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Effects of Transgenic Papaya Resistant to Papaya Ringspot Virus on Rhizosphere

Bacterial Community
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Abstract

Transgenic papaya resistant to papaya ringspot virus (PRSV), Khak Nual line 116/5 was investigated
for the effect on the rhizosphere bacterial community under containment conditions. The attraction or repellent
of rhizosphere bacteria to transgenic papaya was also evaluated using a satellite pot setting under greenhouse
condition. The center pot, a diameter of 12 inches containing the native soil, was connected to six surrounded-
pots with PVC tubes and filled with sterilized soils. Three of each, transgenic or non-transgenic papaya plants
were individually planted in each pot by completely randomized design. Rhizosphere soil samples were taken
every 30 days interval between papaya seedling state (60 days) and premature fruiting stage (210 days). Soil
properties and bacterial population structure determined by using the community-level physiological profiles
(CLPP) based on the utilization of 95 carbon sources were investigated. Bacterial population, diversity and
species identification were also determined in order to evaluate the attracting or repelling effects of transgenic
papaya to rhizosphere bacteria. The pH value, electrical conductivity, organic matter, major elements and
minor elements content were not significantly different among soil samples. The CLPP results revealed that the
population profiles of rhizosphere bacteria from transgenic papaya and non-transgenic papaya grown soils
were grouped into the same cluster. Bacterial species and population obtained from both treatments were not
different from each other. These results also lead to conclude that transgenic papaya neither attract nor repel

rhizosphere bacteria and do not affect the rhizosphere bacteria ecology under the containment conditions.
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g a a
L‘Ha‘ga%‘ﬂiﬂ%(ﬂ%ﬁﬂﬂi’]ﬂ
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@3N 1 MIenziguantamaalvasdudgnuzaznaluszuzdeg vesmaaigidule

< USaoe
. ameanudu dmnin U3 UIunm U3 U3 U3
JrEEMILATY . . o mee Tulasian - . . L
R nIN-a14 Tt aun3ting v Waanass lwunadon  weaiBon  wunilBow
dula T fanae
(pH) (dS/m) (%) ) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
(']
U v
ITUZAWNAN
Non-GM1 5.41 1.1 7.26 0.109 205.72 232.07 2751.75 341.37
GM1 5.42 0.88 8.40 0.12 252.19 247.67 2808.48 354.28
szazaanaan
Non-GM1 52 1.51 6.65 0.12 333.46 324.73 3385.28 374.17
GM1 517 1.52 6.32 0.12 384.49 315.79 2481.69 335.04
ITATHUAAL
Non-GM1 5.1 1.62 6.58 0.12 298.21 319.19 2561.79 333.93
GM1 5.52 0.97 8.23 0.14 381.83 271.04 2595.76 314.70
CV% 3.38 26.25 13.28 7.37 18.54 13.99 9.09 4.15
T-test NS NS NS NS NS NS NS NS

1 a < a a o @
Non-GM @uﬂ@num:nammu, GM @uﬂgnumzﬂa@muﬂmwugnim

NS Liflanuuandrsiuaineiivedagmesia (P < 0.05)

dl 2 d%’ a A a a 1 1 a
AN9191 2 Ysnaeadauuafite luduusnasausnusazne 1us193821281609 s]mamsﬂgm

ﬂ%mml,%a( x10°) CFU/g

Bhadn 60 Tt 90 % 120 % 150 9% 180 9% 210 I
Non-GM 44+0.37 4+0.89 440.66 44045 44027  440.41
GM 4+0.42° 4+0.77 410.44 4+0.47 44045  440.37
T-test NS NS NS NS NS NS

1 a & a a o 9
Non-GM @uﬂgﬂma:ﬂammu, GM ﬂuﬂE‘}ﬂ&wﬂ:ﬂaﬂ@LLﬂE\NWRD;ﬂEﬂJ

o

NS ldfianuuandnuagelivedagnieaia (P < 0.05)
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A139N 3 mﬁ@mam%mmﬂﬁL‘%ﬂluauu'%nmsammma:ﬂaé’@uﬂmﬁugﬂﬁu(GM) URZNZRZNOAILAN

{ o ¥ o . ™
(Non-GM) fduuniTasdaszuy Biolog

ﬁ’]@qﬁJ RUNYLRVRN EJW%TJ?L%B1 Fha ﬂdL%aﬁ‘ﬁ’]LL%ﬂz ﬂ’]iaﬂ?ﬂ,lﬂim
1 2GM3, 17Non-GM1 Pseudomonas viridilivida au
2 22GM7, 9Non-GM3 Sphingobacterium thalpophilum au
3 23GM7, 16Non-GM4 Pseudomonas citronellolis au
4 3GM4, 2Non-GM2 Achomobacter cholinophagum au
5 13GM3, 3Non-GM6 Pseudomonas nitroreducens (P. azelaica) au
6 4GM3, 15Non-GM3 Serratia marcescens au
7 14GM3, 15Non-GM3 Enterobacter aerogenes ay
8 6GM5, 16Non-GM4 Pseudomonas fluorescens biotype G ay
9 5GM7, 18Non-GM4 Pseudomonas fulva al
10 8GM6, 1Non-GM6 Pantoea dispersa ay
11 6GM5, 2Non-GM6 Pseudomonas maculicola au
12 3GM2, 9Non-GM3 Chryseobacterium scophthalmum ay
13 3GM4, 10Non-GM7 Pseudomonas boreopolis (Stenotrophomonas) au
14 13GM4, 17Non-GM7 Cardiobacterium hominis au
15 1GM5, 12Non-GM7 Pantoea stewartii subspecies stewartii ay
16 3GM7, 14Non-GM7 Burkholderia cepacia au
17 1GM5, 18Non-GM5 Pectobacterium cypripedii ay
18 8GM6, 15Non-GM3 Empedobacter brevis ay
19 1GM3, 16Non-GM4 Burkholderia pyrrocinia au
20 14GM3, 15Non-GM2 Acidovorax delafieldii au
21 1GM1, 16Non-GM4 Microbacterium testaceum uIn
22 2GM6, 4Non-GM3 Staphylococcus saprophyticus uan
23 1GM5, 19Non-GM5 Staphylococcus warneri uIn
24 4GM5, 14Non-GM5 Staphylococcus arlettae uan
25 3GM3, 5Non-GM3 Arthrobacter ilicis un
26 10GM3, 12Non-GM3 Gordonia rubripertincta uan
27 16GM7, 3Non-GM6 Rhodococcus australis uIn
28 4GM7, 17Non-GM4/2 Pediococcus pentosaceus uIn
29 3GM4, 17Non-GM Clavibacter agropyri uIn
30 8GM4, 13Non-GM7 Corynebacterium urealyticum uIn
31 9GM6, 21Non-GM7 Cellulosimicrobium cellulans 1IN
32 7GM6, 15Non-GM3 Kocuria rosea uIn
33 10GM4, 13Non-GM7 Bacillus megaterium uIn

1 o ¥ A 1Y o ' Y a & A & @ '
‘ﬁll']ElLa"’ﬂa’]ﬂlW%ﬁ:LLa@ﬂI@ﬁ]V\N’mLﬂT L%aﬁLLﬂﬂvLm*m@’Jamd@l’lama ANIINIDNANDILALATINTBINITLNL AN

WY 2GM3 waNudaTaThen 3 Lmn"l,@i”mﬂ@uﬂgnma;ma@T@LLﬂaaﬁugﬂﬁumﬂmnﬁuﬁ'sama@uﬂ%ﬁﬁ 3

2, PN & ' & v . ™ ' , &
unnIRAToULUANITH9TIATIAEIZUY Biolog  LNBNBENLAELYINT
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3. ﬂE}:N‘[ﬂi\‘lﬂ%ﬂﬁﬂix‘ﬁ’miuﬂﬂﬁﬁﬂ

(Community-level physiological profiles, CLPP)

=4

IMNNTINAN 3 LLﬁﬂGlﬁLﬁuﬂﬁiﬁLﬂi’]zﬁﬂ@;M

wuansy AN LALANNLANAIINIIRITINGA
(CLPP)

AL MIRUTNITU(1INANG)

ng;wﬂi:mmumﬁL%ﬂluauﬂgﬂma:ﬂa
WazUAzNaR AL
(WNANFL) ﬁy'dl,l,@ii:ﬂ:ﬁuﬂﬁmé'amsﬁwmJQﬂ 60 1%
INDITTULAANRAL(210 1) ﬁmﬁuﬂi:‘*mﬂ‘mmﬁf%ﬁﬁ
imezngulnadanu Fovzuzduniinasdydnsoiae
waasnnulnaifsslunsltunasansuan
mﬂé’aamaauﬁﬂgﬂma:ﬂamﬂq 60 (3B
duna)  UndudszmniuueizousinaTaunnuas
VZAZNANAULRINUINTIN Lmea:ﬂa@%La&ﬁ@ﬂéw
saniiluaaIngy FadszmnsuuafiSousiimsausn
VoINLAENDAAULLINUTNTTY La=NZAZNOGILANEH
imznduiuiudiulng RTHSMRRE PR TLELEEY
UszrnIuuanize  USIMIaUIINYaINEazNaaaulad
ﬁ'uﬁqnﬁw?'iusmﬂ@;uaanvlﬂ(mwﬁ 3n) lag Component
A1 uz 2 PBINLALNDAAULLDINUTNTINUATNZAZND
Und nyWAlesdn Variance WAy 24.81% uas
13.64% awieu lasdmslunasaniuouiiuanens
N4 fa Bromosuccinic-acid, Urocanic-acid, Carboxylic
acids, D-Galacturonic-acid, D,L-Lactic acid, p-Inositol,
Acetic acid, cis-Aconitic acid, beta-hydroxybutyric-
acid, gamma-hydroxybutyric-acid, Succinic acid,
Pyruvic acid methyl ester, D-Gluconic acid W@RAN
RRFUNUT correlation (r2) 0.897
mﬂéﬁamaauﬁﬂgﬂum:ﬂasw:ﬁuﬂﬁw (218
90 )  wuhdsEmnsuuaNiIEUSIMIaUTINYDS
VzaznanaulaINUINTINLAZNLAZNEUN IANGY
saniiluaaIngy Fatsznnsuuaiioustmiaun
PoINAENDAALLAINUTNTIY LA=NZAZNOAILANEIL
Inajimznganiu fiNgeuduveIngulzang
WUANISEUI MO UTINYRINE A NDNALLAINUENTTY
ﬁLLUﬂmjuaaﬂvLﬂ(mwﬁ 32) Tag Component 7l 1uas

2 °uaoum:naé’@LLﬂaqﬁugnﬁwLLa:ma:ﬂaﬂﬂa LRGN

@1 Variance WNNU 41.6% Wae 14.41% @1U&1QU
Tapfimsldunasensuaniiuandnaniude  L-Fucose,
Phenyethylamine, Putrescine, D-L-Lactic acid, cis-
Aconitic acid, alfa-Keto glutaric acid, beta-
Hydroxybutyric acid, Quinic acid, L-Proline, gamma-
Aminobutyric acid, Succinic acid, L-Asparagine e R
FNERFNNUT correlation (r2) 0.938
Nnanaiedulanuzazneaty 120 M (3o
faqan)  wuldmulngilszmnsuuefiGouSinmseu
i’lnmaamazﬂaﬁ@LLiJaoﬁ'uqﬂﬁu LazuzAzNanILAL
imengunn AiiesunadinaIngulszmnauuadiisy
LA

3q)

u%nmsamﬁnmaama:ﬂa@i"@LLﬂaaﬁugﬂﬁu
ULazNanILA madmﬁl,l,ﬂﬂmjuaaﬂvlﬂ(mwﬁ
lag Component “7; 1 Waz 2 2aINzaznoaauladg
ﬁuqﬂﬁmm:ma:ﬂaﬁg\uau LRAIAT Variance 1NNy
57.15% WAz 13.41% oNe1eu  laslnsltunad
m%uauﬁl,mﬂ@i’mﬁ'%ﬁa L-Arabinose, alfa-D-Glucose,
2,3-Butanediol,

Tween-80, D-Melibiose, D,L-Lactic

acid, D-Fructose, Glucuronamide, alfa-Ketovaleric

acid, L-Fucose,  Turanose LANATRRFTUNUT
correlation (r2) 0.917

NnMeLsAulgnuzaznaeny 150 1w (3zpe
faqon)  wuddwlngvasdemniwuefiizausim
JOUMNULALNAAALLMINUTNITY LaENZAZNORILAL
imengunn  AiiiesnssuseIndulszniuueiise
UINMUIBUTINULALNDAAUUAINUINTIN  UazuzAzNa
aaLdn madauﬁuunnﬁjuaan"[ﬂ(mwﬁ 39) las
Component 71 1 ugz 2 VoINLAENDAAULBINUTNTIY
nléfien Variance vy

43.7% War 13.13 % GNNA10U

URZNZRZNOAILAN
a v 1
lasfnsliunas
MIuawNUANG@I9nNBAE  Glycogen, alfa-Ketoglutaric
acid, D-Gluconic acid, L-Glutamic acid u@ien
o @ . 2
RNFUNUT correlation (r)0.933
NnMetsAulanuzaznaey 180 I (3w
fanady) wuindwlngveslszmniuueiiseusiam

mmﬂﬂu:azﬂa@“f@LLﬂaoﬁugﬂﬁu LRTNZATNaNILAN
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imenguns  SissuadEInIaIngulsETInsuuAnGY
UINMIOUTNULALNDAALLINUINTIY  UAzNZAZND
aaLd maﬁ’mﬁl,mnmjuaanvlﬂ(mwﬁ 33) lag
Component 7 1 uaz 2 PoINLATNDAAULLAINUTNTIY
LAZNZAZNE WEAIAN Variance WNNU  17.99%Mas
15.07 % audey lasfinslfundsnsuaniiuands
N4 fa L-Aspartic acid, alfa-Ketoglutaric acid, L-
Pyroglutamic acid, Putrescine, Malonic acid, D,L-
Carnitine LANATERINNUT correlation (rz) 0.922
nnaotsdulanuzaznaany 210 W (o
fanaay) wudwlngvesdszriniuuefiFouiiim
FOUTINULALNDAAUUIINHTNTTY LAZNZAZNORILE
imenguns BissunadInasngulsTInsuuaiiGy
maznaﬁ@LmmﬁugnswLLazma:ﬂaézaLauqumﬁ
wgnnguaanly (Wi 38) lay Component 71 1 uaz
2 229NzAzNRAALLINLENTIN WazuzAzNaRILAL
Wihnu  40.56% 26.26%

L§GIAT  Variance LR

ANEAL Tagfimsldunasnsuanfiuandanuie
Tween-80, D-Galacturonic acid, D-Saccharic acid,
Citric acid, alfa-Keto-glutaric acid, Quinic acid, L-
Asparagine, D,L-Lactic acid, D-Alanine, Putrescine 1)
fAERFNNUS correlation (1) 0.872
mﬂmamimaaaﬁandnLLamlﬁLﬁui’lgﬂLmu
(profile) °ua:mq'uﬂszmnmm‘ﬁL%ﬂu'%nmamamﬁn
ma:ﬂaé’mmadﬁugﬂﬁmm:ma:ﬂaéy'm?m luudaz
°1h<1mﬂqmadm?ﬂ@ﬂma:ﬂaﬁy'mmﬂﬁiuﬁ?u laifianu
LANATIN S IRAARBINLUNATBINTAN VB
Kongsawat(2010)

VZATNDAAUUMIRUTNTINANLWUTH (116/5 R4) U

A ' A Ao
Anuldseuninisuaadaanii
& a A ' A oA
VZATNOAILAN Taidanuuandrsvaslysduaged
% o Qs a g: ' a a 1 v
wafan aﬂmvl,uwurmuamaanmaaU%Iﬂmuvxa‘lqu
138(PRSV-CP)  wulRgImMsuaadaanuaddn  nptll
. & = A A .
Wit Taduduil European Food Safety Authority
(2007)

mjuﬁ 1 PleNNUReANUGABRILINREN  TINNIAD

v o ' & a v ad
Tmssusasindududrumussuiuclu

q“ﬂﬂ’]W“ll@d&l%HgLLﬂzél@l’j{ LLaZﬁ’]N’]iﬂWUguﬁiu

i A < A ' {
wuafienagludulasnaly FInswuIlUsAuN
LLamaaﬂlumazﬂaﬁaaaaﬂﬁjmvl,ajﬁm’mLmﬂ@m 39

| o s d' o 1 1 s
ondusinaiagy A lwlinuinuzaznaaaulas
WUDNITW ﬁwa@iamsaog@ﬁaﬂ'ﬂdL%afgau‘ﬂ%ﬁ
P’ A e . '
USmsaunAT  daiunaldliwuanunanednsuas
Imoa%qn@;uﬂimmﬁaLLuﬂﬁﬁ'ﬂ U MIAUIIN
1 =1 =1 1 a A
LL@]WmLﬂiEI‘LILYIEIUE‘.L]LLLI‘i.I‘UENﬂQNﬂS:‘E’m‘SLLUﬂYILi&l
lugsszrimaasadulavasuzazna (Mwn 3) a2
wugﬂLmumﬁ@mjuﬂ‘i:"ﬁ’mmmﬁL’%U NLANE1IN
°naaﬁ'ﬂuﬁaamaaumnma:ﬂaﬁ@LLﬂmﬁugm‘m WA
NeazNaaday  a19iadnnantaaunnsuan ekl
1aluudazsrsnaAudagns wiw sInUaataasain
mnilenuuandens  luldszismaasyaasie
qmwgﬁnwaluisqL§auﬂgnﬁ°ﬁ YUWAVDINTZDNININNG
uazdSunannudn iudn (Grayston et al., 2004)
NANIINARDIRRANAREINU Hsieh and Pan
(2006) ﬁ?miznwam:ﬂwaomiﬂgﬂma:ﬂaﬁmmad
wugnasuidumudalialudaisumiudayfunidlu
auﬁmmﬂﬁﬂa%éﬁﬁwm L7 AFLP, ARDRA, T-RFLP
wsz DGGE Tawud  JUuuumswunaLdweval
a A 6 a A [ v
RuIgNNAuNUanuzaznefaulaIWUINTIN  uAz
uraznanduiionundaunugind 80 wafifud
LR IALRAWIN ﬂi:mmﬁ;auﬁﬁiamwnma:ﬂa
é’mmaaﬁugnsm LLazuza:ﬂaéﬁLawaglumjmﬁmﬁu
. A o o =2 @ < A A ' a
LRSLWLAEINWAUNITAN I I UNTY  NEnItuEn
cystatin (cysteine proteinase inhibitor) RIS
o ' o A A & o A ' A
mumuma"l,amauwaﬂsml,ﬂuﬂmgwm laiwudngd
Wanznudalasseidmnagiunidludu )
AnE13ATeRae3T Phospholipid fatty acid analysis
(PLFA) (Cowgill et al., 2002)
(1995)

ﬁ'uﬁqmmﬁrhuﬂuiﬂiﬁuﬁwmaaL%a Bt Wuingw

FN9INIILINUV DI
Donegan et al., panuluiheaaulas
UszmnInuaNSuUSIMIauTIn anuuanaldllann

E”Jwﬁ'uﬁfé’uau
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Component 1 (57.15%) Component 1 (43.7%)
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a a NS I % . Aad  a e o v N .
nMan 3 mmmmmnqu ﬂidﬁi?xﬂﬂiw”ﬁ'mil,mﬂ'ﬂLiUUiL'Jmﬁa'ﬂi']ﬂllwﬂwﬂa@@LLﬂﬂ\‘iW%‘EﬂiiN (NNANAT) LR

uzaznandy (Wnawn) luszozdngg  waamsdan  dwansmesITingt  (community-level

physiological profiles, CLPP) laumsiianzidayananodiuds daui%  Principal  component

analysis (PCA)
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vzaznaaddulugieszas adeg AILANZAZNaaE

D

60 Juwaimsdhodan  (szozdundn)  audeszezi
uzaznafeny 210 Tu (szpzfanady) liwuidany
UANGA BN R EIATINIIRDE uga93N13Lgn
ma:na@T@LLﬂaaﬁuqﬂisu"szﬁwa@iamﬁﬂﬁn 7#yamy
2y 8 ranuafisuNNIaNNNIzaNINa9
miﬂmﬁuﬂ&juimaa%ﬁaﬂsmm Ui
WUATISE  sREAmMENTANINEITINGN(CLPP)  91n&%
ﬂgnma:naé’@uﬂmﬁugnsm W3sunaunuannan
Uanuzaznandidia I@ﬂ@mﬂmwmmn@hwaamﬂ%
Lmsiam%uamaqna;uﬂi:mm Wuiﬁﬁgau‘ﬂ%ﬁmﬂ
& DA o A [ A a 4
ma:ﬂamaaanqmmmlﬂammﬂu Waah
=1 = aa = a a 6 1 [l
WIsusunIsna Imumamuwuﬁagluma
0.872 14 0.938
= n%’ v = = o a
Tumsdnud IadSuuisusnwiniazsiauas
dv a A g; U 1 a A
GRIBIGI S’]N‘Y]\‘iIﬂ‘Nﬁi’]dﬂq&lﬂi:“mﬂﬂmﬂﬂLiﬂ
AINARA CLPP 1 WNBUTH AUNANTENUVRINZALNE
ﬁml,ﬂmﬁ'ugﬂisu wuiwmﬂgnmaznaﬁmﬂm
wugnasu  niidulisdudeduizalaia PRSV  uaz
fMunudalinludasurin  liginanIznudaszuy
fneuaaTauuafissusnmsaugnie  lugnaz

mydgnizlulsiFauszuula

ABUA
v0v8u9m  gudanududadunalulad
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WA T HAAANILaLILIUINENEaT LR
walulafimu.) SEnNUAmMENITINITMIgANAnm
(8N8.) NITNTWANBITANT ﬁaﬁfnagmuﬂizmmﬁ'a
FL ARSI RIR

L@NA1591999
Abel P.P, R.S.
S.G.Roger, R.T.

1986.

Nelson, B. De, N. Hoffmann,
Fraley and R.N. Beachy.
Delay of disease development in
transgenic plants that express the tobacco
mosaic virus coat protein gene. Science

232:738-743.

Cowgill, S.E., R.D. Bardgett, D.T. Kiezebrink and

H.J. Atkinson. 2002. The effect of
transgenic nematode resistance on non-target
organisms in the potato rhizosphere. J. Appl.
Ecol. 39:915-923.

KK, CJ. Palm, V.J.
Porteous, L.M. Ganio, D.L.

Bucao and R.J. Seidler.

Donegan, Fieland, L.A.
Schaller, L.Q.
1995. Changes in
levels, species and DNA fingerprints of soil
with  cotton

microorganisms  associated

expressing the Bacillus thuringiensis var.

Kurstaki endotoxin.  Appl. Soil Ecol. 2:111-
124.

European Food Safety Authority (EFSA). 2007.

Statement of the Scientific Panel on
Genetically Modified Organisms on the Safe
Use of the nptll Antibiotic Resistance Marker
Modified Plants.

Gene in  Genetically

European Food Safety Authority. Available
Source:http://www.efsa.europa.eu/EFSA/efsa_
locale-1178620753812_1178620775641.htm,
December, 2009.

Garland, J.L. and A.L. Mills. 1991. Classification and
characterization of heterotrophic microbial

communities on the basis of patterns of

community-level sole-carbon-source utilization.

Appl. Environ. Microbiol. 57:2351-2359.

S.J., C.D. Campbell, R.D. Bardgett, J.L.

Mawdsley, C.D. Clegg, K. Ritz, B.S. Giriffiths,

Grayston,

J.S. Rodwell, S.J. Edwards, W.J. Davies, D.J.
Elston and P. Millard. 2004. Assessing shifts
in microbial community structure across a
range of grasslands of differing management
intensity using CLPP, PLFA and community
DNA techniques. Appl. Soil. Ecol. 25:63-84.



2. INIINBASINES

i 42 Ui 1 UNSIOV-LUMIIU 2554

WANSENYEINYUYS=DINSUVATISY 73

Hsieh, Y.-T. and T.-M. Pan. 2006. Influence of
planting papaya ringspot Vvirus resistant
transgenic papaya on soil microbial

biodiversity. J.Agric. Food Chem. 54:130-137.
James, C. 2009. Global Status of Commercialized
Biotech/GM Crops: 2009. ISAAA Briefs No.41.
ISAAA: Ithaca, NY.
Kongsawat, C. 2010. Study of novel proteins and
proteomics of genetically modified papaya
Ph.D.

resistant to papaya ringspot Vvirus.

Thesis, Graduate School, Kasetsart
University, Bangkok, 187 p. (in Thai)

Lynch, J. M. and J. M. Whipps. 1990. Substrate flow
in the rhizosphere. Plant and Soil 129:1-10.

Phironrit, N., S. Chowpongpang, W. Kositratana, and

S. Attathom. 2006. Assessment of soil
microbes in rhizospheres of transgenic
papayas grown in small scale field.

Agricultural Sci.J. 37:407-413. (in Thai)

Rasmann, S., T.G. Kollner, J. Degenhardt, |. Hiltpold,

Schaad,

S. Toepfer, U. Kuhlmann, J. Gershenzon and
T.C.J. Turlings. 2005. Recruitment  of

entomopathogenic nematodes by insect-
damaged maize roots. Nature 434:732-737.

N.W., J.B. Jones and W. Chun. 2001.
Laboratory Guide for Identification of Plant
American

St.

Pathogenic Bacteria.

Phytopathological Paul,

Minnesota, USA.

Society Press,

Suwanvesh. T. 1996. Soil Chemistry. Department of

Warin,

Soil Sciences, Faculty of Agricultural

Technology, King Mongkut's Institute of
Technology Ladkrabang, Bangkok. (in Thai)

N., S. Chowpongpang, A. Bhunchoth, K.
Romayanon, R. Rodaree, W. Kositratana, and
S. Attathom. 2003. New papaya cultivars for
papaya ringspot virus resistance. Proceedings
of 41th Annual

Kasetsart  University

Conference: Plants, Agricultural Extension
and Communication.
Bangkok, 3-7 February 2003, Bangkok, p539-

546. (in Thai)

Kasetsart University,



	ปก
	รองปก
	P-ช่วงหน้า
	P-7-18
	P-19-28
	P-29-38
	P-39-48
	P-49-60
	P-61-74
	P-75-86
	P-87-98
	P-99-112
	P-113-122
	P-123-132
	P-133-140
	P-141-152
	P-153-162
	ช่วงหลัง

