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ANENNIRINUBUUNENY Zophobas morio Fabricius lun1s

luanuisuasnauiN s Eocanthecona furcellata (Wolff)

Potential of Superworm, Zophobas morio Fabricius, as Food

for Predatory Bug, Eocanthecona furcellata (Wolff)

nsds ATda" laa ysauwrdanug” ieaansal Sunsune” 35ams nagisu”
uaz SN narlsuasy”
Kornsiri Srinil”, Sawai Buranapanichpan", Yaowaluk Chanbang",

Jiraporn Kulsarin” and Weerathep Pongprasen‘v

Abstract: The study en growth and development of the predatory bug, Eocanthecona furcellata (Wolff), rearing
on the pupa of superworm (Zophobas morio Fabricius) and mealworm (Tenebrio molitor Linnaeus) revealed that
the survival rates of the predatory bug from 1%.5" instar feeding on the pupa of superworm were 82, 53, 46, 45
and 43 %, respectively, and the average development periods was 15.42 + 1.83 days, whereas, the survival
rate of those feeding on the pupa of mealworm were 82, 37, 35, 33 and 33 %, respectively, and the average
development periods was 14.61 + 1.50 days. The analysis of biological life table of the predatory bug revealed
that the net reproductive rate of increase (R) was 177.23, the capacity for increase (r,) was 0.11, the cohort
generation time (T ) was 48.87 days and the finite rate of increase (A) was 1.11, when feeding on the pupa of
superworm, meanwhile, the net reproductive rate of increase (R ) was 171.24, the capacity for increase (r) was

0.11, the cohort generation time (T,) was-46.42 days and the finite rate of increase (7\.) was 1.12 when feeding
on the pupa of mealworm. The result.indicated that superworm could be used as food in rearing E. furcellata for
efficient biological control.

Keywbrds: Eocanthecona furcellata, Zophobas morio, Tenebrio molitor, biological life table
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Table 1 Duration of various developmental stages of Eocanthecona furcellata (Wolff) rearing with the

pupa of Zophobas morio Fabricius and Tenebrio molitor Linnaeus under laboratory condition

(26.21 + 3.39 °C, 66.72 + 12.41 %RH).

Pupa of Z. morio

Pupa of T. molitor

Stage of development Duration (day) Range Duration (day) Range
(mean + SD)" (days) (mean + SD)" (days)
Egg 6.27 +0.70 5-8 6.27° +0.70 5-8
Larva: Instar 1 2.14° + 0.47 1-3 2.00° +0.43 1-3
Instar 2 3.74° +1.07 2-7 3.88° +0.99 3-7
Instar 3 2.91°+ 0.89 2-6 2.52° +0.71 P
Instar 4 2.67°+ 0.81 1-5 2.39° + 0.56 2-4
Instar 5 425°+ 0.81 2-6 3.94°+0.56 3-5
Total: Instar1-5 15.42° + 1.83 13-20 14.61° + 1.50 12-18
Adult: Male 101.13" +32.18 54 - 140 80.67° + 14.31 53 -101
Female 66.40° +11.70 52 - 59 66.00° + 10.54 50 - 81

"Within row, means followed by a common letter do not differ by the least significant difference test with 95 % confident level

corimawiLaeafasiueatevasides
$NILUATATANAAEALIRT AN AUAINIS
Tnrunsresvueuiianuuansnsluauszeziaan
naRsgAuin uananinsseduresvilasians
Wdnaeaauifisnnsesdnudiitesuinile
wWisuisuiuszasuuau 1l ouAnIAa NI
¥5uemsandnukidauyrafifufinnnndnszes
MaU
wanant wefiudnnsseniinveciond
Lf“;mkﬁqwuﬂuunﬁnﬂqand'\muﬁLgmﬁfmuuﬂuun
ssaumta 1.3 winludedt 5 Tevaznaiasydulngon
mﬂemuﬁmmﬁauvi'fﬂﬁ 1 QUi 5 uANANANY 0.91 914
(P<0.05) uaziuainWinagHengfiuanandtuanta
1.25 Win Wi lussasFafnianaunwIn E. furcellata
fimnziRedandnuduasunaeissesaiimiy \WAgH
mqﬁumondﬁmeﬁﬂﬁ’mmnﬂﬁ atnalsinnun ua
mMamnzannemeuunluafsiilsrarAasinTees
WUt ugIINIINANITAN®I99 AT uaTAUY
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Anannaamuauunging Zophobas morio Fabriciusluns
WuamnsaesanruRsnm Eocanthecona furcellata (Wolff)

Table 2 Biological life table of Eocanthecona furcellata (Wolff) rearing with the pupa of Zophobas morio
Fabricius under laboratory condition (26.21 + 3.39 °C, 66.72 + 12.41 %RH).

Pivotal age in Proportion at birth of female Age-specific fecundity Egg curve
days (x) being alive at age x () (9 eggs/ le) (m,) (I,m)
0 1.00 - -
3 1.00 - ,
6 0.82 - -
9 0.82 - N
12 0.72 - -
15 0.60 . -
18 0.54 . -
21 0.45 - B
24 0.42 0.50 - 0.21
27 0.42 13.41 5.63
30 0.42 31.45 13.21
33 -0.42 34.64 14.55
36 0.42 30.86 12.96
39 0.42 29.74 12.49
42 0.41 31.39 12.87
45 0.41 22.54 9.24
48 0.39 " 34.33 13.39
51 0.38 47.97 18.23
54 0.36 30.97 11.15
57 0.34 25.41 8.64
60 0.31 31.07 9.63
63 0.27 2456 6.63
66 0.26 27.65 7.19
69 0.24 25.46 6.1
72 0.22 17.73 4.10
75 0.19 15.74 3.19
78 0.16 24.31 3.89
81 0.13 24.85 3.23
84 0.09 3.44 0.31
87 0.05 5.20 0.26
90 0.05 2.40 0.12
93 0.05 - : -
R,=177.23
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Table 3 Biological life table of Eocanthecona furcellata (Wolff) rearing with the pupa of Tenebrio molitor
Linnaeus under laboratory condition (26.21 + 3.39 °C, 66.72 + 12.41 % RH).

Pivotal age in Proportion at birth of female Age-specific fecundity Egg curve

days (x) being alive at agex(l) (Qeggslglx) (m,) (I,m,)
0 1.00 - -
3 1.00 - -
6 0.82 - .-
9 0.82 : - . =
12 < 0.63 - -
15 0.39 - < -
18 0.35 - -
21 0.35 - .
24 0.34 0.21 - 0.07
27 ‘ 0.34 16.65 5.66
30 0.31 43.32 ©13.43
33 0.31 54.84 17.00
36 0.29 45.97 13.33
39 0.28 50.07 14.02
42 0.27 46.59 _12.58
45 0.27 52.74 14.24
48 0.27 47.44 ’ 12.81
51 0.27 47.15 12.73
54 ‘ 0.27 : 36.11 9.75
57 0.27 40.48 10.93

© 60 0.27 38.74 10.46
63 0.27 36.33 9.81
66 0.27 ' 23.67 6.39
69 0.26 30.89 8.03
72 v 0.22 . _ -

' R,=171.24

gasnminlnenssiiug (r) NouRenm E. furcellata G uwadle 1 62 annsoiuFuoald 1.1 win Ty
adanudmuauundnififluenms HAwinfu 011 sveziosayn 39u dd0engduvengu (T) windu
o a o v _a al (P 2 o - v o o ~

Sasmaianwiaie (A) HAavintu 1.1 wnaay 4887 AU (M1979% 4) TnefaANTEYeINUAHA
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Ananwaaivuauunsne Zophobas morio Fabriciuslunis
Wuamsaessauisng Eocanthecona furcellata (Wolff)

E. furcellata A FnuFuueuundng Wluawns Gu
el ludud 3 wdeanifludafinde Tasiidaa
sraznaneldssanng 69 Ju
Smsnaialagnssuiug (ARTANTERT)
E. furcellata Wddnudmsuunidluemns finwinfy
0.11 AfAsanninfiukase (A) FAwiafy 1.12
wngAAET 1 #a dnansafis Bl 1.12
win Tuszezioamn 3 Fu windu 46.42 Fu (3T 4)
Tngsiiindauesiuiann £ furcellata Adanud
wionuniuamns Guanalaluui 3 udeanidusa

Winde Taaddaeszazioainisaneladseun 48 Ju
NITUEIENUE LULAAE 29818 10INIURNA
E. furcelata iiolddnudmuauundnyd duamns
wudrilFunmlizesiadiaumadaiony 24 fu
dlianniigaludasen 51 5u uazndldaufeng 90
Fu dounauRan £.. furcellata (ia1d@nusuuaun
Wuenns fdiuiawadlodunisnlddieny 24
fu SnendliBinnunniigalugaseny 33 Fu wi
ansldauiens e 69 3 (nndi 1)

Table 4 Biological attributes of Eocanthecona furcellata (Wolff) rearing with the pupae of Zophobas

morio Fabricius and Tenebrio molitor Linnaeus.

Biological attributes Formula Z. morio T. molitor
Net reproductive rate of increase (R ) o m, 17723 171.24
: log, R
Capacity for increase (r.) ?I_" . 0.11 0.11

c
_ > Im, X
Cohort generation time (T,) 48.87 46.42
Z lxmx

Finite rate of increase (A) Anti log,r, 111 1.12

20 -

15 4

=0~ Z. morio

=& T, molitor

24 27 30 33 36 30 42 45 48 51 54 57 60 63 66 69 72 73 78 81 84 87 X
days

Figure 1 Egg curves of Eocanthecona furcellata (Wolff) rearing with the pupae of
Zophobas morio Fabricius and Tenebrio molitor Linnaeus.
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Biometrics of Natural Nest of Eastern Honey Bee

(Apis cerana F.) as Observed in Northern Thailand

52 dnouz”igaansal Sunsue” 35ms naa15u uas Michael Burgett”

Weeraya Somana", Yaowaluk Chanbang", Jiraporn Kulsarin' and Michael Burgettz'

Abstract: A study of the biometrics of the eastern honey bee (Apis cerana F.) from natural Idg nests in northern
Thailand in 2009 was conducted by examining 10 colonies in the dry season (November-May) and 14 colonies
in the wet season (June-October). The results showed that an average adult population of A. cerana in the dry
season was 13,499 bees/colony, with 12,922 adult worker bees/colony and 577 .drone bees/colony. In the wet
season, the total of adults was less than in dry season with an average of 8,654 bees/colony, and with 8,574
worker bees/colony and 80 drone bees/colony. The average percentage of all brood in the dry seasen was
6,910 immature bees/colony, the worker brood population was 5,977 immature bees/colony (average = 628
eggs, 963 larvae and 4,386 pupae) and the drone brood population was 933 immature bees/colony (average
=40 eggs, 135 larvae and 758 pupae). In the wet season, the average all brood population was 5,103 immature
bees/colony, the worker brood population was 5,039 (average = 452 eggs, 1,038 larvae and 3,549 pupae) and
drone brood population was 64 immature bees/colony (average = 5 eggs, 1 larva and 58 pupae). The nest
volumes of A. cerana collected. in dry and wet season averaged 18.7 | and 12.6 | respectively. The honey bee
nest occupied a larger volume of the cavity in dry season (56.8%) than in wet season (37.5%). The only
significant difference between colonies in the dry season and the wet season was in the production of drones
and presence of adult drones. The results of this research may lead to better uhderstanding of A. cerana
population size and nest cavity preference.

Keywords: Apis cerana (F.), season, comb area, nest volume, cavity volume
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Table 1 Number of egg larval and pupal workers and drone broods of Apis cerana in Chiang Mai and Lamphun

provinces.
Dry season ‘ Wet season
Worker Drone Worker Drone
Egg Lava Pupa Egg Larva Pupa Egg Larva Pupa Egg tava  Pupa
Maximum 836 1,599 7,469 253 681 1,950 953 1,664 6,179 46 8 580
Minimum 384 150 1995 0 0 0 226 390 1,697 0 0 0
Average 628 963 4,386 40 135 758 452 1,038 3,549 5" n i 58*
SE 63 180 664 31 84 312 70 135 721 5 1 58

significant (P-value<0.05)

222



£ e - ‘ -
AR5 Ing 855 NTIRIINNISRINA
Tunmawitiavaslsenalng

212 dnauiindvediaine

FafindeReunaresiainsinae il
duausiaus 3,007-21595 Anadslugguiuaz
QgL 13,499+2,516 uaY 8,654+1,538 Mo/
AR daudafindaresninunseadidiuou
Fausi 3,006-19.961 Anedtlugquisuazachy
Wi 12,92242,327 WAL 8,574+1,492  Ha/54
AR Taeduouiafinstiseedetneaia 2
nalidanuuansitaneada (P>0.05) dousaiindge
Aanagmaeatliismaudeus 0-1,634 # nannldn
d'm'lmu‘lﬁﬁv‘ffnﬁm“ﬂﬁqmei'luqq]du Aniaatlugg
wdeuaznguuwiniy 5774242 uax 80460 Ha/5a
sy TapfianuuansnsesinafidfadAymasdia
(P<0.08) (AN3WT 3) MNMsANENLANE TN
Futlaay ua:ﬁthnQ’mmﬁﬁwm‘luqquﬁaﬁfimu
annndngeiy

22 Mufiseediatngs

AnmsSaifiseedHainsaiidnendely
Fvauligausiaris nudnaealliinnsaiiesasdunu
Fausi 310 929 Anadelugguiuazgauwiniy
6.9+05 WAY6.7+0.5 3N mué'\ﬁu %q‘lﬁﬁm'\u
UANFNN AT A (P>0 05) douufinaiduedieny
naesllaunaRuiinomaiaus 397-11,358 A9
VIURLNAS mmaﬂ'luqquﬁqua:qqdum'\nu
5302929  UAZ 40574668  ANTNLIURANAT
ANAIFL UATHLIFING 2 09 Liflanuuansinmig
a0 (P>0.05) mmuﬁum‘qeﬁemeuwwumaﬂmﬂu
MNARIUA 0-3320 ANUTURNAS mmiuuwuw
sqqﬁuwmmqq ufuazngelu ALadtiafy
1,062+334 UAY 245+104 ANTINTUFLNAT AINAIAL
TnadiaouuansinatinafidadAymieada (P<0.05)
(A3147 4) y'h'lﬁﬁuﬁmﬁwm ua:ifqmmj Tunguds
fanningeeu

Table 2 Worker and drone broods of Apis cerana in Chiang Mai and Lam Phun provinces.

_ Dry season Wet season
Worker  Drone  Worker+Drone Worker  Drone Worker+Drone
Maximum 8,879 2,884 11,763 8,776 634 9,410
Minimum 2,875 0 2,875 990 0 990
Average 5,977 933 6,910 5,039 64* 5,103
SE 728 395 1,033 867 64 899
'signiﬁcant (P-value<0.05)

Table 3 Adult worker and drone populations of Apis cerana in Chiang Mai and Lamphun provinces.

Dry season Wet season
Worker  Drone  Worker+Drone Worker  Drone Worker+Drone
Maximum 19,961 1,634 21,595 16,519 589 17,108
Minimum 3,006 0 3,006 3,338 0 3,338
Average 12,922 577 13,499 8,574 80* 8,654
SE 2,327 242 2,516 1,492 60 1,638
'signiﬁcant (P-value<0.05)
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Table 4 Worker obmb and drone comb areas produced by Apis cerana in Chiang Mai and Lamphun

provinces. ?
Comb area (cm?) dry season Comb area (cm?) wet season
Worker Drone Worker Drone
1 Maximum. 11,358 3,320 10,617 1,021
Minimum 1,259 0 397 0
Average. 5,302 1,062 4,057 245*
SE 929 334 668 104

significant (P-value<0.05)

Table 5  Nectar and pellen comb areas produced by Apis cerana in Chiang.Mai and Lamphun provinces.

Comb area (cm?) dry season

Comb area (cm?) wet season

-Nectar Pollen Nectar Pollen
‘Maximum 3,784 291 5,831 394
Minimum 0 2 0 11
Average 1,044 139 1,021 144
SE 415 33 561 40
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Table 6 Nest volumes and percent cavity occupied of Apis cerana in Chiang Mai and Lumphun provinces.

Nest volume Cavity occupied Brood occupied (%)
Season :
(liters) (%) Worker Drone
Dry 18.7+3.3 56.8+8.7 24.145.0 13.7+5.4
Wet 12.6+2.4 37.5+5.4 20.8+3.1 1.7+1.7
Weight (kg)
14 - 13.3

12
10

8
6
4
2
0

O Dry season

10.6

0.8 0.9 0.7 1.1
. m W
6 7 8 9 10

B Wet season

Figure 1 Total weight without a hive of Apis cerana colonies composed of brood,
nectar and pollen comb grown in Chiang Mai and Lumphun provinces.
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Detection of Differential Gene Expression in Bracts of

Curcuma petiolata Roxb. by DDRT-PCR Technique

nngassa lan"” Taseen sansan” uas 70iu vuning”?

Thippawan Chaipar", Soraya Ruamrungsri" and Weenun Bundithya"' o

Abstract: Curcuma petiolata Roxb. has been assigned into subgenera of Eucurcuma. Morphological
characteristics of Curcuma sp. such as flower color, inflorescence length, as well as the ‘proportion of bract
color between upper coma brécts and lower bracts are not easily differentiated. In this study, DDRT-PCR was
used to determine the differential gene expression in 2 groups of C. petiolata Roxb. with different inflorescence
characters. Young leaves, bracts and coma bracts at the pre-blooming, flowering and first floret blooming stage
were used for RNA extraction, and later reversed into.cDNA. Fifty eight primers were screened for analysis of
differential gene expression. It was found that 2 primers, OPD 08 and OPD 20, with oligo dT,,VA were able to
amplify DNA specific to C. petiolata Roxb. with different color proportions.

Keywords: DDRT-PCR, gene expression, Curcuma petiolata Roxb.
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uwﬁ'mi‘a Yty (Curcuma petiolata Roxb.) Lﬂuﬁ‘ﬂﬁaﬂlundum-ﬁﬂq (Eucurcuma) ANHILEN AU UTRINT
'lunauu'lnﬁmmnu 1 Ar99tenan ANENTEREN ?'nmad’mdauﬂmﬂaluﬂrmumumq (bract) uazlurlsesu
d2uuu (coma bract) m?ﬁmmuun‘[mﬂ'l'nanummwﬁ’mpummﬂmqmmm‘lﬁmn mAdeiadliimeia
AT RTenS inAnwnsuanieantestiui thnmenu’Lum‘nuamnau Aindnenrdesanuansinaii Tasain
orfidueanludan lulsAudiuany wasludssdudouuun ussasdenangu 10A8NLIU LAZABNATIABNUIN
LU AN reverse transcription 111 cDNA Aszianuuansnezesnsuansesntestiulag 14
s Sruon 58 Tnsured wudnitinswedifies 2 4 A OPD 08 uaz OPD 20 $auiiL oligo dT VA tx1fumy
ezt unddadandlutenenminemily

ArdAYy: AReni-ATenf nsusmseanaestiy Curcuma petiolata Roxb.

AU aiusenidlu 3 nan (wiedmi, 2545) tiedarlunsda
SrunnuazAndeniuf il amnausiuganntu e
vihdu (Curcuma petiolata Roxb.) luielu nqiﬁﬁtﬂ?ﬂqﬁuﬁﬂTuLaqm‘}hm'ﬁfm ATIARALANY
n§uNTIA8 (Eucurcuma) Audniineglunta  uAnsnavnaiugnesa @ung,  2545) 1w nasld
neiusenideamileeting (41, 2539) dnwmir  microsatelite markers SanfUANHOEIMIAIg Y
dulimuduunlslin ssuusindlunndesuasll nisdadauunaneniudaiiuiu (Curcuma  longa L)
Huszananng lreniduduluden Sdufitun  RlanBunsine sessznalng srunsoduwnl
wileAududdufisudiaanmulusnsiaiu sy 3 ngu (Munassd, 2549)
Waududouiia¥etensn dsdananazunseanin © ABNeAMAABUANNLANENIRLgNITNInY
anBnnlneteavesiduiion dnvurresde  Wistewneluanailegiaefunaieds dunaila
'mamh neudne ludsshugplliGesaduiuluudas ARe fi-Wdens  (differental display  reverse
Hu lnlszuniseenithy 2 dou ﬂﬂ'luﬂsvmumuuuu transcription-PCR)- {hAansuiledi 14t ewenay
frnauanefnaessioed 56 fuluduillifieen  wnshemeRugnasu Sedinenmgelumsfumiui
ualulszivdouanaiididenseufivaeiiey 10-15 - uanseenuansinefiluszFuenfiue Welddaduun
Fu \Dudouidinen (edrs, 2541) ﬁ’:%umu'lmy' uazusnfuiuanseanme lFanmiivannuanelaidn
il Usetamilaenisgniduliinszansuas s auivludadeiisneiu lemelfanwiandendis
AaN (yMsdnf, 2542) ﬂ?:Mmlmm'aanﬁo%u'lugﬂ nawasnuLlad (Liang and Pardee, 1992) Kati33nns
gpaiiuflugalszmaluaauung wouglsl gy afnenfifued insuanseenluuiazdiurecite
M (R, 2547) URTANANNABINITIRIAAIANY  MTIRRBUAMNINENTIEULE anifuiin  reverse
'lvmmwauwuﬁw'n'lunauﬂvgumua"n?“v-m')‘lﬁwuq' transcription 47N mRNA 19y cDNA Tae/ 4wl
Wndanntu atslsfimuiiiesainanmuandeniing  reverse transcriptase WAz anchored primer 131 CDNA
FansuAnseaNTBIRNELETsINg meldfnisnsz  AIKlUAANsEIUOL CDNA  Ha random  arbitrary
mqﬁmjﬁmwmﬂmqmm‘lummwammumﬂm primer LAZAINARBLNTUAAIBENTBSET LANANTY
'51uunimmaw'1~amwo'lun?mww'nnmu'lnﬂ TneldwderAiaunediaadianinsWida (Stein and
IndiAeeiu feasdiuldannisdauisisanasiulas Liang, 2002) elduouddueiisnefuanninesi-
Mdnwoemfugu aansodauinguld 2 ngn Afend  AniuouAiBuedindmlumddua
wiilevnmsfimnguunulaltlmiaansoueniisana (Kiutmuang,  2003)  deazinlimsudeyanis
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al s o
nsAsIadauMsudnsaanaasgunaenulululseau
aanftulaemaiiaffensi-idand .

wugnasu Tnedduanldarnisninlleanuuy
: o
Iwswaf (primer)  wianwsu (probe) e 14 luns
{UUNWUE AsrrasLAERUEINHAN WaTfidaNnn
'l-nxﬂugwuﬁaqamummmmﬂiqwuﬁwmuﬁuu
ﬁm‘mnaumamemmw'mum?ﬁnmmqu
fidnunuzsiner vestenenindiAesiu 1y Armenn
denen Anen sanvisdndandeecludssiudauiuas
o ' g o ' -'l’ - 4
Tutlsziugauane Tedneuzmaniignasunulnetiui
fAudnzanzay SnqusrasAaeansdnmnaieil
ensasaunsuansaantasiuluiafunddnwoe
Tuszdusinaiu Inglfnaliansdaluanaremaiia
-l =l ‘al al
ARENSN-NanS

@ﬂnswua 28n19

AANUENY
ﬁui"nﬁ'l'nﬂam'nuwummumnmenuam
NN /B NGNN 1 ﬁuﬁuluﬂrmuﬁ'nmgmnmﬁ 13

aetaman uazngui 2 FuiiilunlsziuBmtenndn
1 3 989%0mRN (NN 1) ﬂzgnﬁwmﬁq%uaq'luqq
e 6x12 B9 o GeumzdnanznsnsAnans
aanendedeslua quitusastnaie lussaznig
wieudiuln 4 svee Wun sveclusen ssusdanangu
STHLTRABNLI UALITHEABNATIABNUINL NENAY
12 614 iuaz 1 fetina

M3aNm RNA

Lﬁuﬁfmehe‘lu ludszaudauan uaslurlsedu
dquuwmm‘numnuﬂmluuﬂ*mq'] wnmq‘ﬁwmu
uthud i mmé’ﬂamﬂmnau 2 ma Wenily
annenfidwe  Tnaldy AN Trizo™  reagent
(Invitrogen,  U.SA) A3 7 uuuanfugaansiadl
( http:/tools.invitrogen.com/content/sfs/manuals/trizol
_reagent.pdf) anduanin enfiduieniafaldvia
DNase digestion Waren genomic DNA Tuuljjizen
Usznaudqeenfidue, 1X DNase buffer, 1 mM
MgCl, 10 mM DTT. diH,0 WAz 5U DNasel s
gounndl 37 o1 e 1 dal Anudin 2.5 mM
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EDTA wgmufjisenveeulnifguuni 65 o 1flu
- ... 3

1981 10 17l AsaReUANINMINTBID e ko

35 ambaiadidninswida

MsALATIZI cDNA

'l"ﬁ‘qmﬁﬂm SuperScript Il
synthesis system for RT-PCR (Invitrogen, U. SA)
n13&AUATITT cDNA AN WNLNITUgAAIIAR
( http:/tools.invitrogen.com/content/sfs/manuals/supe
rscriptilifirststrand_  pps.pdf) 11 cDNA M
peaaauAnnNiEiFenitdens taeltinsuef
ndhB up (5-ATG GTT TCT CTT GGC TAT ATG G-3)
wazndhB down (5'-GCA TAC GTT TCA TGC TTG
TTT GAG-3)

first-strand

msnagaulnsinad

4 cONA aniatnaiiiensangs W 4 ssue
Iun srerludeu sterdenangu ssavdensnuiu
uazszazaanadamanusnuiu (lutesanusazsses
uendauaeslutszaudauanauasludssiudau)
squiu enandansesg s 4 lume i Aens
f-Ad01F Uszneudan forward primer 58 i 4ail
2U4m 10 bp (OPD01-OPD20, OPF01-OPF20,
OPAB11-OPAB19 UAY AP-AQ1- AP-A10 u3¥m 1%
Base UsumAnaie) uas reverse primer 2 Tin
21419 14 bp Ad oligo dT, VA uazoligo dT VG %1
UffFndoedeulaiens #19Bean Asiingss
(2549) ADANHANARNTGNT Mg dIH Olu'iTMﬂdou
1:20 LWﬂ'l‘nLﬂumuuuummuﬂgmm PCR ?ﬂ'UVIMN
Tmu'L"n'Laﬂu‘lmmmumﬂgnsmmuaunumqu?n
pIaReLNAT A Fae Indar A efaad dnTnsivs-
a Feuwtiuant e siver nitrate

NMSAFIAHAUNTUAAIDBANUDIEU
A99948UNNTUAAIBONTBIE LT LAN NI
TnenalinRAensA-fdens Aadeninsma il
AnsuzrILnuMAINUAIEUaTiANANT A 14
Inswefdai@en 6 InswefAs OPD 03, OPD 07,
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OPD 08, OPD 20, OPF 10 uar OPAB 11 @fu
reverse primer oligo dT,,VA ¥nUfjfiseniduimeniu
?”Tumum?wmmuﬁ]'"l,wnum'ﬁé'wéq'-mn%iWWﬁﬁ
(2549) AAFILHANUANANIBILDLA L'Sumﬁﬂ?’mg

HANISNARDILAZIANTL

MSaNA RNA
-k — ¥
Tadunldlunnmasasaasnguilanwoei
A | i el = o .
wansinariupe Tunguin 1 Nludssdu@aamuinnds 1
: . ol g
W3 189 denen doungui 2 Hludseiv@auytien
. ; - e
n91 1 11 3 1eetenan (nnd 1) enfidwenaialély
X o i y = f] "
Wiaesiu (N 2A) wudrEnnstwidlauans genomic
DNA @wenadanasiansinlfizeidans waznis
ARTPINTudAIeaNnT0dtiu 1iesann genomic DNA
M linansvaaesnlalignsas (Dunican et  al,
1997) assaanidnnstuitleuninaty Ineldiawlsd
o i
DNasel (N 2B) naunnsdaimsizif cONA o4
Twsiwef oligo dT MamsasaauAnNIWLEY cDNA Tag
wallafdans wswasnldAe ndhB up  waz ndhB
ay v oo X o
down HATIAAANLLOLURY cDNA NiATulawn
3280 500 bp (MR 2C) WNENUOLIARIATAN
2NANA1ANYY wansIiiiudnnsdainsied cDNA

Figure 1 Sampling stages of Curcuma petiolata Roxb.

A: pink coma bract more than 1/3 of inflorescence;

v
tszauanudnFauarliinisuileuses genomic
DNA #edmnniinsudieuses genomic DNA azwul

aa ey ‘e a
unUTeNALaueNNIUA U9 u0LT8I cDNA 9
v
\ipau (Maier et al., 1992)

NMsARNTRNA InsLNas
N3AANTEIA INTIEINIMINZANAS AN
2 - = o ol s
WnUFuaduetinuunals wazuandannlad
PFnawnn lunrsinljisenidensaiausn wudn
gunsaiNFanold wildanwnsidusessnasaiiias
uarlitsnguoures Aduwe (MmAl 34) Wesan
aa a v a o a
IUIABILILA B We R N AN BLA LU
= X s o -
NATUSUIUNIN  (§3unf, 2552) @1aiiAaIn
calg o - Yl a o«
Inswefndfiduwuuguuasiiaunnduiies 10 Hara-
lalng ansduduAdwesuuuuldvananiumus
i Tnumduelduoudiuiunnn edlsf
A o - a 5 &
ANNBUNNANARYE PCR N lFluaTusnuniaaany
waldidwiuuuylunminljiteideniaied 2 Ty
1 - 1 =3 : o
g Inswefian nudunumiduelsngaudaau
(n ¥ 3B) wanslsiudn Inswesgunsadzlududu
o 1 H o z ﬂl
ATWUUINAIUNITNINTUAINNTANL TN U
nananaNNaanFluasawsn danPRasiu Roux et al.
(1998 Anwn1suntiufineuauafasanduly

B: pink coma bract less than 1/3 of

inflorescence; 1: young leaf stage; 2: pre-blooming stage; 3: flowering stage; 4: first floret blooming

stage

232



- al o o
nsmAsIagaLNsudnsaanaastiunaranululudszau

aanhtulaumaiinffensi-iaens

A
gnomic DNA

28sRNA
R

e

18sRNA

A

1031 bp
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Figure 2 Total RNA and cDNA from each stage of Curcuma petiolata Roxb.
A: total RNA without DNase digestion; B: DNase-digested RNA; C: PCR product amplified by ndhB

up/down primer

Lane M is GeneRuler" 50 bp DNA Ladder; lanes 1-4 are young leaf stage, pre-blooming stage,
flowering stage and first floret blooming stage, respectively.

Figure 3 Amplification of Curcuma petiolata Roxb. cDNA by selected

primers of DDRT-PCR
A: PCR cycle 1; B: PCR cycle 2
Lane M is GeneRuler™'50 bp DNA Ladder; 1: OPD 03; 2: OPD
07; 3: OPD 08; 4: OPD 20: 5; OPF 10; 6: OPAB 11.
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Fuengueis mRNA differential display IneinAdans
anvpfatuiy T luseuusnvini@ens 40 seu Anwoe
J - : » -3 "o
wounfsaulusassnoun wouresdidwe lidaau
ml¥ensieanisiiassideya el lduanaald
Aienf luseuusnini@eanludnmdouniiesiedu ufa
U lviaWdens a8n25 seU wudLOLTRIAE W

o - x d‘ o - e alal b d'
ANdRAUNINTY Tan1siiFen Adenfasan 2
o : J - : 1 !

M l¥ansessnfr0u0uMNATU wazdnasanis
& - - 4 o o~ - '
Anrviuouresdiduenld  WeviinisAniaans
Iwsiaf ann forward primer 58 atia AaRanld 6

wsnfAa OPD 03, OPD 07, OPD 08, OPD .20, OPF

10 uway OPAB 11 fiannsniisnFunnisiuie
Whwneldluynszazmsiasydauln uasyndanaes
{iad §wsu reverse primer 2 il A oligo dT VA
uAz oligo dT,,VG 111 oligo T VG gty forward
primer 16 1lin 'luanumyunuw'luﬂaﬂu AN
LLmnmanus:mwmwwmmnau (hiuamatiaya)

wouresAEueRAstuilanmunily monomorphic
band Aay)nFisatiNFunuRISwemHauiulufmL
e wasving nswe i annsadin Funnes
Aduelud il daouuansing natugnass
dau oligo dT VA 'luanutu*vmunuﬁ'Lé'umﬁﬁﬂ'nu
uANFNAY (polymorphic  band) ﬂﬂNLmUﬂLﬂuLﬂYl
Usngluswnisdeniuuansineii (ngwon, 2548)
Aeanansatih W usnanauansinsswinataduia
ananguly

msuansaanaasiiulutiady
n'mLmvﬁmsuamaﬂnmfawuwmqnu
?"m'mm'ﬁ'uamnau fistdandlurlseusinet taeld
Twsinef 6 1iim g oligodT VA w1 OPD 08 uas
0PD 20 uoufiidnwaane ieldlnswes OPD
08 wudnWuaLTuansineii 2 :unade 835 bp uax
591 bp wumm:'tuﬁo%w?iﬁ'luﬂﬁxﬁuaﬁumﬁmam'n
1 43 193g0aen InBUOLTUIA 835 bp UAAIEAN
izl luyssAudauuu dauuouaunn 591 bp
uasspanlulussaudouany war ludszaugauuy
(Nl 4A) floeanlursziudauana uazludszau
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o fidnsnsfiumnsinaiude ludaues lussdy
douanailuiiegrastanandes Tausaslutssiy
muma@:ﬁﬂuﬁmﬁmﬁmﬂuﬁnummﬁmﬁou wsilu
Ussiugamanibifidenenten i 23 Fu ualaumesli
Usziudauunlsidenfntu (gsie, 2539; ars, 2541)
mnﬁnwmz‘?iﬁmﬁuLmnvmﬁqnmq nsUsINgunu
awnluludssdudouny  Feenaduiudiudui
pauaNansuzaesluLszFUdaLY luansiiunuwy
waluszaudauane uazlunssFudauun duiudiu
SufmuauAnEzieiiaesdou nsliwsues
OPD 08 F9uiu oligo dT VA liamnsomsaagaunis
uameentestuliluLsydudauuniisresdananun
UATIZETABNARAENUINLNY WeWeuiusyazdanan
AN wansiuauAduediatuiuiuiiuanceen
e luscardenenny dmiulnswes OPD 20 1t
unuTA 939 bp huaduiiflutsduAeayannndn
1T 3 109t008n Feiimsuanseanamylululsyay
dauuuiisrardenanuiy UATILLZABNATIADNUIN
1 (M 4B)  ilunaueiiuiiuanseanlussiui
mmf-;mn'lﬁ'lu?:ﬂ:;ﬁ witemanuiu mu'lumiuﬁa%u
fitluszduRauyiionndn 11u 3 1estanen wuuau
s0emSueRlifiANNANAN TN ITetng ARl
Wudnduifinnsuanseenlunnsrazmsnadiivin
mitsnguanifierasmnzsenguiadiil wnlad
n’n":mm:»\'w‘iuLﬁu'lun@'uﬁqatmﬁmn%uu‘s'ﬂ
senuuynsueflFianudmizianiuy st
m‘lﬂ'l'nU?"Tu'nu"Lun'mLmnawmm‘nuwuanum"
saelutseuunnsneiy Fegdaalinisduunvide
mmmwuﬁ‘lﬁqnmﬂmmmﬂm Tngfaisunanunu
'nmmLauva‘nﬂa"\ng’luumﬂ“?vﬂvmqmiﬁmuwaa‘ﬁ'a
pan Areunsldnafinffnenii-Ndend awnsn
Andansunafuassiunadelu Pper longum u
seevfugeu nUIRALOLTEIR e AUANANITY 48
uny agflunguasamaie 32 oy doulungunagny
16 unu (Manoj et al., 2008) _Lta:ﬁoﬁmﬂ'ﬁmﬂﬁﬂﬁ

UATITNMITUAAIDBNTBIEUNATLANNIIR UL

manly Calanthe discolor WAz C. - sieboldii {Eiuf
uanvaensniuiavum 66 8w wulu C.  discolor



d J
nsngIadauMsuansaanaastiunaeanulululssau
aanhdulagnailaffensi-iaans

e 4
26 flu uazlu C. sieboldii &n 40 fu Ten1suansean
-l -' a : : -‘ o aa -

asfiuniinlutlensazifaadesiuatiwunueddu
- e Y
uarn1sdednyryuresaesluu Nuansreiuaeara
Aa999UA (Park et al, 2010) atielsfinnuazdias
o - -l — o J 1 o
ANIUNNTIRNANAD HILDLTR9R B BT LANFNTY

o o -l' - 1 -‘ < o
lumarduianiinlu iNensiasauuasiugunng

ugsvaanuastiudmiunnsin s Tamisialy

G

4 wsiuas OPD 08 uaz OPD 20 $auri
oligo dT,VA FaematinRnens-Riens anansouiia
i cDNA  fuansiienanauansinaeanis
uanseanaasiuluinduiddsesluysysusnaily
Tne/lnswes OPD 08 fimudniwzsenguiladund
Tulszdv@aamyiendn 1 u 3 veetenen Wunuaue
835 bp Heuanseentudauaslunlsziudon Tunn

sraensestysiulen was 591 bp LNRaNTaRILTDg
Tnlszdudauane uasludssiudauun lunnszaznig
WiyALTmuiy daulweef OPD 20 Wuoudis
MM 939 bp MRAIEIWIzAENgN Tadufisily
dszdu@annninndn 1 T 3 estenan ludouzesly
Ussudauuy fisstsdenanumiuazszaznensianen
wsnuY

nnmAngsuUsenA

n'w‘ﬁ’ﬂn?qﬁ'lﬁé’umwaumﬁ:ﬁaqﬁu{
Aranguiuinismsiauirenewugldnenlling
tulssuilesnannnezssi WA UETLAYWNNT
Adgangudanududaiunaluladdanminems

° o o o &

AinWRLNTUR AN UAZASEAANEAaRTuaY
walulag drdneuAnznssunIsnIsgaNAnmn
NILNINANENENNT (AG-BIO/PERDO-CHE)

1 PB F FB 2 PB F FB

B

Figure 4 cDNA pattern representing gene expression in Curcuma petiolata Roxb.
A: OPDO08; B: OPD20; 1: with pink coma bract more than 1/3 of inflorescence; 2: with pink coma
bract less than 1/3 of inflorescence; I: young leaf; b: bract; c: coma bract; P-B: at pre-blooming
stage; F: at flowering stage; F-B: at first floret blooming stage
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Detection of.Differential Gene Expression in Tepal of Some

Spathoglottis Species by DDRT-PCR Technique
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Abstract: Spathoglottis is one of the orchid species which is popular for its color prominence in Thailand and
abroad. However, knowledge and information of genetics controlling color phenotypes in orchid is still limited.
Therefore, gene expression in tepals was carriéd out in 3 species of Spathoglottis which were S. affinis,
S. plicata and S. petrei. Differential display reverse transcription-polymerase chain reaction (DDRT-PCR)
technique was used to study gene expression in tepals at 3 different stages. The flower development period
wés divided as follows: flower bud, half opened flower and full bloom flower. Fifty-eight primers were screened
and only 3 primers, OPD16, OPF14 and  OPAB19, were able to amplify DNA marker associated with flower
characteristics. These DDRT-PCR markers may have potentials for identification of genetic variation associated
with flower characteristics of Spathoglottis.

Keywords: Gene expression, DDRT-PCR technique, Spathoglottis spp.
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‘AdATY: Msuamsaantesiiu wmaliARAeNT - Aenf Spathoglottis spp.
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unn@slae polyacrylamide gel electrophoresis WY
Faunuiinaulaiennsiinmsianduiionaleng
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i1 unas uazqdwidd hiAnsfitenldfueti

reverse



nMsAsIadauMsLAnIaanTasdufismsiulunfunan
‘ - -
avivluninunrislnawaiinfnaisn-naans

nfnene sunsaufulFdne dhlugnnsduuniug 9a
NNMATAMLING WAZNNEATIARELANNIGYEYRY
aneniug 1Tus (Chen et al., 2004) Tumduraiida
iuneilaanenfifdens inldlunsiianeinag

wansaanaevfiundqeldineadulunnin 3 9lia

suuuuanzasINsuansaanIastiun 1y AAnanw
Tusudiudgeiug Taaenalfiduesaamunadonlu
nsdnidenwugsel

'aﬂnscuua 28M9

msanAaNslauLe

-3 o 1 z - -

quiiusinetinsanigesiulumunn 3 1ln 5

Fantine NAmensinaiuAe S. affinis 1 feta @
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transcription Ineildgm SuperScript ™ Il first-strand
synthesis for RT-PCR (Invitrogen,U.S.A) ASIRADLINA
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MIANLTu0L cDNA  ludusewsiald wnlnsiwais
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NTuUaNaANAIA 1992) a1
L -3 a‘ v o & 2 d‘ 0 o = a
aN5iaueN lHunn DNase digestion IWBN1AAALEULE

affinis

(Maier et al.,

3 -2 ~I v =i -1
wudn wouenfiduenldiguniniau Tauuny
-3 -l o 1l ﬁ -]
anfiaueiinnuands warlifidouduitleuesdidu
-‘ [ 8-J -; } . | -
i@ (Wi 2B)  enfidueilddndnlinmunng uay
anunso M idundvuulunisdamsei coNA - Tu
dunausie Ul (Manoj et al., 2008)

2. MIATINNALAUMNUR cDNA
MIATIAGALATAN NI CONA e lwswed
ndhB 'N'a'anuuuwmmq'aaﬂumﬂmm'aan'umﬂu'm
aaalswanast (Maier et al, 1992) Warhamedeysa
-4 §i. e -3 P S
N1IN1 reverse transcription e fidwenanalaann
nALAANTBARBIRUIUMNINWLLOLY2Y cDNA Al &
30 o
nsuAAILOLNTARUIUNALITE L 500 bp AT
- a a - ay Y @
WeNUoUAL (nwi 3) Tanah duamslisiudanig
dapsesl cDNA bifinnnudiavuaes genomic DNA
di' al ﬁ ° Y o a o d' =l
Wasanndfinistuidleuazyinlinauoudidviedad
] 1 J ] o 2 [ 4
e unindn cDNA N4 iwdeaiunislde nswes
ndhB ludnalwanudnaunsadeimsziuou cDNA

IUIA 500 bp LW (Maier et al., 1992)

Figure 1 Different sampling stages of Spathoglottis 1) flower bud 2) half-opened bud 3) full

bloom flower
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28 sRNA I
18 sSRNA —»

Figure 2 Total RNA of Spathoglottis A: prior to DNase | digestion B: with DNasel digestion 1) S. plicata
purple color, 2) S. plicata pink color, 3) S. plicata white color, 4) S. affenis, 5) S. petrei

500 bp —»

Figure 3 PCR products amplified by ndhB primers 1) S. plicata purple color,
2) S. plicata pink color, 3) S. plicata white color, 4) S. affenis 5: S. petrei,
M: 100 bp marker
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wudnlnsiues 8 1ia g1unsafuiuoi e
Whvsnels Tnelwswes 5 1iia 1éun OPF13, OPF16,
OPAB11, OPAB12 v OPAB17 Widnmmurunufi
WANGN (polymorphic)  uatau & iflAusmy
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an 3 18im I¥un OPD16, OPF14 LAZOPAB19 &11N50
AUATITTR LB UIBTBINNAIBEN UATAINITORUUN
m’mumnoiwsxudwﬁomhw?q 5 finatinalé (mwﬁ 4)

U U "J ar
wanadiflug InsweiMmanzand mivlddnwnis
o o 1 J

uanseanaesduldlusnduselyl desanninswe g

-' a o 13 - 4 ¥
anunsiNlFa RS we i vng s uasnandni e
fRanounn (g3ung, 2545) daulwsadan 50 1in
TadarunsaiinlTunusiduedivungldasuyn
st (llFuantdieys)

4, NITATINRAUMSUAAIRDNADITUAILNALA
g L] - '
ARASN — Wiang
- « A 1 o
NANTTATIEUNNTUAANREN BT UN AN
. & . £ Y. a4 2
sEMINNAUABNIERIRUILMNAN 114 5 Fating ey
v
Bunudiduiesaeinsiueine 3 aiia léun OPD16,

Figure 4 cDNA pattern representing gene expression in Spathoglottis spp. Differentially displayed bands were
obtained by primer OPD16, OPF14 and OPAB19 with dT,,VG.

V = 8. plicata purple color
Y = S. affenis
2 = half-opened bud

P = 8. plicata pink color
M = S. petrei

W = S. plicata white color
1 = flower bud

3 = full bloom flower
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Plant Communities, Soil Characteristics and Nutrient Storages
in Fragmented Lower Montane Forests, Sa Moeng District,
Chiang Mai Province
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Abstract: Soil physico-chemical properties and nutrient contents under the fragmented lower montane forests

' were studied at Boakaew watershed station, Samoeng district, Chiang Mai province. Five fragmented forests
were randomly selected. In each forest, one sampling plot with the size of 40 x 40 m’ was used for vegetation
survey. Every tree growth which was higher than 1.5 m was measured. A soil pit was made in each fragmented
forest, soil sampling and analysis for physico-chemical properties were conducted along the soil profile. It was
found that plant communities were different among the forests. Dominant tree species were mainly Pinus kesiya,
Castanopsis acuminatissima, C. diversifolia and Schima wallichii. Bulk densities of the top soils of every forests
were low and had coarse texture which were sandy loam whereas subsoils were sandy clay loam, loam and
clay loam. The g fragmented forest had sandy clay loam in top soil and clay to clay loam in subsoil.. Most top
soils were strongly acid while subsoils were moderately to strongly acid. Organic matter contents were very high
in most top soils, whilst the total nitrogen were \)aried. The contents of available P were medium to moderately
high in top soils. The extractable K were high but extractable Na were low throughout the profiles of all forests.
Extractable Ca and Mg were medium to low. Amounts of organic matter, carbon and nitrogen contents within
160 cm soil depth were varied between 164.0-476.6, 95.1-276.5 Mg/ha and 9,048-19,845 kg/ha, respectively,
whilst, the amounts of OM, C and N were the lowest in the 2™ fragmented forest.

Keywords: soil characteristics, nutrient contents, fragmented forest, lower montane forests, plant communities

AT EATURNINENTETTNTNR AnInsAsAnanT ivanendedesln Smdndeddud
”ﬂmd;mﬁmunmmmfuazmmﬁnuuuéquqmﬁau wnanendewild Smindesiud

"Department of Plant Science and Natural Resources, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
”Fac,ulty of Architecture and Environmental Design, Mae Jo University, Chiang Mai 50200, Thailand

'Con'esp()nding author E-mail: ampaid4@hotmail.com

247



NMIASINBAT 27(3): 247-257 (2554)

UNAntia: Hnmamﬁlmqmﬂmw-mﬁuamﬁmtuﬁmmmﬂuﬁuﬂqﬁumlf;'r’n"mﬁmﬂumiﬂu fuitmisedams
Fuiniouda o. axiile 2. Feslusd MNUUAIGNFADENIUM 40 x 40 M3, Tuusiazutian]nduI 5 wis danng
m‘stutﬁu‘[mm‘lﬁﬁuﬁunnﬁu’luuﬂmﬁﬁqumfmndﬁ 1.5 1. useteAumINANANTLENINGY 1 MqX
i zhﬂuw'nuﬂfnuumnmqnuwmwaauﬂw donlurgilauanlu rienes nﬂuﬂuna“n"‘[ﬁtﬂuwuﬁ‘lu Wi Fiu
iuuu'tuvmuuﬂuﬂw ATNUUN ummum iy Siilevenuiduduiauhmne doumu‘numaLﬂumumumumﬂu
ne ﬁu&quumﬂumum luntieanl? 2 Aufuududuinmiom immowssiufuseduiumioouasiou
wilen mu'nuuu'lwﬂﬂuﬂ'ld'm'lmuu‘]un?mmua:tﬂunmﬂ'mnmmqnsmm'lumwnumq ANNIE Nt LD
aum'mmqlumu-nuuumﬂmnuﬂﬂuﬂwmqemn wihulnsiauiamuniindhuus fneanesaflfurstemdiy
.nmqmﬂauﬁﬁqmlumwnuuu Twuwmiuuwnnm'lo‘fumgmaamumwmwnuﬂwﬂﬁ wilnienilnmnaenduiy
Lmaﬁﬂmm:tmnuﬁﬂuw uaniAedlEi At hunanetesn Banoduies| mq AfusuuasiulngiauludAuan 160
1. NANEULIITUIN 164.0-476.6, 95.1-276.5 Mg/ha UAT 9,048-19,845 kg/ha muandu TnenSunnuduvidudng
mfuauualulinadlufuvtani 2 ﬁfhii'\qm

ArdAty: Anwusiu Uinnsinemwnsiuiu dmdeduveion thauaen dsauive

-1 o o X o ¥ o
AU Wuvdeniiiianudrftyseniunnuifuiadsns
o v-:'l’ ' ' -l
Taansugnin Wug iRt usgmaumtamnfiunum
x J s ] o x i 3
wungismawmiletealszmalnenumssns slenmmaunuaaaiug Wlunuin s uazaouin e
v - X ' ' o o d. o- v =l g LIRS ‘I
Winanuaeafisaueguansneiulumuszivany swlufegisualndifes lnafuuwaswsuslldie
Ak 5
§4789WUN (Santisuk, 1988; Khamyong et al., 2004)  Tsedn (@1lwuasAn, 2553)
‘- X o X o a a 1 a - Vv o -l o H
UnAvntuUnaquialUuunungen A ang iy AuluszuutnAl biinaridnuniransdu
o ’o’ A’ - = e =
Aaamll Uszinns 1,000 u. anszdudmaa Wl Au Aadawdn andEnnenienan taliuazdanan
: J k o J’ o o ' o - Z - ° o o
wumadueinariavanluiua g ity wandraiuldausiinessdenniies fusuiilinfiu
- d x J 3 ' ] - e
Aurniissanianwvuiwiindrlvanuendan  anmgReniAuszanmgUsuing aniEniandl
x J J J o a o ) o o ' Ly -
WuhgenwinAugaLssinm 1,000-1,300 8. e wesRulAnudAtysiannugananysafuaRulas
o : 1 - X o o - o
HldsFananautudnagu Tafiduauuargan  luiladeivueannuvainuatssesriiaiuglil
ro' 4\‘ -‘ J - - -l o - o va -l
anysolsn wuhgeiiduhdunnuasduwanany azBeiuacunanuatsesriawuglifasd
1) 4 g o - oa 1 13
doulvnnunszAuaTge 1,000-1,600 & 3edadu  BviBwasthannsemamyuisusinemstesniie
Yrduiendn dnddguinisinliideusssuazls  NdrmauasgAu (Pritchett and Fisher;1987) 15unnu
J a o -3 a o Y 4 -
uqut"mumn Lummnmuﬁqumuauqﬂﬂqaﬁu%u mafiniuduizedng miueuusslulasauwyludu
Anenll u.a"uqnmquwamummmumsmwmnm thavudennigs sesasrnAstuganssnd iy
dwam'lﬁmmumwLﬂumummﬁ'quumn'muaJHi 1 Unauuazbieds mudndy - (niganwal, 2552)
yirlituial Tnawderduveion  Aflmnauansing 01934 ﬂumﬂnmanmm.,d’muw-nua:annmmu’lu
fu vamgdendadauialug uvnamdendauialu trdvisndeduvdes 1 vuR U futianna
NANUATLNVEIBNETUIALAN mawile TaglamzanFnwnmanm aniamanad
- a A ' o e a P ¥
thaunmasduneen q anliiann mqﬂﬁzmmavﬁmmmqmms’luﬂu e ldidu
i) o x "o
pNgaNANYTRNYRsuANsneTY Auegfuniadn  de awuyuéwmLﬂuummaﬁuﬁ7vuuumﬂ'ﬂu
" ; o
Wiaiusliremninegan etlsimmhfivde  vumuRdwiseld

248



Anwurdianig Ansurduussiiinausigamsiuauhay

$ ol § ° o e '
wmudaunden snneasiil Saudndadvs

(4 Al
2Unsalua¥lansg

' v
ala o o '

ﬁuwmsJmmqu?wmuﬂqaﬁmmsﬁuﬁﬁﬂﬂ
w2 2. azidle A, Wealvad vineann 0. Wes A, Feslud
TunefiAmile 82 nu. I@aNUNSIINTIA 5 ntiawln
- UUAgNFRENTUIA 40 X 40 AN 1 Uase
ntiaa Tufindumdsulasdian GPS dadusanns
duiiAnge 1.3 1 anituauresifuuynduidl
AYNGY 1.50 . Ful AnnuArauGresmy
(Frequency) A2TNUUN LU Y (Density) AYTNLAY
(Dominance) ﬁ"nﬁmwi'\ﬁty (Important value index,
V) uazAafiAauuaINuANe 9T iaRLg (Species
diversity index) (Krebs, 1985) AnAuIBMNVItiaN
UnlwAeunnaan 2552 Taayadu 1 Mqu 398 5 wqu
fifiannu@n 160 1u. videfedu C uazifiufaetneiu
ANANNAN e AnEaTRNamann Wud A
ML NLAZIHAY AlAsziniInszant ey
aynARUlALAT hydrometer method waTuiAN
muLuMN19AUTLAT core method AATIEU
anTmadl Wun Ujisentesdiu (pH) Anudiuduzes
Suviedng Iulnsauionan Weanesad s ton
Tnunaden waaidoy winfiFenuatnAnsianaly

- ! 1 X dl 4' ° N
WWLE‘N’]N!J’J_ﬂﬂuG\ﬂWN')ﬂWUY! LWﬂﬂ’]N'JNLE‘N’\Nﬁ’W]

25 WA
- o
HNANISAE

anwnrdsannelungantl (Plant communities)

Fmnfirhndesn i Bnmissansdui
veutafuhAuanussAuaeane Selaiaiug
Wsuuasiulituegifuesdsznayluuday
vl Fusuansnaf (ns1edi 1)

velantf 1 Sszfunnugs 1,395 1. 410
seduimezia wuwudls 42 1iin T 35 ana 21 29
Wufliisiy Ae auanly sessannAe fed neld ra
wiu fArAnumanuaesastiawug (SWI) 4.65

welanifi 2 fisziuanuge 1,300 4. wu
Wugll 21 10n u 18 ana 12 29 WufLiiau Ae e

249

iAo 109RINNAD favuan auawlu ned HAr Swi
wiriu 3.65

welonf 3 fszAuAng 1,300 1. wu
Wufllf 40 18a u 35 ana 22 29 Wufldisiu Ae
rawdes snwnAe noullu evu fied fA1 SWI
Wiy 4.15

vtlaati 4 fsrFuAnaga 1,556 4. W
wWuflsl 37 1fia Tu 33 ana 24 A Wuf iy Ae
riautly seeaennAe nel wileaawsag liune A0
SWI winfiu 4.51 ‘

velautnf 5 fsrAuANge 1,545 0. WU
Wufllf 32 1iln T 28 ana 18 29 Wuflliviu Aie
218 seeaannie willeaausag Tiuss fewen Hed
SWI winriu 4.23

FeputaisziuAn1g 1,300-1,400 1, e
awlunaznedenduiufliviu fszduniugs
Uszanne 1,500 §. Jnautiuuasnaddiduling veon
Umaniiien swi IndiAeiu anduvdentii 2 &
Frsnnin Taemunesnniuetann uibingWinenia
Huvdeaau ﬁaummﬁuﬁuﬁ‘lﬁﬁwufm’luﬁuﬁﬂ'\
Aulnnanauii Aeudnaute ansfineutiiaswuly
MaiAeudnegadumnnna

sulAMImManw-adiuazlianusgaimsiy
AU (Soil physico-chemical properties ‘and . nutrient V
storages)

AulundenAunddngiuintiafuiu
Auunsiin %etﬁmwnmmammmﬁmjﬁuﬁ naglu
Sudfu Uttisols Simavmanvesfuaudewdnann audl
AoNANINNNGY 200 T wiALlumteaaf 2 Sms
WannresfuRuieanimeemiivae
1. @NLUANIINIEBAN (Physical properties)

uan1sAnEaNTANIanIan nesfuly
veisuhlFuanel¥lumsnad 2

(1) ANUUILLUTINTDIAY (Bulk density)
ﬁu%uuunnmj'auﬂ'\ﬁmo"idua:ﬁuqa"u"u’luﬁu%udw
Tnefpuduwsssninetent Audu A 189NN
veiganhTA WL INANN SANsiing




NMSEISINEAST 27(3): 247-257 (2554)

Table 1 Quantitative characteristics of five fragmented lower montane forests

Fragmented forests

Quantitative characteristics

E 2 3 4 5
1  Altitude (m) 1,395 1,300 1,390 1,656 1,545
2  Slope (%) : 36 38 42 49 45
3 Number of Species 42 21 40 37 32
4 Number of Genus 35 18 35 33 28
5  Number of Families 21 12 22 24 18
6 Basal area (m’/ha) 32.88 27.96 31.01 36.58 27.02
7  Dominant tree (%)
(1) Pinus kesiya 25.67 16.51 - 0.91 7.00
(2) Castanopsis acuminatissima 1.61 30.80 17.37 - 7.78
(3) Castanopsis purpurea 16.24 2.96 9.61 - -
(4) Lithocarpus elegans 5.80 0.25 10.22 - .
(5) Schima wallichii © 9.36 0.79 5.96 9.77 21.90
(6) Quercus brandisiana - 19.34 - - -
(7) Castanopsis diversifolia 0.09 - 10.80 33.22 -
(8) Ternstroemia gymnanthera 3.19 0.51 2.62 9.55 5.56
(9) Helicia nilagirica 0.91 - 1141174 9.71 10.90
8  IVI(%)
(1) Pinus kesiya 17.61 9.44 - 1.64 3.69
(2) Castanopsis acuminatissima 1.31 22.80 9.39 - 4.47
(3) Castanopsis purpurea 9.88 3.26 5.87 - -
(4) Lithocarpus elegans 5.41 0.42 8.11 - -
(5) Schima wallichii - .8.95 0.99 4.04 8.14 - 17.00
(6) Quercus brandisiana - 13.22 - - -
(7) Castanopsis diversifolia 0.30 - 7.34 20.16 B
(8) Ternstroemia gymnanthera 4.11 0.85 2.72 10.39 5512
(9) Helicia nilagirica 0.71 - 1.29 7.52 6.62
9  Density (tree/ha) 1244 1056 1769 1056 1600
(1) <50cm : 898 694 1447 733 1319
(2) 50-100 cm 254 278 268 235 217
(3) 100-150 cm 79 66 40 31 43
(4)-150-200 cm 13 13 15 31 22
(5) 200-250 cm - 6 - 13 -
(6) 250-300 cm - - - 13 -
-1 Species diversity (SWI) 4.65 3.65 4.15 4.51 4.23
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Table 2 Some physical properties of the soil profiles under fragmented lower montane forests

FF  Profile Soil depth Bulk density Gravel Soil particle distribution (%) Soil texture
(cm) (Mgm?®) * (%) Sand Silt Clay
17 A 0-8 0.97 L 11.78 62.0 18.2 19.8  Sandy loam
AB 8-19 0.96 L 8.79 57.5 17.6 249 Sandy clay loam
Bt1 19-31 115 L 11.16 46.8 22.4 30.8 Sandy clay loam
Bt2 31-47 1.03 L 9.72 46.9 24.2 28.9 Sandy clay loam
Bt3 47-73 1.07 L 11.27 48.9 29.8 21.3 Loam
Bt4 73-102 1.16 13 10.66 49.5 30.0 20.5 Loam
BtS 102-132 1.18 L 3.99 52.0 32.6 15.4 Loam-
BC1 132-167 1.21 ML 207 59.7 30.0 - 10.3 Sandy loam
2 A 0-(10/17) 086 L 2340 597 18.0 22.3  Sandy clay loam
BA (101 7)~33 1.23 ML 4290 34.2 17.3 48.5 Clay
Bt1 33-59 1.07 L 29.32 26.5 17.4 56.1 Clay
Bt2 59-104 1.156 i 23.22 26.5 26.7 46.8 Clay
Bt3 104-140 1.21 ML  21.38 31.6 34.4 34.0 Clay loam
BC1 - 140+ 1.29 ML 19.85 34.2 36.9 28.9 Clay loam
3 A1 0-10 089 L 16.71 722 18.1 9.7  Sandy loam
A2 10-21 1.06 L 14.55 62.0 18.1 19.9 Sandy loam
AB 21-34 147 * L 14.83 54.4 18.1 27.5  Sandy clay loam
Bt1 34-62 1.27 ML 14.88 51.8 15.7 32:5 Sandy clay loam
Bt2 62-90 1.34 ML 12.93 49.3 17.3 334 Sandy clay loam
Bt3 90-123 1.42 M 14.60 49.3 20.7 30.0 Sandy clay loam
Bt4 123-159 1.50 M 24.09 54.4 20.7 24,9  Sandy clay loam
BC1 159+ 156 M 2486 56.3 21.3 22.4  Sandy clay loam
4 A1 0-5 0.70 L 13.51 75.0 T 173 Sandy loam
A2 5-14 0.85 L 15.34 59.5 18.1 22.4 Sandy clay loam
AB  14-34 096 L 16.97  49.3 19.9 308  Sandy clay loam
Bt1 34-64 135 ML 1453 467 19.9 33.4  Sandy clay loam
Bt2 64-86 1.34 ML 14.25 442 20.7 35.1 Clay loam
Bt3 86-102 1.31 ML 9.60 44.2 20.7 35.4 Clay loam
- Bt4 102-131 1.37 ML 10.47 41.6 25.0 33.4 Clay loam
BC1 131+ 1.84 ML 10.26 41.7 34.3 24.0 Loam
5 Al 0-5 0.83 L 1.59 59.5 20.7 19.8 Sandy loam
A2 5-20 1.03 L 137 54.4 18.2 27.4 Sandy.clay loam
AB 20-36 1.13 L 3.09 51.9 20.7 27.4  Sandy clay loam
Bt1 36-50 1.19 L 4.80 46.8 20.7 325 Sandy clay loam
Bt2 50-66 122 ML 514 442 250 308 Clayloam
Bt3 66-92 1:32 ML 3.34 46.8 27.5 25.7 Sandy clay loam
Bt4 92-(115/124) 1.44 M 252 49.3 28.3 22.4 Loam
BC1 (115/124)-145 1.54 M 4.08 49.3 35.9 14.8 Loam
BC2 145+ 1.65 MH 4.50 49.3 371 13.0 Loam

Note * L =low, ML =moderately low, M = medium, MH = moderately high (Kanchanaprasert, 1986)
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ﬁu%uuutﬂunmzummn Aufusnadunsadaann
FunduieinquariulnauiiAgeigenn &
31104 P, K, Na, Ca uaz Mg winfiu 0.7-8.3, 121.1-
235.1, 5.1-8.2, 26.2-192.1, UAY 8.3-112.4 mgkg
HaAL (aIgAnend, 2652) uamalfiiulddni
antRreIAunARIEARITI usuansiulugu
IERTal gl LR PP Fanaznfinandvinarestila
Wufliiituey suiamadialvith

WBummsinifusigamisludy  (Nutient
storages) ‘

Lﬁmmmiﬁmﬁumqmmﬂuﬁﬁe‘m 160
g, vemdenthAunFmisedansfuine
uffo Wuansl¥lumsadi 4

(1) Yinnaesdunisdnquazaifuew
(Organic matter and carbon) NASANLALLEY
fuvidedng luduvdemfAulsdussndng 164.0-
476.6 Mg/ha veioanInfi 1 uas 2 fBunnutianndn
(164.0 unz 184.1 Mg/ha) uasueiaui 5 Fifunn
mnﬁqm (476.6 Mg/ha) AnutFunuamfusuludu
veiasnin 95.1-276.5 Mg/ha Aumeieani 1 uay 2 31
AnFuBuTiBENT (95.1 LAY 106.8 Mg/ha) veiantlfi
5 fBnnannndmeiexinay - (276.5 Mgha)

(@) Fndlulnsiay (Nitrogen) Wavusly
AumtianrflAnduuLlsszning 9,048-19,845 kg/ha
Tnefinsazansnnludufuuuussiosadlufudy
19 Auntiontad 2 ﬁlﬁmm‘luimmuﬁﬂﬂ-ﬁ'qm
yousieianli 4 Senanniige

(3) Vanueanefaiidudsslond
(Phosphorus) WeanasafifhulsylemNluduntion
fFunusendng 43.4-63.4 kgha Taafinau
fulsmadupnn@nuesiu veisang 2 1o
WaanaFateniign anzfivdentnd 3 f1unn
Nﬂaﬂﬂi‘amnﬁqm

(4) V3nruinunaidoniianals
(Potassium) Inunadesmanunsoanalélufumeden
UnilA19EM919 3,656-8,078 kg/ha lafinnsazan
anluAudugne Fuiraziinannissdrandy

vanuazgnamiinlauaynARuniien (Wikiander,
1950) wlanti 1 fifuuwunaduaieniign
wouFineong 3 ﬁtﬁmm?mmmﬁﬂumn-?;qm

(5) BannuuasiFaniiaiald (Calcium)
wraideaianunsoaialdluAumdeminfiFunn
$YM974 1,349-6,872 kg/ha welant)dl 4 H1Fann
unaduuteniign uazvteang 3 Hfunnenn
fign

(6) UsurnuunniiFanianald
(Magnesium) uwnnfidanluAuvetantnfiAseudng
587-2,121 kg/ha ueiant)nit 4 S BunnuuniiiFen
Yasigauazutiami 3 HBinmnniige

(7) Vinnaulmidenfianald (Sodium)
TnasnluAuntonlAulsdusendng 669-828
kg/ha TnemtiauIng 1 ﬁxﬁ‘mmim'ﬁ'ﬂuﬁﬂﬂﬁqm
snufvtiennd 5 Sinnanniian

Table 4 Nutrient amounts in soil profiles of five fragmented lower montane forests

oo oM 5 Total N Available P Extractable (kg/ha)
’ (Mg/ha) (Mg/ha) (kg/ha) (kg/ha) K Ca Mg Na
1 163.99 95.12 10,468 55.75: 3,656 4,833 1,102 669
2 184.10 106.79 9,048 43.41 4,962 2,933 1,174 790
3 277.52 160.97 18,239 63.42 8,078 6,872 2,121 821
4 208.41 120.89 19,845 48.62 5,460 1,349 587 787
5 476.62 276.46 19,020 59.36 4,534 2,543 734 828
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anuurdiani SnsuziuuasiFnusnaimsludulhdu

$d a @ . . - v .
wshiwaallundan auneasiis Sawdadaslusl

o «
AMTUNR

HANTTANEY uamdweiauﬂwﬁmmv’h
umtuummmmmuumﬂuﬁquﬁuu AuaaAu
uAnsinafuszudnaudentl Aufuuuludeunn
wearhfanwilunsada dnsAydamunzay
nunsasyduTnuesliauaalu (Amitage and
Burley, 1980) Aanultfafinilithuldisiurial lufoy
ynueiann Auhumtiantig 2 Smsimundaaesdu
AutiesndvdeminBundy inldAundesnii
Fnndwizedng mfuauuszsinemmman Idun
N, P uaz K Tudutieandmeieinau dausmenms
soaldun Na, Ca waz Mg liresumnsnausedng
wtiaaih SnviadesnisulBinoien deminl
ANnMvaINUATE et iaRug i ungam]iaundn
velantfiwde anwialusewmdesiinauansn
Woniinunedeuavauanaily dilisuiisysy
AYNEN 1,200-1,500 N. doufiszaudous 1,500,
Jul wunewtiuuaznstd Duldisiu uenanni
wudwmnﬁutﬂuneﬁu’lumjauﬂ'\ﬂ 2 Fennnnkes
funsAneues S1lmuazAn (2553) inuriawunn
FruamrziiszAAIINGY 1,200-1,300 . uanITll
satiensnsayALTRIE A AL AT DAY
wilunfeRuwiieatmne RuAeudreuts fhu
ﬁuua:qmuauipni

Wnumsindiuduizedng Amfusuuay
Tulnsaulufumgianiaunudnmmioadanissiu
ﬁ’njﬂ’ur'f':m‘]lu'ﬂwﬂ'mnmﬁ;mamﬂﬁmn”u
m3Anmaed aiganunl (2552) wuRniszFuRaw
an 120 2. WhAuamFnugnenuwisnises
Qi Ag g 1,208 1. aanszAutmzia
Wnnuduvisedng miveuusrlulnsiauwinu 229,
133 UAT 11 Mg/ha ANATAL adering 4 fiiavana
AetRnumsinitusigemisiudu Ifur afiawug
Liituiuesdszney Fngdusidlaau v
maamum’\wqﬁﬂi‘:mmmﬁuﬁ 1w ANNAIRTY
MR pNaaduienfinisazantessnes
AnNdTRANANAFUNAN (Handrick, - 1981)
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Using of Charcoal to Improve Soil Fertility for Sweet Waxy

Corn Production

i/

1@19Aus 1nad” uae ARsS 13’

Saowakon Hem wong” and Sasithorn 'Chualsuna"

Abstract: Charcoal is organic matter which is plant.nutrition source and C storage in the soil. This experiment
studied effect of charcoal application on soil fertility growth and yield of sweet corn variety Dokkoon 49 (KJ 49).
They included 4 treatments: 1) soit alone,.2) soil+charcoal, 3) soil+N fertilizer; and 4) soil+charcoal+N fertilizer.
The results showed that soil moisture contents under soil+charcoal and soil+charcoal+N fertilizer treatments
were higher than soil+N fertilizer and soil alone treatments. In soil chemical properties after sweet com harvest,
pH, E.C., soil organic matter and total N were not significantly different. However, total N tended to increase
although the .amounts of soil organic matter did not change, this probably due to short-term experiment (3
months). The change of soil organic matter by charcoal application must be long-term effects. At 60 day after
planting, dry weight and N content were not significantly different between treatments. At final harvest, however,
ear fresh weights were significantly different among treatments at 99% confidence in which soil+charcoal
treatment gave the highest yield (383 g/stem) and the. lowest was in soil+N fertilizer treatment (148 g/stem). In
addition, stem and cob dry weight were not significantly different among treatments. Soil + charcoal treatment
gave the highest stem (530 g/stem) and cob dry weight (0.21 g/stem). Soil+charcoal+N fertilizer treatment had
* earyield (160 g/stem) lower than soil+charcoal treatment, this might due to N fertilizer added was absorbed by
charcoal and may be released for the next crop.- However, the amount of charcoal used in this experiment was
rather high rate (5% of soil dry weight). The next study should focus on long-term impact and.reduce the rate of
ch_arcoal‘application in the soil.

Keywords: Charcoal, sweet com, soil fertility

" gninarnan ansansmnsuacmaTulal iinAngnduuaTuN 4.uATWUR 48000
" Section of Plarit Science, Faculty of Agriculture and Technology, Nakhon Phanom University, Nakhon Phanom 48000, Thailand
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UNAntia: ti'\ui;elﬂ'uﬁuw‘i"ﬂffmq'nﬁmﬁqﬁLﬂuuua'qmqmm? uazdoefiuinAfueuliludu meAnwuazesns
Tddusemnugananysnizesiu maasydun uasnandnsasinotwe Wugaengns 49 Taefingsadiauou 4
N33 Wun NenAa 1 Auetiaien (NenidaAauA) NIRAaT 2 Aurdnu nendan 3 Aujelulnnau uas
NSRAER 4 Au+dnuleiadl nanisANNLGY Nenidd Audnu uazdu+dnuelulanau faadugand
nessdsau+elulnsau ua.,‘ﬁuﬂeimﬁm Amdamafiuifendantne wuda pH, Electrical Conditivity, ﬁuw‘éﬂffmq
Tuau uaaBannslulanauioualudu Liffrunnsrefonesda wiBinotulanautomeiinn T fadu
faudinBinaduidedngbinAsuwadenadumnaiunsineszordu 3 dew) maAsdiag
ﬂum‘mmqmnn'w'ldmum‘lﬂﬁaa‘l‘h' AU m?mtumuTmm‘H’nTwmmamq 60 Suudsrgn wudn Lifiaaw
umnmammnmmmuunum uazBnndlulanaulududinaing atihslsfima duinuac@ninaadotwadleds
mqmumm WU HAan umnmamqanmwrmumwﬁauw 99 wWefiiuf Inenssaids A+ I wALAnnan
§9qm (383 ninslasiu) uaynssis mu+ﬂﬂ‘lu‘immu 'luunuam‘lnammm (148 nfusiedu) ama‘l‘rnmu s
whedu uaziadntnaileangiuien wuds biflanuunnsinnesda Tnanssids ausdw Whiwinudfedu
H#1nTwageqm Aa 530 nfusiedu uarlunsnida Audnu Wiiwinuedegeqa (021 niusiedy) Taansndaaus
dnu+ijelulanau (160 nfusedy) Weatdninaasndimslddniieethaien enaddesnan ulnaauild
m‘lﬂm@qnmuqmi’u‘lﬁ' UAZRNAADE ﬂamJaaﬂﬂﬂnmmnmnmm*ﬂqn'tuﬂnm‘hJ wiatinlsfinnn Funnaes
i W lummenesiliidnnAeutnegs e 5 wefidusd teniwinAuuks msfinmefdalaaninmsAng:
ranssnulusezeauarangnanslddniliilenn

ArdrAty: dw dntwadrawmiisovnnu anugananysafuesiu

A hilnsiau eavieFa uazTuiaden wieszano se,

096, 1.12 uar24 nlanfusiald muarAu lunna

Alumanziusend@swifaduduideo  ndufu diildanmardalusnmiifesndiausii
ganauysafindadusmguilsfivnliiefignlu vidaamwasuANgamnR (sxuulle) Thiunuanfueu
manziuseni@samilefiuan@andn dw (Charcoal)  ludnusesiodumdentt 50 wefifud (Feamside et
DudagiinlusnmiiiBinuesndiauin fuss  al, 2001) Tandienlussin Aedeiigamgligatau
avanAfuay uasiauatosgeannsofuinnld 400 - 600°C T FunnunanARdIu wazFuan
TuAuldunte 5000 T (Panya and Lovelance, 1988)  Anfusufiatios (stable carbon) 82-97 wefifus 4a
uanaanfu nasazandiulududafunisan gendmasnuuusnide (< 66 wefidusd) Bruun
mfum‘lmaan‘l'nm"luu'ﬁmmﬁ%Lﬂummqﬁ'ﬂﬂan et al, 2011) atalsinn Usunouanfusuludu
Fould atinslafiann Erngnisndadunasmuuy ’Euaqnu DAL e ua*qmuquv\'mun'mm u
sruudlafi BnnenfusuludoumiiofnAumaaie amw'nmauﬂ‘imruaum‘ams‘uaummuﬁﬁmnums
2-3 wefidud Lﬁaqmmﬁmﬂunﬁﬂmuuuaumtﬁﬁ Wndunednguiednsinistdondaartanas
Pannuguuuiinisien Useannd 300°C uasfitfsnny (Sauerbeck, 2001) mstignfisazan1iluuamas
aandiauguiniilF i e fuey mﬂ.ﬁuLﬁmﬂ'mﬁﬁmm'lut‘a"mmﬁmmsﬁmﬂqn‘lﬁ
Heandnisuwnszuulle wifiBunoudannndn  Aaliineasnsdaulngiiuda naswnilusslom]
Hemwang et al. (2008) 116911491 3anmus sl unndmslanausiniigadlyludu Fatlaqitu
waes nnswuuuszindaitiuimumfuen  flandinslandesarfusuainnisntszann
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3 a ;
mslgdulfulgsduiadgnitainatramileananu

47 Gt C/y e Bannannmwe 7 fugmsnsun il
fudeinas (Uszarue Gy Tull 1990)
(Goudriaan, 1995) msiinudaenluszuiifi Bano
aﬂ’nimua‘n:'ﬂ.umﬂ'?iuqumuauumhmﬁutmams
ﬂmﬂqqqmauummqmu NNTININ LAIINNENN
uanani dudainnEs AL TausssIRaTNTNT
(Lehmann et al., 2003) Lehmann et al. (2003) Lay
(2008) wudn  duluAudoniia
UsrRvsmwaea]elulnsiau uazﬁi'wu’iumaﬁqmwf-g
AuviatTluA (microbial biomass) (Steiner et al.,
2004; Glaser et al., 2001) Taiawzetngda msld
duadlluAuingamnsanlalaivesdelila
1991 (Wamock et al, 2007) atlsfiau aan
AuaNAfsfina1nduiuiinaulalunisdnm
ENTNATDAUNTUADAIINGANANY TNITDIAY UAZNAT
Lf-a‘?ruLﬁUTm'uaﬁmTwmﬁ'mmﬁmwmu?uﬂuﬁm
ms‘ujnwumuueua"umquﬁmmﬂmﬁmmmn
uavmu'ﬁmgam?ﬂnmuﬂﬂ Faru msfinnaFilling
dmainmawnluszanile (close system) Fadlt B
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HATDIAMUANTANIAATTE A UNAINIT  uansanealiA Tnelunssud Au+tinu HAgeqe Ae
Wudgadrntvadiaeny 90. Sundlgn wudn pH, 530 niusiedu uaznsnid Aunelulasiau ffn
E.C., BuviFainglufiu waztBanndulnnauiomnly mqm 72410 niusesy muumummciaﬁwiwn
fu liflAnauansinariunwadia (1347 2) deangifuifin wudn Saouuansinemnsad i
Table 1 Soil moisture content under different soil amendments at 20 days after emergence

Treatment Soil moisture content (%)
1) Soil alone (control) 7T
2) Soil + N fertilizer 5.57
3) Soil + Charcoal 850
4) Soil+ N fertilizer + Charcoal 1081
F-test : .
C.V. (%) . 24.01
LSDy 1.38
* = Significantly different at P< 0.05
Table2 Soil chemical properties after sweet waxy com harvest
Treatment pH(1:25H,0) E.C.(mS/cm) _Organic matter (%) Total N (%)
1) Soil alone {control) 7 464 - 0.030 1.37 0.084
2) Soil + N fertilizer 4.49 0.043 1.44 0.088
3) Soil + Char;oal 4.61 0.040 1.41 0.087
4) Soil+ N fertilizer + Charcoal 4.57 0.034 1.55 0.093
| F-test ns ns ns . ns‘

CV. (%) 295 28.90 13.03 10.72

ns = not significantly different
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Table 3 ' Sweet waxy com dry weight and N content at 60 day after planting (DAP)

Treatment Dry weight (g/stem) N content (g N/stem)
1) Soil alone (control) 25 0.55
2) Soil + N fertilizer 30 0.38
3) Soil + Charcoal 31 0.67
4) Soil+ N fertilizer + Charcoal 30 0.50
F-test ns ns
CV. (%) 35.11 30.52

ns = not significantly different

Table 4 Ears fresh weight, stem and cob dry weight and N content of sweet waxy corn at final harvest

Treatment Ears Stem Cob Stem+Ears.
(g/stem) (g/stem) (g/stem) (g/stem)

_ FW DW N DW N DW ‘N
1) Soil alone (control) 218 430 0.012 0.17 0.001 649 0.184
2) Soil.+ N fertilizer 148 480 0.005 0.11 0.0003 628 0.080
3) Soil + Charcoal 383 530 0.008 0.21 0.001 912 0.179
4)" Soil+ N fertilizer + Charcoal 160 410 0.009 0.16 0.001 570 0.147

F-test * ns ns # ns ns ns
C.V. (%) 31.55 27 47.72 2763  39.61 26 43.13

LSD 115 -

05

- 0.07 - - -

** = significantly different at P_<_0.0i, # =significantly different at P<0.10

ns = not significantly different

‘v 2 5 § o 2 - J -
seAUANEeTU 90 Wefidus Taunsssdsn Au+ily
Tulnsiau Winminudadesinga Ae 0.1 nfusiesiu
uarlungsadd Au+dau Widhwinuedagegn (0.21
nfwsiedy) Wunlulanaulusu 4 usslulnsiay
H - : - (-l )
vanunvasiranadiaengiunealifiauuans
NWNATH
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Ontology Development for Rice Processing Knowledge

Management
Tsa5u 9Aia", sila wnswedATws" Wity s1AL29A 7 uaza3d seyieayna®

Rosarin Akanit”, Thanit Putthapongsiriporn”, Namfon Lumdabwong” and Aree Thunkijjanukif"

Abstract: This paper reports the results of the development for the rice processing: ontology construction which
is a knowledge base for describing and categorizing of rice research keywords. The method of ontology
construction by the domain experts is divided into 2 parts, the first part is an ontology development procéss and
the second part is an ontology evaluation process. The first part consists of 5 steps as follows, step 1: collect
the domain concepts and terms from the literatures of the rice research, step 2: completely update the concepts
and terms in the previous step, step 3: define the relationship between those terms, step 4: verify these results
by the experts in the field and step 5: developed the rice processing ontology model. Nine categon'eé of rice
research concepts are identified. 1. Thai rice standard, 2. Rice quality, 3. Rice production process, 4. Properties
of rice, 5. Types of rice product, 6. Rice compositions, 7. Rice products, 8. Measurement tools 9. Machines.
Rice processing ontology has 907 concepts and 1863 terms. For the ontology evaluation process, the
evaluation model is divided into 2 parts which are evaluated by 17 domain experts and user evaluation by
comparing the. effective information retrieval between the Ontology and the keyword searching. The result
revealed that the ontology method could improve the efficiency of information retrieval based on Recall to 0.382
when compared with ‘keyword search which gave the value of 0.074. The comparison shows that ontology
searching is superior in retrieving the relevant information in the database system. The ontology technique will
help in the classification and explanation of the word meaning for organizing the rice research database system.
In addition, it can be developed for other specific purposes in the future.

Keywords: Ontology, rice, rice processing
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~Table 1 The amount of concepts and term in rice processing ontology

Order Concept Concept amount Term amount
1 Rice production process 192 467
2 Rice properties 92 156
3 Rice compositions 96 270
4 Types of rice product 36 62
5 Rice products 167 358
6 Rice quality 102 161
74 Thai rice standard 82 121
8 Machines 136 258
9 Measurement tools 4 10

Total 907 1863
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Table 2 Comparison of the effectiveness of ontology search and keyword search.

Keyword 1 Keyword 2 Keyword 3 ~ Keyword 4 Keyword 5§
Evaluated Rice Rice Mean
Products Rice Quality Freezing
Properties Composition
Keyword Precision 1 1 1 1 1 1
Ontology Precision 1 1 1 1 1 1
Keyword Recall 0.006 0.015 0.004 0.3 0.046 0.074
Ontology Recall 0.429 0.295 0.541 0.046 0.382
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Farmer Management of Check Dam in Khun Changkien
Village in Doi Suthep-Pui National Park,

Chiang Mai Province

259Ne AAEURT URZITNAY DUNSAANWS

Worawit Pilailar’and Wallratat Intaruccomporn”

Abstract: This research had three main objectives : to study check dam management, to identify appropriate
n’w'easures of check dam management and to examine problems and obstacles associated with check dam
management for agricultural practice of farmers in Khun Changkien village. Population studied were 246
farmers in Khun Changkien village. It was found that farmers managed their check dam in the similar way as
other groups. Management process included four steps: surveying potential area for building the check dam,
convening village residents in order to divide them into groups that were in charge of building the check dam,
building the check dam, and inspecting the check dam in order to evaluate whether it meet the standards.
Nonetheless, the check dam was not maintained. Appropriated measures of check dam management
suggested by Changkien residents included check dams or a large reservoir should be located in close
proximity to agricultural areas and should be strong. Finally, problems and obstacles of check dam construction
included tough topography of the area that a check dam would be located, delayed tool relocation to check
dam construction site. In addition, some check dams were not utilized efficiently.

Keywords: Check dam management, check dam, management process
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Biochemical Blood Parameters of Goats in Southern Thailand

q5 ouz” asw aquana” uaslleduy dulnyse”
Suthee Rattana”, Orasa Arunsakul” and Piyanan Sangkhapa/toon

Abstract: Biochemical blood parameters were determined in 1,075 goats of 8 provinces in southern Thailand.
The goats were categorized to 4 different age groups of female namely aged under 6 months, between 6
months-1 year, between 1-2 years, over 2 years and 2 age groups of male, i.e. under 1 year (young male) and
over 1 year (buck). Thirteen biochemical parameters namely Total protein (TP), Albumin (Alb), Globulin (Glo),
Calcium (Ca), Phosphorus (P), Magnesium (Mg), Blood urea nitrogen (BUN), Creatinine (Creat), Total bilirubin,
Uric acid, Glutamate oxalo-acetate transaminase (GOT), Glutamate pyruvate transaminase (GPT) and gamma-
Glutamyltransferase (GGT) were determined. The results reveals that almost all parameters were within the
range of reference values, but only TP of young male and Ca of all groups were slightly lower than the reference
values. Ten serum parameters, TP, Ca, Mg, BUN, Creat, Total bilirubin, Uric acid, GOT, GPT and GGT did not
show significant difference between two genders (p>0.05). Ca, BUN, Creat and Uric acid value were not
significantly different (p>0.05) among age groups, but TP and Glo increased while Alb, Total bilirubin and P
decreased with the increasing age.

Keywords: Goat, biochemical blood parameters, serum, southern Thailand
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ADUNA (p > 0.05) A8 Ca, BUN, Creat uaz Uric acid #2uAN TP uas Glo wm'uwmsu 'luﬁlm"w Alb, Total bilirubin
uay P uﬂ'\ammmuﬂ'\qmmuw:mwu%u

ity une Amnsdaeiihuden 35 melivenlsznalne

uni mm:awmmuﬁuiﬁﬁtgm A0RGEE B
| pvnsTieawe uazmedamsfimnzan i 'mi'lﬁ
mﬂ&v'muw"lummﬁuﬁmﬂ'lﬁﬁﬂ%&ﬂuﬁ Yadutlosiulsa drewend mmmmﬁ?mau mum
Apadhudnuou 83.34% -nmmmumqwﬂuw Foamy  mavifufanaansialn dueiniadedude
Tuszmdlng Taefidauuume fRuviovun 4782%  awns (e, 2005) maBauinuncandudndiinu
maafiﬁmuuwv-?iLﬁvm’luﬂsvmm aans, 2553) dau pwnsldirauinsdaelilszaunadidagegaies
'lmymﬂam‘lumﬂ'lmLﬂuuuumﬂﬂﬂﬂ pountaerd-  EFuenslsmamcuazemnaduiifinane
5 §in TmﬂmmﬂsvmﬂLw'am‘[nmﬁmm.,ﬂ?vnﬂu Wurewnstilunsdifiandu urededesuisnnedn
Fanssunarnaundaaty Wy, 2005) unzdnulug WAunssmnamzunailudadinauisng i
L{']uuw:v"vfumm WlKFunsUfdgaiugbienzay Faazdenalinisuaniuglifius=@nsnn Wl
mmﬂwuuauam u‘nmmgﬂmmnumuunmmﬂm vat uaziignMIgydegs
Wt 2030 Alanfu N9 N ITae 1L (LR ILY Singh et al.(2010) na1n i3 NImsaA MmN
wnvanfome saeliliFumeguadestsnetng FniaTveadenunsaatasszazaTimanzay i
Qnmm s Tapmend aaLhnuaziinidlen Tzaugiala mwmﬂrgmm‘umm?“muamf::mﬁmmmi
Fa s A uanAn A flaquiunsinle ummmwwugm ﬂutﬂuﬁﬂ”l.mLLEﬂu'lummmﬁ’m
inflEdnsirunsnalsmadndeeuay  adelml Weeainuan1enading 1 gnasnsd
ﬂﬂﬁﬂ‘ﬁuﬁﬁdLLW"lﬁﬂlLﬂ"Lszu}J IHuriugau Wug 'Jﬁuaummmq‘{n'nmm? ﬂmﬂuum'\nms‘lﬁm
woalnayifien wasWufues Tnadqaussacd We  ewnsfinannm uasiined Samslsensfinnzay
ﬂmﬂiquwﬁummua"mnmu'lumeumnﬂuwuw Wilswenanmzgunmiagsan uaznazANNRaLNG
pingT mmm@quﬂﬁvawﬁmwmmammmmwauav 199ianednd iy nevinaLeedRy ln vieedeny
uu'lumm uAgelaiumdvaneiinluiuiimel etinelsf ity ﬂnmﬂammmuwamqvmﬂﬁmmmu
Ansdsduns Wlszauanudnida fesdniltienan ranssvusieguMwIesdnd 1ty ansii Hayaitldan
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m?mmqmmmummm’lﬂummwuuummlmﬂq\:
n1sliams nsguagunin Weldnndaaunsd
ﬂ?:ﬁﬂﬁqumm (Ingraham and Kappus.,1988)
MsAnIA M TnATluE Suaneunsi e
'lummﬁuwmm'lmmaum alszasdiite. iudaya
wugwum‘namq:msmm A1 Mazneinguinig
UAZANEMIINYBT LA 1R

L4 sy
atnsnluagiinng
B e
NISINUAIDENY

N .
InusatIvaenunsiaesly 8 4audn
mAlAe uAsinITmT qeenfantl e nesdl miie

ANQI A9187 UATARA Tudaableunanan 2551 GNl

iRuRNMNLE 2553 Tmﬂmszqum AnzUsTIIN 8-
15 W1 5z 10-25 i soaedu 1 075 fa88i9
‘Emﬂmeﬂunaumﬂmqmmwm DY UATAMTTRIA
VRINTALIRT]

meuﬂmumvmm 686 Aaatine ueniu 4 ngqu
2E7D

- 20yl 6 (AR A M9w 147 Faating
- 914NINNG1 6 1hew - 11 fquou 178
BN '

- 21gunN9n 11 - 2T 41uau 175 faating
218NN 2 T S 186 faeting

AL auNn 389 Waaeine uaniflu 2 ngu
mmﬂﬂ?vmﬂmmmmmuﬂxmﬂﬂa
Wewug (81 > 1 ) Sau 187 et
unzeu (wAgengiianndn 1 ) 4wy 202

ZPLERY
nafiusedradeninlagnisianzainidy
RaARNLSIILAS _Wuguler vein) 1Fuws 6 Aadans
'Lduaﬂmmnmm mifm@munwmiummw 30 w1l
uﬂmaﬂmmmmmn mmmmum‘lﬂﬁuuanma
| Lﬂ‘:‘m-Centnfuge ‘vwmummmqummmmmu
1500 g 1fhuann 10 wit indovlawfuiigoungd 20
NANTAT LA Yin1samaA Tl ludaananly
N2 &lani

MIRTINANTAANARTIN

n393AM TR TusieeeT 5N 410w 13
An Taeuriailu 4 nquie
ngafl 1: Total protein (TP), Albumin (Alb)
WAz Globulin (Glo) muﬂummn‘lum?mmmuma
‘ummﬂummmmﬁm (Body homeostasis) uax
Lﬂumwujqummmuwhuau'anmmﬂnmmmmﬂ
nmm 2: Calc:um (Ca) Phosphorus (P) uaz
Magnesium (Mg) muﬂummuquanamqvmmmmm
wanlusaneresdnd Feviawing Wulaseaeng
ume wimuguanudidusesansiednase
madeensesarslugsd Amuaunaznsa-aly
e uazlupeAlsznaulunsinaueeseules]
LLava@ﬂuumwum (Underwood, 1966)
nmm 3: Blood urea nltrogen (BUN),
Creatinine (Creat) W&z Uric acid ‘NU@‘HM?‘W’NW
w04l (4ie, 2524n)
ﬂfg'uﬁl 4: Glutamate
- (GOT),
transaminase (GPT),
(GGT) uaz Total bilirubin V"ﬁqﬁa%nfmw’ﬁmummﬁu
(&A1, 2524n)

MITH0e TP, Alb, Mg, Creat, Total
Bilirubin, Uric acid uaz GGT 1933 Biuret method
(Burtis and Ashwood,1994), BCG method (Burtis and
Ashwo0d,1994), Xylidyl blue method (Mann and

oxalo-acetate

transaminase Glutamate pyruvate

Gamma-Glutamyltransferase .

~ Yoe,1957), Jaffe’ reaction method (Butler, 1976), DPD

method (Bishop et al., 1985), PAP method (Bishop et
al.1985) uar Persinivan de Silk method (Persijn
and Silk,1976) mua1iL e iiseniiAnddae
qmmmuqusﬂ (Human® Germany) ‘u&a3ans
mmnauLmeﬂmeAuto analyzer for Clmlcal

' Chemistry (Mlndray Germany) Vlﬂ’J’mﬂ’V)ﬂﬂu 546,
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546, 546, 510, 546, 510 WAz 405 nm. ANNATGL
S04 P, BUN, GOT uay GPT #an1smana
#8138 Ammonium molybdate method (Garber and
Milér,1983), Kinetic -GLDH method (Hallett and
Cook,1971), Modified IFCC method (IFCC, 1986a)
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WAL Modified IFCC method (IFCC,1986b) ANARL
Tneinlfizenfouganaaeudndagy (Human

_ Germany) uﬁﬁmm?qmnﬁuumﬁoﬂm‘%ae Auto
' analyzer for Cllmcal Chemistry (Mindray®,Germany)
fiAmaenaAy 340 nm.

BunCa  AAIKaeAE Arsenazo Il
method (Michaylova and llkova,1971) Taeinnavia
UjATenWiiaddaugannasudiiagy (Assel
sr. ltaly) ui‘w’qﬁ'ﬂmsqmnﬁuumﬁwm‘?‘m Auto

analyzer for Clinical Chemistry ( Mindray ® Germany)

fiAenTAAY 630 nm.
donudn Glo IHannnsanuanilae1igees Glo =
TP - Alb (Singh et &l.,2010)

NMFNATIANNED A

o ‘. -

indayafiliaannisngaa undiaziaax
WANANNTBIATIRAE NATUUNANHINA UATE9981E
Tnel ANOVA (Analysis of variance) wazld LSD
( Least- Slgnlﬁcant Difference) NARDUANUANGAN
‘uawhmaairnﬂnwummmwumnmwmw
uﬂmmymmnm'n p<0.05

HANSANEUAYIANTO]

Total protein, Albumin W& Globulin
AINM T LR BURATENI 1WA TLINA
o anedt 1) wudsn TP hdSumeamaduasne
dle (6.27+0.06 vs 6.37+0.04 g/dl) TiHANNUANANN
ﬁuadwqﬁﬁﬂé'\ﬁmmmﬁﬁ (p>0.05) UATWLIWWAEH]
A" Alb mmwmmmna (3.36+0.04 vs 3.22+0.03
g/d) oAl Glo spamAfAndnseamadly
(2.92+0.04 vs 3.14+0.03 g/dl) atiNiE&ATY (p<
0.05)
Lﬁﬂttﬂnmﬁundua’\q (97 2) wudn A
TP, Alb UAZ Glo 18WALE LR 0-61AY (6.17+0.07,
3.36+0.06 UAY 2.79+0.07 g/dl muandiu) Lifiaanu
uANANBLNThIEANATY (0>0.05) TUNANUNZYUWAL
(5.99+0.08, 3.30+0.06UAY 2.69+0.05 g/d| ANNAAL)
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asdantdn wnsedeiinmsinm fien TP uaz
Glo i Tuwneiidn Ab fuwsliinaauiiedieny
Nt doungamarugwudnian TP liuansineriu
n'a'mwmﬂuquﬁu 21 (6.58+0.08 vs 6.63+0.08
g/dl) ummawmm’mﬁﬂumﬂunummmx'\wnm
Merck (2008) 3R 1) wm’maummmﬂmuum
uazWeNug AN TP uaz Glo aq’lumrummmpu
d'zunauuquummum TP uwaz Glo AINIAT:
mmpumnuaa Faam Lﬂuuammnmﬂﬁmﬂ'\ms‘
il iNeowe (gie, 2524n) es annguianam iy
mﬂm'lf-z'ldmnLm:rmnwLamuaﬂm'\nduwawuﬁ
WAZNANUNNATE

'a'muan'\?ﬁnmﬁwﬁu@%ﬁu‘lﬁd'\ A TP
uaz Glo mﬂmwvvwnmsﬁnm uumTuu@wumu
mqmwu-nu uazliflaanuansinszudnawad
yinmsAnen Jeaanndesiu Moassa and Poulsen:
(1993), Castro et al.(1977) uax Deangelino et
21(1990) AinA991 Uiunou TP finsganyluune bidl
ANTNUANAINITENINUNA Lwifi'\qa‘%umua'\qﬁw‘v'nﬁu '
daufn Ab  TinsaanuasaaieaunisAnmaes
Castro et al. (1977) fvinmsAnunly Pygmy goat
wrih Alb TaamAgiiAngandnwadie wikanisinmn
u Spanish goat Iats Bennis (1991) Wu1A1 Alb 984 :
VAR EINI WAL watjenadunaunannmaAnenly
unzrneeneig Tenamadesiu Kaneko et-al(1997)
fnanadntladefiinlidmedaniiveadeaunsd
AHUANGNS TEUN A a1y aNMEINARRZGANIA
UATANIEINNY

_Calcium, Phosphorus 8¢ Magnesium

anuansAnFeuiisussuinanadiu.
el (Ananeft 1) nudnAn Ca ua Mg Wiiues
\WWAIE (6.54+0.07 WAY 3.05:+0.03 mg/d| ANAIAL)
LATINALY (6.5140.05 WAL 3.10+0.02 mg/di
mnanay) Tl auuanstaiuatneity ddAnmae
AR (p>0.05) dauen P weunAfgIndunAle
(6.17+0.08 vs 5.60+0.06 mg/dl) atwWHTEA ATy
(p<0.05)



. B o '
Amedaiaiizaafanunsiiaeslumaldvenlsunalng

Table 1 Biochemical values (Mean+SE) of goat serum in both genders

Parameters ; unit Gender References
Female Male Merck* . Kaneko**
Total protein ; g/d| 6.37 i 0.04 6.27 + 0 .06 6.1-7.5 6.4-7.0
Albumin ; g/di 3.22 +0.03° 3.36 + 0.04° 9886 9T 59
Globulin ; g/dl 3.14 +0.03° 2.92 +0.04° 2774 27 <=4
" Calcium’; mg/dl 6.51 + 0.05 6.54 + 0.07 9.0-11.6 8.9-117
Phosphorus ; mg/d| 5.60 + 0.06° 6.17 +0.08° 3.7-97 6.5
Magnesium ; mg/d 3.10 + 0.02 3.05 + 0.03 21-2.9 28-36
BUN ; mg/di 17.98 +0.29 ~ 18.30 + 0.38 13-26 10-20
Creatinine ; mg/dl 0.90 +0.02 0.96 + 0.03 07-15 1.0-1.8
‘Total bilirubin.; mg/dl - *0.17 +£0.00 0.16 £ 0.00 0.1-0.2 0.0-0.1
Uric acid ; mg/di 0.10 £0.00 0.10 + 0.00 - 0.3-1.0
SGOT ; u/l - 104.86 + 2.24 97.68 + 2.47 66 - 230 167 - 513
SGPT ; u/l 27.44 +0.42 27.17'+ 0.54 15 - 52 24-83
SGGT ; u/l 69.87 + 1.45 1278 + i.99 20-50 20 -56

‘Note: Means with different superscripts in the same row are statistically different at p<0.05

* The Merck Veterinary manual : Reference Guides; ‘Serum biochemical reference ranges (Merck & Co., Inc., 2008.)
** Clinical Biochemistry of Domestic Animals. 4" edition. (Kaneko, 1989.)

4 o . . =
WAIIUUNUNEAINNGNDY (AN7197 2) -

Wud1 Ca 'luuw:mmﬁﬂvmnfg'umq (6.37+0.08 -
6.58+0.11 mg/dl) uAzNFHWEWS (6.33+0.09 mg/d)
hifiAauansinafumeadia (p>0.05) dau Ca 184
NENUNYUNAL ﬁfiqunfmmnfdmwmﬁﬂmqLﬁu
21 uasnguinedweug (6.74+0.09 vs 6.37+0.08
* and 6.33+0.09 mg/dl) atifidudAty (p<0.05) An P
m.f'nuum‘iuuanmmumqﬁmwtwwu #ausn Mg
wud il uuansineste 6 nquivMsAnm

WenSeuden B Ca, P uaz Mg fiusin

MU WUINFNNL Ca ﬁmmqwuvzn-ﬁaamq'luv?q

2unA ﬁfiw‘innd'\mmjmmm Merck (2008) uaz

Kaneko (1989) * wwniziifnm P ynngud

| imsnnilrteglutoamsgm daufinm Mg

wﬂdﬁvgn-dqqmqﬁdﬁatjluunmsjﬁumaq Kaneko

(1989) uvio‘i"mf:hmmmgﬁwm Merck  (2008)
Wnldey » '
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mi‘ﬁuwv'tumﬂiﬁmﬂs wnalnefiSunu Ca

'lu'n?umm'm'lmmg’mm 2 mewﬁ'nm'lﬁ'lumﬂq.,

71 enailamnanemnsilfidesitiinu ca Tl
\Reawa Daramola et al. (2010) na191 UFnnd Ca
uaz P ludsmuansneiufiamaudnanannamnm
a5 TeaanAdeaiiu Fujihara et al. (2006) fingnain
Prinnuussng lusadedidunalagnseainfinnmug
mm'tummwﬁmfﬂﬁm WARIIINIEAINANIALT
ﬂauﬂﬂimﬂ'lummﬂmavnﬂumumumaﬂmnums
aluszasenn suenadaaliinaautaUn@sans
N147U289 Neuromuscular  activity,
permeability uaz ueARRRTenaulnuaeia (e
WAZ NUNWNN, 2525)

Membrane

BUN, Creatinine, Wag Uric acid
T anuansFauifiaussndnanAgiuma

e (et 1) wudmBanny BUN Creat WA Uric
acid T9IUNTINAY (18.30+0.38, 0.96+0.03 uaz
0.10+0.00 mg/dl muaeL) Liflaauuansineetine
adnAty (p>0.05) furBIUNIWALlE (17.9820.29,
0.90+0.02 UAY 0.10:+0.00 ANAIGL) LA IABINA
§1A1 BUN uaz Creat 8¢ innuainnms§1uaas Kaneko
(1989) uaz Merck (2008) ([ini"NV; 1) dauFunnue Uric
acid  HAIAINGIAINIAIFINTE Kaneko  (1989)
anvies

HeAnwungueny (An3197 2) wudn
151t BUN uae Uric acid TifAnuuansneiueting
AfadnAty (p>0.05) 'Luvm‘ﬂqqmwmm?ﬁnm du
A Creat wudnTieanguWeRugvindu (1.04+0.04)
v;ummm'mauﬂuﬂmauuﬂmﬂm (p<0.05)

AINNANTTANINAZIAUTIAT BUN Ttsuda
huAnTiisenfernuminrantenfunnasemis
TsAufiunsl#5 (Sun and Christopherson, 2005)
iaztisuanfinisfusenaesuenTuiieilfannis
deellsfulaanalnesiamauns dhumsminnuees
In (Sakha et al., 2010) ﬁdjﬂﬂmﬂﬁﬂeﬁummmgm
wanal¥iiiudn uneynnguininnsdinen Hanmwnns
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E 4 s = ;
vraueadlafifuln® i anuuanstassudnamd
ua.,mqvm'\m?ﬁn 1 89 umnmanuuam?ﬂnu'mm

_Bennis et al (1991) YlWU'}”Iﬂ’\ﬂQﬂﬁ’]’)NLE‘N'\NW’I'lu

uwkumquaﬂumnwu%umﬂuw"umqmniu
Tunud Creat fAnsenndaaUNsANINT8Y Sakha
et al. (2010) wwu'mwmummmmwamﬂ ptinalafia
uamnm?ﬁmsnvuwmqmuﬂq'lutnmmu']mj'muam
Ui #iasdlunmalgtinasmineeedialuninses
Creat ﬂanmns"mn'\mhuilnamﬂgﬁa (Glomerular
filter rate) 8¢/ lwanay wmmmﬁwmu‘lﬁadwﬂnﬁ @
AF, 25241) dauFunnd Uric acid fifiArdandn
nmsguanat m@'lu‘lmmuanmmwmuwumﬂnm
w0410 Ineigie (25241) nan291 Uric acid Aot
angnaandvlatie 90-95% lnemavinauzesl dou
fwAeazgniuesnmatiasnoy dfeammud
WwLeAANTe4 Uric acid halnfvdald a1asesdnm
Uric acid idusannatlaamzdandog

SGOT, SGPT, SGGTuaz Total bilirubin

AnHAN ST EUT EUSTMI 1 UREINA L
eAdiewLdn GOT, GPT, GGT uaz Total biliubin 189
UNTINAE (97.68+2.47, 27.17+0.54, 72.78+1.99 Ul
WAy 0.16+0.00 mg/dl MmANAL) TaiflAnuuAnsing
AINUNSINALT Y (104.86+2.24, 27.44+0.42,
69.87:+1:45 Ul UA% 0.17+0.00 . mg/dl ANAIAL)
ateildudAty (p>0.05) ThnAnFananTeImanes
AnAsaany ag lunnuaTanmsgiaes Merck (2008)
LAZY93 Kaneko (1989) (M 1) uazilednudiu
nAneng (9T 2) wudn A GGT ifpanuansing
fuatia (0>0.05) Tunnnguiivinmsngaa g
GOT, GPT, GGT finsanuiluuliuasadlungsuny
ﬁﬁmmﬁu%u uiinmswanuuaseaeulnings
fananazansatsuaniivrnEaUnA NI
1895U [fuMeSnIdULAENIAETBUTRARLLH (g7,
25241) uran AN AU Ae
malifiAneulmidina e lunmsiunmsgi uan
amznsinnuresiudeghunueing
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Informal institutions, practices, behaviors, and attitudes
Examples: Organizational culture; leaming orientation; communication practices

§

Agricultural research and Bridging Institutional Agricultural value chain
education systems actors & organizations
Agricultural education Consumers

Political channels
i = i

® Primary /secondary school Stakehold e

* University - Processing, distribution,

* vocational/technicel Agricultural research system wholesale, retell

1 * Public sector t
~ * Private sector

Agricultural research system achl Agricultural producers

® Public sector {of various types)

® Private sector Cooperatives, contracts,

¢ Civil Soclety and other arrangements Input suppliers

Agricuitural innovation policies & investments General agricultural policies & investments

¢ H

H

Linkages to.oelm
& technology policy

Linkages to
intemational actors

Linkages to other
economic sectors

Linkages to political
system

Figure 1 Conceptual diagram of an agricultural innovation systems for sustainable agriculture
Source: Adapted from Spielman and Birner (2008)
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Table 1 Paradigm shift in agricultural development, principles and concept as erherged during the National

Economic and Social Development Plans 1-10

The National Economic

and Social Development Paradigm Principles. Concepts/Practices
Plan _
1. Plan 1-4 Economic led Resource - Green Revolution
development management and - Researchers formulated
basic infrastructure for ~ and carried out research,.
development growth . delivered results to
extension officer and then
transferred to farmers
2. plan 5-7 Economic and Technology ' - Farming Systems

social development

development relevant ~ Research and ‘Agro-

in parallel to local context ecological approach
- Farmer —First and- La.st'
model
3. plan 8-10 ' Sustainable Integration of so_cial.‘ - Sustainable agriculture
development economic and undef sufficiency economy
environment philosbphy
- Social learning and
networking
~ 1andn9a19as 1A f‘:uﬁfum{qa won Buunc@s gnang AR
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uazaNi e neviat. 2552. MITANNIGINA
insAsieuauing-ann InueAnsguIy
Viaatu: nacidnuguey thwaan Samda
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- o = [l L7
aanendeden i, 139 wih.
wony BuTumeds nas nesu YA dullfusing
v o -l -l g4 %
uazyuimd aaR. 2545, nsfidauiNeN
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84. Tumeumalszgudainis Aonn.
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Denitrifying Bacteria and the Roles in Problem

Solving of Environmental Pollution
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Abstract: Agriculture in the ancient time was focused on cultivation for food resources and to the produces were .
used for exchange. The cultivating process depends on nature more than chemical agent. Currently, agriculture

adapts technology and chemical agents to increase yields and reduce production time. However, technology

builds up environmental pollution extensively especially the contamination of chemical reagent to the living

habitat. This review article focused on microbes related to environmental sciences which play important roles on

chemical pollution removal process$ specifically denitrifying bacteria. They can be found both in agricultural area

and in the forest. These bacteria play an exceptional role in saprophyte in nirogen cycle. This review targets_to 4

main topics, Denitrification process and denitrifying bacteria, stress condition that switch bacteria to use NO* as

electron acceptor. and application of denitrifying bacteria in hazardous waste removal in environmental science

task.

Keywords: Denitrifying bacteria, environmental science, hazardous wastes
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* al., 2001; Zhou et al., 2007; Zhou et al.,

& o "
'luwuwmﬂm:ﬂqnﬁﬂﬂﬂmsﬂutﬂﬂulus:nuqq
541% lulszinalng daqiiutluinisiiagig

Tulmnauluandansiiog inlins e lulnnaudeng

fiotheraities uaztatinmmeuauesreitlda dafu
ﬂrﬁuﬁmmﬁaﬂaﬁ'lﬁ'lﬁ?umm nimwiqnﬁwvﬁ'w
adhAAud sl udouifudoufitnietguinis
UuifewluRawnden m?mﬁmta"mum‘lummuﬂq
Fnefunantnszuauns 1y nsvuauntsuAnWALY
laoeu (ion exchange) nvuoums  FAfaensly
@a (reverse osmosis) NszLuNsUEnlaneuriMIEe
Fau'lW#Ha (electrodialysis) N3rUIUNITNAY
(distillation) NFzUAUNTTANTUNTLAT (chemical
reduction) WaTNTEUAUNITA lUNIN AT Y
(denitification) (s (Gomez et al., 2002) Fausi A
nezuaunsfiiiss@nsnnlunnasndaiuansinaiu
aanly wAdmFunszuaunasd luniNiaduily
nazuounsfnenld esannanansouszyndfla
WAINUATEY HANIUNE HAMNANAT LasaNNI0
wasulumen ey lugvsaufalulnnauld Fiats
N TaserAani1sM197u1098 luniinda
wuATdY usrasowdnumetlsznevlumenldor)
Tugteaufialulasauls
Tun1adginenarunsonulumsaiuans
FianalunsTLIUMSUANeY 2 NITLUNTG (Zhou et
2011)
NTLUIUNITUINAD NTZUAUNTTIUNIRLATY uas
NsTUIUNNINABIAS NIvLauNIsA luydRIAdY 1u
nezuaumnsluvaRiady wenlieasgniaoudy
Tuinsfuazgneandladaeldidulumen dou
nszuaumsa lwvisiaduhunsaasgniaodidululnes
luvidneenlad lunFasenled ualuinsiaumudsy
a3 wa:mﬁfﬂms‘w'ﬂﬂgn?ﬂwmmu'l'nu 4 1 foi]

NO, ( - NO, ( # NO ( > N,0 ( > N,
Nﬂtate_rﬁdugtasﬁ Nitrite reductase n_t_lg_Qx_cie_ed_um_s_e nitrous oxide reductase
lumnse ulnsef '1uwsnaqn‘l'naf Tunfaeenled Tulmseu
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NSEUAUNTA LUNINLATY (Denitrification)  WAZA
lun3Wdauwuaiiide (Denitrifying bacteria)

Wunssumumemadanmiiaansawasly
wenlifuufalulasiauld inldinantsgoyde
hlnsiauanAuuan asemsinmensnssainlifa
samMamaneandul LR vnTiAgs uenanntidae
amgnnsowasbunss i beidneanleduasly
n¥aeenladdediaauiuiy vnaelalou Asduasie
tywinaslanfeu wintalsfimuemiddenanety
WiinsAnwuitednnszusunisi luifiadullg
Uslemfidendnuaza mﬂtymmiﬂmﬁﬂwum
anlsznaviulnsiaulufewonden Tneluvding
AT BefidAnuaansalumswasuluma i
wfalidnsian  dafuufafiannsoazaneluinly
Wasuarsrivegein1Aldd Avinliainisonadn
lumsavdeassenevlulnsiausanainssuuld
(NamoyaY, 2546)

A nieesAeqduritidpaausnly
nasiaadarsdsenevulumenlveglugdaecuia
Tulnsauld nuluwueafGauazs uwilaedounnidu
wanuuAfi 3o fieuuailFeiaioluanwlild
20NT1AU (anaerobe) 11U Parococus  denitrificans,
Thiobacillus

denitrificans, . Ps. denitrificans,

spp.,
Rhodopseudomonas spp., Propionibacterium spp.
uAZULATI3efildanTiau (aerobe) 111 Thiosphaera
pantotropha, Pseudomonas spp., Rhizobium spp.
WA Bacillus spp. otindlafimu wudn v?qamnduﬁqu
fluueitGefiinaula fdnsnmenlflunsindaes
@emanaineastéd TnsuuaiiGeiianszgnald
AsliAnanneteties 2 Usenisusnde &
Aol ud s iaes vinlkindalumsnly
Usznnafigesanunsngosaaoanseslsnnindadiu
asfie  FetrauuaTiGeifiaNa N manil
1&un Spinilum spp. eiiAsuaransolunisaany
arsUssinviuea  (Shinoda 2000)
Hyphomicrobrium spp. Finulunnazneuninta
shdeihutieulfonlumsnluanmitismueags

Alcaligene spp., Azospirillum

et al,
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(Timmermans and Van Haute, 1983) Agrobacterium
spp. Auanldlae Knight et al. (2009) HAMNANT0
Tunistesanelusiulofia Bromoxyni)  dailu
ansiwlszinnensndeialundeialuiifu
ansdsznevueslsun@nlulnsd (halogenated aromatic
nitrile herbicide) Acinetobacter spp. Faonulureawvan
fiszneudananslsyneuiliiudunseidueanain
veflanauaisuszneufife (landfil  leachate) u
Tenuneuwiines Trois et al. (2010) wwATi3eawd
wuANANN 0 luR N LA wa T tunns
senillE1%un Propionobacterium spp., Rhizobium
spp.,
Thiobacillus spp.

vz B auuniGadounniimudulén
wanuauualsiinaalnnsen (anaerobic . alitotroph)
uazuauualstatainalsnsaw (anaerobic
heterotrophs) s A lur e suunfiFasing
atjenduuazinnusaiufugainuacdeiiiintuly
Y, 'Luamwi"'iauqa'luﬁﬁwm AfsAanmsTUnIY
aeansaiimamaineag iy bl azwudn widn
nezuauMsa lusiindulunuaf Gaunsaiieasiinng
Antufieanadunewiteunedou wikaunmne
saniuresuaT Fouazqatnduuduiansoin i
ianszuaumsi ursfliaduomnetnessy sally
LA Gefiiinauanisona i anszuaunis
AluvETAT Uil 3undn partial  denitrifying
bacteria WAZATNITNATUUNANNATNAINNAINUANY

Corynebacterium spp., Cytophaga spp.,

mapusansan i Iifudngalvg fail

1. ngaffananrsaiaadlumsailu
Winsaldwindu desanuuaiidelunguiiang
wulnllulnsiTanma luvsneanlassanna uazlu
viaeenlididnma enfetreuuniicelungsiiy

Agrobacterium spp., Arthobacter spp.,
Pseudomonas spp., Rhizobium spp. (Delwiche,
1981)

e aa o
2. nguffianuarnasaiaailuimsatiy
a i & H o
lunsaeanldnlavinuu Waswnuaeulsilunia
panladsanma A Wliarunsnwasuluniassen



ay & - -
AlunndwuafiGeuazununly
nmsunilfymasannluanwwandas

laaluduulalulnsiauly AantinuuATiFelunguil
W Bacillus
aeruginosa),

pyocyaneus
Bacillus subtillis, Thiobacillus
denitrificans, Micrococcus denitrificans (aanﬁr,
2524)

3. nguAiNANE NS AT LU NS wals

(Pseudomonas

- o

drursosaadiumsambunialulasiauls

wuefFelunguiianaelellumssisnma il
st humsnidumsdedilunon eulniuuia
halanauld dretinauunitelunguil Pseudomonas
sp. UNAEWUG (Roger, 1982)

4. nguiifisnansoiaadlumsmiiululned

uarsaadlunineanlamslulunsasanlanly

wuafFelunguifnaeulniluingfiinma uay
lunFaeenladiinma Fanszuountsludnesdiud
wu‘lﬁﬁaauaz‘lﬁﬁﬂ’ﬂéﬁﬁmmqﬁm’mm iieeann
LﬁﬂﬂmfmﬁﬂLm:'fnmuéouﬁuﬁmmmﬁﬁﬂéuq:wn
'lﬁn?"u'mn'\ﬂuﬁnwm:ﬁmmsmﬁmﬂﬁn?msiﬂiﬂ‘lﬁ
aummm‘lumwmmuimammumm"lumm Finating
Wy ﬂm?u'lunauu‘lmm Bacillus
(fiancyad, 2546)

licheniformis

ad o - a -l ar
anznvliuuanisaidanalnfasunnle

Tuwmsadlusmsudmnasauls
nszuaunisuie’la (Respiration) 11'u

nsruauNMIMeTaailiiesansans i ANGUT

wada i WL nsruaumsnelassiuitadil

2 uuude nasvielauuuldeandiay (aerobic

respiration) 3eiins14¥eand wulusafudianmnsausin
qoving daunsmelauuylsilfeandiau (anaerobic
respiration) LT un 15 1EWaFudi&nnsousagy
uanwiieaneandiau i Tumsm e 'nmﬂm‘m
Lﬂummmnmmumammu
m‘lum"lwlmLumvnLsﬂimadqumnumﬂumn
mu’ns'n'l‘naan‘iwutﬂumsua anmsaugaving 1y
necinfeandiau u.mmaﬂqluan'm.m‘luuﬂan‘aLf-aun
dnnsaldhumsm Fawa wEn wnfuiniudiinmseu
dagavinglfiduiy Fundn ulafamiin welsy

309

v

(Facultative aerobes) (NSNAILANNANY, 2546) Aol
n3AuAN RNz ueNeNANALin %A s inga
ol al ° - v v v a g
wwanFeamnsarir lumen U1 Iuiius.dnnseu
uwnueandiau Teansnsodnlulszgnefldiietina
lumsauasvieanaald (Hu 2003;
Wachtmeister et al., 1997)

et al.,

walansszyaENuuazn1sT s RsINISAA
nsxu'zim’lsﬁ'luv!"iwLni’uuazn'\s’:’mﬁqnsswm
vauldsl (Denitrifying enzyme activity - assay) 129
uANLSE

mMsAn lunddeveediuu  (2552) 44
AneaBnisdadena lur3Ind euuafiZauasnis
wmaﬂummmmm’tumﬁmﬂummLﬂu1u1mm
Tnelfmalian1eqadiadnen mmtmﬂmw'luums
WigudaAaianisuenu A lue I sian i
dounaneetumsn luanwl¥eandiau aantiurianig
Wiufetwemswmanluiufiuen uasduii 7
NARALANNANNIN UMT AT lumsndaeds uaan-
wEaa 1 (alpha-methylamine method) wuATIGeT
faouansaflud luniRiaduuu el Faaiunso
naaavlilneldgananeuaes API (Analytical Profile
Index, Biomeriecs Inc.) #uila & TAlativaai luvsinaq
wafiFaudanirluneasurnuaiunsolunisasad
‘lumsm-‘luimv-m uazlulnas-lulnsiay fumeunds
antfude UREERATERULTE L PEATT RIS ST
AlulWeauuAiiBussfindndurnsi 163 rONA 1l
win Tneld Genomics DNA Purification Kit 1ieusina
WuesenaniasTulan vin I K Inseffignaaly
rf'hl.mu'q 27F uaz 1492R et W H lumediafidens
WenmaseLuR IS e fiaunn 1500 AluA  udavin
U?NVIﬁTmﬂ'l'n Viogene's Gel Extraction System aulé
‘numumﬂul.ﬂvmmmumvmummuﬂﬂwﬂunu
LI GH LWﬂ'l‘mfluwwvmej E. namsana
waralaudnir luFauifisuiuaisedeyaes
NCBI (Shi and Lee, 2006) taqiiumatiasananaitiv
waTiAT iuethumsuanelunnidatneesilus
IWBawuAfiGe uassedituiuiinn lumnid uas

coli
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f-zmmu.unnau'nmm‘lum‘lﬂmuunwLmanéhﬂ ‘1
nirS (Falk et al,, 2007) Fawundidutitlsnghdbai
B auu AT FeluAunznounziauesin uaz nik
(Theerachat et al., 2011) ‘M&\’mmmﬂnm'lum'lﬂm
uuanGelulszmalng ua:wmnﬂnmuﬁqmﬂﬁmmu
snaiopalenduesduiiunnsineiudel asin sy
mafanguaasqdwirdiiannuansnill melige
nraszyatlidresqduvidaugludon i qa
NARBLLEY APl LAZNIIVNANALTE 165 rONA AILIA
nu‘lﬂmvn'tmﬁuamﬁmmuunnauumwummumw
'Ln&mmnum’xmﬂu’-mmnmm

Song et al. (2011) 1Hl4AEMsdpdnsnIg
Aanszuaunied luvisiiaduansiet19Auiaeds
L3 AuL&anna (acetylene blocking assay) U&2
inArnsidemanudsdureduniseentadlag
Wuialasuniansm® KanrsmAtadusensv
derlUAnumnsnmneAnjitena s iedu

doupnfanssua v s syl miansnsainieinld
Tt lansacaeasietemiiimnaniumsa uka
33 n1naaedtudeaiudsn1sindas N1
NITLAUMSA LT RIAdY

mstszgndldlumamsinensuazfauanaan

w\m'-mumﬂ-nuwmnfmmhmﬁmu
mﬂqunm'ﬂummﬁhuavmumﬂrymaqmmé’ﬂu
Goémez et al. (2005) ‘lﬁmmmqﬂmmnuummmfm
wu‘ﬁmmaanﬁmu‘numan'\in'mm‘lum?m'mu'\'lﬁﬂu
eldFansauuuAhyiFngeduidfa  (denitifying
submerg) ua:‘lﬁﬂﬂnuuuqﬂnmiw‘ia'lﬁ'lumsmm
fndntumeniinshudiouey b laau aelums
noaassimstimi Fauuasin  lumsn, Ty
Inasf, Weauim, Taun, aanBiau, 3lod uasfitemn
Fufuszazioan 1 viau

4

5

Figure 1 Pilot scale plant setting described in Gémez et al. (2005)
(1) Submerged filter (V= O.21m3) (2) Influent tank (V= 1.7 ms) (3) carbon source tank (V
= 0.03 m’) (4) piston pump (5) effluent tank (V = 0.5 m®) (6) rinsing pump (7) air

compressor (8) safety valve (9) U-bend
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finnsmsaagatuuail Fofliiuodes Anumaiia
vgeasainud 8ude lavdlardu (Fluorescence in
Situ Hybridization, FISH) Faifhidafiziaud izl
msmmnaaunejuﬁ‘luw?lvlﬁ"au.uaﬁGﬂ AINNTNARDY
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Tugaaiiseailu 5 Fwas wudnlugafiaesmeluda
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AluvidsuuaiFe fnastindaluneslfiney
anysol TulevuuaiiFeludunllnmaseudon
walla Wgesira-ioud Buds lavdlaadu vinliwy
o - - o ) X ) .ol al
wuAn L?ﬂ'lu’wa Methalophaga sp.” WRSUUANLTE
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Uslomlileriniaashudioudiug Sndan wu 14y
mafndomaanaia IR EmaAseR Auadesiums
UnTauazindaneanaialae 14 lumsadusafu
fldnmsaumalfannlieandiau uasddeagy 1y
Tunadsafuinlulnsflidnad uiaduds
nszuounisnidaanaanefa weilulnsddeiinany
annsalumadlusafididnaseuaneanaialfiile
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fudaszn (Wachtmeister et al., 1997; Hu et al.,
2003; Shi and Lee, 2006; Zhou et al., 2011)
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L'hirondel al. (2006) 'lﬁ'aﬁmmwumnuam?
3Rufananadnenaiinaifgaieaiunszuaunis

et



MTATINEAT 27(3): 305-315 (2554)

wunuedturadlumsnluseameysd lnaenziie
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