. Wy Herbaspirillum sp. Wianfiude
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Aulunssuismvaudlainisldansdunse

Theoretical Actual Significance  Affiliation of predominant (n=5) bacterial and actinomycetal
T-RF size (bp)  T-RF size Level ° clones to individual T-RFs
(bp) ) Control Tamarind Groundnut stover
60 64 * Bacillus sp. Bacillus sp. Bacillus sp.
68/69 68 xHx Paenibacillus sp. Paenibacillus sp. Paenibacillus sp.
70-71 73-74 o Alicyclobacillus sp.
75 75 ox Tumebacillus sp.  Tumebacillus sp.
77 78 xHx Ochrobactrum sp.
84 81/82/83/86 * Herbaspirillum sp.  Herbaspirillum sp.
Rhodococcus
137/138/139 130 Fex
gingshengii
140-147 142-146 Hex
151/152 152 Hex
155 154/155/157/158 Fex
166 160/162/163/164 ox
169 168 e
178/180 180/184 xxx
188 188 o
190 190/191 Hex
194 196/197/198 *
201 200/201 *
203 204-216 Hxx
232 230-237 ex
243 240-244 %
247 246/248/250/251 Hex
276 271/276/278 Fex

? Actual T-RF sizes were only counted if generated clones could be clearly assigned to a respective T-RF size

bANOVA T-RF height vs. organic input treatments. LSD test at significance levels: *P<0.05, **P<0.01, **P<0.001
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Usgnaunlgwuanselulad Ktedonobacteraceae, Koribacteraceae, Rhodospirillaceae,
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Pseudonocardiaceae, Solibacteraceae Way Acetobacteraceae UizﬁUﬂﬂiLLUﬂﬁL%Iuﬂﬁju 5
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PC1(60.35%)
A9 7 Principle component analysis (PCA) 983Use1n5015t A nAuluLsaznI5NIsN15nAaes [Au
laifnnsldansdunss (C; Control) Auniinshdansdunsdannaiaaa (GN; Ground nut strover) LagAun
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Responses of soil bacterial population to the appearance of
allelopathic substances

Phrueksa Lawongsa'", Rattiyapon Rungthong!, Bhanudecha Kamolmanit?,

Patcharee Saenjan' and Patma Vityakon'!

ABSTRACT: Increase in soil organic matter accumulation in a degraded tropical sandy soil can be achieved by
application of organic residues with appropriate qualities (biochemical composition). However, the effect of allelopathic
substances produced by some organic input such as tamarind leaves residue on underlying response of soil microbes
remains scarce. To address this question, this study aims to investigate the preliminary effect of allelopathic substances
in terms of natural allelopathic substances from tamarind leaves and commercial allelopathic substances (caffeic acid,
tannic acid and gallic acid) on bacterial population from unamended soil, soil applied with long-term application of
tamarind leaves residue and soil applied with long-term application of groundnut residue. Research finding showed
that the appearance of 10% allelopathic substances extracted from tamarind leaves in unamended soil, soil applied
with long-term application of tamarind leaves residue and soil applied with long-term application of groundnut residue
were not significantly affecting bacterial population which suggested that allelopathic substances contain in tamarind
leaves certainly not affect bacterial population with appropriated concentration and certain soil bacteria can transform
the new chemicals into less toxic forms. Remarkably, some introduced allelopathic chemicals such as tannic acid
had an effect on decreasing of the population of bacteria. Thus, prospective research should consider the effect of
allelopathic chemicals, apart from studying microbial population, but also on microbial communities and activities.
Keywords: organic residues, tamarind, allelopathic substances, tannic acid, bacterial population

Introduction

Tropical sandy soils under agricultural land
uses in Northeast of Thailand have undergone
continuous fertility degradation as seen in low
content of soil organic matter. Organic residue
application is one way to restore the fertility and
enhance productivity of these soils in a
sustainable way. Many kinds of organic residues
that are readily available in farming systems of
this region differ in their quality or their chemical
composition which is a controlling factor on
decomposition process leading to nutrient release

and soil organic matter (SOM) accumulation

1

(Puttaso et al., 2011; Vityakon, 2007).
Groundnut stover, a high quality organic
input, rich in organic nitrogen but low in lignin and
polyphenal, is one of organic residue which is
normally used for enhancement of nutrient in soil.
Apart from groundnut stover, tamarind leaves
residue, an intermediate quality organic input, rich
in organic nitrogen but low in cellulose as well as
with moderate lignin and polyphenol content was
also considered as applicable to enhance sail
organic matter accumulation, while guaranteeing
the release of plant-available nutrients from
organic inputs through microbial decomposition

and mineralization (Kamolmanit et al., 2013).
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However, different biochemical quality including
allelopathic potential of some organic residue may
affect microbial decomposition, nutrient supply
and improvement of soils. Among allelopathic
plants, tamarind is well known for its allelopathic
potential. There are several phytochemicals
playing role as allelopathic substances were
found in tamarind leaves such as tannins,
phenolic compounds, flavoniod and alkaloids.
These chemicals also showed antibacterial and
antifungal activity (Lorenzo et al., 2013; Al-Fatimi
et al., 2007) as seen in leaf extract of tamarind
which showed activity for antibacterial activity
against Burkholderia pseudomallei (Muthu et al.,
2005). Moreover, tamarind possessed a strong
activity against Escherichia coli and Staphyloco-
ccus aureus (Melendez and Capriles, 2006).
Under this circumstance, it is beneficial to
identify one of the major biochemical quality
parameters of organic residues controlling their
decomposition rates such as allelopathic
substance to understand the role of soil microor-
ganisms for restoration soil fertility and promoting
the crop productivity. Moreover, the effect of
allelopathic substances produced by some
organic input such as tamarind leaves residue on
responses of soil microbes is not yet fully
understood. Our hypothesis was that tamarind
leaf releases allelopathic chemicals that lead to
changes in soil bacterial population. Hence, the
research question of this study was to investigate
the effect of allelopathic substances emphasized
on crude extract of tamarind leaf which represents
natural allelopathic substance along with tannic
acid and phenolic acid (including gallic acid and
caffeic acid) which represents commercial

allelopathic substances on the response of soil

WAKINERT 44 UTUNLAL 1 : (2559).

bacterial population.

Materials and methods

Soil sampling

Soil samples were collected from a
long-term field experiment at the research station
of the Agriculture and Co-operatives of Northeast
at Tha Phra subdistrict, Khon Kaen province,
Thailand (16°20° N; 102°49" E). The long-term field
experiment was established in 1995. This
experiment has been designed as the
randomized complete block design (RCBD).
Apart from control soil (soil with no organic
material applied; unamended soil), there were two
residue treatments applied in early May every year
including:, groundnut stover (Arachis hypogaea),
and tamarind (Tamarindus indica) leaves + petiole
litter at the rate of 10 Mg ha™" year” to bare soil
plots. The organic materials were incorporated to
a depth of 20 cmin a 4 x 4 m® plot. Weeds were
controlled at approximately monthly intervals.
Three random soil samples from each of three
replicate plots of each treatment were collected
at 0-15 cm depth. Soil texture of all plot sites were
sand. The proportions of sand in the topsoil (0-15
cm depth) were approximately between 93.86 -
94.93 %. The pH of all soil samples were found to
be ranged in between 4.56 to 6.05 which
indicated the slight acidity of soils. The soil pH
values of 4.56, 5.46 and 6.05 were obtained from
control, groundnut stover and tamarind
treatments, respectively. The EC values of 0.1,
0.22 and 0.21 dS/m were obtained from control,
groundnut stover and tamarind treatments,
respectively and organic matter (OM) values of

organic residues supply treatment showed
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higher than control with no organic residues
supply. OM values of 0.25 %, 0.53 % and 0.53 %

were obtained from control, groundnut stover and
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tamarind treatments, respectively. In addition,
initial chemical characteristics of crop residues

were showed in Table 1.

Table 1 Biochemical properties (quality) of organic inputs

Cellulose  Nitrogen  Polyphenols Lignin L/N PP/N  (L+PP)/N  C/N

Residue [N] [PP] (L] ratio ratio ratio ratio
g/kg

Groundnut 178 22.8 12.9 67.6 2.96 0.6 3.5 171

Tamarind 143 13.6 31.5 87.7 6.4 2.3 8.8 31.5

Original data taken from Puttaso et al. (2011)

Treatment used in this study

For the present study, soil samples were
obtained from unamended control plots (control
soil), soil treated with groundnut stover and soil
treated with tamarind leaves residue in March
2014, 19 years after the field experiment had
started.

There were two experiments in this study.
First experiment was conducted to investigate the
effect of natural allelopathic substances
(emphasize on crude extract of tamarind leaf) on
bacterial population. This experiment has been
designed as the completely randomized design
(CRD) with three replications. The treatments used
in first experiment were control soil (soil with no
organic material applied; unamended soil),
control soil applied with 10% crude extract of
tamarind leaf, soil applied with long-term applica-
tion of tamarind leaves residue (TM), soil applied
with long-term application of tamarind leaves
residue in a presence of 10% crude extract of
tamarind leaves, soil applied with long-term ap-
plication of groundnut residue (GN) and soil ap-
plied with long-term application of groundnut

residue in a presence of 10% crude extract of

tamarind leaves.

Second experiment was divided into three
sub-experiments which were to investigate
whether allelopathic chemicals (emphasize on
tannic acid and phenolic acid (including gallic
acid and caffeic acid) affect bacterial population.
Sub-experiment |, [l and lll were a factorial in CRD
including two factors and three replications. The
first factor involved three treatments which are
unamended soil (control soil), TM soil and GN soil,
while the second factors were three rates of
allelopathic chemicals (caffeic acid, tannic acid
and gallic acid) application including 0, 500,
1,000 and 1,500 ppm.

Crude water-soluble extraction of tamarind leaves

Crude water-soluble extraction was done
according to the procedure of Parvez et al. (2003)
with a slight modification. Appropriate amounts of
dried tamarind leaves corresponding to 10% (w/v)
were weighed and poured separately into 300 ml
conical flasks containing 100 ml of sterilized
distilled water. Extraction was carried out under
dark condition with continuous shaking at 70 rpm

for 2 days at 25 °C in an orbital shaker. The
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extracted solution was recovered by fitering with
a sterilized 150 mm filter paper twice, then filtered
through a 0.20 ym membrane filter and used
freshly as a crude water-soluble extract or stored

in a refrigerator until further use.

Bacterial population analysis

Bacterial population analysis was done by
serial dilution plating technique on nutrient agar
medium. In treatment applied with allelopathic
substances, the 10% crude extract of tamarind
leaf and allelopathic chemicals (caffeic acid,
tannic acid and gallic acid) were added into
nutrient agar medium before plating. Petri dishes
with serial dilution plating were incubated at 28°C
for 1-2 days. Bacterial populations were
enumerated from the plates and expressed as

CFU (colony forming units) per gram soil.

Statistical analysis

All statistical analyses were performed using
SPSS, a statistical program (SPSS, version 16.0).
F-test along with least significant differences
(LSD) was used to analyze the main treatment

effects on assayed soil microbial population.

WAKINERT 44 UTUNLAL 1 : (2559).

Results

First experiment: effect of tamarind leaf crude
extract on bacterial population

The highest total bacterial count was found
in GN treatment without 10% tamarind leaf crude
extract appearance (1.83 x 10° CFU/g soil)
followed by GN treatment with 10% tamarind leaf
crude extract appearance (1.80 x 10° CFU/g soil).
However, there is no significantly different was
found between these two treatments (Figure 1).
A similar result was observed in TM treatment. In
TM treatment without 10% tamarind leaf crude
extract appearance (6.10 x 10° CFU/g soil)
showed higher total bacterial count when
compared to TM treatment with 10% tamarind leaf
crude extract appearance (4.20 x 10° CFU/g soil)
and there is no significantly different was found
between these two treatments. Interestingly,
control treatment without 10% tamarind leaf crude
extract appearance (1.01 x 10° CFU/g soil)
showed lower total bacterial count when
compared to control treatment with 10% tamarind
leaf crude extract appearance (1.18 x 10° CFU/g
soil). Nevertheless, there is no significantly

different was found between these two treatments.
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Treatments: Control (soil with unamended organic residue), GN (soil applied with long-term application of

groundnut stover) and TM (soil applied with long-term application of tamarind leaves residue). Black bar
graph: nutrient agar without 10% tamarind leaf crude extract addition. White bar: nutrient agar added with 10%
tamarind leaf crude extract. C.V. (%) = 17.04. Significant difference is indicated by different letters by mean of
least significant difference at a probability of 5% (p<0.05).

Figure 1 Effect of tamarind leaf crude extract on bacterial population

Second experiment: effect of allelopathic
chemicals on bacterial population

Total bacterial count showed different
responses to allelopathic chemicals appearance
(Tables 2, 3 and 4).

Sub-experiment | (Caffeic acid appearance):
The highest total bacterial count was found in GN
treatment (8.24 x 10° CFU/g soil) followed by

Table 2 Effect of caffeic acid on bacterial population

control soil (3.90 x 10° CFU/g soil) and T™
treatment (2.15 x 10° CFU/g soil), respectively
(Table 2). Interestingly, the significantly different
of bacterial population was not observed in the
appearance of caffeic acid at all concentrations.
[n addition, there was no interaction between two

factors.

Treatment Bacterial population (CFU/g soil)
A: Soil
Control 3.90 x 10°°
GN 8.24 x 10°°
™ 2.15x10°°
F-test A >
B: Concentration of caffeic acid
Caffeic acid 0 ppm 549 x10°
Caffeic acid 500 ppm 4.41x10°
Caffeic acid 1,000 ppm 4.54 x 10°
Caffeic acid 1,500 ppm 4.60 x 10°
F-test B ns
F-test AxB ns

Treatments: Control (soil with unamended organic residue), GN (soil applied with long-term application of
groundnut stover) and TM (soil applied with long-term application of tamarind leaves residue). Significant
difference is indicated by different letters by mean of least significant difference. ns = no significant difference.

** = significant difference at p<0.01.
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Sub-experiment Il (Tannic acid appearance):
The highest total bacterial count was found in GN
treatment (4.45 x 10° CFU/g soil) followed by TM
treatment (1.37 x 10° CFU/g soil) and control soil
(1.18 x 10° CFU/g soil), respectively (Table 3).
However, there was no significant difference of
bacterial population between TM treatment and
control soil. In addition, the significantly different
of bacterial population was not observed in the
appearance of tannic acid at all concentrations.
Interestingly, the significant interaction took place

for soil treatment and the concentration rate of

Table 3 Effect of tannic acid on bacterial population

WAKINERT 44 UTUNLAL 1 : (2559).

tannic acid. Appearance of higher concentration
of tannic acid has a tendency to reduce bacterial
population. As comparison within soil treatment,
the highest total bacterial count was found in GN
treatment without tannic acid appearance
followed by GN treatment with 500 ppm, 1,000
ppm and 1,500 ppm tannic acid appearance,
respectively. Likewise, the highest total bacterial
count in control and in TM treatment was found
without tannic acid appearance followed by 500
ppm, 1,000 ppm and 1,500 ppm tannic acid

appearance, respectively.

Treatment Bacterial population (CFU/g soil)
A: Soil
Control 1.18x 10°°
GN 4.45x10°°
™ 1.37 x 10°°
F-test A *
B: Concentration of tannic acid
Tannic acid 0 ppm 5.31x10°
Tannic acid 500 ppm 1.92 x 10°
Tannic acid 1,000 ppm 1.13x10°
Tannic acid 1,500 ppm 9.72 x 10
F-test B ns
A x B: control soil with 0 ppm tannic acid 3.05x10° ™
control soil with 500 ppm tannic acid 1.13x10°
control soil with 1,000 ppm tannic acid 3.75x 10" '
control soil with 1,500 ppm tannic acid 2.13x10*
GN with 0 ppm tannic acid 1.05x10° ®
GN with 500 ppm tannic acid 3.32x10°°

GN with 1,000 ppm tannic acid
GN with 1,500 ppm tannic acid
TM with 0 ppm tannic acid

TM with 500 ppm tannic acid
TM with 1,000 ppm tannic acid
TM with 1,500 ppm tannic acid

2.00 x 10°°*
1.98 x 10°°*
2.35x 10°"
1.32x 10°%
1.07 x 10° ¢
7.33x10*

F-test Ax B

*k

Treatments: Control (soil with unamended organic residue), GN (soil applied with long-term application of groundnut

stover) and TM (soil applied with long-term application of tamarind leaves residue). Significant difference is indicated

by different letters by mean of least significant difference. ns = no significant difference. * = significant difference at

p<0.05. ** = significant difference at p<0.01.
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Sub-experiment Il (Gallic acid appearance):
The highest total bacterial count was found in GN
treatment (2.28 x 10° CFU/g soil) followed by
control soil (6.56 x 10° CFU/g soil) and TM
treatment (6.33 x 10° CFU/g soil), respectively

(Table 4). However, there was no significant

Table 4 Effect of gallic acid on bacterial population
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difference of bacterial population between TM
treatment and control soil. Interestingly, the
significantly different of bacterial population was
not observed in the appearance of gallic acid at
all concentrations. In addition, there was no

interaction between two factors.

Treatment Bacterial population (CFU/g soil)
A: Soil
Control 6.56 x 10°°
GN 2.28 x 10°°
™ 6.33x 10°°
F-test A *
B: Concentration of gallic acid
Gallic acid 0 ppm 1.40 x 10°
Gallic acid 500 ppm 1.29x 10°
Gallic acid 1,000 ppm 1.01x10°
Gallic acid 1,500 ppm 1.05x10°
F-test B ns
F-testAxB ns

Treatments: Control (soil with unamended organic residue), GN (soil applied with long-term application of

groundnut stover) and TM (soil applied with long-term application of tamarind leaves residue). Significant

difference is indicated by different letters by mean of least significant difference. ns = no significant difference.

** = significant difference at p<0.01.

Conclusions and discussions

Recently, the interaction between
allelopathic substances and local soil microbes
has started to be explored. From this present
study, in GN and TM soil, the appearance of 10%
tamarind leaf crude extract showed a slightly
decrease in total bacterial count. On the other
hand, the appearance of 10% tamarind leaf crude
extract showed an increase in total bacterial
count, but a significant difference was not found
between treatment with or without 10% tamarind
leaf crude extract addition (Figure 1). Under these

circumstances, allelopathic substances contain

in tamarind leaf certainly not affect bacterial
population with this concentration. It was
particularly evident that certain soil bacteria can
transform the new chemicals into less toxic forms
(Inderjit and van der Putten, 2010; Inderjit, 2005).
In addition, certain soil bacteria can catabolize
allelopathic chemical as energy sources (Jilani et
al., 2008). In comparison, the inhibition of bacte-
rial growth was stronger in GN soil than control
and TM soil as our results showed that soil bac-
teria in GN soil were more sensitive than soil
bacteria in control and TM soil to these allelo-
pathic chemicals, and that the effect depends on

the ecosystems studied. In this study, it can be
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concluded that appropriated rate of tamarind leaf
crude extract had not an effect on bacterial
population.

Although, results of sub-experiment |, Il and
Il show that the soil bacteria of long-term
application of groundnut stover can be affected
by several introduced allelopathic chemicals such
as caffeic acid, tannic acid and gallic acid
contributing to the process of invasion. In addi-
tion, soil bacteria of long-term application of
tamarind residues as well as unamended soil can
be affected by some introduced allelopathic
chemicals such as tannic acid, but not caffeic
acid and gallic acid. This could be certified to the
fact that it is also possible that native soil micro-
organisms cannot degrade the novel allelopathic
chemicals, which can lead to the accumulation of
these compounds up to toxic levels.

Prospective research should thus consider
the effect of allelopathic chemicals, apart from
studying microbial population, but also on micro-
bial communities and activities. This may include
phylogenetic studies and functional genes studies
(e.g., microbial genes encoding nutrient cycling
processes) to identify microbial community mem-
bers directly involved in the degradation of
organic materials in soils as regulated by organic

resource quality.
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Abstract
Application of organic residues is one way to restore the fertility and build up organic matter in
arable tropical soils. This study assessed the diversity and composition of bacterial
communities in control soil (soil with no organic residue applied) and four soil treated with
long-term application of different quality of organic residues including groundnut strover,
tamarind, rice straw and dipterocarp using PCR-based 454 pyrosequencing with
bacterial-specific primers targeting the 16S rRNA gene. The principal component analysis
depicted a profile of soil bacterial community in control soil was clearly distinguished from
soil treated with long-term different quality of organic residues. Interestingly, long-term
application of tamarind sample was distant from other organic residues. The heatmap also
clustered five soil treatments into two groups, the group contained control soil and the other
was soil treated with long-term application of organic residues. Alphaproteobacteria,
Actinobacteria and Acidobacteria were abundant classes in almost all the soil samples, while
the most abundant sequences in control soil library were those related to Ktenodobacteria. The
findings revealed that long-term application of organic residues strongly affected bacterial
community structure and diversity. In addition, the bacterial communities are also responsive to

soil properties (pH, soil organic matter and total nitrogen).
Keywords: 454 pyrosequencing, 16S rRNA gene, bacterial communities, organic residues

1. Background/ Objectives and Goals
Sandy and infertile arable soils are mostly found in tropical area. To overcome the limitation,
application of organic residues with appropriate qualities (biochemical composition) is one way
to restore the fertility and productivity of these soils. In addition, incorporating organic matter

into soil can affect the biological, chemical and physical properties of the soil and its overall
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health. The significant factor influencing the build-up of organic matter in sandy soils is the
quality of organic residues that determined by the chemical as well as the physical
characteristics of the residues (Vityakon, 2007). Long-term application of organic residues is
bound to change soil nutrient status to different degrees depending on the quality of the
residues and may thus affect decomposition of recently added residues and accumulation of
soil organic matter (SOM), increase the amount of soil organic carbon (SOC) (Vityakon, 2007;
Puttaso et al., 2011a) as well as retain nutrients (Madejon et al., 2001 and Crecchio et al.,
2001), shift microbial diversity and enhance microbial activity (Kamolmanit et al., 2013).

Importantly, different qualities of organic residues may influence the number and type of
microorganisms present in the soil (Aciego Pietri and Brooks, 2009; Marschner et al., 2003)
through decomposition and nutrient transformation (Hadas et al., 2004; Vityakon 2007;
Vityakon et al. 2000). Jiang et al. (2014) indicated that addition of further nitrogen significantly
alters soil biogeochemical properties, alters the ratio of bacteria to fungi, and decreases
microbial carbon utilization. Previous study indicated that microbial biomass was enhanced
using high quality organic inputs (rich in organic nitrogen (>2.5 %) lignin (<15 %) polyphenol
(<4 %)) as applied as a substitution of mineral fertilizers (Palm et al., 2001; Aciego Pietri and
Brookes 2009; Debosz et al., 1999) and Liu et al., 2006 found that low quality (low contents of
organic nitrogen (< 2.5 %) and polyphenols (< 4 %) input was more sensitive to inherent soil
nutrient availability and led to nitrogen immobilization (Vityakon et al., 2000) as compared to
high quality residues, while intermediate quality residue (rich in organic and moderate in lignin
and polyphenol contents), was the most effective in accumulating SOC. Puttaso et al., 2011a
also suggested that nitrogen-rich residues with low cellulose and moderate lignin and
polyphenol contents are best suited to improve SOM content in tropical sandy soils. These
attributes were also associated with a high microbial biomass and high efficiency of carbon

utilization during later stages of decomposition.

In 2013, Kamolmanit and his colleagues also observed, on the basis of a long-term field
experiment in Northeast Thailand, after 16 years continuous soil organic residues application,
higher nitrogen availability in the tamarind treatment increased fungal abundance when
compared to low nitrogen residues. However, nitrogen availability seemed to regulate not only
decomposing soil fungi, but also the abundance and community of bacteria decomposers whose

actual contribution to nitrogen turnover remains poorly understood.

Thus, the present study was designed to investigate how long term continuous application of
different quality residues into sandy soil shaped diversity as well as community structure of
microorganisms focus on bacteria. The hypothesis was that soil microbial communities have
been changed after long-term application of different quality of organic residues when

compared with control soil (soil with no organic residue applied).
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The diversity and composition of bacterial communities were investigated using PCR-based
454 pyrosequencing with 16S rRNA gene as a phylogenetic marker to fulfill the knowledge
gap of the underlying response of the soil bacterial community and its turnover of organic
matter as regulated by the availability and decomposability of different quality of organic

inputs.

2. Methods

2.1 Study Site and Sample Treatment

The long-term field experiments were established at the research station of the Agriculture and
Co-operatives of Northeast at Tha Phra subdistrict, Khon Kaen province, Thailand (16°20" N;
102°49" E) since 1995. This experiment has been designed as the randomized complete block
design (RCBD). Apart from control soil (C; soil with no organic residues applied), there were
four residue treatments applied in early May every year including:, groundnut stover; GN
(Arachis hypogaea) as high quality organic residue, tamarind; TM (Tamarindus indica) leaves
+ petiole litter as intermediate quality organic residue, rice straw; RS (Oryza sativa) and
dipterocarp; DP (Dipterocarpus tuberculatus) leaves litter as low quality organic residue at the
rate of 10 Mg/ha/year to bare soil plots. The initial chemical characteristic of crop residue was
showed in Table 1. The organic materials were incorporated to a depth of 20 cmina 4 x 4 m?
plot. Weeds were controlled at approximately monthly intervals. For the present study, soil
samples were obtained in April 2014, 19 years after the field experiment had started. Three
random soil samples from each of three replicate plots of each treatment were collected at 0-15

cm depth for soil physicochemical properties analysis and bacterial community investigation.

2.2 Soil Physicochemical Properties

Soil texture and particle-size distribution were done by hydrometer method. Chemical
properties studied include soil reaction were measured by pH meter method in soil to water
ratios of 1:2.5 with water, electrical conductivity (EC) was measured in soil to water ratios of
1:5 by EC meter, total nitrogen (Total N) in soil was extracted by Kjeldahl digestion (Bremner,
1960), total organic carbon (TOC) and SOM were determined with dichromate oxidation
method according to Walkley and Black (1934). The data were subjected to analysis of
variance using SPSS statistical program (SPSS for Windows, version 17.0; SPSS Inc., Chicago,
IL, USA.). The differences among various treatment means were compared using the least
significant differences test (LSD) at 1% (P <0.01) probability level.

2.3 Soil DNA Extraction, PCR Amplification of Bbacterial 16S rRNA Hene and
Pyrosequencing

Soil microbial DNA was extracted using PowerSoil® DNA Isolation Kit (MoBio Labo- ratories,
Inc., Carlsbad, CA, USA) by following the manufacturer’s instructions. The V1-V3 region of
the bacterial 16S ribosomal RNA gene were amplified by PCR using forward primer 8F
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(5’-AGAGTTTGATCCTGGCTCAG-3’) (Turner et al., 1999) and reverse primer S18R (5°-
ATTACCGCGGCTGCTGG-3") (Muyzer et al, 1993). Amplicons were extracted and

sequenced on an [llumina HiSeq/MiSeq platform according to the standard protocols.

2.4 Bioinformatics Analysis

The pyrosequencing reads were clustered into operational taxonomic units (OTUs) (sequences
that have 97% similarity were defined as one OTU). Then the OTUs were further clustered
using Mothur v.1.31.2 software (Schloss et al., 2011). Based on these clusters, bacterial
community richness and diversity indices (Chaol, ACE, Shannon and Simpson) were
calculated. In order to display the differences of OTU composition in five soil treatments,
principal component analysis (PCA) was used to construct 2-D graph to summarize factors
mainly responsible for this difference. The relationships among the bacterial communities in
the five soil samples were analyzed by hierarchical clustering analysis using the R v.3.1.1

statistical software including heatmap and venn diagram.

3. Results

3.1 Soil Properties

The soil was characterized as a Khorat Sandy Loam (fine loamy siliceous isohyperthermic
Typic (Oxyaquic) Kandiustults (Soil Survey Staff, 2014). Five physicochemical characteristics
of the soil samples were shown in Table 2. Soil texture of all plot sites were sand. The
proportion of sand in the topsoil (0—15 cm depth) was between 93.86 - 94.93 %. The pH of all
soil samples were found to vary from 5.1 to 6.62 which indicated the slight acidity of soils. The
soil pH values of 5.10, 5.89, 5.91, 6.37 and 6.62 were obtained from C, RS, DP, GN and TM,
respectively. The EC values of all soil samples were found in the range of 33.66 to 64.66
uS/cm, indicated that all soil treatments were low in salinity. SOM and TOC values observed in
organic residues treated soil showed higher than control soil with no organic residues applied.
The highest SOM and TOC values were found in RS which showed no significant difference
with GN, followed by DP and TM while, control soil had the lowest SOM and TOC. Total N
contents observed in organic residues treated soil showed higher than control soil with no
organic residues applied. Soil treated with long-term application of groundnut strover has
accumulated the highest total N, followed by RS and TM while DP had the lowest total N

among the residue treated soils.

3.2 Microbial Richness and Pyrosequencing Data

The 454 pyrosequencing of V1-V3 region of 16S rRNA gene was used in order to analyze soil
bacterial community composition. A total of 292,830 valid reads were obtained from the five
soil treatments by pyrosequencing analysis (Table 3). The number of sequences ranged from
56,015 (RS) to 59,781 (DP) at 3% evolutionary distance. The total of 3,116 OTUs was found.
Among all soil samples, the highest value was revealed in DP (662 OTUs) and the lowest value
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was revealed in TM (576 OTUs). According to the OTU diversity estimated by Shannon’s
index, the greatest bacterial diversity was observed in GN (5.44), followed by RS (5.42), C
(5.29), DP (5.23) and TM (5.22), respectively.

3.3 Bacterial Diversity and Community Structure

A venn diagram was analyzed to demonstrate that OTUs differed among the five soil
treatments (Figure 1). The results showed that the number of site-specific OTUs shared among
all libraries was 143. The control soil library shared 167, 347, 351 and 370 site-specific OTUs
with long-term application of organic residue samples (TM, GN, RS and DP, respectively). The
principal component analysis score plot clearly showed bacterial community variation among
soil sites of different quality of organic residues application (Figure 2). The first and second
principal components explained 48.66% and 32.13% of the variance, respectively. As seen
from the PCA, the profiles of bacterial communities in C and DP were separated from those in
TM, GN and RS along PC 1, and PC 2 separated bacterial communities in GN, RS and DP
from those in C and TM. A profile of soil bacterial communities from long-term with no
application of organic residue sample was clearly distinguished from long-term application of
organic residue samples. Interestingly, long-term application of tamarind sample was distant
from other organic residues, indicating that probably there were some promising chemicals in

tamarind that can greatly influence soil bacterial community.

3.4 Relationships between Bacterial Communities among the Five Treatments

The bacterial community abundance of class was difference in the five samples (Figure 3). The
most abundant OUTs associated with DP library were the sequences related to
Alphaproteobacteria, Actinobacteria and Acidobacteria, whereas the same trend was found in
GN and RS with different account. The TM library was largely dominated by sequences related
to Alphaproteobacteria, Actinobacteria, Anaerolineae and Chloroflexi, while the most
abundance sequences in C library were those related to Ktenodobacteria and Acidobacteria.
The heatmap plot depicted the relative abundance of each bacterial genera (variable clustering
on the Y-axis) within each sample (X-axis clustering) (Figure 4). As seen from the heatmap, the
relative abundance of each bacterial genus within each sample clustered five samples into two
groups. GN and RS libraries grouped firstly together, and then they clustered with DP and TM.
Finally, these groups gathered by decreasing order of similarity with C. Sequence belonging to
Rhodoplanes, Kaistobacter and Bradyrhizobium were the most dominant bacterial genera in
DP, whereas the same trend was found in RS with different account. In GN sample, the
dominant genera were distributed among Bacillus, Kaistobacter and Bradyrhizobium. The
dominant genera found in TM were Balneimonas and Kaistobacte. While, the dominant genera

found in C were Koribacter and Rhodoplanes.

4. Discussions/Conclusions
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In this study, the effect of long-term applications of different quality of organic residues on
diversity and composition of bacterial communities was investigated via 454 pyrosequencing.
Results showed that soil bacteria were mainly composed of Alphaproteobacteria,
Actinobacteria, Acidobacteria, Chloroflexi and Ktenodobacteria. This diversity profile is
commonly found in other soil and environments (Li et al., 2014). Interestingly, long-term
continuous organic residues application can enhance the predominant bacterial community of
Alphaproteobacteria most in the soil (figure 3), which could further enhance soil nutrient

cycling.

Concomitantly, PCA clearly showed bacterial variations among treatments. This finding
demonstrated that quality of organic residues selects for microorganisms, which shifts in
response to changing environmental conditions. As shown in heatmap, the relative abundance
of each bacterial genus within each sample clustered five samples into two groups and bacterial

genera detected from control soil can be distinguished from organic residue treated soil.

When the relative abundance of bacterial community is considered along with the changes in
physicochemical properties of soil, it becomes clear that the property of the soil was the

dominant influence on bacterial community composition.

In this study, the long-term continuous application of the residues has resulted in changes in
soil pH and nutrient content which reflected their different quality. It is estimated that pH and
nutrient content directly alter bacterial community composition by imposing a physiological
constraint on growth and survival of soil bacteria. Likewise, previous study showed that
environmental stress such as soil pH and deprivation of organic matter input may regulate the
diversity and functional potential of soil microbial communities (Wang et al., 2015; Chaparro
et al., 2012; Nannipieri et al., 2003)

Fierer and Jackson (2006) have reported that soil pH may have the most influence on bacterial
diversity in the soil according to the evidence of strong correlation between bacterial diversity
and soil pH at the local scale. Additionally, Rousk et al. (2010) observed short-term effects of
soil pH on alteration of soil microbial community composition derived by organic residue.
Similarly, Wang et al. (2015) have reported that despite soil pH, organic carbon and organic
nitrogen were the most significant factors that correlated with the community distribution of

soil bacteria.

In addition, soil microbial communities can also be affected by secondary metabolites
produced by plants (Schweitzer et al., 2011). These metabolites including allelopathic
chemicals of some organic residue may affect microbial decomposition, abundance and activity

(Niro et al., 2016; Lawongsa et al., 2016). Among allelopathic plants, tamarind is well known
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for its allelopathic potential. There are several phytochemicals playing role as allelopathic
substances were found in tamarind leaves such as tannins, phenolic compounds, flavoniod and
alkaloids. Schmidt et al. (2013) found that allelopathic substances, polyphenols (e.g. tannins),

change microbial community structures in soils.

This could be certified to the fact that the alteration of soil pH and soil nutrient contents along
with accumulation of other chemical compound produced by plant residue itself such as
allelochemicals in soil by long-term continuous application of contrasting quality organic
inputs have created specific environment which affected significant impact on diversity and
composition of bacterial communities. In this sense, the biochemical quality of organic input

may promote functionally specialized microorganism diversity.

This study provides data to contribute the knowledge about the bacterial diversity in long-term
application of four different types with different quality of organic inputs (groundnut strover,
tamarind, rice straw and dipterocarp) for enhancement of soil organic matter and fertility.
Moreover, long-term continuous application of organic residues has resulted in the
degeneration of soil quality parameters such as soil communities and nutrient content, which in

turn further affects crop health and soil sustainable productivity.

Table 1: Biochemical properties (quality) of organic inputs

Cellulose | Nitrogen; Polyphenols; Lignin; Cellulose LN PPN | (L+PP)N | Carbon:Nitrogen
Residues (g’ke) N L L(gke) (gks) ratio ratio ratio (C/N ratio)
(gke) (k)
G?;ifi:m 388 228 129 67.6 178 2.96 0.6 35 171
Tamarmd 427 13.6 313 87.7 143 6.4 23 8.8 315
Rice straw 367 47 6.5 287 507 6.1 14 7.5 784
Dipterocarp 453 57 64.9 175.5 306 308 114 422 79.3

Onginal datataken from Puttasoetal (2011b)

Table 2: The physicochemical properties of soil samples used in this study

Soil texture pH Electrical conductivity | Soil organic | Total organic | Total nitrogen
Treatments™

(uS/cm) matter (%) carbon (%) (%)

C Sand 5.10¢ 33.66° 0.36° 021% 0.07¢

GN Sand 6372 64.66% 0.492 029 0.262

™ Sand 6.622 58332 042° 0.24? 022%

RS Sand 5.80%¢ 35.66° 0532 0312 0.24%

DP Sand 591® 45.00° 0420 025" 0.13¢

CV (%) - 10.85 353 733 6.62 242
Ftest < ek - . * wx

In each column, means followed by the same letter do not differ statistically from each other at p<0.01 LSD test
*C denotesno long-term application of organic residue in tropical sandy soil

GN denoteslong-term application of groundnut strover in tropical sandy soil

TM denoteslong-term application oftamarnndin tropical sandy soil

RS denoteslong-term application ofrice straw in tropical sandy soil

DP denoteslong-term application of dipterocarp in tropical sandy soil
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Table 3: Summary data for pyrosequencing data from the five treatments

Richness and diversity indices
Treatments* | Number of sequence | number of OTUs
Chao 1 ACE Shannon Simpson
58721 577 656 617 529 0011
GN 59509 649 727 718 544 0.115
™ 58804 576 619 620 522 0.016
RS 56015 652 726 715 542 0.013
DP 59781 662 747 726 523 0.016
Total 202830 3116 - = - -

*C denotesno long-term application of organic residue in tropical sandy soil
GN denoteslong-term application of groundnut strover in tropical sandy soil
TM denoteslong-term application oftamanndin tropical sandy soil
RS denoteslong-term application ofnce straw in tropical sandy soil
DP denoteslong-term application of dipterocarp in tropical sandy soil

™

Fig. 1: A Venn diagram displaving the degree of overlap of bacterial OTUs
at 3% distance level among treatments
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288287
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Fig. 2: The principal component analysis of soil bacterial communities among treatments
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Fig. 3: Relative abundance of predominant bacterial class detected in the five treatments
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Fig. 4: The hierarchically clustered heatmap of bacterial distribution of different communities

from the five treatments at the genus level. Row represents the relative percentage of each

bacterial genus, and column stands for different treatments. The relative abundance for each

bacterial genus was depicted by color intensity with the legend indicated at the above of
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