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Analysis of Anthocyanin Components and Genetic Relationship

of Rhynchostylis gigantea (Lindl.) Ridl. Flower
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Abstract: Rhynchostylis gigantea is an epiphytic orchid commonly found in Thailand. Generally, there are four
varieties of this species, pure white flower (R. gigantea var. harrisoniana), white with red-spots, white with red-
blotches and solid red flower (R. gigantea var. rubrum). Recently, the new hybrid types having orange and pink-
orange flowers have been developed. Thus, Anthocyanin pigment components of flower colors of this species
are of interest to study. HPLC technique was used to identify pigments of R. gigantea flowers. Genetic variation
of R. gigantea flowers was studied by RAPD technique using 20 random primers. It was found that primers
OPF01, OPF04, OPF05, OPF06, OPF09, OPF12 and OPF14 were able to reveal genetic variation especially
OPFO1 and OPFO06. The selected primers could classify R. gigantea varieties into 3 groups with relevance to
flower color characteristics and anthocyanin derivatives. The first group was pure white flower which did not
have anthocyanin derivative in flower. The next group having 78% genetic similarity was composed of white with
red-spots and white with red-blotches flowers, the main components in flower colors were pelargonidin-3-O-
glucoside, peonidin-3-O-glucoside, delphinidin and kuromanin. The last group was dark red and orange flowers
with 65.6% genetic similarity contained kuromanin, pelargonidin-3-O-glucoside, peonidin-3-O-glucoside,
delphinidin and cyanidin as main components in flower colors.

Keywords: Rhynchostylis gigantea, flower color, pigment, HPLC, RAPD, genetic relationship
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unanga: n&aeldidna (Rhynchostylis gigantea (Lindl.) Ridl.) flunéqeldigeends wazidundagliinudiuees
dszwmdlne Taevialuil 4 aneviug Ae drailen (aandnnafon) §19n9e (ABNAT1NAARNIUANNIZANILUNAL
o = Ny oA A = o a P o
pan) dranang (Aandaailufisizailu@siaausnszattuunaunan) uaviiaued (pandxaaunadiv) iaqiiu
néaeliifnglAsunisFudpeing liNA&uIua - eanun wiu $19du (ren@dnenauneen) uazdneTuy (AendTuy
1 1 ¥ =2 1 = = & vl 1 a v LA A a
andwgen) uiu Auhasinfnmesflsznauaesansliidnguueninlaentivlunenndaaldidne nslfmatia
riweaTineauLnaNs I lunaunen uazn1swaziaudiRuseiugnesuaaandse lidiaamatinans
e an i Insiwesuuugy 20 wawes wudnlwswas OPFO1, OPF04, OPFO5, OPFOB, OPF09, OPF12 uaz OPF14
ananlflundieaeild tnglnsiwas OPFO1 uaz OPFO6 @1H1T0RLATIEHAYNANRUENIIRUENITHILAZAR
1 ! o & Y Yy ! o aldl a ydd‘ '3 a
wLinguaneiugniaelfiirseanidu 3 nqu mudnwnr@ndanguunaueen a1slidniduesdlszneuaesdnen
uwazANANRUENIeRLgNIsN Taengui 1 1Hun Frailen lddmnganslidnguueninloaniivlusen ngun 2
1 Franszuazdnanana Nuanouwasiqnvizauwsin@sioguns wu pelargonidin-3-O-glucoside, peonidin-3-O-
glucoside, delphinidin uaz kuromanin weaA1lszneUNANIBAADN HANMMLAUNNRUFNITH 78% Faungui
3 1Aun draussuazdinedan ANWATNIL WU kuromanin, pelargonidin-3-O-glucoside, peonidin-3-O-glucoside,
delphinidin uaz cyanidin \luasAtlsznaumndn HAHREUNNRLENITN 65.6%

[

[J ] % vy al val = = I aa o o & o
ATAATY: n&nalfifing dnan @a19l¥iad wriwead anfiadin ATHANNUTNWNANUFNITN

AN NNNUGNITHNEY 1w anadine (Rhynchostylis) ana
nuanu  (Aerides) me;ﬁll (Ascocentrum) LAZANA
dszinalnaauisauanngoslddad WIBAN (Vanda) Wl u@ﬂmnﬁyﬁ\ammmmuﬁuﬁ:
pudndmaAregialivarnans Wufudn Al ieluanaiieaiusastians inliEaaw
nﬁqmiﬁﬁéﬁﬁﬂﬁmi@ﬂ HiBunnuazaarINsdaaan naINUATEFUANENUG Vi‘igﬂm\i Wasunan Adu uaz
zgﬁyu@fjwﬁimﬁm AN FuadIiewaLNNg A (AI5TR, 2547)
ﬂ@mﬁyﬂmﬁfmimﬁﬁuwumimamrﬁlwm st BN Faasnenliiinannnisazanansliadn
LAY ﬂmmwél‘wmmu HnnsFurlpauasmwnwug ud unnsneiy 1y Analsiad ualsiuess wazwaulnlt
jmﬂummwuﬁmmﬂwmqwa’mmwmﬂﬂuu enflu (Kazama et al, 2003) Auesaanniaellii iy
WaneuduessianamFenistesnaarcluuay  asidlunguueulnlsenfuduansliafazaneinli
Anatszma Inganiznisnmmiwazn1sannday 1l FanuluwaRalenre e d 1A Lag-daa-tin T uly
eiufufuazndaeiineqnuan Toflfuinideeslu  penld  daquiulidnnskuny 6 silaudn  lHun
dszinalne 1wy ndoaldife naasaualinuazans pelargonidin,  cyanidin, delphinidin,  peonidin,
Tn&Ae Wi petunidin 48z malvidin (R8N LazAME, 2551)
nane %0 ( (Rhynchostylis gigantea (Lindl. miﬁnmmﬂﬁmumimLL@uvaLﬁnmﬁuﬂ% usnlumen
Ridl.) Lﬂuﬂ@qﬂuwumummﬂi”mvﬂmﬂwuLﬂﬂ@ﬂ‘l:fm ﬂﬁ')ﬂﬁﬁ’uﬁ Dendrobium cornutum Hook. f WAy
lannzailn FNHnEUAD ANLEIEIL eI naNTI Dendrobium  crocatum Hook. f wudnuaiia

ANvaInvane luAuAduuazatnateLunaLAen cyanidin-3-glucoside (Lowry and Keong, 1973) slaun
uwariinawex (g0, 2545) Andunfeniszenain 1AHN3AUNL cyanidin-3-(6-malonylglucoside)-7, 3'-
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Figure 1.

Five varieties of Rhynchostylis gigantea (1: white flower; 2: white with red pink-spots flower; 3:

white with red-blotches flower; 4: dark red flower and 5: orange flower)

nsAnEeIALlsznaumMaAlaasdnanndon
THiduaznisnszanadanesansliidnguuauinlaen
Hu Tnauendrmeflunaunen (sepal uag petal) Laz
navLn (lip) Arewmalipeaiueat wuI1nanaeatng
N3z FNNAE UATEIaUAS %qagﬂuﬂ@iuﬁmum-mmm
flansliEfuesdsznaumadnie pelargonidin-3-O-
glucoside fanauaenuaznavin lunauind
Burnarsdgendrlunaunen Taadrsunany
pelargonidin-3-O-glucoside V%\isl,uﬂaumfamm Lnay
1ngagn ﬂi’mgﬁ retention time (RT) 29.76 uax
29.42 (J‘]’]Wﬁl 2G: peak ﬁ 18 uay mwﬁ' 2H: peak 1'7;
24) {110l 7.61 Taansu sia 100 nsutimvingn T
NALAEN UAT 11.04 TaANSY sie 100 NFuLiviings
Tunavudan (mmﬁi 1) ANAAY a‘mmmﬁfa
°]]’NW@’1EI ﬂi’m{]m RT 2947 uaz 29.66 (W 2E:
peak ‘1/] 6 WAy mW‘w 2F peak Vl 10) Afrunne 1.72
Aaan3u sia 100 mumuunm lunduman uaz 7.49
fnAnsN s 100 NFuiviings lundutin (mmwl
1) Lmvm\ma‘v ﬂmﬂgw RT 2943 uaz 29.38 (Wi
2C: peak ‘Vl (A mW‘Vl 2D: peak ‘Vl 3) U104 0.23
finanFu sin 100 nFaiviings lunaunen ua 0.86
1aansu sia 100 nFuinuings Junauin (mmqﬁ'
1) ANNAAL

douansl%dffuesdlsynensesie
peonidin-3-O-glucoside Imm%mmﬁﬁmmmﬂﬁq M
ﬂiﬁﬂ{]‘ﬁl RT 30.30 wag 29.89 (ﬂﬁ‘W‘ﬁl 2G: peak ﬁ 19
WAT NYWR 2H: peak 71 24) Aa 2.33 TaANT fa 100
nfutiings lunAuaen ua 2.23 TaAniu sa 100
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n¥utiwisnas lnaudan (mmq‘ﬁ' 1) AINAAU
‘i'ﬂ\i@\m’]ﬂ'ﬂﬁ’mwa’]ﬂ ﬂﬁ"\ﬂg‘w RT 29.98 LL@“’ 30. 18
(ﬂ’l‘WVl 2E: peak 1/1 7 WAy J‘]’]W‘Vl 2F peak ‘Vl 11)
131104 0.07 Haan3u sia 100 m‘mm‘wuﬂam Iun@u
ABN UAz 0.79 a@nu sie 100 nFutiwingn Tunay
dn (mmw 1) mmmmu LL@“’“IT’NT‘]‘;‘“’ ﬂfmﬂgw RT
30.05 LL@“’ 30.02 (ﬂ’]WVl 2C: peak ‘V] 2 LAY ﬂ’W\W] 2D:
peak ‘Vl 4) NLET?,J’]EL!. 0.13 Ha@an3u sia 100 mumuun
a0 TunAURN Az 0.74 HaANIA sia 100 nFuswin
am lunauln (mmqﬁ' 1) AINAIAL LAz cyanidin,
delphinidin, keracyanin 378 antirrhinin (cyanidin-3-O-
rutinoside), kuromanin 1178 chrysanthemin (cyanidin-
3-0O- glu003|de) AT cyanin WLLANIZE 1 ULAS LAY
mea sﬂﬂun@umfaﬂmwum ﬂ‘a"]ﬂ{]‘lﬂ RT 34 25,
32. 32 28.89, 28. 42 A 24. 49 (N7 2G: peak ‘Vl 21;
m‘W‘Vl 2G: peak VI 20; m‘W'Vl 2G: peak Vl 17; m‘W'Vl
2G: peak ‘Vl 16 WAy mW‘Vl 2G: peak ‘Vl 14) ITNAIAL
dqunavdan wu cyanidin, delphinidin, kuromanin
AL cyanin (cyanidin-3,5-O-diglucoside) ﬂﬁ‘ﬁﬂ{]‘ﬁ RT
3348, 31.72,28.20 uax 24.76 (mwﬁl 2H: peakﬁl 27;
mwﬁl 2H: peak‘ﬁl 26; m‘wﬁl 2G: peakﬁl 23 A NN
7i 26 peakﬁ 22) puA1AL Bazlunaunandianane
WU cyanidin delphinidin, keracyanin LWag kuromanin
‘]Ji’m{]‘w RT 33. 74 31.94, 28. 62 ey 28 16 (mW‘V] 2E
peak ‘1/1 41 m‘W‘Vl 2E: peak ‘Vl 40; m‘W‘Vl 2E: peak ‘1/1 6
LA ﬂ’TWVI 2E: peak ‘1/] 5) MWN@’IW‘U ’(N'Juﬂ@‘i_lﬂ’m WU
cyanidin, delphinidin, kuromanin Lag cyanin ﬂ?ﬁﬂ{]‘ﬁl
RT 34.11, 32.26, 28.35 uay 24.68 (mw*ﬁl 2F: peak



a o [4 a
mMsaassnasAlssnavraswauinlaeniiy
WAZANNANWUENINUENTTHIRIARNNA2E L9

n‘\;u Sepal + petal [mau lip
104
g A " B
54 g 5] @
]
R B - I e
¥ Ve ° VE% —
o -
(] .") 10 1'5 2'0 25 0 ; 10 175 2'0 2’5 30
Mnutes Minutes
o
¥ GH . ] !.—34 D
o« l':
5 8 % X |l
& 5 0 1 < | 8
- 2! 'V“_2 AL { 'g
ol—dd - ooy e RIS [V - s S
! oD
w w o
0 10 20 30 40 so| o 10 20 30 40 50
Minutes Minutes
,—10 F

4424682
24
TS
o

12

29855, -
Fﬂ |

E4
284
2
34
8

1:_

5.980

Minutes.

o 10 20 30 40 50

Figure 2. HPLC Chromatographs of anthocyanin derivatives from five varieties of Rhynchostylis

gigantean (A: white flower (sepal+petal); B: white flower (lip); C: white with red pink-spots

flower (sepal+petal); D: white with red pink-spots flower (lip); E: white with red-blotches flower

(sepal+petal); F: white with red-blotches flower (lip); G: dark red flower (sepal+petal); H: dark

red flower (lip); I: orange flower (sepal+petal) and J: orange flower (lip)
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Table 1. Anthocyanin derivatives content of Rhynchostylis gigantea flower

Anthocyanin R1 R2 R3 R4 R5

derivatives Sepal lip Sepal lip Sepal lip Sepal lip Sepal lip
(mg/100g fresh +petal +petal +petal +petal +petal

weight)

Cyanin Nd. Nd. Nd. Nd. Nd. 0.12 0.90 1.24 Nd. Nd.
Kuromanin Nd. Nd. Nd. Nd. 0.03 0.14 0.07 0.43 0.34 0.65
Keracyanin Nd. Nd. Nd. Nd. 0.03 Nd. 0.16 Nd. Nd. Nd.
Cyanidin Nd. Nd. Nd. Nd. 0.62 Nd. 0.84 0.47 0.70 1.30
Peonidin-3-O- Nd. Nd. 0.13 0.74 0.07 0.79 2.33 2.26 0.03 0.06
glucoside
Delphinidin Nd. Nd. Nd. Nd. 0.07 0.12 0.38 0.45 1.97 4.31
Pelargonidin-3- Nd. Nd. 0.23 0.86 1.72 7.49 7.61 11.04 0.03 0.10
O-glucoside
Pelargonidin Nd. Nd. Nd. Nd. Nd. Nd. Nd. Nd. 0.20 0.76

R1: white flower; R2: white with red pink-spots flower; R3: white with red-blotches flower; R4: dark red flower and R5: orange flower;
Nd. = Not detected; (Shimadzu CLASS-VP V 6.14 SP2; 520 nm; LOD = 0.005 mg/100g; LOQ = 0.01 mg/100g)

'171' 13; ﬂ’]‘W‘ﬁl 2F: peak‘ﬁl 12; ﬂﬂ‘wﬁl 2F: peak ‘17‘1' 9 Ay
WAl 2F: peak'ﬁl 8) MNNAAL

”Lum@n%wﬁu%mﬂuiwu%%mmuw 199
(navLnAguw mq ) flans13a7 uedlsznauman
Aa delphinidin yanauaenuaznaLLn elunautn
fitBannuanaigeninlundunen Tnelsngi retention
time (RT) 32.78 wax 32.79 (mwﬁ' 2l: peak '171' 31 ey
PAWT 2J: peak A 37) H1Bunns 1.97 DaAN3u sie 100
nsutiviings lunAunen uax 4.31 TaAnsu se 100
nsutivinga Wunauthn anugnsu ‘ﬂ\iﬁﬂi“”ﬂ'ﬂ‘l_lﬁ"ﬂd
An cyan|d|n ﬂi’m{]‘w RT 34.28 LL@‘” 34.21 (ﬂ’]‘W‘V] 2l
peak 32 uay ﬂ’TW‘Vl 2J peak ‘Vl 38) A1Fu10e 0.70
finAnFw sie 100 nFaivings lundunen uaz 1.30
fiadn3u sl 100 nFutiminas Junawuiln (mmﬁ'
1) ANNANAL LAZENNL pelargonidin kuromanin Lag
peonidin-3-O-glucoside Tmaﬂ@‘umaﬂ ﬂmﬂg‘w RT
36.43 28. 55 AL 30.19 (ﬂ’]‘W‘Vl 2l peak # 33; ﬂ’]‘W‘Vl
2l: peak 7l 28 waz nw@ 2 peak 91 30) AMNANAL
muﬂ@umn ﬂmﬂgw RT 3625 2851 uaz30.18
(mww 2J: peak 71 30; N7 2J: peak A 39 uaz N
1 20: peak‘Vl 35) AMNATAL
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ansd lunenndag lEivanaainduanslia
neuuauin e Sain iR aduntu tee uns Tay
(Junka et al, 2007) uwaz@&n wueg/lugilaasaanls
Welaau (oxonium ion) (Jackman and Smith, 1996)
miﬁﬂwﬂuqumumﬁﬂum (Aerides multiflora) Laz
lasisd (Rhynchostylis retusa) Tmmawqﬂﬂmiﬁ%q@gj
Tugnafruariaanadnoiuiudransuazdranans
WL pelargonidin AT cyanidin WuesAtlsznaunan
o989 15 lunaunen uazinge (Vanda coerulea)
W delphinidin luasAtsznauvan (pen LazAnde,
2551) u@ﬂmﬂ‘ﬁkuromanin WAL keracyanin dlanuli
Tutinaumna mMarinenlunstiieaenndestunisine
Tun&naldanananeiuguiiuazgnuas (Dendrobium
gouldii K280-6, Dendrobium bigibbum ‘blue’ Lag
Dendrobium Kultana ‘blue‘)ﬁﬁam@ﬂmﬂunzﬁuﬁﬁu
BNTNY (peach-colored flowers) WUINHATIHRTTA
pelargonidin glucoside duasAdsznauvan doungu
Axnauma laanRu uqmumam mmmmﬂumam
WiaIMAeY auy LATHNAG B9ABNAINANY
tsznaudauansifideiia uvan uas
peonidin HuasAtsznausas (Kuehnle et al., 1997)

cyanidin
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Figure 3. Polymorphic profiles of Rhynchostylis gigantea by 7 RAPD primers (1: white flower; 2: white

with red pink-spots flower; 3: white with red-blotches flower; 4: dark red flower and 5: orange

flower; M: 100 bp plus marker)
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Figure 4. Dendrogram of Rhynchostylis gigantea derived from a UPGMA cluster analysis by primer
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Figure 6. Dendrogram of Rhynchostylis gigantea derived from a UPGMA cluster analysis by primer
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Gene Segregation for Anthocyanin Contents in F, Population Between Purple
Glutinous Rice from Highland and Pathum Thani 1 Grown at Lowland and Highland
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Abstract: Purple rice contains anthocyanin in/ purple pericarp which acts as an anti-oxidative properties to many
diseases. The objectives of this study were to evaluate gene segregation and environment on grain anthocyanin
content. A F, population was derived from a cross between the local purple glutinous rice variety from highland
(Bieisu 037) and improved white rice variety (Pathum Thani 1; PTT1). Two-hundred and sixty five F, plants were
grown at 2 locations (lowland and highland). The data were recorded for pericarp color, anthocyanin content
and grain yield. The pericarp color of the F, population were segregated at the ratio of 9 purple: 3 brown: 4 white
which was fitted into 2 complementary genes controlling model. One hundred F, plants with purple pericarp
were further selected to determine grain anthocyanin content and results from both locations were compared.
Continuous segregation for the grain anthocyanin content of F, populations, ranged from 0.2 to 370.3 mg/100 g
with skewed toward that of the PTT1 parent in both locations. Moreover, genotype by environment interaction
effect on grain anthocyanin content was observed. The F, plants grown on the highland provided the grain
anthocyanin (average 58.9 mg/100 g) doubled than that of the lowland (average 24.9 mg/100 g). It implied that
the environment affected on anthocyanin content. There was positive correlation between the grain anthocyanin
content in F, population at lowland and highland (r = O.788H). The dilution effect did not affect grain anthocyanin
content. The information from this study will be useful for selection in breeding program for high anthocyanin
content rice varieties. However, increasing in population size will provide more opportunity for selection of plants
with desirable traits and high grain anthocyanin content. Due to genotype by environmental effect on grain
anthocyanin content, therefore the selection should be done in the target locations.

Keywords: Purple rice, anthocyanin, selection, breeding
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Table 1. Distribution of pericarp color in F, population between purple rice (BES037) and white rice
(PTT1) grown at Chiang Mai University (CMU) and Thung Luang (TL) in 2015

2

Pericarp color of grain Y4
Parent and cross Total P-value
Purple Brown White (9:3:4)
Parents
BES037 10 10
PTT1 10 10
F, (BES037 x PTT1) 10
F, (BES037 x PTT1)
CMU 143 64 265 1.582 0.453
TL 156 64 265 0.889 0.641

The ratio were not significantly different at P>0.05
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Effect of Bacteria-producing Indole-3-Acetic Acid (IAA) on Growth and

Nutrient Contents of Bird Chili (Capsicum annuum L.)
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Abstract: Studying of effect of bacteria-producing indole-3-acetic acid (IAA) on growth and nutrient content of
chili (Capsium annuum L.) by screening bacteria from rhizospheric soil in Prince Chakraband Pensiri center for
plant development, Chiang Rai province was started in 2015. Fifty-seven isolates were found and only fifteen
isolates that could provide indole-3-acetic acid (IAA), with the range of IAA production at 20-126 pg/ml. The 6
isolates (isolates 1-6) of IAA producing bacteria were selected to inoculate in chili seedlings. Seven treatments
were laid out in a completely randomized design with four replications consisting of 1) control (without
inoculation), treatment 2)-7) depending on bacteria-producing indole-3-acetic acid (IAA) isolate 1-6 respectively
as Bacillus spp. The result showed that isolate 1 (Brevibacillus agri) provided the highest IAA value at 126
pg/ml. Isolate 1 caused significantly number of leaves, shoot height, root length, fresh weight and dry weight of
shoot and root parts higher than other treatments. Moreover, bacteria isolate 1 could rise the highest of nitrogen
phosphorus potassium uptake in shoot (3.68 %N, 0.30 %P and 3.65 %K) and root (2.08 %N, 0.15 %P and 2.49
%K). Obviously, the bacteria that produced high level of IAA had an effect on all growth of physiology

parameters than bacteria - producing low of IAA level.

Keywords: Bacteria-producing indole-3-acetic acid (IAA), plant nutrition, bird chili
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lalnian unidesluamsvad nutrient agar (NA) %
ag/luta4 log phase LLﬂﬂmwﬁmwumm Tunanim
Genomic DNA ‘Mﬂﬁ]m@ﬂm DNA (genom|c DNA
extraction kit) Mmfa’muu‘m PCR LW@LWN@’]‘LA’)LL 16S
DNA figuila (1% primer fianwnzsia 168 DNA; Tagl
1% 27F wax 1522R) auld purified PCR product &4
PCR product #1¥ ltmansduaaes DNA 7 1% Base
Laboratories  seinANTLaLde NHan1s3LATIZINN
SRS contiq WAy 1 contig TigEng1E T
wWeauweuiugiudieya GenBank  faelisunsy
BLASTN mmﬁmumﬂm £AAN
NNN9N 95% rmfnmmuﬂum@smumwuhﬁmmﬂm
ynilsznng Lmemmﬁfaw@%ﬂum@mﬂm@“mmﬂu Wl

%similarity “n
fmfw:L‘flumu@:mawuqﬂwummmiﬂugmmmg@
GenBank

NN UAIBENINTLAZNNTILASITHEIRNRINS
TuiNe

Wapsuszazaanmsivdiaya (7 4Uad

o Vv o < o ] v = a
wastinetgn) NnsiiusetnasunEnany Inauan
AL UAILIR96Y LazdIUL8937N TALIUNFD 9NN
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FantmnanuasImTNLI §aduLaTInTeEn
@uﬁfqmmﬁ 105 aernitadad iedinsziLsu
Tulnsiau Ingniseeefaat19NIAIN3ITN17204
Jackson (1967) fiaatiwiNgazgnun (dry ashing) 7
oI N 550 9ANIALTUA Usrunns 68 Faluq
Amiuazanefang B ensaYanEHaL (2 N HCl :
ndu Tusnangau 15:15 HaAAM9T) LAY
Bannmaanasa Tnanswmung erurnfaeiaies
Spectrophotometer kazdFurninunaidean 811pn
ﬁfgmﬂdilm atomic  absorption
(MNIFRI, 2527)

spectrophotometer

MSIATIEVRAN WA A
NNFIAZAANNLLTLIUNADE (analysis
of variance) MNUNUNITNARDY WLILFNAE AN IAT
(CRD) iflewumnuuansnfulunieadnasianis
whefleupniauanseszineaneie lneasangu
m@q?ilx‘mmm (least significant difference-LSD)

Nﬂﬂ’]‘é‘ﬂﬂﬂ’ﬂ\'ill,ﬂza@'l%‘ﬂj

33ty Indole-3-Acetic Acid (IAA) NULANLFLHAR

1]

aa A

A nMsRALENEaLL AT FeiilEannsetiig
Aulusrer 0-15 LIURINAT 1RIAUTANINUT A AS
FmsaBeasns nunuaTiGeiama 57 lelmian taad
wuAT BeE Auamsalun1IHARANS indole-3-
acetic acid (IAA) AnnaLaelueNv? nutrient broth
(NB) viavun 15 Talan Seanansnndn IAA fiilugns
pauAnnaiLTnvesialunguesniuliier utdes 20
84126 pgiml saugmnslunni 1'leman Agnwnsn
wam 1AM gegn THud lalman 1 Seanansafinan
IAA TR 126 pg/ml seeasnnme leloian 3 lelbian 4
uaz leloian 5 Ganansoiudn 1AA Ewinfy 102,
101 WAz 100 ug/ml ATNAIAL anued lalmian 12
anansofian 1A Witlesfign Ae 20 pg/ml Asdaiden
WUAT BETaNNNI0NAR IAA geiign 6 Ansuuenlyl
Suunalia@elngn1sAFULLA 165 IRNA Wi
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a al o 1 a a a . B
WUANFEAINAN AT UTINAIRILLAN Y Brevibacillus

agri, Brevibacillus  borstelensis  uag  Bacillus
megaterium (A9 1) TedaAAGRINLINITANENURS
Shahab et al. (2009) AINLNNIHARANT indole acetic
acid 1RUUANFYTe Bacilus thuringiensis WAL

i Py & e
aeruginosa  luaMNIALNITAN &

tryptophan Tmeiwwifzanns IAA agflutaq 57-288 pg/ml

Pseudomonas

LAY N1INAABNTBY Mohite (2013) ANLKUATFY B.
megaterium, Lactobacillus casel, Bacillus subtilis, B.
cereus WY Lactobacillus acidophilus 131049UINN
f1alnm d1qand Fundae uazineg NAnuduulsaes
BUNUNIHAR IAA Faus 15-65 pg/mi snueisunns
(2557) AnEINN9EUAINTS IAA ANNULAT s
lulmsiauiuenldanauuaziddanaeeduenans
Tnennnmaaaluamn i L-tryptophan 111
wudn lalgian NRRU-L11 asnsngsne 1AA THgans

150

126
E
B 102 100 101
2
= 100
[=]
-]
[1+
=]
c
8
c 50
[=]
)

0
1.2 3 4 5 6

7 8
Bacterial Isolate Number

608 pg/ml agnelafmNAINIUNAaesLas 3a19590]
uazn@n (2557) ‘ﬁlﬁﬂmﬁy@ﬂ@ﬂﬂﬁ Pseudomonas
fluorescens SPOOTS WUIMRAINGNENNITANAR IAA
agluszAy 47.5 pg/ml Wity saTaeunAGesTes
Datta et al. (2011) finuduuaf Gevanun 15
Taltian HAnnamnsnlunsn@n 1AA agflutag 0-44
po/ml wazdiaanugunsalunnstesaananeanasa
dufy  dafunuaiite spp.
Streptomyces sp. AUNUNARRNTRY Acufa et al.

Bacillus Way
(2011) ARRBNULATIEEANIDL | SINNTWLULATI
Bacz//us Spp. AT Paen/baC///us sp. ATHNTONARA 1AA
'r]?;l‘l/l 32-37 pg/ml mmu mumwmﬂmmwwﬂumﬂ-
G]WQLL@V’HW“’]‘EL@FNMENN@ﬁl’ﬂﬂ’]ﬁ‘&l@[ﬂ IAA 183
wuARFeanaas (Malhotra and Srivastava, 2009;
Acufa et al., 2011)

9 10 11 12 13 14 15

Figure 1. Comparison of Indole-3-acetic acid (IAA) production by the bacteria isolates in NB broth with
tryptophan
Table 1. Identification of IAA producing bacteria by DNA sequencing 16S rDNA
Isolate Number Identified bacteria % Similarity

Isolate 1 Brevibacillus agri 96
Isolate 2 Brevibacillus borstelensis 96
Isolate 3 Brevibacillus borstelensis 95
Isolate 4 Bacillus megaterium 97
Isolate 5 Brevibacillus borstelensis 95
Isolate 6 Brevibacillus borstelensis 95
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1ay amamummsmmu‘immmuwsnﬂnuu
ﬂ'a‘”@%ﬁmwmmmmmmmmmmma‘ﬂu
ATLARANT IAA mmsmzymuimmmuwmwg
==& a 1 o rdl ] dl’l
aunaszezinnan wuIn udln19in 1 waz 2 nnsldime
wuaiize laloiansng o) lEANLAnNF193ENdng
o o dl o rd‘ 1 dy
ANFUNAaaY s ludlnin 3 wusde lelman 1
HuasieanisiinawIluresfiuns nauygangnly
&Un9i 3, 4 uaz 7 A 29, 53 way 230 Tw/du Taely
#UnNiN 3 uaz 4 nslddenuaiiy lelaan1 Tua
ANNLANFANeat iy Telman 2, 3, 4 wa lalaian
al' kA dﬁl dl =
5 andennnsld@e lelaian 6 T9NAINAIN17011NNT
HAR IAA Angn lalmian au o) Hliniaanuauly
IndiAeaiuAnTuAILAN 9B TuALANE Ay
o o d‘d o 1 % a d’l £ ‘dl o e
AFunRawnlusesiuwinavyiiaangalundinany
Tneludinvin 7 Hauwaulueg 151 Tu/biu G4
INAAENALTUNARBITBY Khan ef al. (2014) NANEA
naresijelulnsauuarinunaidansanangaiay
Anuulureawdnny wudiaruauludAnes ludoq
201-294 Tu/bin TnasnFui i ldilenuawanluies
201 lu/fiu Winidk (A13799 2) n1smevaueeluszay
AR UedRanT U N1 INANNTILL A UeaTas (cell
enlargement) 4 I AANN3E8F2e9 1Y 11 1FiNg
watyiAule nsldansdamsziiniinmuanifandng

AN 111 2,4-dichlorophenoxyacetic acid laeriu
uagla19994 93 naphthalene acetic acid #18130
faariunissasaedly wenaniiuunnsdloandud
anunsninfidndauresnenadlouasmeafialy
Tngeaniuaznsyiulidsenmaflunniudnkag
(e, 2539)

A MTUAINNGILDY ﬁuw?‘ﬂ%ym{lmwi@z
danvinudnnnsli dennlelaan fuainlfinanugs
mmﬁuw?ﬂ%ymézgmdﬂﬁf]ﬁ*umuquqLwizﬁ"ﬂmﬁ‘ﬁ' 1
aviedilanii 7 taeludilanvid 1 delelaian 1 vl
PGB Ty TiaaAe 5.0 wuRimas ustlsl
Haouusansingluneadanu lataen 2 laloan 3
uaz lalman 4 anufidanii 2 numageresiu
yanduyifinislddennlelianeludag 6.9-8.1
VIURLNAS a?’wﬁummqwmﬁuw?ﬂ%ymﬂua”ﬂmﬁ'
3,4, 5 uax 7 wuitmslddeletnant deualinans
QeresunTgefianae 13.6, 20.5, 27.8 Az 42.9
FURATANATAY (A19197 3) Tneideleloian
sananlddmuuanstclunisatiany lalsen 2 la
Tan 3 lalaian 4 uaz lalaian 5 uwuANLANGNS
sendelu lelaian 6 ﬁﬁ@u%’wﬁumiﬁwi@ﬂwﬁmﬁq
vasduintienndn Isolate Au  Teflnaugeessiv
yanavylndiRaus fuRLANTiAAg Ty

Table 2. Effects of bacteria-producing indole-3-acetic acid (IAA) on number of bird chili leaves in 7

weeks
Number of chili leaves (leaves/plant)
Treatment

1 2 3 4 5 6 7
control 7.3 8.3 20b 34 c 60 c 120 151 ¢
Isolate 1 8.0 9.5 29 a 53 a 104 ab 169 230 a
Isolate 2 7.8 9.8 23 ab 36 abc 86 abc 137 180 bc
Isolate 3 8.0 9.3 24 ab 43 abc 87 abc 144 174 bc
Isolate 4 8.0 9.3 25 ab 47 ab 111 a 157 209 ab
Isolate 5 7.8 9.3 28 a 42 abc 96 ab 141 195 abc
Isolate 6 7.5 9.0 20 b 35¢ 77 bc 135 194 abc
Cv 8.56 7.80 18.56 18.81 22.04 17.01 16.61
F-test ns ns * * * ns *
Grand mean 7.75 9.18 24.0 41.3 88.6 143.1 190.4

Note: Means in the same column followed by different letters were significantly different by LSD, *=0.05, and hs= Non significant
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Table 3. Effect of bacteria-producing indole-3-acetic acid (IAA) on shoot height in 7 weeks

Shoot height (cm/week)

Treatment

1 2 3 4 5 6 7
Control 44c¢ 57b 8.2c 13.0c 19.8 ¢ 26.5 36.6¢c
Isolate 1 50a 8.1a 13.6a 20.5a 278 a 32.5 429 a
Isolate 2 4.8 ab 7.1ab 10.9 abc 16.5abc 22.8 abc 28.9 37.2 bc
Isolate 3 4.7 abc 6.9ab 11.1abc 18.2 ab 25.0ab 31.4 41.4 abc
Isolate 4 4.7 abc 8.1a 11.5abc 19.2 ab 253 ab 31.0 41.4 abc
Isolate 5 4.6 bc 7.9a 12.0 ab 18.9 ab 25.1 ab 31.7 42.0 ab
Isolate 6 4.5 bc 75a 9.6 bc 15.6 bc 212 bc 28.4 37.3 bc
Ccv 3.80 9.73 15.26 12.98 10.76 8.93 8.34
F-test . . ok ok . ns *
Grand mean 4.66 7.31 10.99 17.40 23.86 30.06 39.83

Note: Means in the same column followed by different letters were significantly different by LSD, **=0.01, *=0.05, and ns= Non

significant
Wimmummmfaﬂmﬂ Immmmmmmmuwnwuh
UNAREIATIRIIAN N AL TLUMAREI94 Datta
et al. (2011) i/iimﬂ’iiimmuﬂ@’iwmiuimﬂmLiﬂ‘vm
ANNANNNTD UNNINGR IAA wansEinetlgnadly
Auazidandoniunae InawudAuWInEAINEgY
L'aalﬂ'ﬂ@ﬂwﬁqx‘i 35.845.5 WIURWAT TULTUNAGDS
189 Khan et al. (2014) Wummwmmmmuwm@ﬂ
Tuta4 44.5-68.3 Lﬁﬁumum deflAaAaRindnem
nAAesluAKST SouviemaaedIas Amaresan ef al.
(2012) Taawudaagldinislduuai el
ANANND TNHER IAA 1549 (Bacillus pumilus
BETL13) dnaliisiundwsndaaugs gandnlusniy
AldunaRBensiacuanunsnlunsdanmey 1AA 1
AN U04=i Bhandari et al, (2009) WLINUFHNL 1AA T
EN9F9 ] HNAABALINEIITIN AITNEITDIFY
Verbascum thapsus Tmﬂ‘ﬁlmmﬁu%u 50 ppm IAA
ﬁqmlﬁﬁmﬁmmmqmn ANNGY Al f%ﬁmu%@
mmummmf] AYNLEILEY 100 LAz 200 ppm a0
AL Nd LR 200 ppm mmmiumwﬂmwuﬂu
SNILABNUALHA 1ANANT] Kasula of al. (2008) 'l
NNINAae9 M thidiazuron (9 pM) $a8AL 1AA (2.8
uM) WS uanald U nIntaanady 34
auRwnndedfieutusifuau | fatlannanunagas
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n3ngNida Azospiriium luEavan lansauuazls
Tuszaigbiundn fandunsldieulnseay uavaeiiuu
NAA 5 ppm NUINTeaaETH IUAUIBIANEILAY
3 UIUA IR EUNIN (Amirthalingam, 1988;

Paramaguru and Natarajan, 1993)

Wniinan minusia AnNEsn
fuFUS AT AU Tnan SN
ANE9 N TWIzeIE 7 zﬁ”ﬂmﬁwudwiﬂuﬁnmmmdfm
witteRuannsldidelelnen 6 Wantiminwinm
ANFUAILIANAD 46.8 NN/ (P<0.05) daunisld o
Talaian 1 m'\‘im@iﬁﬁ”wﬁnmmmﬁuw’%n@q‘ﬁ'qmﬁ@
68.3 nFu/fiu wit N AuuansnelunsatAnunnsld
delatnian 3 lelman 4 uaz lalnan 5 ansivinin
a999370 linupauananslunsadatunelfide
ARG ] Tmiﬁ'n§i_|mqu‘iﬂﬁﬁyﬂuﬁnmmmmﬂ
fiatfigeade 15.2 nfu/du waznslddelelnian 1
'a'\'iN@‘Lﬁﬁ”ﬂuﬁﬂmmmmﬂ@;q%mﬁ@ 27.2 nFa/sin lu
daugasininuiesdaumite Ao uniniduly
T ANt ga R mingadenis1¥ide el
Lan 1 zﬁ'wm‘iﬂﬁmfwuﬁﬂLiﬁwmﬁuw?ﬂq\iﬁqm Ap
14.1 n¥a/dw uli T anuuansnsiunns1d delels
o 3 lelnian 4 uas lalman 5 aniideleltnan 2
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uaz lalmian 6 Suimunuiiaeds 8.3 n¥u/du sl
WANANALANTUAILAN waznnsli deriaduanin
msldidelalaan 1wihth lugaaesinminuises
nudnnsldidelelmem 1 lafanauananglumig
mﬁﬁﬁumﬂzﬁ o Isolate 3 anuefinnslddalalnian
'ﬂu°‘| 34mmammmuummwmmﬂ aglugog 1.7-
25 nFu/EY (An9197 4) mumaummmmﬂu
muummwmmnwmmmmm@ 1.5 NFN/EU AN
nanesluntaniiALaanAdediy  Egamberdiyeva
(2007) PANEALLATIGURT ANE1NNT NN AR
IAA A8 Pseudomonas alcaligenes (PsA15), Bacillus
,oo/ymyxa (BcP26) Loz M. ph/e/ (MbP18) Wu9nN"g L
memﬂwL‘mmmumm@‘lumuummwmmumuﬂ
mummmﬁwmwmu 17-30% Lmvmmmmwmmﬂ
WGy 19-62% A Calcisol Wledlenfusnsy
AILAN  ANUFLTBIAIINENIIINUBIBHUWINANY 7
dlpnvifus Ao lssendnaniumaaastiosunn
Tedelelnan 1 lTpmunnsnstunsliidelals
lanau 1 aniunsle delolnian 2 it Afuainli
ANENNTRIIINWINUANF N LN NATH TnamnFu
AYLANT AN BT INNINANTIgAR e 25.7
“rFims wilifl aauansnatunelgd e lemian 2
lalswan 4 lalgian 5 waz laldian 6 (P<0.05)

ARAARBINLNNUNAARNYRY Etesami et al. (2015)
WLINANNENI BB INT R AANAUS AU THN 1AA
Tneninniadnsndnafissazioan 20 Fundsagnise
a a dl @ dld d’j
wuATIGE Walsfeuniifiunn 1AA geluaNeg
pR99INAAstidu InewLAaudunuiasn R=0.89

Fausinasiag
U1 81MN3N3 AT fanndaumile

AULAZIINIRIAUNIN Msrey 7 dUand nuandau

A a Y a M P P
wileRupesiunH B ululnsawisnnafsagh
3.19%N  1Fununaanasa 0.28%P wazidsunn
INunALEeN 3.38%K 38R BIMIUANIS 3 816)

1 o d’o‘ 1 1 [~3 v A
ag/ luszAunAINIIAINIRsgIuAnTionAe 3.0%N,

0.3%P az 5.0%K (Reuter and Robinson, 1986) mel
Ll“imm”l,u‘tmmummmmmumuﬂmummmmu
msldidelalnian 1 Aa 3.68%N wdluSAuuansng
Tuneadanunisldm@elaloean 3 uay lelaan 5 tng
AfuALAN SeesiiBunnlulnsawisuesnigane
273%N  (P<0.05) daulzunnineanaianas
Inunaides AN NLAnANlunNegD ATz 9RITY
neaed nslalaan 1 HuunlinveaFunamleanasa

a ~ P o \

uarTnunafon gengalndipssiulelaan 5 uannan
mslifaelelnandu ) etaiulidn (e 5)

Table 4. Effect of bacteria-producing indole-3-acetic acid (IAA) on fresh weight, dry weight and root

lenght of bird chili at 7 weeks

Fresh weight (g/plant) Dry weight (g/plant) Root length
Treatment

Shoot Root Shoot Root cm
Control 46.8 c 15.2 79b 15d 257b
Isolate 1 68.3 a 27.2 141 a 3.6a 28.8a
Isolate 2 51.6 bc 18.6 825b 2.4 bcd 26.1b
Isolate 3 58.8 abc 21.3 109 ab 29ab 28.3a
Isolate 4 60.7 ab 19.5 11.4 ab 2.0 bcd 27.2 ab
Isolate 5 60.5 abc 21.4 11.9ab 2.5bc 271 ab
Isolate 6 46.8c 16.9 8.3b 1.7cd 26.2 ab
cv 16.68 29.57 20.60 21.72 5.22
F-test * ns b * *
Grand mean 56.20 19.99 10.40 2.35 27.02

Note: Means in the same column followed by different letters were significantly different by LSD, **=0.01, *=0.05, and ns= Non

significant
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Table 5. Effect of bacteria-producing indole-3-acetic acid (IAA) on nutrition of bird chili at 7 weeks

Nitrogen(%) Phosphorus(%) Potassium(%)
Treatment
Shoot Root Shoot Root Shoot Root
control 2.73c 1.75 0.27 0.084d 2.76 1.81c
Isolate 1 3.68a 2.08 0.30 0.153 a 3.65 249 a
Isolate 2 3.15bc 1.93 0.28 0.112 bed 3.43 2.20 ab
Isolate 3 3.28 ab 1.88 0.29 0.133 ab 3.45 228 a
Isolate 4 3.18 bc 1.95 0.28 0.121 abc 3.48 222 ab
Isolate 5 3.25ab 2.08 0.29 0.119 bc 3.64 2.24 ab
Isolate 6 3.04 bc 1.85 0.28 0.095 cd 3.27 1.92 be
Ccv 9.88 11.54 6.84 14.31 14.20 11.15
F-test * ns ns > ns *
Grand mean 3.19 1.93 0.28 0.117 3.38 2.16

Note: Means in the same column followed by different letters were significantly different by LSD, **=0.01, *=0.05, and ns=

Non significant

mmzﬁlﬁmmmﬁ;mmmﬁﬂﬁq 3 819 lusqetesn
famuinlaloian 1 denaliBanndlulnnausiomags
fagamiiu/lelaian 5 Ae 2.08%N ustlifipnuuansing
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mnnudndelalnan 1 dwaliiThBununeanaiage
figaie 0.153%P wsilaifaauusnsineiulelman 3
wae lalnian 4 Viz\a?:ﬁ‘h?wmuquﬁqmﬁﬂ?mm
W@&W@%@Tuﬁqmjwmﬂﬁﬁ‘ﬁ'zﬁqmﬁ@ 0.084%P & i
Banostnunades lusaedneniunudinsldide
lalmian 1 il Bannilnunaidangeiignia 2.49%K
wilsiflansumnsing annnnsldidelelaian 2 lelaan
3'lelian 4 unx lelaian 5 aniiidelelsian 6
‘LE‘JJWELLI’WLLW@L%ENﬁﬁWﬂdﬁﬂﬁﬂ%L%D'BVL@I‘HL@V]%‘IH°'| waz
TidANuansiuATUALAN (P<0.05) ANeU
NARRUR Egamberdiyeva (2007) WUALLAT efiA
ANTNANNNID TUNNTHAR IAA Faniaesyimulnuay
Urnnugs s ludnatwalussey 4 dUani wudn
nslfdeunaiBedanaliiBunnllulnsian weareda
uazInunaidonludquvilanuiazsnaasdiiaing
Wsdn 1685% luAn Calcisol Weeuiusny
AILANUAZELTLIAWSULWMEE

341

G

& Sa A =
NNINELAUBNYBITAULATEFLNATNINLER
IAA mﬂmmﬂimmnwummﬂuﬂwwmwuﬁwmm
WSS A.1dease uuwmmmmmﬁwmmm
Wam 1AA Siavae 15 lalsian anduauiiavae 57

= = = a =

lolnanlnedl 6 laloan NRsz@nsnnganign gn
WnAnsiunisaEsyiuis uasilsunueinams
a o ' & a ° ¥
PRIWINTNY WU 1TV 6 1fa‘llsm,@v1 Huavinli
Sruavly Augeveadn dinan muummq
LAZAIINENNTRIIINTBH UNE TN TUY Tt
anadlulnsauneanaiauas nuwna o lusoatng
Aruiiilefu LarIINIBIAUNINTNYEINdAFY
pauAN Tne laldian 1 (126 pg/ml) AeLTe

= = a | =
HuseAvanngandnlalnanau
Tnadalalaanlanansnsonan geflun Aa 161y
Ennungainazgdananiliiniaasiulnludu

Brevibacillus agri

~ o I = o o
€3320 ] Fugandndenguiausonanae il
TuBanen sonianisgaldsinansialinanson
o :j X A Dd‘ ° a a 1 dy 1
parvAsdauduldlfnaziiuuenzanguithlse
wanlaanisin 1 lssTomdiunnsnanwsnauylu
NN eIAuT INOFUATNNINSTUALIN NNUANGR
wazanlanianisiialsanaswdnany vatlillesann



2M9419N AT 33(3): 333 - 344 (2560)

v

wuAf e Apnenliu WusuailFeilE luinw
Wyuﬁﬁﬁmamﬁzﬂ@un Agaziianuanansnlunisag)
TALAANTL an il mnzLgnannndgduied
fanannitiiau ednglsf ANNARTHNIANLY memu
uazifivfieyaauivrrasfifen anounasesnse
anansatinlthlszgnef i fuigeiingu - 15 Tasiamns
i Fasnnsainamnuudausarassn wazN199 A Ld
5178193

naAnssNUsznA

o -1

2090LAM AUTAINWNRUENTANIRUF IR Y

o

o

3 5.1 o.udane a.Tiessne uaz yatlsduwmuwn
Plineatiuaywiulsyanniddey

LANAITDND

3310301 BuNans 9mILA0T WTRITAUFS way Usyans
Yoy, 2559. wareenislidanUivigemiu
faufulTauuAR FaNd Tt e dane
Weawmsiansasuulasnnaniivesmy
TAnsanuNzIn. 97a19n1RAT 32(3): 379-
390.

o al a al a = a =

ATIY YouENEIR . 2539, 4339NENURINT. NAITING
AU ADINEATANERT Nunanendendea i,
ey,

1 aa a I'd ] a

F1INT WAIAIN. 2557, NaN@15: unumlunisdadss

o A % =
saztlaanunangldanoziAsen. 219419
AnsnAnansuazmaluladl 22(4): 553-570.

wadid AnzAadl. 2527, diledinrziiau N uazile.
medrgimaniuazeyineaand A
NHATANIERT Nunanenaedeaslug,
el

Wund inlnlsanl. 2532 aefluuuazansaaununig
\InFLTTesT: UnuusinANEUg .
ANATT1T2TINEY AUEANENAERST
wanenaede vy, mealud.

342

N3t Naganln. 2529, aasluunNTLaza1I8AINZA.
ANATTINTRAIY ADUEINEAT NUIAINLNAE
NEATANGRAT, NPINNCL.

a dl ey a = g =)

AAR NIAFT NIA DU UAT ATAN 49T0UNA LAY gTEN

WRATmIL. 2549. 4359981 289NT. ANWASS
4

N 1. AVUNNHANUNINENR LN BRATANER T,
NIANN.

o (3

WNey QRAUNT.

o

2548. @asanaial (General
Physiology). Taineialng, ngamme.

Faasenl @erny uaz AR a5yIEi. 2557, aailuu

WIKNARAN Pseudomonas fluorescens
SP007s  Tunnsgaidsuniaasnyiauls 1aq
AzINauyiad. Thai Journal of Science and
Technology 3(3): 196-205.

[TITTOU ﬁm?ﬁ%ﬂ. 2545. NNTNARANT Indole-3-acetic
acid (IAA) Uaz Rhizobitoxine  Iaeiide lals
ey, nMedandgiananiuazeuinuaians
ADIZINHATANART NMANeaReLTelva,
WHerlural.

Acufa, JJ., MA. Jorquera, O.A. Martinez, D.
Menezes_Blackburn, M.T. Fernandez, P.
Marschner, R. Greiner and M.L. Mora. 2011.
Indole acetic acid and phytase activity
produced by rhizosphere bacilli as affected
by pH and metals. Journal of Soil Science
and Plant Nutrition 11(3): 1-12.

K. Kumar and N.

|solation

Amaresan, N., V. Jayakumar,
Thajuddin. 2012.

characterization of plant growth promoting

and

endophytic bacteria and their effect on
tomato (Lycopersicon esculentum) and
chilli (Capsicum annuum) seedling growth.
Annals of Microbiology 62: 805-810.

1988. Studies on effect of

Azospirillum, nitrogen and NAA on growth

Amirthalingam, S.

and yield of chilli (Capsicum annuum L.) cv.
K.1. South Indian Horticulture 36(4): 218.



aa o
WRUABDILLLIANLTEANN

a a

Aand15 Indole-3-Acetic Acid (IAA)
o o
uaziFNIMEINDIMNTURINTNTANY

fpangLasLAule

Arshad, M. and W.T. Frankenberger. 1992. Microbial
production of plant growth regulators. pp.
307-347. In: F.B. Metting, Jr. (ed.). Soil
Microbial Ecology. Marcel Dekker Inc., New
York.

Bhandari, S., M. Sajwan and N.S. Bisht. 2009.
Physiological effect of auxins on growth
characteristics and productive potential of
Verbascum thapsus - a medicinal plant.
Researcher 1(5): 47-51.

Datta, C. and P.S. Basu. 2000. Indole acetic acid
production by a Rhizobium species from
root nodules of a leguminous shrub Cajanus
cajan. Research 155(2):
123-127.

Datta, M., R. Palit, C. Sengupta, M.K. Pandit and S.
Banerjee. 2011.

Microbiological

Plant growth promoting
rhizobacteria enhance growth and yield of
chilli (Capsicum annuum L.) under field
Australian  Journal
Science 5(5): 531-536.
Egamberdiyeva, D. 2007. The effect of plant growth

conditions. of Crop

promoting bacteria on growth and nutrient
uptake of maize in two different soails.
Applied Soil Ecology 36(2-3): 184-1809.
Ehmann, A. 1977. The van Urk-Salkowski reagent - a
sensitive and specific chromogenic reagent
for silica gel thin-layer chromatographic
identification of indole

detection and

derivatives. Journal
132(2): 267-276.
Etesami, H., H.A. Alikhani and H.M. Hosseini. 2015.

Indole-3-acetic acid (IAA) production trait, a

of Chromatography

useful screening to select endophytic and
rhizosphere competent bacteria for rice
growth promoting agents. MethodsX 2: 72-
78.

343

Jackson, M.L. 1967. Soil Chemical Analysis. Prentice
Hall of India Pvt. Ltd., New Delhi.

Kasula, K., S. Prasad, P. Umate, K. Gadidasu and S.
Abbagan. 2008. Efficient TDZ and IAA-
assisted plant regeneration from cotyledon
and leaf explants of Capsicum annuum L.

bud

differentiation and elongation. International

one-step  protocol  for  shoot
Journal of Plant Developmental Biology
2(2): 114-117.

Khan, A., SN.M. Shah, A. Rab, M. Sagjid, K. Ali, A.
Ahmed and S. Faisal. 2014. Influence of
nitrogen and potassium levels on growth
and yield of chillies (Capsium annuum L.).
International Journal of Farming and Allied
Sciences 3(3): 260-264.

Lindsay, W.L. 1979. Chemical Equilibria in Soil. John
Wiley & Sons, New York. 449 p.

Loper J.E. and M.N. Schroth. 1986. Influence of
bacterial sources of indole-3-acetic acid on
root of beet.

Phytopathology 76: 386-389.

Lynch, J.M. 1985. Origin, nature and biological

elongation sugar

activity of aliphatic substances and growth
hormones found in soil. pp. 151-174. In: D.
(eds). Soil
Organic Matter and Biological Activity.
Martinus Nijhoff /Dr. W. Junk Publishers,

Vaughan and R.E. Malcom

Dordrecht.
Malhotra, M. and S. Srivastava. 2009. Stress-
responsive indole-3-acetic acid

biosynthesis by Azospirillum brasilense SM
and its ability to modulate plant growth.
European Journal of Soil Biology 45: 73-80.
Mohite, B. 2013. Isolation and characterization of
indole acetic acid (IAA) producing bacteria

from rhizospheric soil and its effect on plant



2M9419N AT 33(3): 333 - 344 (2560)

growth. Journal of Soil Science and Plant
Nutrition 13(3): 638-649.

Paramaguru, P. and S. Natarajan. 1993. Effect of
Azospirillum on growth and vyield of chilli
(Capsicum annuum L.) grown under semi-
dry condition. South Indian Horticulture 4(2):
80-83.

Pilet, P.E. and M. Saugy. 1985. Effect of applied and
endogenous indol-3yl-acetic acid on maize
root growth. Planta 164(2): 254-258.

Reuter, D.J. and J.B. Robinson. 1986. Plant
Analysis: An Interpretation Manual. Inkata
Press, Melbourne. 218 p.

Shahab, S., N. Ahmed and N. S. Khan. 2009. Indole
acetic acid production and enhanced plant
growth promotion by indigenous PSBs.
African Journal of Agriculture Research
4(11): 1312-1316.

344



Characteristics of Indigenous Azospirillum spp. Associated with Peanut Nodules

and Compatibility with Bradyrhizobium in Thailand

AMMANBUZURY Azospirilum spp. Ananugrasululnorasuas

nsagsannulany Bradyrhizobium luilszmalng

Punpaporn Kongkaewf, Supamard Panichsakpatana1, Phatchayaphon Meunchang2
and Achara Nuntagij2

Wssauilng nasuia’ AnuA WHEANANMWY' ARTUNN URUKAS WAz 84991 HUnna’

1Departmem‘ of Soils Science, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand
'NABTILTIANET AEANIAT NWTINENBENNBAIAIAAT NN 10900
“Soil Microbiology Research Group, Research Group of Soil Science, Research Division for Agricultural Production

Development, Department of Agriculture, Bangkok 10900, Thailand

% = e

“NgNIITEAUYTEAY NGNITELTIINGT NOIISENINWITATENINAANNMITINEAT NINITINIFNLAT NFUNN 10900

*Corresponding author: Email: Anusoil20@gmail.com

(Received: 26 April 2017; Accepted: 27 July 2017)

undnsia: Azospiilum Huuuafizelu R naseumniiansislulnsaulilngsassaianii feaunsodadiunis
woyiulnazuanantesits lunsineilli Aumuazuanide Azospirilum aneiugiudiesluludaaasann
ﬁ”u'ﬁ'ﬂgﬂffq 3 wislutlssnalng wudn ssannsveaide Azospirilum Mtludafivninaeidd most probable number
ez evnsnawanitsaannlulnsauluiiu 3 e lEun Aunsnedau (wwp3ysnd) AuduLiunae (T@ealus) way
Audautlumtien (ngamne) § 2.4x10°, 2.4x10° uaz 2.3x10° cfulg AMNAIAL wendeuuafiBels 6 lalnanaals
hanAnendneniaesdeseld ANANEUTAUAIUFUINEN Afnuazianiassden 6 lalman wudn
@9 Azospirilum spp. L%”ﬂnﬂvl,ﬂi“ﬂ LNE31 AN R Tieae1 s amad it Aann lulnsiay Luenmns
wieflifin Congo red Ialatlzasmnlelmanilduas fuuasuazuiie nolalnanilzlinasadifuu Aadunsuau
anannansalunslinglrauaslnslapandimsmiiluumasesaniuey anansouLivdesentiifu 3 NN AN
nsAMERadLILaTes 165 DNA nude 3 lalmandneglunguaes A, oyzae e 2 lalnandaerlungs A
formosense waziiiie 1 lelnianagflunga A. brasiense diulelniantes A. oryzae uaz A. brasiense g
piepdeiluE i augnsog lundiiadasiaiiau ussneiull A, brasiense fauaansnluniauae
AN Tganan Tuanssit A, onyzae Spanaanansonan 1A Tiiiign ludnuauden 6 lalaian Rt A. onyzae i
ananmnazanevledAuazaseTineslsnes uenanniltiaonudn A. formosense lalmianiipaaanansnlunsiaod
azaniaulFanfiqe uidanuaiunanlunieaiig IAA g LLﬂzLﬂuL%b'a‘Tj‘amaﬂQﬁLL@@QﬂQWNLﬂuﬂﬁﬁﬂﬁﬁﬂ
Bradyrhizobium &neitg TAL 1000 lunsneniiaslidaiden A. brasiense iamsinuludunausel Fady
nsfnnnngniesaniuide Bradymizobium ludaaa

ANRATY: Azospirillum Bradyrhizobium Ud31n faAa

345
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



AN9419NAT 33(3): 345 - 355 (2560)

Abstract: Azospirillum is a free living N, fixing rhizobacteria which can promote plant growth and plant
productivity. This study was performed to investigate the occurrence and to isolate indigenous Azospirillum in
the nodules of peanut (Arachis hypogaea L.) from three cultivated areas in Thailand. It was found that the
population of Azospirillum in peanut nodules from three soil types by most probable number method with
semisolid N free (Nf) medium were 2.4x10%, 2.4x10° and 2.3x10° cfu/g respectively. Six bacterial isolates were
obtained and were characterized. Based on their morphological, physiological and biochemical characteristics
they were putative Azospirillum spp. All of them formed the blue pellicles below the surface of semisolid Nf
medium. Their colonies on Congo red agar were red, opaque with dry consistency. They were all Gram negative
rods. Based on the ability for utilization of glucose and trisodium citrate as carbon sources, they could be
divided into three groups. From 16SrDNA sequencing analysis, 3 isolates belonged to A. oryzae, 2 isolates
belonged to A. formosense and 1 isolate belonged to A. brasilense. A. oryzae isolate was similar as A.
brasilense isolates for their high acetylene reduction activity (ARA) but A. brasilense produced higher IAA
production while the IAA production were low. Among the six isolates, only A. oryzae isolates could solubilize
phosphate and produced siderophore. Meanwhile A. formosense isolates had the lowest ARA while the IAA
production were high and they had positive antagonism against Bradyrhizobium strain TAL 1000. A. brasilense

was selected for further study for co-inoculation with Bradyrhizobium strain TAL 1000 in peanut in the future.
Keywords: Azospirillum, Bradyrhizobium, root nodules, peanut
Introduction regions of the world and became important in

developing countries that produce raw food (Hayat

Peanut (Arachis hypogaea L.) is an et al., 2010). PGPR are beneficial soil bacteria which

important oilseed crop and better sources of protein, can fix nitrogen (Meunchang et al., 2011), promote
healthy fats, antioxidants and vitamins. It is used as plant growth (Khongsorn and Boonreung, 2016),
vegetable and healthy food in the rain-fed area of solubilize phosphate (Inthasan et al., 2016) and can
Thailand. Nowadays, rice-peanut cropping system is live associated with a host or be free living in soils.
normally practical under non-irrigated condition. Azospirillum  represents the  greatest
However, peanut yield has been decreasing due to characterized genus of PGPR (Steenhoudt and
limitation of appropriate technology for production Vanderleyden, 2000). They are Gram-negative motile
and efficient inoculation is not successful. Castro et rods which can be free living bacteria or live
al. (1999) reported that there were non-significantly in associated with the roots of host plants, root
nodule dry weight, biomass, ARA and seed vyield colonizers but not a plant specific. There are 18
between inoculated and uninoculated peanut in species of Azospirillum, according to biochemical
Argentina. and molecular characteristics: A. lipoferum, A.
In recent years, soil bacteria that benefit brasilense, A. amazonense, A. halopraeferans, A.
plant growth and yield are commonly referred as irakense, A. largimobile, A. dobereinerae, A. oryzae,
plant growth-promoting rhizobacteria (PGPR). The A. melinis, A. canadense, A. zeae, A. rugosum, A.
studies about PGPR had increased in several palatum, A. picis, A. thiophilum, A. formosense, A.
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fermentarium and A. humicireducens. They could be
isolated from soil, leaves and roots of forage grasses,
maize, wheat, rice, sorghum, and  sugarcane,
contaminate oil, tar, a sulfide spring, fermentative
broth and humic substances (Cassan et al., 2015).
Azospirillum has been the focus of applied
research from the 1970s (Hartmann and Bashan
2009) due to their beneficial effects to promote plant
growth of many crops in several varieties of plants
and various soils and climatic condition around the
world, mainly in tropical areas. Combined inoculation
and  Rhizobium resulted in
growth,

increasing of N fixing, biomass and yield of winged

of  Azospirillum

improvement  plant nutrient  uptake,
bean and soybean (Iruthayathas et al., 1983).
Several species of Azospirillum are able to

metabolize  phytohormones such as  auxins,
gibberellins and cytokinins. (Okon and Kapulnik
1986). Soybean root nodules were increased by mix
inoculation with Azospirillum (Bashan and Levanony,
1990). Bashan et al. (1992) reported that inoculation
of Azospirillum which was isolated from legumes
could promote the growth and productivity of
legumes. Bashan (1993) suggested that Azospirillum
took a role as “helper” bacteria by increasing root
development, root surface area, root hair and
excretion of root exudates which subsequently
the

inoculants. Azospirillum can improve productivity of

increased successful infection by major
Gramineae and cereal in many countries. Since
2000, the

Azospirillum not only from Gamineae but also from

scientists  described isolation  of
the roots of vegetables and legumes. At present,
many reports in the world confirmed that Azospirillum
could promote Rhizobium inoculant and could help
legume either directly and indirectly (Bashan et al.,
2004). Many reports showed that Azospirillum could

increase nitrogen fixation, nitrogen accumulation,
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plant growth and vyield of many legumes (Pereg et
al., 2016). In Thailand, Azospirillum has been studied
and promoted by the Department of Agriculture.
Choonluchanon et al. (2002) isolated Azospirillum
spp.
northeastern and central
Meunchang (2004) founded A. brasilense and A.

lipoferum in the soils and rhizosphere of grass, sugar

from agricultural soils in the northern,

region of Thailand.

cane, pineapple and maize in all Thai regions.
Koomnok et al. (2007) reported that Azospirillum
spp. could be isolated from every part of rice at
Chiang Mai province and Mejuice et al. (2012)
founded Azospirillum brasilense and Azospirillum
amazonense in rice roots at Lampang province, in
the Thailand.

Azospirillum isolation from legume in Thailand has

northern  region  of However
not been reported yet.

From these reports, Azospirillum has proven
to be helper of bacteria promoting root nodules in
leguminous plants. Some efficient strains  of
Azospirillum associated with  Rhizobium may be
existed in root nodules. However, the report on
Azospirillum from legume root nodules was rare but
there are many reports on isolation of Azospirillum
spp. from bulk soil, rhizosphere soil and root. It was
worthwhile to study the occurrence of Azospirillum in
peanut nodules and aimed to isolate and
characterize the existing Azospirillum for further
inoculant  for

usage as improving of peanut

productivity.

Materials and Methods

Sample collection and soil analysis
Rhizosphere soils and peanut nodule

samples were collected from the peanut cultivated

areas with different soil types at blooming stage. Two

soil types were from the cultivated areas in the north:
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Chiang Mai and Phetchabun and one soil type was
from the research field of Department of Agriculture,
Bangkok, Thailand.

properties of each soil type such as soil texture,

The physical and chemical

organic matter, pH, total N and the C/N ratio were
determined by the standard soil analysis method

(Attanandana and Chanchareonsook, 1999).

Isolation of Azospirillum

Azospirillum isolates were isolated from the
root nodules of peanut plants. One gram of root
nodule samples were surface-sterilized by soaking in
95% (v/v) ethanol and 0.1% (w/v) acidified HgCl, for
1 min, followed by ten times washing with sterilized
distilled water. The samples were macerated with a
mortar and pestle in sterile phosphate-buffered
saline and 1 ml of diluted sample from 10™ to 10°
dilutions was taken, and 0.1 ml of aliquot was
inoculated into test tubes containing nitrogen free
(Nf) semisolid medium (Bashan et al., 1993) then
incubated at 37 °C for 48 h to observe the growth by
the formation of pellicles. The pellicles were streaked
on Congo red agar medium and incubated at 37°C
for 72 h (Caceres, 1982). After purified, all the
50%. The

population of Azospirillum in peanut nodules were

isolates were preserved in glyceral
determined by the most probable number method
(MPN), using a McCrady table with three replicate
vials for each dilution on the basis of colony. The
isolated bacterial isolates were characterized for
physiology
(Meunchang et al., 2011).

morphology and biochemistry.

Phenotypic characterization of Azospirillum strains
Cell morphology and Gram stain were

determined by microscope (Vincent, 1970). The

strains were characterized as the following: color of

colony, form, elevation, margin, surface and opacity.
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Physiological and biochemical tests were carried out
using API20 NE (bioMerieux, France) according to

the manufacturer’s instruction (Zhou et al., 2009).

16S rDNA gene amplification and sequencing
Genomic DNAs of Azospirillum isolates
were amplified by the method of Weisburg et al.,
(1991). Strains were identified by 16S rDNA gene
sequencing. Total genomic DNA was extracted
using a DNA purification kit (Bio rad, Germany) as
described by the manufacturer. The PCR was
carried out by using universal primers fD1 (5'-
AGAGTTTGATCCTGGCTCAG-3’) and rP2 (3’-
AAGGAGGTGATCCAGCC-5’) using the following
conditions: 95 °C for 2 min 30 denaturation cycles at
95 °C for 20 s annealing temperatures primer
extension at 70 °C for 10 s followed by a final
extension at 70 °C for 5 min. The PRC product was
run on an 0.8% agarose gel. Purified using PCR
(Bio rad, Germany). The DNA

sequences were analysed with basic sequence

purification kit

alignment BLAST program and checked for

misreading with alignment of Bioedit. Phylogenetic
analysis was performed using MEGA 6 (Tamura et

al., 2013).

Assays for characteristics associated with plant
growth promotion potentials
- Nitrogen fixation activity

The ability of the Azospirillum isolates to fix
atmospheric nitrogen was evaluated by acetylene
reduction assays commonly used to measure
nitrogenase activity. 0.1% of cell suspension was
inoculated in semi-solid NFb medium (Dobereiner et
al., 1995) in 4 replications for each strain and
incubated at 37 °C for 48 h. Then the headspace of
the tube was replaced with acetylene (10% v/v) and

incubated at 37 °C for 1 h. Ethylene production was
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measured using a Hewlett Packard gas
chromatograph (HP 5890 series I, USA) (Eckert et
al., 2001).

- Plant growth regulator: Indol-3-Acetic Acid
(IAA)

IAA production was measured based on
the colorimetric method described by Glickmann
and Dessaux (1995) 15 ml of nutrient free broth (nfb)
containing 0.1% DL tryptophan was inoculated with
Azospirillum cultures and incubated in incubator
shaker at 37 £ 0.1 °C and 180 rpm for 48 h in the
dark. Supernatants were centrifuged at 10,000 rpm
for 10 min at 4 °C then 1 ml supernatant was mixed
with 4 ml of Salkowski's reagent incubated for 20 min
at room temperature then measured absorbance at
535 nm. The concentration of each sample was
calculated from the regression equation of the
standard curve.

- Phosphorous solubility

Azospirillum strains were tested by plate
assay using SRSM agar (Franco-Correa et al., 2010).
Appropriate diluton was spread on agar plate
containing insoluble tricalcium phosphate. Plates
were incubated at 37 °C for 72 h. The ability to
hydrolyse tricalcium phosphate was determined by
the appearance of a clear halo zone around the
colony on agar plates.

- Siderophore

This assay was based on iron in ferric
complex of chrome azurol S (CAS). The iron was
removed from CAS by siderophore and a positive

reaction is indicated by a colour change from blue to

orange (Schwyn and Neilands, 1987). Drop 10 pl of
Azospirillum aliquot onto a CAS agar plate in

triplicate and incubated at 37 °C for 3-4 days.

The detection of antagonistic by cross-streak method

Cross streak method was used to rapidly
screen for antagonism between Azospirillum and
strain  TAL  1000. Inoculant

Bradyrhizobium strain TAL 1000 was inoculated onto

Bradyrhizobium of
the center of a nutrient plate by line-inoculation and
incubated at 37 °C for one week. All isolates of
Azospirillum were inoculated by cross-streak method
near Bradyrhizobium. Incubation was done at 37 °C
for 72 h. The antimicrobial effect was determined by
the inhibition zone on solid media. Inhibition zone
was considered positive (+) when the zones were 1
mm or more in width (Lertcanawanichakul and

Sawangnop, 2008).

Results and Discussion

Soil properties and population of Azospirillum in
peanut root nodules
The density

Azospirillum in peanut nodules from Phetchabun was

highest  population of
observed though the soil from this cultivated site was
very strong acid with pH 4.9 suggesting that soil pH
had no effect on the number of Azospirillum in
peanut nodules (Table 1). This experimental result
supported Dobereiner et al. (1976) who found that
the number of Azospirillum in root nodules did not

correlate with soil pH due to the high number of

Table 1. Properties of the soil samples and population of Azospirillum of peanut nodules

Location Soil series Texture O.M. Total N pH MPN (in nodule)
(%) (%) (1:1) (cfu/g)
Chiang Mai San Sai sandy loam 1.99 0.098 6.1 2.4x10°
Phetchabun  Slope complex  loamy sand 2.37 0.112 4.9 2.4x10"
Bangkok Bang Khen clay loam 3.44 0.196 6.4 2.3x10°
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Azospirillum in root from the soils with various pH
from 4.8-7.2. Kanimozhi and Panneerselvam (2010)
reported that in sandy loam soil, the population
density of of Azospirillum was highest but in sandy
clay loam, the population density was lowest. In this
study, the population density of Azospirillum in the
soils were not included but the resulted on the higher
population density of Azospirillum in peanut nodules
from light soil than those from the heavy soil seemed
to be the same trend as the population of
Azospirillum in soils reported by Kanimozhi and
Panneerselvam (2010). According to Bashan and
Gonzalez (1999), root exudates dominated bacterial
mobility in the soil thus the number of microbial
around the roots was up to root exudates of the

plants. Sturz and Nowak (2000) reported also that

Azospirillum was mainly on the root surface but some
strains were colonized the roots in the apoplast and
intercellular space. It was therefore expected that the
number of Azospirillum in peanut nodules depended

on root exudates of peanut.

Characteristics of Azospirillum isolates

Six bacterial isolates were obtained as
follows: PN-01 from Bangkok, PN-03, PN-04, PN-06
from Phetchabun and PN-07, PN-08 from Chiang
Mai.  Their

biochemical characteristics were shown in Table 2.

morphological, physiological and
All of them formed the blue pellicle below the surface
of semisolid Nf medium. Their colonies on Congo red
agar were red, opaque with dry consistency. They

were all Gram negative rod. Based on the ability for

Table 2. Morphological and biochemical tested of the selescted Azospirillum strains

Provinces Bangkok Phetchabun Chiang Mai
Soil series Bang Khen Slope complex 4 San Sai
Isolated No. PN-01 PN-03 PN-04 PN-06 PN-07 PN-08
Phenotypic feature

Forming a pellicle in semi-Nfb + + + + + +
Colony color in RC medium red red red red red red
Cell-shape rod rod rod rod rod rod
Gram-strain Neg. Neg. Neg. Neg. Neg. Neg.
Carbon utilization (API20NE)

D-glucose (GLU) + + +

L-arabinose (ARA) + + + +
D-mannose (MNE) +

D-mannitol (MAN) + +

N-acetyl-glucosamine (NAG) + +

D-maltose (MAL)

Potassium gluconate (GNT) + + + + +
Capric acid (CAP) +

Adipic acid (ADI)

Malic acid (MLT) + + + + + +
Trisodium citrate (CIT) +

Phenylacetic acid (PAC)
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utilization of glucose and trisodium citrate, they could
be divided into 3 groups. There were 2 isolate, PN-01
and PN-08 in the first group which could not use
glucose (GLU) but used gluconate (GNT) and malic
acid (MLT). PN-07 isolate was in the second group
which used GNT, MLT, arabinose (ARA)
trisodium citrate (CIT) as carbon sources. The rest
were in the third group which used GLU, ARA, GNT,
MLT, manitol (MAN), N-acetyl-glucosamine (NAG)

and

and capric acid (CAP). This result agreed with Okon
(1994) who reported that Azospirillum could utilize a

variety of sugar, alcohols and organic acids as

B

PN-07(KU507495)

100

carbon sources for growth and reviewed that most
Azospirillum strain used glucose but A. brasilense
could not use it.

The phylogenetic tree of Azospirillum from
peanut nodules was shown in Figure 1. The six
Azospirillum isolates were classified into three
clusters. The cluster | consisted of three isolates as
follows PN-03, PN-04 and PN-06 (slope complex soil)
was closely related to A. oryzae. Cluster Il consisted
of two isolates PN-01 (Bang Khen soil) and PN-08
(Sansai soil) belonged to A. formosense and cluster

[l consisted of one isolate PN-07 (Sansai soil)

PN-04(KU507492)

PN-06(KU507494)

PN-03(KU507491)

Azospirillum oryzae AB 185396.1

Azospirillum zeae strain N7 DQ682470.1

Azospirillum lipoferum (ncimb 11861) Z29619.1
Azospirillum largomobile X90759.1

Azospirillum melinis strain TMCY 0552 DQ022958.1

Azospirillum picis partial AM9222283.1

Azospirillum doebereinerae AJ238567.1

g’ [ Azospirillum rugosum AM419042.1

Azospirillum canadense DS2 DQ 393891.1

Azospirillum brasilense (Sp7) 16S rRNA gene X79739.1

Azospirillum formosense strain CC-Nfb-7 GU256444.1

_5{

PN-01(KU507488)

PN-08(KU507496)
Azospirillum halopraeferens (Au4) X79731.1
Azospirillum irakense (KBC1) Z29583.1

Azospirillum amazonense (DSM 2787) X79735.1

e

Bacillus subtilis AJ276351.1

Figure 1. Neighbour-joining tree of 16S rRNA gene sequence similarity, showing the phylogenetic tree

of Azospirillum from peanut nodules
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belonged to A. brasilense. According to Attitalla et
al. (2010), A. brasilense was isolated from the roots
of legumes in Libya. A. brasilense was also isolated
from several non-gramineous crop in Japan (Gamo
and Ahn, 1991). that

Azospirillum more than one species could be found

The finding suggested

in the same place. In this study grouping of bacteria
by biochemical testing with API test kit provided the
16S rDNA gene

sequencing and supported Virunanon et al. (2011).

similar results as those by

Beneficial properties of Azospirillum spp. isolated
from peanut root nodules

The abilities of 6 isolates of Azospirillum on
acetylene reduction activity (ARA) or nitrogenase
activity,

IAA  production, phosphate solubilizing,

siderophore production and antagonistic  with
Bradyrhizobium were shown in Table 3. All isolates
were able to fix nitrogen. The maximum ARA (76.25
nmol C,H,/mlh) was from A. brasilense (PN-07) and
the minimum (3.78 nmol C,H,/ml/h) was from A.
formosense (PN-08) These two Azospirillum isolates
were from San Sai soil series at Chiang Mai province.
The IAA production from isolates PN-01, PN-07 and
PN-08 were high with the values of IAA values at

100.53, 83.56 and 77.70 pg/ml respectively, while

those from isolates PN-03 and PN-04 had the lowest
values of IAA values at 1.71 and 041 pg/ml
respectively. The isolate PN-06 could not produce
IAA.  Phosphate solubilization and siderophore
production were found in isolates PN-03, PN-04 and
PN-06. Only two isolates of A. formosense (PN-01,
PN-08)
Bradlyrhizobium strain TAL 1000 while A. oryzae (PN-
03, PN-04, PN-06) and A. brasilense (PN-07) could

compatible with this strain of Bradyrhizobium.

were  positive  antagonistic  against

Conclusion

In this study, the Azospirillum were found in
peanut root nodules. Six bacterial isolates were
obtained. Based on their morphology, physiology
and biochemistry, they were putative Azospirillum
spp. From 16S rDNA sequencing analysis, three
isolates belonged to A. oryzae, 2 isolates belonged
to A. formosense and 1 isolate belonged to A.
brasilense. A. brasilense and A. oryzae were similar
for their high ARA but A. brasilense produced higher
IAA production than A. oryzae. Only A. oryzae could
solubilize phosphate and produced siderophore. A.
formosense isolates were positive antagonistic

against Bradyrhizobium strain TAL 1000 while the

Table 3. Determination of characteristics associated with plant growth promotion of Azospirillum strains

Azospirillum — Azospirillum — Nitrogenase IAA Phosphate Siderophores Antagonistic
No. species activity production  solubilization production Bradyrhizobium
(nmol (pg/ml)
C,H, /mi/hr)
PN-01 A. formosense 6.24a 100.53e - - +
PN-03 A. oryzae 59.95b 1.71b + + -
PN-04 A. oryzae 73.77b 0.41ab + + -
PN-06 A. oryzae 59.67b 0.00a + + -
PN-07 A. brasilense 76.25b 83.56d - - -
PN-08 A. formosense 3.78a 77.70c - - +

+ = have siderophores and antagonistic

Means within the same colum followed by different letters are significantly different according to DMRT (P<0.05)
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rest were compatible with this Bradyrhizobium strain
TAL1000. A. brasilense was selected for further
study for co-inoculation with Bradyrhizobium strain
TAL1000 in peanut in the future.
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Expression Profiling of Cutinase and Endopolygalacturonic-related Genes

in Colletotrichum capsici During Chili Fruit Infection
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Abstract: This study determined the expression level of cutinase (CUT) and endopolygalacturonase (endo-PG)
genes of Colletotrichum capsici after inoculating on green and red chili fruit stages of Bang Chang variety by
real-time PCR technique. The inoculated green chili fruits were sampled at 0, 24, 48, 72, 96, 120, 192 and 240
hours after inoculation (HAI) and red chili fruits were sampled at 0, 24, 48, 72, 96, 120 and 144 HAI. It showed
that CUT was the greatest up-regulated at 72 hours after inoculation (HAI) on red fruit stage and at 240 HAI on
green fruit stage. The maximum expression of endo-PG was observed at 144 and 192 HAI on red and green

fruits, respectively. Disease symptom started to produce at 144 HAI on red chili fruit and 240 HAI on green fruit.

Keywords: Colletotrichum capsici, anthracnose, gene expression, cutinase, endopolygalacturonase, gPCR
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GENBANK Fail
cutinase gene 1#un accession HQ406775.1 waz

(http:/Aww.ncbi.nlm.nih.gov)

M180331, polygalacturonase gene 1AuA accession
EF094978.1 war EXF76753_1, actin gene TAun

accession LC170499, LC170500, LC170501,
LC170505, LC170511, LC170518 waz LC170537
antAlAeiaamE eutedFUTanaTe Ind Tl
Taerld 1 lsunsy CLUSTAL W (Thomson et al., 1994)
panuuulngmes tnaldldsunsy Primer3  Input
program (Untergasser et al., 2007) ImﬂVLW?Lu@WlI
ABNWLL (mmﬁ 1) Azl NANANUNEI BT CUT,
PG uaz ACT #iH7u1m 200, 160 WAy 96 ALUE
ANNANFY InagauANFUTanale lndTilEannnan
At PCR (PCR product) TnagelAiAmeyiim
Macrogen (Korea) ez BeLTisLaFLTnARle IndT
sru9ruwlugiudeya GENBANK

(http:/Mmww.ncbi.nlim.nih.gov)

5. NM5ALATILINISLAAIRANURIEY
AATHIZAUNTUAAIDENT BT WA T
gPCR TneinanuEneLATad Eco PCR max 48 machine
(PCR Max, UK) lunaendfjisendiisunssn 10
lulnsams Usznaudag HOT FIREPol EvaGreen gPCR
Mix Plus no ROX (Solis BioDyne, Slovania) 2
luTasans primer (10 Radluan?) 015 winsams
cDNA 2 lulasams uaz PCR-water 5.7 Tulasams
nuuallsunsululfjisen PCR Tunnsmsaageunis
uansaenTeAaziusall Ngnmndluduneu pre-
denaturation Aa 95 asATadad Wwnan 15 Wi
PuEaE 40 se1vRdUABY denaturation 95 B4AN
waides 15 3wl Tumeu annealing grungf (A3
71) 20 Auni uardumeu extension NN

Figure 1. Capsicum annuum Bang Chang variety (A), chili green fruit stage (B), chili red fruit stage (C)
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Table 1. PCR primers and annealing temperature used in the study

Annealing
Gene Primer name Sequences i
temp ('C)
CUT200F 5-GACCTGGCCTCCAACTTC-3'
Cutinase (CUT) 62
CUT200R 5'-ACGACGCCCTTGATCTGGTT-3'
Endopolygalacturonase  PG1F 5-ACCTTCGGCTACAAGGAGTGG-3' 63
(endo-PG) PG1R 5-CGTAGAAGAACTTGGGCTTGG-3'
ACTFA 5'-TCTACCACCCACACACAGAC-3'
Actin (ACT) 62
ACTFA1 5-GCGAGATGGTTAGCATTGA-3'

72 R9ANEALEHE 20 AU LAY final-extension

Ui 72 aaAalEed 5 Wi T9lunnsnns el

g1 ACT lugiugnada (reference gene) WazaLATIEh

NANNTLAAIDBNTBIEUAINAT CT value R2eABnNT
ANUITMLLL 2724 (Livak and Schmittgen, 2001)
a1 1% e Relative - quantification WAZNNTRLAINZY
melting curve L‘W‘m;luf;lum PCR product ‘Vlblmmﬂ
U738 rea-ime  PCR lun@Anfuaifdednis 34
mamﬁmﬁﬁqﬂﬁmﬂﬂ@umm peak Lﬁm‘ﬁ'@qmmﬁ@q

NANISYIARDILAZIANTIL

1. Msuaniiasuauunsaluansn
ANMIUEN DI NHABNTILAAs N33R
uaungalua (m‘wﬁ' 2A) K28 tissue transplanting
wuindesanusidnyuuens PDA Talafiidmn
Lhurinang wun2a314 conidial mass Adi (mwﬁ' 2B)
famsmagaumelfingasganssminusneizaasiail
Laﬂﬁgﬂi‘%‘lLLU‘]JLE”?;I'JW?:‘QVMW( (falcate shape) 1i#
plarunel 18R (WA 20) Fadenfianlad
fwnrantuden C. capsici (Sutton, 1992) WAZ
enagauauanunsnlunsn iR alsALURAYEN
Wiguedng Tnennsviu spore suspension AYLWHAIEA
W’?ﬁﬂiwm@ﬁumﬁag’uuﬁu (intact fruits) WLANNANTN
LL’&md@’m’)ﬂ@ﬂ@ﬂﬁiﬁ@ﬁﬂﬂ@ﬂL%ﬁl‘ﬂ 6  Juuwad
anwnzy U Adia LL@v’a‘i\‘lLﬂﬁ]L‘Muﬂ@Nﬂﬂﬁ fruiting
body Lﬂuwsﬁ@mmLN@LLm@umﬂmnmu (i 2D)
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a4 s 1 [=3 s [ [
2. NSLATANAIDENILAZNITIALAIDENNAINTL
ATIAADL

mnmiﬂ@,mﬁ”@m C. capsici AYLUHANTN
FiTuaunzduns wazifumediuilaideluusiaz
ﬁqan@ﬁMﬁqmiﬂ@Jm%@m TUHaNINIzE L AUAY
uﬁq@’mﬂ@lmﬁ”@ﬁmm 0, 24, 48, 72, 96, 120 ua
144 F2Ta9 uaTnudmaNInsTaLAuAIFuuAnS
armsasspuauwnantuad 144 %Tmmﬁmnﬂqﬂ
e (AT 3A)
l;l/']'af-‘_hdﬁﬁ/\‘i@’mﬂ@‘ﬂﬁbﬂﬁw@ﬂ 0, 24, 48, 72, 96,
120, 192 uaz 240 dalus TnemuduarinGuuans
mmmmim‘w 240 2lus (10 ) MENAIAINLGN
e sﬁﬂﬁ‘wilwllﬂdN@Wi‘ﬂ‘wLiJ\ILLﬂﬂx‘i’mﬂ’]ﬂI’NI‘muuNﬂ
L‘m@]i‘xmﬂwm@ﬁm@m (turning stage) (m‘W‘V] 3B)

o o a a Y @
auFunaninszasdldaaliiiu

3. wanmsaanuuulnsuas
arnniseenuuuginsined Laun
CUT200F/CUT200R PG1F/PG1R LA
ACTFAACTFAT e 13 i s Banousnumisdin cuT,
endo-PG UAZ ACT  mNaNdD wudnnawesh
enuULTRANINs0 i B30 DNAT e 1E Tl
211M PCR product L 200, 160 Uaz 96 ALUA
PINANFL waziletin PCR  product T0usaze lng
weilddiaszdansuiiandlelnduazifaulu
grufieya GenBank Aaelisunsy Blastn
(https://blast.ncbi.nim.nih.gov/Blast.cgi) WUA1R1A L
flandtelnd# ke nd lwsiued CUT200F/CUT200R
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Figure 2. Anthracnose disease on chili fruit (A), Colletotrichum capsici colony on PDA at 7 days (B),

conidial shape of C. capsici (C), pathogenicity test of C. capsici on red fruits (D)

-

Figure 3. Disease symptoms on red chili fruit 144 hours after inoculation (A), 240 hours after

inoculation on green chili fruit and disease expressed the symptom at turning color stage (B)

AUl auf UL dIuLesEy cutinase 1991309 C. capsici (accession JX870645) Winfu 100 WAL
Colletotrichum truncatum (accession HQ406775.1) 99% MNNAAL

Wit 99% ua fu cutinase 18413831 C. capsici

(accession M180331) Winfiu 98% @uFLasuilama 4. NIFIATITNNMSHAAIRANURIE U

Talndnlfangnaimes PGIFPGIR HAnumdawiy AINNITATITHITALNTUAAIBANTDIE Y
11949128481 endopolygalacturonase 18943897 CUT uay PG 289998 MAIaIN1gnidaniung
Colletotrichum fioriniae (accession winszez@leauarAuasluszazioansing o foedsnis

XM_007599435.1) C. gloeosporioides Nara gc5 quantitative PCR wLNNsudAsRaNa8vduisdnstiia
(accession XM_007286512) fiuenannansadiueds ﬂ’lﬂuﬁ/ﬂ@'}ﬂﬂ’lﬁ‘ﬂ@]ﬂﬁy’ﬂuuﬁ‘ﬂ IAEITZAUNTUARIDAN
Wae Glomorella magna (accession AF114157.1) 20981 CUT 10413891 UUHANSNE @80T 24-120
WAL 87%, 86% WAY 79% ANNAIAL LAY ANAL Falus Snnsusaseanaesdiulusy U Msugnseen

fanalalndnliainglnsined ACTFAACTFATH  Bugalud 192 4ol uazgagainionn 240 Gl 3
Anumdauiuatduiiaealandaasiu acin 999 luszaznaindinisuansaanvesdugegail azBu

{7831 C. truncatum (accession KX702275.1) WAY Usngeinisredlsauuiiong 4 miunisuanesnyes
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fuCUT TeadesunWEnsrazunanudnduiinng
LL'&W@@HM@@@LfJZ\]’m’mﬂﬁ/\‘i@’mﬂ’]iﬂ@.ﬂﬁ”@ Tnef 72
%Tmﬁmammmaanmmﬁuzgmdﬂumqmm%'u I %4
ganndasiunisdnenluide Zymoseptoria tritici
(I\/chosphaere//a graminicola) uumqm@wwmwum
Rendiesiunisdanmeziieulsd cutinase 11130
uanseanldlugaefinadsliuansennnsvelan (Rudd
et al.,, 2015) ‘Emﬂmmﬂmmimm\m@ﬂmmﬂu CUTA
uaz CUTB 10417057 Botrytis cinerea wumumﬂm
ﬂﬂdL“ﬁ’ai"N'aﬂ‘]_IuN’]"ﬂ'adN@LL’aﬂLﬂ@LL@“’@“’DHEIUENTY]?
mle,u'ammmmuﬁumﬂ@ﬁmLLm cutin monomer
g4t (Leroch et af, 2013)

SYAUNNIUAADENDIEL PG WUNT 24-
120 faluaideiinisuanseentesiiilusdusn s
udnsanTsEugeaat 192 Salumdsanninlgnide
LL@:@@@NLfi’ﬂé‘mﬂi‘ﬂﬂ{]@’m’]ﬂl@\ﬁﬁ‘ﬂuuafam\lﬁlﬂ@]ﬂ

@oluszesnad Tan lunisuanseanaediiu PG 1y
svavAUAaNLdn 7 72 war 120 dalus Eufinns
uanseenfigeiuuazilszaugegad 144 foluavdede
qu@uﬂuummqﬂmiﬁﬂmmﬂmmmmmﬁuﬁ
Rendiasiunisdaasziionlsd polygalacturonase
‘ﬂmﬁy’ﬂﬁ"] Fusarium graminearum W19 ! FgPg1
71 24 dlua uax FgPg2 12 biffsimuﬁqma‘ﬂgﬂﬁy@ F.
graminearum  NITAUNTUAAIDONTIDIEUGIAA
(Tomassini et al., 2009) LAZANNNNTAN YR Herbert
(2004) W‘]_l')"]élulﬁyfa 31 Colletotrichum
=
‘Vl

et al.
lindemuthianum HNTUAAIBANTRIEU CLPG2
mmmmimmmvm@ﬂm endopolygalacturonase
‘Lumqmm@wumu penetratlon Lwamummm
epidermis ‘ﬂ@\iWﬂ]@’]ﬁﬂ sﬁ\‘iLLB‘]ﬂﬁl’]\‘iﬂUﬂ’iﬁ‘LL@m\i@@ﬂﬂ@Q
#u CLPGT finaupunisaiicianlesd
endopolygalacturonase %ummfaan‘mmqﬁﬁméu

LAAIBINNIURSIAYTRTZ I necrotrophic stage

2.5 1
g | symptomless l symptom l
E7)
g 209 ..
.
5 15 —a—CUT -®.-PG
g
80 1.0 A
(2]
2
5057 g — T =
é’ PYCEEERTR ettt e o’
0.0
24 48 72 96 120 192 240
(a) hour after inoculation
80 4 symptomless ‘ symptom ‘
70 A
’
01 —a=CUT =e=PG B4

50
40
30
20
10

Relative gene expression

®)

hour after inoculation

Figure 4. CUT and PG gene expression profiles of Colletotrichum capsici on green fruit (a) and red fruit
(b). After inoculation chili plants were incubated at 25C. The gene expression was determined
using real-time PCR technique. There were three replications on each treatment and the data
from a representative replication is shown
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Tunszuqunisnaliialsnaasi@as

Colletotrichum ~ capsici U  cowpea (Vigna
unguiculata) WU mMemRsanalesueadasaan
LAYESN appressoria UURART (3 a1z eHnudy
cuticle 1 24 %’JIMQMﬁQﬂ’]?ﬂ@lﬂﬁ”‘ﬂ TaewunI9aane
994 cuticle waziawln il lunnsaans (Pring et al.,
1995) i miudularesdaazaens lnadusnis
s sERTsiuansannsradlse wayligag
fintraanadinsinans Wuleveaidasasunasnudin
l4)efaga14 epidermal cell wae mesophyll cell g@aeali
Aoaadantuazidouaniainisaeslsauuiaiy
(Perfect et al., 1999) Tngannns@nuaes Ettinger et
at. (1987) m3aanuaisuiiaadlalniaes cutinase
gene a7n MRNA faralFandulavesdamiliaes

Tuanunanan cutin hydrolysate

GE)

AINNIANHIITALNTUAAIDENTBNE CUT
uaZ endo-PG fisztiziaansing 7 Tnansgnidetuss
wWinaesrzay Aunneiniivedlsafiuandenn uax
AIIAABLNTLAAIBENTEITUTIABITAARTRNNT
real-time PCR W47 240 %‘Eu\mﬁamﬁﬂqﬂﬁy@ HA
winszerd Teauansernsrestsn uasi 144 dalu
udenalgnide nawinsvezduaugnsennszasisn
Inemudndinisuanseanaestiu CUT way endo-PG lu
YNTIAN LLﬁl'i‘wTi_lLL@:‘,;ij‘ﬂLLUUﬂWﬁ‘LL@@Qﬂ@ﬂm'ﬂﬂauﬁ{‘l
A0 RATEUININANINITEE AT EauATALASHAY N
wAnsingiu Tnewudinisuandeanaestiy CUT Lung
yenduaudnseenldgeiusennieiutasnamas
nsgnide Inizfinisuanseenvesdy CUT Lwin
sveizAunagegelugasriounanseiniarastsnuueg 7
72 daludnislgnide Awiunisuanseenaestiu
endo-PG LuavINAiagnnaziugeged 192 Falu
MﬁqﬂqﬂL%W@Immgﬂmwzﬁ@mmmmmﬂmiim uaz
NIUAAIEBNTBIEY endo-PG LIUNAWINALAIEIAR
FenawinGuuanseinisvedlsevite 144 daluawdd
nstgnie fetiannuanisAnEnsuanseenaesiy
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Efficacy of Fine Tobacco Leaf Scrap and Stem for Controlling Some Insect Pests of

Vegetables
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Abstract: Tobacco fine leaf scrap and tobacco stem from Burley and Virginia were used to extract as the
insecticide to control cabbage aphid (Lipaphis erysimi), cotton aphid (Aphis gossypii) and diamondback moth
(Plutella xylostella). The extraction method of those tobacco was based on water at 24, 48 and 72 hours. The
tobacco extracts derived from tobacco fine leaf scrap and tobacco stem of Burley and Virginia were effective to
control cabbage aphid at 100% mortality, excepted Virginia tobacco stem extracted for 24 hours (95.83%).
Burley fine leaf scrap extracted for 24, 48 and 72 hours was able to control the second instar larvae of
diamondback moth for 90.00, 72.50 and 55.00% respectively, in laboratory condition. There were no significant
difference among the extract from Burley stem at different time which caused mortality at 25.00, 25.00 and
40.00%. For the screen house experiment, the fine leaf scrap extracted from Burley and Virginia at 10% w/v was
able to completely control cabbage aphid and cotton aphid for 1 day after spraying and there were no insect
present on cabbage or chili for 72 hours. Nicotine which is the key component as insecticidal effect was
analyzed for all treatments and the range of nicotine was as followed; fine leaf scrap of Burley (1.32%) tobacco
stem of Burley (0.56%), fine leaf scrap of Virginia (0.55%) and tobacco stem of Virginia (0.20%).

Keywords: Fine tobacco leaf scrap, tobacco stem, Burley tobacco, Virginia tobacco, insect pests of

vegetables
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uwﬁmém wirluazfinulugnguiuaiinduaznefabelfuinmasaulsc@nsnwlupauauuNaIAng NN
1Aun L‘W@H'ﬂ@umﬂmm (L/paph/s erS/m/) Lwaﬂﬂﬂuﬁﬂﬂ (Aphis gossypii) Wazviuauleasin (Plutella xy/oste//a) @9
mmmﬂmmm’m‘mmmumﬂm 2 g faragaarin ifliuaan 24, 48 uay 72 Falua 10 weifulaetivmin L
WALEaLENNA WG Vl\izﬁ’]?@ﬂm@’]mﬂ‘]ﬂmm”ﬂﬂulu&l’]@uL‘]_I'ﬂil,@ﬂLL@"’LQ@?EI e Minalunsmng 100% Tunan
24 Falua anFuansaindnulunestiflautuiu 24 $alua Winan1sane 95.83% Waneseuiummenledinde 2 &3
arpaeluefiadutlungn 24, 48 uay 72 Falue Winadasinnaang 90.00, 72.50 WA 55.00% AINEISL
wansingiuee el Anyneans aauluansanafinuluenguiveiadscuszazioan 24, 48 uay 72 dalis 1ing
nsnme lUANANNIeaN A 25.00, 25.00 WAz 40.00% Ana1ay Hanaaeslulseulnaniswulnensaaui
flafiunae ansararmluenguinefiaduazinesd Haasnsnindnmasseaudnnin uazmaoseudne Wetng
anysnd lunan 194 wasnudusatindudninaneialuean 3 44 aannisreitiunnansiiiafulunisann
gnguanniesluuazAnuluengy 100 niu ﬁlﬁémmﬁimﬁuﬁwumuéﬂﬁuﬁqﬁLﬁiﬂumﬁmﬁ(1 32%) finuluiwef
wad (0.56%) wrlunaiaiile (0.55%) uazfinuluneiadis (0.20%)

mdAny:  weluengu fulusngu enguineing anquinedtitly unasdngin

AN dselaminnanianemananiilafuasuan ansiilacu
Wuanafiiifiwdeszuulizamaesdeiiaag
srgquillufitiaswgiafifiaoudidnly (Akehurst, 1981) lutaqiiunumanglfdszaulnm
Uszndlnesnenaun uazdeilmauananiigeasng L uenaidemeesuanamisiels ftaou st
elalfinwmsnsnangfeadnuuin mz\;uﬁ'ﬁﬂmﬂ@ﬂ WoAsegia anunasAngiaduituunnuazds
Aa afiael (Burley tobacco) wazenguinaitiily  goydasiuunisuanainnisldasailnidnunas i
(Virginia tobacco) dwiudszmalnendufinnlgn quassalunismnzgniimiude nisdnsinanaaes
srquluuounamiie uaznapzdueenideanie et faunaaiidvinaeiaasgiadidnylussunit
(8991YeyY, 2526) ALz 53,620 13 uas aow Tun unasAngan i vuewladn iuunasdng
69,656 1 AaANAY uariBunmmsiudenanan  éAmiign wazanansniiuniuansindaunaald
16,282.29 614 (R3990 UazAtUy, 2555) “lung‘uﬁ aneTila (=M LazienIanenl, 2557) WALEaL
Ulafu iduaisdszinndaniasadnanny 98 &nnn %mﬂmmmﬂ”mgﬁmqﬁﬂwﬁw wazseudine
wefifufangnsiavun (Lu and Ralapati, 1998) %uﬂuﬁmw’%n NLUDINA LﬂHIULL@”ﬁ’]uIUE’]@Uﬁ
Fupeumsuanluenguiauiwndudaghusesns wideangaamMNITH amsminllaquAnuazdes
wamAL Seswaefianmsldnunnane B aareduieviteutitudainunwu ieindaunas
fimdluengu (tobacco ~ stem) siseidnluengu (fine  Amgital lunsineafsiiitauaulaiAmsvie
leaf scrap) smLm:rma@mmumlummmuwﬂum? gnguNINAnduanIINTnuNAteLN9E aannsl
fdnnaideraneii daadouidsonden duin  aneiiindaunes il rsuauuasdngiadnung
WHIAAULAELAAD snau‘]ﬁmmuiﬂmu@g Wl aile

368



dszAnsnwarlunazinulusngulunisaiuanunssdnginueniin

L aa
AUnTUUAzIaNg

1. MeETaNEIaNneNgy

A luuazinuluangy i 2 W wanifu
Widlnafududnaunaldifn 1x1 uRuns uia
ﬂﬁiﬂzﬂumﬁh Lﬁuﬁym,ﬂdﬂuﬁmm'w 9:1 Nadamng
AaNTu (ml,ﬂm 4L afAdEinY 24, 48 Upe 72
T mnuummm@LLﬂnﬂ’mmfmmm’mw wiau
awiu i lunnmeass Tnaansan mma;ummmmmu
findugu fannudindu 10%

2. msAnUsEANEMWIUMSTINARUNAIARS
Anrasasanaengulunalinns
NIN1TLAE L NA e Ul NN A (Lipaphis
erysimi) wazuuauladn (Plutelia
o' = % a oA o dy 1 o dl 1
nenanda TuliesdfiRnis dnndadeunaziunag
Uulunz1anla Nneaeelng 1IN LAN AT ARILILEY

xylostella) Aael

uuaslaEmss 41uau S uau 4 47 7 a2 10 An 49U
seuledn dueused 2 inedeuEaeis ety
Tneansainannanguinanssuiafianagoaindy
e 24, 48 uaz 72 Falua witafiszAuAudindy
10% 1i708R949U 9:1 (1fmﬂa"1:ﬂ’1fggu) I PRILEEE
WA (air brush sprayer) U¥umnumdaiagm
Wiviaunasieguuiteeazanns 15 wufiums
azeanananszaeialuiTaiung Banasluns
wilnenss 0.5 faaans A Mdnaganiaiufin
Tungvanauasiinfaunanafnitelinanuduite
@MNITEMINNNTNAGET ATIATLUNAT AN LAY
4191, 3, 6, 12, 24, 48uaz 72 4ol luann
fafanas Ainnsliiuasdasnaenlnlvganisa
Vs AN NLAdLsENI 3,000 lux  1Tlulaan 12
dalurieu ieme isdanmsiuadd

-

ansanawAeluenguuazinwluenguiueiiael

b

ca o Aalal A o Wy o
wazieftiily amnsndnunssn s nmleuiulFaa
nesNasNn 1 ansanmainiAnlug1qui

)

T2RIZIAN 24 T2l
aalal o al'
NIgNAEN 2 @1sanmaniAslusIgua
5RIZ9AN 48 i

369

il . 4

N3sNAEN 3 A1sanmaniAmlueIgun
s21Zan 72 9alNg

ot o v =
n3suAEN 4 a1sanmaaniaulugigun
F2ULIAN 24 TN
Qd-ﬂl o % dl
n3suaN 5 ansanaannIuluangu
2R 48 T71Ng
g o 3 =
n3suAEN 6 a1sanmaniiuluengui
s21Zan 72 9alNg
il e

NITNATN 7 GAALAN (Hilan)

LN nezesuNatluganduAN idiy
ANNNIANHYRILNAIIULAAENIINAT A8 Abbott's
formula (Abbott, 1925)

PINUNUNITNANRILLU LU completely
randomized design (CRD) WFeLINELANUANGAN
YRIALRRLNNIANLANEAT least significant difference
(LSD)

3. UssAnsnwlumsinAnunasAnganuasans
anpenguluanmisaisau

FnsdenansanalunssusaRmEnzanli
N3RS ALNAdaINAINAaedlude 2 nageudiaeis
Lml‘muﬂum@ﬂ@ﬂuﬁw (Aphis gossypii) LUAUNTN
$1U9U 15 B LaTInA g audnNIALLNEANLA
RTUIU 15 AU ULATUIUNDULATHAINUAN AN A 1, 2
LAy 3 94

4. nsmsradaudsuruilanulugisanmnain
wrluuazniuluengy
nragauTNIasiinfuluenguiae
a9 continuous  flow analyzer Tnaildunaunis
Lﬁﬁ“ﬂummﬁmmmmﬁ@% WL RlARY RN TLFTEI
Lﬂﬁ’lummmm mu“lummmmm”l,mmu 1x1
FrALAs Unwein 100 N3 afadaeiangy 1Bums
900 fiadans Ael¥ifhusvazinan 24, 48 way 72 T
mmfuﬁuﬁ?mnLﬂwiungw%ﬁmlumqmmmﬁzu
Aud nsequanninuazinlaaldnsen1unses

Whatman® 18§ 1 uazussqluaaaufialinams



AM9419N1AT 33(3): 367 - 376 (2560)

20 HARAMIFADTN AU 2 41 Wi N AGaLRLATIZ
Bunnaesiinfundnls mdaendu wlefidus (%)

NHANTTNANBILA 33@’]‘302

1. dsz@nsnwlunisindnunaiAngaiingang o
asgsannengulunasfjinng
WagdauinMA
ansaraAluuazinuluenguiefiaduay
nesiiflafszazioan 24, 48 uaz 72 4l Agn
iasdins 10% YmatsaurnnaLLNEaE ndsann
uwnadlisuansatalaenss uaziilesinulyl 24 dalus
wudansainaniArlukazAitulusngy Wadu 10%
Winalunsindaimagsauinnalluansnafumag
AnA (ms’mﬁ 1)
ansanmAnlunazfinuluaguna’tiily
WnanisindnlwinueaRenduiusnsaiailiann
Wwnfiad vidannaniu 1 $alus ansanmanAelueNg
weittls Winalunisnidaunnsnsaintauluangy
atinefiadnAynneadin wandaume 100% lunn
naaadaldiawlusngu dowlufwluegu fnanu
it 10% Suualiialfnafieandrsluengu G
$uannsmne 89.17, 100 uay 95.83% lunssiaild
’ﬁmium@;umﬁmﬁqumﬂuwm 24, 48 uaz 72 Falis

ANNANAL (m?’mﬁ 2) dlanansndly 24 faTus vida
nNsnuanNNIsNEsaevaNsaimAn luwaziuly
tgulRHARNITAUNAS 100% eniiuansaiafiiuly
BngunasLile arinf 24 Falue wazlfiuannsinga
uassapaiRnsaiiedlie 72 ol

N@ﬂ’]‘?%ﬂﬂ’ﬂ\iﬁ/@ﬁ:ﬂiﬁd’]m’]?@ﬁﬂLFi‘]ﬂLI‘EI’]@J‘LJ
Alszsunanadiniu 10% sasansain Suualis
Winalunsdamageeudnininiluengy luenqu
giaReay uaznisatauuiulinalunisinge
s

sraziaan luns M a1sainengu autiud
waransnawnl (2550) MaAn luanwoszaenti Iy
1%1fnﬂ@fumﬁm1unguﬁa:mmm 24, 48 uaz 72
ol wudn LC,, Sluma?ﬁﬁm@lmfﬂqmwwhﬁu
1,076.30, 635.18 uax 1,618.07 AaAnTusieans Faif
nsaraR 24 dalue duimelunslifiidauna
WNAEN1H

wuauladn

ansarimAnly LL@:f’imiungum@%L@ﬁﬁ
srgznauaNFA NN linan1In 19 avuauladnuANF1g
Auneeldad1Atyneala (P<0.05) NAIAINATAY
Lusausaslaemss 1 Falue wuenleinisnsnisane
uansineriu i luenguiiainuiu 72 dalus Winans

Table 1. Mortality rate of Lipaphis erysimi after spraying with Burley tobacco extract at 10% by air brush

sprayer
5 Mortality rate of Lipaphis erysimi (%)"?
Treatment
1 hour 3 hours 6 hours 12 hours 24 hours 48 hours 72 hours

FL 24 97.50 ab 100 a 100 a 100 a 100 a 100 a 100 a
FL 48 96.67 ab 95.00b 95.00 b 96.67 a 100 a 100 a 100 a
FL72 100 a 100 a 100 a 100 a 100 a 100 a 100 a
TS 24 90.84 b 98.33 ab 100 a 100 a 100 a 100 a 100 a
TS 48 100 a 100 a 100 a 100 a 100 a 100 a 100 a
TS 72 96.67 ab 100 a 100 a 100 a 100 a 100 a 100 a

' Means within column followed by the same letters are not significantly different according to LSD test (P<0.05)

% Number of insects were adjusted by Abbott's formula

° FL 24: extracted tobacco fine leaf scrap for 24 hours, FL 48: extracted tobacco fine leaf scrap for 48 hours, FL 72: extracted

tobacco fine leaf scrap for 72 hours, TS 24: extracted tobacco stem for 24 hours, TS 48: extracted tobacco stem for 48 hours, TS

72: extracted tobacco stem for 72 hours
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Table 2. Mortality rate of Lipaphis erysimi after spraying with Virginia tobacco extract at 10% by air brush

sprayer
5 Mortality rate of Lipaphis erysimi (%)"?

Treatment

1 hour 3 hours 6 hours 12 hours 24 hours 48 hours 72 hours
FL 24 100 a 100 a 100 a 100 a 100 a 100 a 100 a
FL 48 95.00 ab 96.67 a 99.17 a 99.17 a 100 a 100 a 100 a
FL72 100 a 100 a 100 a 100 a 100 a 100 a 100 a
TS24 89.17b 90.84 b 93.33b 95.83 b 95.83 b 98.34 b 98.34 b
TS 48 100 a 100 a 100 a 100 a 100 a 100 a 100 a
TS 72 95.83 a 98.33 a 100 a 100 a 100 a 100 a 100 a

" Means within column followed by the same letters are not significantly different according to LSD test (P<0.05)

? Number of insects were adjusted by Abbott’s formula

® FL 24: extracted tobacco fine leaf scrap for 24 hours, FL 48: extracted tobacco fine leaf scrap for 48 hours, FL 72: extracted

tobacco fine leaf scrap for 72 hours, TS 24: extracted tobacco stem for 24 hours, TS 48: extracted tobacco stem for 48 hours, TS

72: extracted tobacco stem for 72 hours
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Table 3. Mortality rate of Plutella xylostella after spraying with Burley tobacco extract at 10% by Potter

spray tower

Mortality rate of Plutella xylostella (%)1’ 2

Treatment ’

1 hour 3 hours 6 hours 12 hours 24 hours 48 hours 72 hours
FL24 55.00 bc 53.84 bc 46.89 bc 40.71 bc 4571b 42.35Db 47.35bc
FL 48 72.50 ab 71.79 ab 64.39 ab 58.21 ab 65.71a 62.35a 65.71 ab
FL72 90.00 a 89.74 a 81.89a 75.71a 75.71a 72.35a 72.35a
TS 24 25.00d 23.08d 16.89d 10.71d 2321c 19.85¢ 19.85d
TS 48 25.00d 23.08d 16.89d 10.71d 30.71 bc 32.35bc 37.35cd
TS 72 40.00 cd 38.46 cd 31.89cd 25.71 cd 25.71¢c 27.35bc 32.35cd

' Means within column followed by the same letters are not significantly different according to LSD test (P<0.05)

? Number of insects were adjusted by Abbott’s formula

° FL 24: extracted tobacco fine leaf scrap for 24 hours, FL 48: extracted tobacco fine leaf scrap for 48 hours, FL 72:

extracted tobacco fine leaf scrap for 72 hours, TS 24: extracted tobacco stem for 24 hours, TS 48: extracted tobacco stem

for 48 hours, TS 72: extracted tobacco stem for 72 hours

Table 4. Mortality rate of Plutella xylostella after spraying with Virginia tobacco extract at 10% by Potter

spray tower

Mortality rate of Plutella xylostella (%)1’2

Treatment ®

1 hour 3 hours 6 hours 12 hours 24 hours 48 hours 72 hours
FL 24 52.50 cd 51.28 cd 44.39 cd 38.21 cd 40.71 cd 37.35cd 47.35 bc
FL 48 80.00 ab 79.48 ab 71.89 ab 65.71 ab 65.71 ab 64.85 ab 64.85 ab
FL72 95.00a 94.87 a 86.89 a 80.71 a 83.21a 79.85a 79.85a
TS24 35.00d 33.33d 26.89d 20.71d 23.21d 22.35d 22.35¢c
TS 48 32.50d 30.77d 24.39d 18.21d 23.21d 24.85d 27.35¢c
TS 72 62.50 bc 61.54 bc 54.39 bc 48.21 bc 53.21 cd 49.85 bc 64.85 ab

" Means within column followed by the same letters are not significantly different according to LSD test (P<0.05)

? Number of insects were adjusted by Abbott’s formula

® FL 24: extracted tobacco fine leaf scrap for 24 hours, FL 48: extracted tobacco fine leaf scrap for 48 hours, FL 72: extracted

tobacco fine leaf scrap for 72 hours, TS 24: extracted tobacco stem for 24 hours, TS 48: extracted tobacco stem for 48 hours, TS

72: extracted tobacco stem for 72 hours

2. msAnmszAnsnwlunisiidnuuasdng
anaasasanaenguluanmnlsaFau

m@mﬁnmm‘luﬁmﬂﬁu“ﬁm@%uﬁu An9ann
wirrluuazimdluengulinalunisindnunanguilin
anlsn adldAnnanansainanniaslusnguinastiie
LL@Z:LﬂHsLUEIW@]‘LILUﬂ%:L@?jﬁizﬁmfmﬁ 24 daluq vile
iilnageulszavisnlumetidnmanseudnelu
YN uazmazsudnme Tusnmisden

372

\wasnsaudhe

SrunumdzgeudauiuBniaun v
ansaimAnluangunefiidauaziuaiiad uaz e
ATLAN WLILNAIIGAY 36.53, 64.60 LAY 49.00 5
AVNAAL Lﬁ'@ﬁﬁmmﬁmLﬂﬂumzﬁummﬁufﬁu 10%
viuasuunanseudnelugnmisden wuin mas
aaudneaeuNanaIaINNuasai AN luequ
a2 ﬁuﬁfﬁ' 24 dalug Mmmzﬁ*ﬁqmmu@uﬁqmwu



dsz@nsnwiarlunazinulusngulunisaiuanunssdnginueniin

LLmq@'mFTﬂ'azmiuuﬁuw?‘ﬂm?:'ﬂ 45.40, 46.80, 49.67 5ia
iananeinulyl 24, 48 WAL 72 dalia (mm\‘rﬁ 5) e
whauifeuiuaeaipainiiemingu - Ta Bayhan et
al. (2006) Anw1nslidnsainanaziamagauiy
waggeude nasnsnssendugud Fadululy
Pemabaaiuiunisliasainannuaslusngy

\Wagdauinme

Susundzseudnnauuiunzaarieu
NIINUAITATALIGL NUUNAS 193.60, 214.40 LAz
89.20 5 ”Lumam?ﬁﬁ“l%mmﬁmmnLmﬂumqumﬁ
weluaznefiily uAzgAAILAN FINAIAL NAINWANS
amannislsnguinesaifaussueiad fiszazinan
24 ol Aidiadivs 10% wudn uuaslugapILaw
fensagjuufiunzviantdiade 84.80, 91.80 ua 98.00
fia fawandnidll 24, 48 uax 72 dalug @unn
ﬂiiNﬁ%ﬁWuﬁqamﬁimﬁm@ﬂﬂLm:fLum@Ju”lsiwume
ardeagfld (119197 6) Aty Mishra et al
(2006) Hnnamageulnuainliisiuanudaii
4 950 WHur azsziun urszdundu dndn way

vumAes Wikalunisidninaeseudnniauuiy
Tamaluannuilas 100% 7 24 Galus deliinailu
wiwheniuasaninanaslueNgy
Lﬁ@LﬁmﬁmmmmLﬁm%ummmmﬁmm@u
unmeaesilagLlien asararsluenguiesd il
uaziLefiadfszazionn 24 i panadisdiv 10% 3
Ussangnmlunssdamangening uaznaegen
Annie luanwlssBeulfetineanysnl Tnavinniawu
W]Mﬁﬁﬂ’\@piﬂﬂﬁliﬂuuLWayﬂ'a'ﬂuslu@ﬂ’]WLL‘]JM‘]JQT]
wazanMsLsauuIasluuLas nudulasiivn
NIINUAEANTANALNgL LFunuNasanaalumus
uazelapg i unasnaudinunuusiv lwean 3 4

3. msastadaudFuruilaauluaisannann
wArluuaziuluengy

Pannsilpmviitansiediu 10% anmsara
ngu”l,ua”mmmwfﬁﬁi@m@;mmﬁu 91 fsfienann
ansaralagniaiianinilan 900 Hadans waTengu
100 N¥u Wugn lugrsainanengquiteiaddliBuns

Hlafugandnlumedile eadnanluangu

Table 5. Number of Aphis gossypii on chili plant after spraying with tobacco extract for 24 hours at 10%

by air brush sprayer

Average number of Aphis gossypii !

Treatment Before After spraying
spraying 24 hours 48 hours 72 hours
Extracted Virginia fine scrap for 24 hours 36.53 0.00 0.00 0.00
Extracted Burley fine scrap for 24 hours 64.60 0.00 0.00 0.00
Control (water) 49.00 45.40 46.80 49.67

! Average from 15 replications

Table 6. Number of Lipaphis erysimi on cabbage after spraying with tobacco extract for 24 hours at 10%

by air brush sprayer

Average number of Lipaphis erys/m/1

Treatment Before After spraying
spraying 24 hours 48 hours 72 hours
Extracted Virginia fine scrap for 24 hours 193.60 0.00 0.00 0.00
Extracted Burley fine scrap for 24 hours 214.40 0.00 0.00 0.00
Control (water) 89.20 84.80 91.80 98.00

! Average from 15 replications
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Table 7. Percentage of nicotine contents extracted from Virginia and Burley tobacco

No. Samples Nicotine (%)
1 Extracted Virginia fine leaf scrap for 24 hrs 0.55
2 Extracted Virginia fine leaf scrap for 48 hrs 0.47
3 Extracted Virginia fine leaf scrap for 72 hrs 0.91
4 Extracted Virginia stem for 24 hrs 0.20
5 Extracted Virginia stem for 48 hrs 0.21
6 Extracted Virginia stem for 72 hrs 0.31
7 Extracted Burley fine leaf scrap for 24 hrs 1.32
8 Extracted Burley fine leaf scrap for 48 hrs 1.83
9 Extracted Burley fine leaf scrap for 72 hrs 0.90
10 Extracted Burley stem for 24 hrs 0.56
11 Extracted Burley stem for 48 hrs 0.42
12 Extracted Burley stem for 72 hrs 0.40
13 Virginia fine leaf scrap 8.14
14 Virginia stem 3.12
15 Burley fine leaf scrap 14.49
16 Burley stem 4.55
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Efficacy of Carbon Dioxide for Controlling Flat Grain Beetle (Cryptolestes pusillus) in
Rice and Its Egg Morphology
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Abstract: All developmental stages of flat grain beetles (Cryptolestes pusillus) coexisting with rice grains in
LDPE packaging bag (16x18 cm) were exposed to 50% CO, and found that the mortality rate of larval and
adult stages were 100% and significantly different to those of pupal stage (90.11 + 2.46%) and egg stage
(78.95 + 8.58%) (P<0.05). For using 70% CO, treated on the tolerant stages, pupal and egg stages, the
mortality rate were 80.00 + 8.43 and 87.91 + 10.57%, respectively, and not significantly different to those
treated with 50% CO, (P>0.05). Eggs of flat grain beetle were studied using scanning electron
microscope. The results revealed that average length and width of the eggs were 541.73 + 12.25 and
155.25 + 6.24 pm, respectively. The eggs were smooth surface, and aeropyle and micropyle were not
found at 12,000x.

Keywords: Cryptolestes pusillus, carbon dioxide, rice, flat grain beetle egg
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Figure 2. Scanning electron microscope (SEM)
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(Cryptolestes pusillus) ludnauazduguinenaaslinannuaneg

Table 1. Average percent mortality of all stages of flat grain beetle at 45, 30, 21 and 14 days after

fumigation with 50% CO,

Developmental stages

Days after fumigation (days)

Percent mortality + SD 1

Egg
Larva
Pupa
Adult

45
30
21
14

78.95+8.58 ¢
100.00 +0.00 a
90.11+246 Db
100.00 +£0.00 a

' Means within a column followed by same letters are not significantly different (95% ClI)
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NuNuFanI Co, mm’?izgm A8mansmnesenas
0.50 way Gbaye and Odeyemi (2005) %\ﬁnm@’au
nasldfing Co, sufaenaliiudia (Carpophilus
hemipterus) iuNNszaIzNIATALTA WU YA 8
dalus szeglafannununiusiefing Co, wnfign &
fRINTANTRLAY 26.70
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AUN3ANEA8Y Riudavets et al. (2010) Fnnaedli
Ang CO, Anuindiusasay 100 szAUAINNAY 15
LAz 20 13 Aisvezinan 15, 30 WA 60 W7 Wiierndn
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WU (Cryptolestes ferrugineus) NamHgU
(Lasioderma  serricorne)  #99499419 (Sitophilus
oryzae) Nanatlan (Rhyzopertha dominica)
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Table 2. Average percent mortality of egg and pupal stages of flat grain beetles at 45 and 21 days after
fumigation with 70% CO,

Developmental stages Days after fumigation (Days) Percent mortality + SD !
Egg 45 80.00+8.43 a
Pupa 21 87.91+10.57 a

' Means within a column followed by same letters are not significantly different (95% CI)

186nm BBEEG EMR Sc CMU Sl = AB8nm B8B88 EMR Sc CHMU

Figure 3. (a) SEM of flat grain beetle egg with flour fragments indicated by arrows, and (b) egg after

removing flour fragments

X1, 888 184m 8888 EMR Sc CHMU

Figure 4. (a) SEM of flat grain beetle egg (250x), (b) smooth surface of the egg chorion (1,000x), (c)
anterior end of the egg (600x), (d) anterior end of the egg with chorionic plate indicated by
arrows (900x), (e) and at 1200x, and (f) magnified anterior end of the egg (12,000x)
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Factors Affecting Farmers’ Adoption of Organic Agricultural Practices, Mae Ho Phra
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Abstract: The purposes of this research were to study 1) General background of personal, economic, social,
knowledge and attitude towards organic farmers of farmers 2) factors affecting the farmer’s adoption of organic
agriculture and 3) problems and recommendations of farmers in organic agriculture practice. The target
population for the research was 368 farmers in Mae Ho Phra subdistrict, Mae Taeng district, Chiang Mai
province divided into 91 members who did the organic agriculture practice and 277 members who didn't
applied the organic agriculture practice. The sample size was determined using the Taro Yamane formula of
192 members of farmers was divided into 2 groups. The first group consisted of 47 members who did the
organic agriculture practice and the second group consisted of 145 members who didn't applied the organic
agriculture practice. Data were collected by using interview schedule, and analyzed using statistical methods
including descriptive statistics while farmers’ adoption was performed upon the results of logistic regression
analysis. It was found that factors affecting farmers’ adoption in organic agriculture practice are statistically
significant including 1) training on organic farming 2) knowledge of organic farming 3) attitudes towards organic
farming 4) age 5) Agricultural Area 6) Number of agricultural labors and 7) time span of farming. Problems and
constraints reported by farmers in organic agriculture practice include the issue of organic farming is difficult,
lack of knowledge in organic agriculture practice, difficult in pest control, sources of organic produce are
limited, Organic farming requires more time to taking care for plants, uncontrolled or follow organic farming

procedure.

Keywords: Adoption, organic agriculture, farmer
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Constant 0.000*** -0.599*** 15.195 0.000
Sex” 2.388 0.025 1.153 0.283 072
Age 0.910* -0.003** 4473 0.034 55.99
Number of household members 0.939 -0.002 .043 0.835 3.27
Experience in farming 1.082* 0.002* 3.485 0.062 17.55
Agricultural Area 0.857* -0.005* 4.409 0.036 7.08
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Note : = Significant 0.01 Chi squared 150.246

** Significant 0.05 Model significant 0.000
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d dummy variable Accuracy prediction 93.20%
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Factors Affecting Farmers’ Adoption in Good Agricultural Practices for Safe Vegetable
Production in Mae Tha Nuea Royal Project Development Center,

Chiang Mai Province
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Abstract: The objectives of this research were to study 1) general backgrounds of personal, economic, social
and knowledge of farmers 2) factors affecting farmer’s adoption in good agricultural practices for safe used
vegetable production 3) problems and recommendations of farmers in Mae Tha Nuea Royal Project
Development Center, Chiang Mai province. The sample size was 137 members of farmers who participated in
good agricultural practices for safe used vegetable production in Mae Tha Nuea Royal Project Development
Center, Chiang Mai province. The research tools were open-ended and close-ended questionnaires and the
collected data were analyzed by using statistical method including percentage, mean, standard deviation,
minimum and maximum value as well as multiple regression analysis and Chi-square test was used to examine
the research hypothesis. From research finding, It was found that factors affecting farmers’ adoption in good
agricultural practices for safe used vegetable production are statistically significant at the 0.05 include 1)
training about safe used vegetable production and 2) knowledge of good agricultural practices for safe used
vegetable production. Problems and obstacles was found that farmer are experiencing problems and
recommendation of plant cultivation, plant diseases and insects, harvesting, and marketing for safe used

vegetable production.

Keywords: Adoption, safe used vegetable production, good agricultural practices
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Table 1. Multiple regression analysis of independent variables and farmer’'s adoption in good agricultural

practices for safe used vegetable production

Variables B t P-value
Constant 4.195 1.299 0.197

1 Sex (1= man, 0 =woman) -0.389 -1.141 0.257
2 Age (year) 0.016 0.596 0.552
3 Ethnic (1= native thai, 0 = karen) 0.108 0.271 0.787
4 Education (year) 0.019 0.320 0.749
5 Number of household members (number) -0.114 -0.915 0.363
6 Time span of member (year) -0.029 -0.716 0.476
7 Experience in safe used vegetable production

(year) 0.018 0.303 0.762
8  Size of the crop area (rai) -0.049 -1.014 0.313
9  Number of household labors (number) -0.248 -1.150 0.253
10 Cost of safe used vegetable production (baht) E-005 1.483 0.141
11 Income of household (baht) E-007 0.581 0.563
12 Debt of household (baht) E-006 1.612 0.110
13 Access to information (1 = ever, 0 = never) 0.185 0.234 0.815
14 Training of safe used vegetable production

(1 = over. 0 = never) 1.882 2.001 0.048
15 Extension and support knowledge of safe

used vegetable production from agricultural 1.483 1.916 0.058

extension worker (1 = ever, 0 = never)
16 Knowledge of safe used vegetable

production (total score) 0-164 3474 0.001

R’ =0.353 SEE = 1.641 F=3.276 Sig of F = 0.000
Note: * Significantly at P<0.05
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Abstract: The aims of this research was to study 1) personal and socio-economic background of farmers whose
adoption melon planting against drought in Lat Bua Luang district, Phra Nakhon Si Ayutthaya province, 2)
adoption of melon planting against drought 3) factors associated with the adoption melon planting, and 4)
problems and obstacles of farmers. Data were collected by interview from a sample of melon farmers living in
107 households in Lat Bua Luang district. Statistical analysis were performed using percentage, mean, standard
deviation and multiple regression analysis. The results revealed that the overall adoption was at a high level.
They adoption economy and marketing, motivation and geography on a high level, and with a moderate level
adoption of management and production. Multiple regression analysis showed that age, number of year in
school, income from melon planting, training about melon planting, and received information about melon

planting were significanty associated with the adoption of melon planting.

Keywords: Adoption, melon, drought
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Table 1. General socio-economic background of farmers

General background Percentage x SD

1. Gender (male) 70.74 - -
2. Age (year) - 42.55 9.98
3. Education (secondary education) 45.39 - -
4. Number of year in school (years) - 10.17 5.1
5. Marital status (married) 75.87 - -
6. Income from melon planting (Baht) - 303,104.33 95,224 .42
7. Size of land holding (rai) - 6.32 5.1
8. Labor (number) - 2.10 1.65
9. Experiences in melon planting (year) - 2.51 1.24
10. Training about melon planting in last year (times) - 2.24 1.84
11. Contact with the government officials and private - 6.02 2.55

sectors in last year (times)
12.Received information about melon planting in last year - 60.40 17.78

(times)
13.Received information about melon planting from printing 45.76 - -

media
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Table 2. Level of adoption of melon planting against drought

X

Adoption SD Level

1. Motivation 4.28 0.24 High
2. Production 3.61 0.51 Moderate

3. Geography 3.90 0.30 High
4. Management 3.62 0.56 Moderate

5. Economy and marketing 4.41 0.17 High

Total 3.95 0.37 High
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Table 3. Multiple regression analysis of factors related to farmers adoption of melon planting against

drought

Variables Coefficient (b) t P-value
1. Age (year) 0.244 2246  0.032
2. Number of year in school (year) 0.611 2.336 0.021°
3. Income from melon planting (Baht) 1.766 2.071 0.042°
4. Size of land holding (rai) -0.058 -1.161 0.248
5. Labor (number) 0.874 0.874 0.541
6. Experiences in melon planting (year) -1.640 -0.393 0.695
7. Training about melon planting (time) 1.038 2107  0.037
8. Contact with the government officials and private sectors (time) -0.010 -1.466 0.132
9. Received information about melon planting (time) 0.034 2.945 0.011"

Constant 17.768

R’=0.392 SEE = 2.593 F=2757 Sig of F = 0.000

"Correlation showed significant at the 0.05 level
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Abstract: The objective of this study was to develop the eyes mask formulations containing dragon fruit peel
extract. Dragon fruit peels were extracted by distilled water, ethanol and ethanol:water (1:1) by maceration
process and tested for in vitro antioxidative activity. The ethanol:water (1:1) extract of dragon fruit peel which
demonstrated potent DPPH radical scavenging activity at the IC_; of 4.21 + 0.17 mg/ml was selected for further
eyes mask formulation. The eyes mask formulation composed of gelatin (6.50 g), glycerin (17.16 g), pectin (1.28
g) and glutaraldehyde reagent (0.15 g) prepared by conventional solution casting method was developed. This
formulation which showed the softness (291.50 + 4.95 g) and thickness (0.16 = 0.02 cm) values as well as
swelling behavior similar to commercial eyes mask products was selected to load with dragon fruit peel extract.
30 Thai volunteers in the age range of 18-50 years old were enrolled in the in vivo test on human skin irritation
and hydration studies. For skin irritation study, the eyes mask was applied on the volar forearm for 10 min and
measured skin erythema by Mexameter” before and after applied at 30 min, whereas Corneometer” was used
to measured skin hydration before and after applied at 10, 15 and 30 min. Eyes mask containing dragon fruit
peel extract showed no skin irritation and significantly demonstrated higher improvement of skin hydration more
than the untreated skin area. The developed eyes mask containing dragon fruit peel extract can be applied as a

novel topical product due to their superior in vivo skin hydration effect.

Keywords: Dragon fruit peel, eyes mask, skin hydration, agricultural waste
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Figure 1. The eye mask containing dragon fruit peel extract
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Table 1. Comparison of percentage yields of dragon fruit peel extracts prepared by maceration in different

solvents
Sample % yield of each solvent
Part used
ethanol water ethanol:water
Hylocereus undatus peel 0.28 1.50 412
Hylocereus polyrhizus peel 1.22 1.50 4.48
120 - )
Hylocereus polyrhizus
O Hylocersus undatus
100 A a a

b

o

=]
|
(=9

B0 4

40 4

DPPH radical scavenging activity (%)

20 4

Water Ethanal EW Vitamin E acetate BHT

Figure 2. The percentages DPPH radical scavenging activity of dragon fruit peel extracts at 10 mg/ml.
Mean values * standard deviations followed by the same lowercase letters (a-f) within the graph
are not different (P>0.05)

Table 2. IC,, values of DPPH radical scavenging assay of dragon fruit peel extracts in different solvents

Solvent Dragon fruit peel IC,, (mg/ml) (mean +S.D.)
Ethanol Hylocereus polyrhizus 461+0.01°
Hylocereus undatus 4.29 +0.02°
Water Hylocereus polyrhizus 1046 +0.77°
Hylocereus undatus 476 +1.38°
Ethanol : water (1:1) Hylocereus polyrhizus 421+017°
Hylocereus undatus 541+0.16°
Vitamin E acetate 0.21+0.08°
BHT 0.10+0.02

*Mean values + standard deviations followed by the same lowercase superscript letters within a column are not different

(P>0.05)
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Table 3. Contents of gelatin and glycerin, average softness and thickness of eye mask formulation with and

without dragon fruit peel extract

Content in formulation (g) Average
. Average softness .
Formulation No. Gelatin Glycerin thickness
(gxS.D)
(cm+S.D)
1 13.81 10.73 10183.85 + 302.87' 0.10 +0.02°
2 11.38 12.87 5722.60 + 338.78° 0.15+0.03°
3 8.94 15.02 422 50 + 17.55" 0.12+0.01°
4 7.72 16.09 32715+ 17.25° 0.14 £ 0.01°
5 6.50 17.16 29150 + 4.95° 0.16 + 0.02°
6 5.28 18.23 207.93 + 25.30° 0.15+0.02°
7 4.06 19.30 48.20 + 12.50° cannot detect
5" with extract 6.50 17.16 1960.33 + 4.86" 0.14 +0.01°
Reference 1 - - 242 60 + 43.56° 0.15+0.01°
Reference 2 - - 233.50 + 34.60° 0.16 +0.01°

*"Mean values * standard deviations followed by the same lowercase superscript letters within a column are not different (P>0.05)
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Figure 3. Swelling behaviors of eye mask formulation with and without dragon fruit peel extract
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Figure 4. Comparison of moisture content (%) and erythema index of skin surface of untreated area and the

area treated with dragon fruit mask at before and after the application. Paired ttest used to

calculate significant differences. Mean values * standard deviations followed by the same

lowercase letters (a, b) within each graph are not different (P>0.05)
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Diagnosis of Bacterial Fish Pathogen Outbreaks in Tilapia Farms by PCR-RFLP
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Abstract: Bacterial fish diseases cause huge economic loss to the aquaculture business. An accurate and rapid
diagnosis is essential for disease prevention and treatment. This study aimed to apply traditional and PCR-RFLP
means for fish pathogen identification. It was found that the bacterial disease outbreak in cultured fish in
northern Thailand were the results of mixed infections since some bacteria were simultaneously isolated from
infected fish. The common bacteria were Flavobacterium columnare, Aeromonas sp. and Streptococcus sp.
Clinical signs, gross morphological changes, and wet mount could be used to identify some bacterial infection.
PCR-RFLP is just another molecular tool for the identification of pathogenic bacteria which is more suitable to
detect a viral infection. However, disease prevention by good management practices are needed as it is

extremely difficult for fish disease treatment.

Keywords: Fish diseases, fish diagnosis, Flavobacterium columnare, Aeromonas sp., Streptococcus sp.
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N1991 polymerase chain reaction (PCR)
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165 rDNA 41N genomic DNA fiarall Tneninlfisen
TuwilEums 25 i Usenaufiag Dreamtaq green PCR
master mix 12.5 pl, forward primer 27F 1 pl, reverse
primer 1492R 1 pl, nuclease-free water 9.5 pl LLag
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Uf)fisengnld polymerase chain reaction (PCR) Fnel
specific primers Tneiansuiua 1Hun
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Table 1. List of bacterial strains collected from diseased fish

Isolate source Fish farming Date
BT1 Black tilapia, Srigun farm, San Sai, Chiang Mai pond 10 January 2015
BT2 Black tilapia, Um-pon farm, San Sai, Chiang Mai pond 15 February 2015
BT3 Black tilapia, Terapong farm, San Sai, Chiang Mai pond 2 March 2015
RT1 Red tilapia, Jaturong farm, Chun, Phayao cage 22 April 2015
RT2 Red tilapia, Sompong farm, Chun, Phayao cage 22 April 2015
S36 Black tilapia, Faculty of Fisheries Technology and pond 20 December 2014
Aquatic Resources, Maejo University, Chiang Mai
AF Black tilapia, Faculty of Fisheries Technology and pond 20 December 2014

Aquatic Resources, Maejo University, Chiang Mai
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Figure 2. A wet mount of infected tissues observed under light microscopy (40x), the bacteria show a

slow gliding movement, gathering into characteristic column-like masses or “haystacks”

4

Figure 4. Ulcer on skin of tilapia infecting by Aeromonas sp.
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Figure 5. Morphological characteristics of a: Flavobacterium columnare b: Streptococcus sp. and c:

Aeromonas sp. (100x)
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Figure 6.

RFLP pattern after of the PCR-amplification products with the restriction enzyme, Hae I,

Lane 1-5 = PCR-RFLP product of Flavobacterium columnare (BT1, BT2, BT3, RT4 wag RT2)
Lane 6 = PCR-RFLP product of Streptococcus sp. (S36)
Lane 7 = PCR-RFLP product of Aeromonas sp. (AF)

M = 100 bp marker
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Abstract: This study aimed to investigate the effect of restricted feeding of ensiled crop residue (ECR) on dairy
replacement production and economic cost. The completely randomized design was employed on 87.50-
93.25% Holstein Friesian crossbred dairy replacement female from 63 heifers and divided into 3 groups each of
21 animals. The initial body weights of all heifers averaged 288.95 + 10.54 kilograms and final weight averaged
of 320.39 £ 3.11 kilograms under 90 days feeding period. There were 3 groups were fed with corn by-products
silage, rice straw and concentrate at 10, 3 and 3 kg/head/day (T1; Control group), ECR, rice straw and
concentrate at 8, 2 and 3 kg/head/day (T2) and ECR and concentrate at 14 and 2 kg/head/day (T3). All heifers
received concentrate with 14 %CP throughout the period of the study. The result showed that heifers in 3
groups had no difference in body weight changes and average daily gain. The body condition score change of
heifer in group 3 had higher (0.64 + 0.03) than those in groups 1 and 2 (P<0.01). Total dry matter intake and
total dry matter intake of protein in all groups were significantly (P<0.01). The apparent digestibility of nutrient of
the three groups were in the same levels (P>0.05). Heifer in group 3 had higher digestible energy,
metabolizable energy and total digestible nutrient (P>0.05). Blood glucose, blood urea nitrogen and
triiodothyronine found to be in normal range (P>0.05). The total production costs per head of the 3 groups found
to be 17,277.14 + 59.20, 17,512.55 + 59.49 and 18,109.66 + 58.89 baht/head (P<0.01) and total production

costs per weight gain of group 3 lower than those in group 2.

Keywords: Corn by-products silage, agro-industry, ensiled crop residue, replacement heifer
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ArdAty: sl nandn graunssinsinems enaminandanwemvae Trananaunu

AN N134ANITEINIIRE NANAALATYNABIATUNAN

31ms el lElagnmaumufitaussnnwnnsuaan

nsagelaunlEFuauiauiuatng ﬁmummsﬁmmﬁm FaasinlinEANIaNNNI0AN

UNInUAaIE umawmu’nm m@ﬂsuﬂm‘lumumd l Funulunsuanuasinfianunsauanlrtauudiifing
atinafaliing 1y mﬂwuﬁ mimmm WAZAIVIT LaRTAELetNAR

el S nananTALa L iaiAeslausuananily avthAdlE T nnTARe N INALNY A

wanesze Tnalanzszazlagnaflusyas a5y a1vNsUEiNAINTaR ALUAS 13 ensiled crop residue

ransentluBnunts@enlienmenuiliivanzds (ECR) \{unsunAsuaeaIngaanungsunIsnees

desaninenansszautiymnimnauaauetms UAZINHATNITN 11U LAEdNa AU LAdULzen
umuﬁ'ﬁﬁ@mqw uaclnlusvesiifuszesiinumins  mudes warwieding snuanfunnmalenuea
Lideafiunnudndydledouiusraslimaun win - Tnaiunszuaunimmedn deaunsaiulElE i
UaaeliilaanalFFuamaunuusainanaluszazannag LLﬂz‘ﬁlﬁﬂﬁmL‘ﬂ uN 9l LA YA NHANARANIY

danansenusiaganInuazANanNysnivugls lu manemsniuusasfiesdunnyUFulElRAadss lomd
| a ¥ e < ! < Ao P a <1 1 | A

pdtluaaudalaaanelunn sl udounileand g9qn Wenanuwae e LAl

AudnAnyTunainlsz@nsnwuazaani laliiiu 198RS INALARLLAZ NN 1E LN ga e A (FTm,

wWisuinuasnsld uasdailuewanlunstfunlgeiug  2550) nasfitihevnsuenullitunszuaunismdn az
Taunluvhiuie Wl udtesaunifidss@nininnis inliidacssdhfuiintu dndtuenslinnau uas
HARAIU TiatinemsnsasianNgadinlalugsinu gafvllugsmauaauitanmsdnsla (Tumwasorn

438



M5 IIMSUNNANIRALAHURAULLA N ARAUSERNENMWASHAR

uazAuNUNILATEFNA lulAuNEIIALNY

et al., 1996; Park and Stronge, 2005) FRgLlsraaAaes
wm@mﬂ%\iﬁjﬁ@ﬁm:mQmmwmmmmwﬂnmﬁm
WEUAe (ECR)  ludinuasddsynavvaslinmuziay
ADANNLBR1MNINELNEIN UsTANTNINNTHARLAY
AuNUNIGATEgNATedNsIiiamIuinaIndan e
wiae LS in lunadeslasanamaumy

o aa
adnsaluaglsns

N13AANSIALNARAINAND
nawsandninaaeutiaeandussezsing )

o o & o & |o o A Yo &
fatl sreizilfuennsvirescazdndUsusa e liidng

AupeiuaInswaraiinlunimeaes Inaliusiay
ﬂ@juiﬁi”ummil,wi@mﬁmLﬂmm 21 U LAZILTNNg
@ A s o ' a v
Neaed Wuszasmiusaettmaaasazalae I Funn

o A A gy o
pIANaNnanauLazllsuield lunisnng
= di/ U dl o
aw Tuszasi M nar lunmeandn 90 J4

n13kia1919 ‘Emuumfmmmuwuﬁ@ﬂmu
Ta@imuvﬁmw 87.50-93.25% iwaidlel tinvin3udu
\9At 288.95 +10.54 AlanFu HlEFUNINaneBuay
= o U [ % d‘ = 24 ¥
andpaullasiulsathnuasminitesFauasuacyn
n@mm@m A 63 59 Tneutailu 3 ngu az 3
i 8z 7 R UARNIUR 4x11 ANINNAT BT
mm@aﬂmﬂmmman 13198197998 1 untinves
wiiazAan uazynAsnuIIuuis R feulilaAnuwsaIn
waztnldnaannan launanaslfisuemnmaaasiy
A 2 AT AD 1981 09.00 U WAZAN 16.00 1. Tl
ANVNTULLLENANY T2 8NaIMa8ANITNAARY 90
S o aunsallaudne-lauNne a10tiae 491dn
tszanuAzdus Tnauilaeanifluusazngu Al ngu
N1 (PouRw) HFuAsiNaTnaudn (sznaudiag
waanuazda) Wheding wazeanunsdu luiEuna 10, 3
way 3 NlanFw/ma/du auansu ngun 2 1#5u ECR
(Wsznaumae wedinatng Wasnuaznindudysn au
a8 wazn19dng Imﬂﬁ’wmmmmwﬁu‘luﬁmz&mﬁ
WA WdRNNNTNAaleNLea (vinasses) 1w
a7 wlefidiusd adhlagnadnlidinfuuiousm
ldnaminuuuBannie Wszazinaimsini 2135 Ju)

439

N19d19 uazanusdu TuiBunn 8, 2 uaz 3 Alaniu/
/i PR uazngud 3 1650 ECR wavanstiu
Tutfune 14 uar 2 Alandu/Aa/du Auatay
Arsviannulslsuaeangunaaeedosiinisnig
NAABILULENANY IS (completely  randomized
design, CRD) FannamaaesLdtiin Gudvaeda
fuasadnuusfiAnEaa1E38n1991As 2N
wil91l29us9u (analysis of covariance) Imﬂﬁﬁ”ﬂﬂﬂ’ﬂ
Gusinzaslanasailudoutlsion dsvannieas
WULARAWAYT (LSMeans) T89UAAZNENNAABIUAL
WReLgLANNLANFA1NT89A1 LSMeans lun1su5u
dvFunisuBeufaunanarifion Tukey Pevdu
A eI 95% (Steel and Torrie, 1980) T Bunny
mmﬂw,wi@zmjuﬁmmuﬁmmwﬁwmum‘imﬁuﬁ'
TagnamaslEsuie 13 Ing iWeaiunudeanislunis
A139TN (NRC, 2001) LL@xIﬁ@g'iuLﬂm%ﬁm@mmﬁaqﬁu
wlennenisfufiunulunisuanassiesagnia s
Hevlrvesgunsaiifinvmnls

AnmAmssadla
zg'uLﬁ‘uﬁfmfjwmmiwmmﬁfau‘ﬁ'%ﬁﬂﬂ‘lﬁ
Fndiu ieniaesfinguiie Tsiusan sty i1 idle
T annnuusans nazA STt asng (nitrogen
free extract, NFE) Imeing proximate analysis (AOAC,
1984) ALATNZINFINUINM (gross energy, GE) 314
ann1suisaadea s iddaA wasesulae 14
SHIMADZU auto calculating adiabatic bomb
calorimeter (SHIMADZU CA-4PJ, SHIMADZU
Corporation, Japan) WnEnuAn A euTiR AT wie
inlUAealugtresmasnuaniuteu insziines
lasfuszmel (volatile fatty acids, VFA) Tnelfieses
wialasunlnna i visead (gas chromatography, GC)
A1NAB289 Fenner and Elliot (1963) 12 LWS’WVMLEIQIF;IV]
liazanelugnswaniifiunans detergent
fiber, NDF) delafllazansluansaniifuns (acid
detergent fiber, ADF) uazantiui lalazaneluanswen
fuflunsa ADL) 1medd
Detergent Analysis (Goering and Van Soest, 1970)

(neutral

(acid detergent lignin,
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Eniilainzanelunse (acid insoluble ash, AIA) A
38N19989 Van Keulen and Young (1977) manaiilu
NIA-ANS MNATNN204 Bolsen et al. (1992)
quiiufaetayalaunamauny a3 ngu
NIINAREY FAINAUIU 18 FI9 ANAIUNIUTIN 1A
Qenanadninenss deliinisfuasadenludaeiy
zgmﬁwmuﬁyuzgmmsmmm 7 90 T uaztiniaatined
¥lueufignamgil 60 asrnimadaa Wunan 48 Falus
wRUNlumEUATINTIIUIA 1 RARLNAT AR
aaAlsznaunnaAT I uA B fUewnsnAaedLie
aszidnguiis Buvisadng lWsfumu auddves
AOAC (1984) 31A91¥8 NDF, ADF A1HABN15704

Goering and Van Soest (1970) laain1sld@nsLieT

ey Ae Antiuuasdnilaazanglunse (AIA) e
ﬁ'1mmﬁ'wﬁuﬂixﬁw'%rnmjfaﬂvlﬁmﬁmqLLﬁq plGEat
Andndanaet AIA Tuyauazaing AINiEnI978s
Van Keulen and Young (1977) 1lAT1einNawUeiag
I# (digestible energy, DE) ANANIE AR
aanuansnenialugilaesgaansy linaanain
Wﬁaaﬁuﬁquumﬁﬁ@@umm? Wﬁmuﬁﬂ‘fmﬂnhgﬂ
184949132 (fecal energy, FE) dnpn15lnenindanting
189g3a19%113AA 11 Bomb calorimeter wiagoufiog
ﬂ?mmmmmmi:ﬁﬁmﬂﬂﬁwm wiatindieyad
IFunAuIneNaNNIg DE = GE — FE (Anderson et
al., 1991)
@;NLﬁ‘ULLCZ\]Z‘LTuﬁﬂLE‘N’WM?ﬂ@’&ﬂtﬁ‘ﬂ/ﬂ@ﬂﬂuﬁ
FanupannlAuNAIaMALNY 3 NENNIINAALY 394
1 18 i avlivanaiuesaen lutasiugatine
m@uﬁyuqmmwmm 71 90 Fu vamavfuTnelineas
wninRatusialauasaneensielfanausiisasiy
flagnaz Gefinsedanlindindi 1 e (1 M H,80,)
1533 250 fiadans e liiTagnaziianmana
n9m (pH<3) @mmii:mmmLLﬂquLﬁﬁLLmuﬂmﬂﬂi
WAL TN AUYEY @ﬂm‘fuz\jwﬁuﬁmﬂwﬂ@maz
Baszanm 5 wefdusresTasasioma ivldaan
sretnainlduudefignmn 20 esrgadaa ma
38119999 Chen (1995) 3LATE
a9A1szna UM I WAERTLaMNINAABILATY A

and Gomes
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A1NATU8I AOAC (1984); Goering and Van Soest
(1970); Van Keulen and Young (1977) i&n1inginasing
A, % vy ° a - % P v
guiul3nnviansdeaeinnasanulilse Tomdls
(metabolizable energy, ME) Tvanunsaauandléiann
N e

nstiAnaungadsaenun lugtlaesilaanns T
Wneananwasnuitaslfaasemng nasungndy
aanxn uglresaanag (urinary energy, UE) A
ann1uesaag1saasiiaa1nzlddnaAnlu Bomb
calorimeter udapmuAaeENuTag s gy
aanN1 wiadeyanlfnnAuinaINannsaue
nel McDonald et al. (2005) A%l ME = DE - UE %38 =
GE - FE - UE

axinlé

nMsiiuARtNAan

Lﬁ'faa”uqmmimmmﬁ 90 Ju guiAusiaeting
Fenraslaunaninauny v 3 NANNIINARSY 39K
S 0w 18 i nenfiusatna@en B nasdiuaensii
TAUNNY (caudal vein) mmimummﬂfﬂmmu
mmﬂmu@ummwmm 7l 90 §u ‘NL‘IJ’]']“LA@&W]’]‘EI
YBINTNARBIAIA BN AUNNTIANLIABA (NINN3
Filudalugd 0 feuliiamng) TR T RIE, T
AINNANNARD LAZNNNsANZiAenENATIMAGanTA
Auangludn (ﬁﬂmﬂﬁulmﬁimﬁ 4 ¥a9 a1
fanz 8 fnaans lnausnlduaeniiusietnaidend
wieudnstnRtungeelss luilunas 4 fadans ile
Wunaaudmiunsinseitiannglaaluinen
(blood glucose, BG) mxAgaed Tiffany et al. (1972)
wenldvaenfiufed1adaniliindeusnstlesiy
Banudesn luibun 4 Haaans udaindenliliy
WRERANNIE 3,000 301 et 15 und ey
dnidsu uaztin U BRgnmgfl 20 esmrades
dmFunistasilinnug e lulasiauluaen
(blood urea nitrogen, BUN) A1835984 Schmid and
Forstner (1986) wazsvsuzaiinulnslelalnlnlstiu
T3) Faedfinng
electrochemiluminescence immunoassay (ECLIA)
Tnel% 16303 Roche Elecsys 1010/2010 wae Modula
analytic E170 (Elecsys module)

(triiodothyronine,
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msusziudssananmnnsuan
WHANTIAZTANAIMN INTUE T8993
A lun1ImMAReINIA WA N BN TN9E 1Y
Insuziteazlftn i1 lunsidedaludanaen
F2021981N1IMAARBY A1NHLTERN RN nNRY
anspedla hemsdaiminiunnemsi uas
e wnsfiviaelugaadresiudalinn ¢ 5
ieA B ag Uil Fusiasase T B
f;"mquﬁqﬁvlr%ﬁ*u‘llmﬂﬁmLﬂiéLﬂJ@ﬁ*L%ﬁTifWﬁﬂﬁq uay
Auanslisfini a5 Tulannasai 3 NANATUIU 63
A LLZ\]&%ﬁWﬂﬁ?‘ﬁll\‘iﬁ”ﬁﬁﬂ/ﬂlw‘fmwﬂLL@%&%Q@%’]H’H@G
nMMAaesR 90 Ju Iuiﬂwmmnﬂﬁqﬁwm e
Annumsuasuulasiviing angnaareyiAuls
wAgsefreTuredlAnaeANIMARES uAzTARZILY
ANANYYINIFINNIE FNNAD TR NRC (2001) Tanl
fASupuAannideauiaanannupaniARaLLes

a
A

v o =K o
°1I@3;I|@LL@’JULLV]ﬂNZ\]ﬁ]’]SJLL'LI']_IW@ﬁ‘N

AUNUNNLATHFNA
mmmm’fmqﬁUmmizﬁvmiﬁqiﬂhﬁmmmm
flAsuulag ﬁN@Tmﬂmmr;i@ﬁunuﬁ’l%’lum:mumi
HRR ANTATUINUAUYUBNUIIART uaTNITILATITY
Frnu sadainlsanmslinguennemeaesiislmna
wANAineriu 219k STE lunmeaesdi funulums
e Fefl ECR f31A0 3.00 um/Alania g g
winHsAszann 2.00 um/Alaniu whadinalisnan
dszan 275 uan/ilaniu wazaunsiiuiisnan
tszanou 810 u/ATaniy (14% s ieninun

ANUITUAUYUNGHAR (4N19R, 2550) NM93LATIET

2 ! A a d’/
AunuArldaneniaasegialunisaaelauuand
NAWNY

NANISANHILAZIANTOL

AMAMNLNTUEABIRNMNSTN LT LUNSNARDY
= v 14 ¥
219197 M lunnmeaealszneuasaningd
wAE1 Inensin wWheding way ECR @eilAnasdilsynay
e lwanmsusiazailn Aell ansdiuddnguiie

T1JsRnsan lusdi 1B NDF, ADF, ADL WaTNAN1IIN
Winfiu 87.20, 14.83, 7.47,9.12, 40.08, 26.32, 9.27
wesiius uaz 3,836.41 LARTY/NU ANNANFL (AN919
7 1) InelunnmaaadlE ¥ envnsiuisssullsi 14
1lefiFud naannmaaed FeilAIndiAsTusEAL
Tﬂa‘ﬁu‘lummmm‘llmumag’*uﬁ wuzinlng AFFRCS
(1999) uaz NRC  (2001) AflAwingy 12 uaz 14
wasidus muansu ludauaasArdialnavein W
419 ECR  ArAduilunsm-Ang tBunninsauammn
nsnazdmn wuaznsadiafisn deg unnuaininsgiuzes
favaTnfiflanunnd Jeaziarsananniuinaesnan
uanRnIlud1ATY (Elferink et al., 2000; Minson, 1990)
vanannifnainmafiiiuedilsyneuaesiiavin
FluantladeiifanostullsAnBnmnnminauaes
AT BeTARNIALARAN NI RN AN aNan
LL@zag'Iumﬂﬁwﬁmmmmm‘waiﬁlﬁmmmmﬂﬁﬂiﬁ
5ot (Leng, 1990) TnaiuuA? Buaintiazin i
windnAuves sai facuinfiugs wazdanudn
mmimfﬁ'mﬂ%ummLﬂuﬂim-mﬂuﬁwﬂﬂ@ﬂﬁi:ﬁu
3.8-5.0 (Elferink et al., 2000) 1n&Asariu Andrew et
al. (1979) way Tumwasom et al. (1996) 18 1UINNT
a1sdnusinasiAtaanuilungm-rg 3.6-4.2 n3m
wamsin 3-13 wesidud neaezdnnuaznsadananlu
Bunnuiian mMevnitgemsdaduinilunisoveniia
Tugnminelfifiansauananlu Bunodiitasnasa
MsasanaesiosniegnansafU 1w d
Fastinnudunanang uadldFunesauduludosin
Hilaatin FagunsniiuasadnflElne l dena
nenusafadad uananniinisinenvavenylauein
ﬂ@um’Lﬂ’Lmmrgmmﬂmmmmsmummﬂmmn
T uazfiAa NN Au ANy A9UUITIRLAALT N
Waanasa uaztnunaides SAnTING ARy Fauang
Tum99fi - Lmzﬁ’mfiﬂLﬂuLLéﬁﬁﬁﬁﬁmwﬁwﬁmﬁiﬂ
sanafidaudaalunisiaroiuinaesdmd (Minson,
1990)
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Table 1. The chemical composition of diets used in the experiment (%DM)

ltems Concentrate Corn by-products silage Rice straw ECR

Chemical composition (%DM basis)

Dry matter 87.20 2047 93.15 25.82
Crude protein 14.83 7.56 3.84 8.89
Ether extract 747 1.27 1.60 443
Ash 9.12 8.83 15.37 7.80
Crude fiber 19.41 29.73 37.82 25.96
Nitrogen free extract 36.37 52.61 41.37 52.92
Neutral detergent fiber 40.08 72.48 73.38 54.93
Acid detergent fiber 26.32 36.98 43.81 32.10
Acid detergent lignin 9.27 497 3.51 6.22
Gross energy (cal/g) 3,836.41 3,924.79 3,455.21 3,824.11
pH - 3.80 - 3.55
Lactic acid - 244 - 4.61
Acetic acid - 6.64 - 5.65
Butyric acid - 3.08 - 2.56
Calcium 1.87 0.39 0.50 0.42
Phosphorus 0.34 0.25 0.21 0.05
Potassium 0.95 0.80 1.1 1.63
Magnesium 0.08 0.07 0.07 0.08
Zinc 0.02 <0.01 <0.01 <0.01
Sulfur 0.34 0.18 0.24 0.11

szANEMWNISNAR wesdusimings muz%ﬁéfu Fauanelumansd 2

annsdnenladiliFuemsluudasngs
WL B Rg L SUavaiaaeaia 3 ngu e
Winfu 7.33 + 0.01, 655 £ 0.01 WAz 5.36 + 0.01
nI@mmmmm/m/@u mummu (P<0.01) yiathiuna
mmnﬂ@uw 1 LLZ\]“’ﬂ@NVI 2 fn1slfienmsduly
Lﬁ‘mmwmmmﬂ@m 3 AnvadeldFmnatinaly
UUANANUNTV-INL Immﬂqm 3 {314 ECR agnaifen
\fluanunIveny @9 ECR ﬁfj”mml,ﬁq Winfiy 25.82
wafidust eﬂ\imﬂmvhwmﬁﬁd“mml,m Wiy 93.15
wedidus (ﬁl’]ﬁ"N‘V] 1) mm‘l,mu'ammﬂuﬁmmqm
u,wmvlmumummumwmmqmmmmu

memﬁmmqmmmwimwwumﬂu
Lﬂmvﬁummuunm wufmn@m 1 Nmmnfmn@w 2
LL@”ﬂ@N‘V] 3 @mquuﬁmmmmmmnm (P<0.01) lmel

AW 2,54 £0.01, 2.27 + 0.01 UAZ 1.86 + 0.01
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mi‘w‘lﬁmﬂ@w 3 34mwmuummmmﬁémmm’]mu
lue1m1s ECR g0 ﬂmm 1 LLmn@uw 2 &
#anP&aIiU NRC (2001) Amelidnpnuily
a1nIT RN 1% Az i dnguisanas
0.002% z@eiVINGA ﬂfjwiiﬁmmﬁmm{mquﬁﬁ
Tﬁsvuﬁwummiﬂmmmnnmjwqﬂﬁmﬂmﬂ@ﬁeﬁuﬁ
vnminga wudiAeuinedi B eanesanay
Haennsaesdnd TnavialUlnanafiBununnsiuls
WA 2.00-250 Wlefifustinming Jutuidelauas
AN eI (NRC, 2001) LL@”Tﬂiﬁu‘ﬁWﬁu
099 3 nax wmwiﬂuumqmw 1 LL@”ﬂ@NVI 2 flpn
mmﬂmummfm@m 3 'ammuﬂmmmmmmnm
(P<0.01) {AwINTTL 0.64, 0.64 uax 0.58 Alaniudng
WIAA/A0/A% ANANAY (mmﬁ' 2) wpiasglsAmnu
sesulsuiliuanawmaestausiacngaii Bano
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Table 2. Least squares means and standard error of production efficiency in dairy replacement heifers

with receiving different feed treatment

Treatments
Items P-value
T T2 T3
Number of animals (head) 21 21 21 -
Time period of experiment (day) 90 90 90 -
Initial body weight (kg/head)1 290.90 + 52.95 285.57 +38.80 290.38 £ 34.99 0.8996
Final body weight (kg/head) 326.66 +3.12 313.04 £ 3.13 321.47+£3.10 0.0829
Body weight change (kg/head) 34.39 % 3.11 27.47+3.13 31.10 £ 3.09 0.0829
Average daily gain (g/head/day) 382.07 + 34.63 305.26 + 34.79 345.48 + 34.44 0.0829
Initial body condition score 2.391+0.04 250+ 0.04 240+ 0.04 0.1056
Final body condition score 3.0210.04 2.88 £ 0.04 3.04£0.04 0.0863
Body condition score change 0.61+0.03° 0.38 £ 0.03" 0.64 +0.03° 0.0030
Dry matter intake (kgDM/head/day)
— Concentrate 2.62° 2.62° 1.74° 0.0001
— Corn by-products silage 1.86 - - -
~ Rice straw 2.85° 1.86° - 0.0001
- TMF - 2.07° 3.62° 0.0001
Total dry matter intake (kgDM/head/day) 7.33+£0.01° 6.55+0.01° 5.36 £0.01° 0.0001
Total dry matter intake (% body weight) 2.54+0.01° 2.27+0.01° 1.86 £0.01° 0.0001
Protein intake (kgDM/head/day) 0.64° 0.64 0.58° 0.0001

Least squares means + standard error
1 L b,
Means = standard deviation, “>*

&Lt UALUETINT8Y AFFRCS (1999) and NRC
(2001) FalAunannfili T sf Rszsuisfiusnaiiy
aziArpmangalulnsaulisaiu 3991199
N oA eanesanNfeIns luN1IA1 9T WA NS
wrnyAuinvasiaang Tnevinlu/lngnaiinanubienis
TsiuaAiuaz 0.60-0.80 AlanFudnguiia/siadu
(NRC, 2001)
AnMIFNENERsNsIFLineALTedls
n@:uﬁl 1 n@:uﬁl 2 LL@zﬂ@:uﬁ 3 {ewiniy 382,07 +
34.63, 305.26 + 34.79 UAY 345.48 + 34.44 NFu/F0/TU
ATNAAU THLANANTUNN9E DA (P>0.05) Aaudndly
AN397 2ay Lﬁuiﬁdqﬁmmmwﬁmlﬁu‘ﬂmmmfr
mmmuﬂﬂwﬂwm iflasannladnisdsunlag
singafian @ummmmnm@‘wm@@\m@ﬂmqqqm
s urenauesln il WnHeuesh i Aq
R EEE N PG LT Pl I R IE T K V)
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Least squares means in the same row with different superscripts significantly differ (P<0.01)

v

wiat1elafimulans 3 ngu Adnsnisasauaule
wasd lduansineiu Geshsnasiyiulnednas
AuiugAnaseudes iluasnasanulidss Taadld
(P73 Wudnva 3 nax HAnlndiAsaii usdlangs
71E5U ECR atihaiien rimaenuiilifugendangs
auenauandlFdnlaf i Fuenmsiislnnnings azil
UszAnsnmmslienmsaninlaitléfuemnsiisl
ARANIWIBNANNN (McDonald et al., 2005)
annsAnelaAnga 1 nquf 2 wazngud 3
ummumm@uu@mmqmmﬁmu WAZATULLAINY
auysaisnanieduan lisnai dauntsilaeuulag
AZUHUATNANYTAlEIN e wuinlangai 3 fringa
ndnlangad 1 waznga 2 esheitidnAoyBanaain
(P<0.01) AL 064 + 0.03, 061 + 0.03 uaz
0.38 + 0.03 AWAAL Fananslumsedi 2 nsiila
mg'wﬁ' 3 flﬂ’Wﬁ‘Lﬂ?ﬁlﬂuLLﬂmﬂxLLuuﬂQﬂN@Ny‘?ﬂﬁ’]\iﬂ’lﬂ
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zgmdwimzimﬁl 1 LL@Zﬂ@;NﬁI 2 @Wﬁ@qumﬂ‘immjuﬁ
3 lEFundsauanmisdenliandnlaiesesnds
(A3 3) hugndliiuinfaudianlas ¥ Bunn
gsfiaTausf LA Fundauiiieanasianans
Faan1avessrente nefilalFuatnsfidgaamng
azilsz@vsannmsidiennsaninladi lsuemsiia
ADUNINIBNAINT (McDonald et al., 2005) ganaliila
n@;uﬁ' 3 ﬁmmﬂﬁlﬂuuﬂmmuuumwmmgmﬁwmﬂ
‘17{23.\1 %'\1mimﬁ;ﬂmﬂmﬂ:LLuummmgmﬂéwmﬂﬁ
ST isvisegayderiwindaaesla
anansnuisuenieanazlnmunmsfidas iy (Waltner
et al., 1993) Inennfnzunuanuaaysalivne (1 =
NEaaN B4 5 = Fauann) AusFufuautsduganis
naaaseslaungaildnadn 2.41-3.05 (Edmonson
et al., 1989)

L] v

mssasla
= Al vo M \ .
anNsAnE AN 15 UMN9Na 3 ngn Wig
nstdenlfidsngaesinaus wu dnguiie Buvisedng
TJsA1a9n NDF waz ADF lduans1afiuni19ania i
douraanasanusiasld nassnulddselamild way
Tnauzisiaslfvianus lua1etunneanm (P>0.05) Tagl
| oA | oAl | Al A o a o
naNN 1 NgNN 2 uarnguil 3 Anasnunseyld

WinAy 1.98 + 0.09, 2.22 £ 0.09 way 2.31 £ 0.09
Mcal/kgDM ANNATAL wsaui s lemnllE Wiy
1.55 £ 0.09, 1.80 + 0.09 Loz 1.89 + 0.09 Mcal/kgDM
s uaslnmusiidesBvianun Wity 4502 +
211, 50.39 + 2.13 WAy 5250 + 2.10 LUafidus
SN FauandlANgT 3
ma‘ﬁ‘llmvlﬁﬁ*umm?mﬂﬂziuﬁ 1 Lmzﬂ@;uﬁ 2
finstioglEfinnanaiiiasunannnslEsuniadsunie
$inn davinedinnflasAsznaumanidiale 191 NDF uaz
ADF mmmnﬂu 73.38 uay 43.81 wlefiduAdnnuiis
(N34T 1) mamm’twﬁmmwmmﬁfmmiﬂ@ml 3
aduareAnsdenld  Usznauduitunmiilsfiu
LAZANNLNALAN (Leng, 1990) FNLTL RADN LATADLY
(2559) mmmfiﬁ@;mmmimmﬁﬁL%ﬁﬁmﬂﬂ'm
ﬂ?‘mmmﬂLfamu@@LLﬁqlui:ﬁuﬁzgqﬁﬁ‘lﬁﬁﬁuqm
Lﬁlfa‘lﬂ‘luzgmfmmm;ﬁyu 481 EINAABAINNANNNID
weanstias lfasdnguiis Tneluervnslauaiiflsss
NDF uaz ADF figeazdenaliinonuaiunsnzesnis
sos/lF Tnnuiisanas Avgeuariningud 1 uazngud
2 fnnstleelFfinndnnguil 3 esannqduwridlu
nesmnzdinganeidleleannawnslEtiosas wananni
aIMENL ECR il dautlaznevaesq Auvisdily
AINNNENANALEN L ATUNTEUIUNNTHAR LAY

Table 3. Least squares means and standard error of nutrient digestibility in dairy replacement heifers

with receiving different feed treatment

ltems Treatments P-value

T1 T2 T3

Apparent digestibility (%)
— Dry matter 51.47+2.27 55.52+2.28 55.26+2.25 0.4343
— Organic matter 53.11+2.36 57.12+2.37 56.70+2.34 0.4756
— Crude protein 53.26 +3.06 52.94 +3.41 51.72+3.37 0.2225
— Neutral detergent fiber 43.92+3.39 47.95+3.08 47.10£3.04 0.3783
— Acid detergent fiber 45.43+2.84 46.99+2.86 48.52+2.82 0.7549
Energy intake

— Digestible energy (Mcal/kgDM)* 1.98+0.09 2.22+0.09 2.31£0.09 0.1162
— Metabolizable energy (Mcal/kgDM)** 1.55+0.09 1.80£0.09 1.89+£0.09 0.1159
Total digestible nutrient (%) 45.02+2.11 50.39+2.13 52.50+1.10 0.1202

Least squares means * standard error, * DE = (F, x GE) — (F x E), ** ME = (F, x GE) - (F x E) — (U x E)

F, = Feed intake, F = feces, U = urine, GE = dietary energy, E, = Fecal energy, E, = urine energy
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gouradAndUlLsn AaganananiNNLnfL (Guthrie
and Wagner, 1988; Promma et al., 1993) m‘i‘ﬁlﬁ
anunanresArdulzsaazinlfianmaminiiaanuin
AufindwilesaninAuventesnsn 3981113 ECR
Fluenmnaven U lErunssUaunn A uaaiin
upTinuAf Beeggedenaliiannsuenumindliunn
nsauarsingsnlision danaliinistenlfaasanms
geiu uazin i laldfundesuiigaiunnlufae
(Wheeler and Mulcahy, 1989) @snnseiolfuay
nasewi i Fusaslasia 3 ngu agludaefinng
Tnevinl e mnsdnsluamseugiuninaziAnis
diellERngn 60 wlesidusd (Leng, 1990)

mslasundasmadaedluiaan
=8 A a’/j
annsAneERanglaaluaenvesiasia
3 ﬂ@u Anunsliavngi 0 Fald uazudantglis
g 4 Falug wudndAneg lutas 63.30-71.74
mg/d T UANFANAUNET A faugadlumsed 4 us
Tavia 3 ﬂ@mmmLtm‘lluml?mmm‘llﬁm‘lum'amwL‘wu
zgwwmmﬂummﬂﬂum 4 mim (P>0.05) A9N

v v A i’l 1o

Wnduaestiununglnalulaentuegiuaniae
$19N1 81098 AT LA TR ATRIRI NI NERNS LIRS Y
IneanizigannsdniniansTulawmsmilszunns 70
wlafifud Teazluanuwdingnssmizguulnegn
a al o ] Y @) o dl
qaurdnalunszinnzdesaanalifunsalasium
szl IBun nenaz@in naainsiledin waznsniion
3n uazgnepdudingnszuaiaan Taanunig hepatic
portal  vein laganwiznsansalwsitletinavgn
wWanmiwuunglaaluaesnsulseunn 19-60
wedidusd anuidisduaeanglralunenladudania
UANTNAMNANAATBINANU NN Tnani9asn
nalagazluatiuaninzaesdaduaratinuesaisi

fiu (Riis, 1983) et nAaoudisduveanglnaludng

1AenLaaallALlszann 45-80 mg/dl (Frandson et .,
2009) Tenaiilfineslans 3 nqunasasiagluded
Wanwe wansdnlaaunan il Tamiannasanulu

dl Yo % 1 a a a 1 ] £ d"l dl
o 18 5Ulf et eflitlsrdvinn denannIfilieite
5119 < nauliimnseing
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E gt Belulnnauludentealai 3 ngs
Aaunnslianynad 0 Falus wasndannsliannad 4
alug wudndAegludos  6.68-10.21 mg/dl 14

\ o aa & a &
wAnsi 9N 9an A 391 Bunng e lulnsaului@en
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Table 4. Least squares means and standard error of blood metabolites in dairy replacement heifers with

receiving different feed treatment

Treatments
ltems P-value
T1 T2 T3

Blood glucose (mg/dl)

— 0 h-post feeding 66.00£2.26 66.47+2.27 63.30x2.25 0.4959

— 4 h-post feeding 67.16+3.81 71.74+3.78 68.26+5.25 0.5727
Blood urea nitrogen (mg/dl)

— 0 h-post feeding 7.19+047 6.80+£0.48 6.68+0.47 0.7357

— 4 h-post feeding 10.21+£0.52 9.12+0.53 8.68+0.53 0.2048
Triiodothyronine (ng/dl)

— 0 h-post feeding 196.72+16.44 147.75+£16.52 186.86+16.35 0.1835

— 4 h-post feeding 212.72+14.65° 154.82+14.72° 192.63+14.57* 0.0510

b
Least squares means + standard error, °
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Least squares means in the same row with different superscripts differ (P<0.05)
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Table 5. Least squares means and standard error of production cost and economic return in dairy

replacement heifers with receiving different feed treatment during the experimental period

(baht/head)
Treatments
Items P-value
T T2 T3

Animal breed cost 12,312.24 £ 73.57 12,389.30 + 73.92 12,456.55 +73.17 0.4399
Medicine and the medical supplies cost 30.82 £7.58 33.94 +£7.62 31.91+7.54 0.9587
Frozen semen and equipment cost 349.82 £ 39.90 248.01 £ 40.09 383.29 £ 39.68 0.1347
Concentrate cost 2,187.00 £ 0.01° 2,187.00 £ 0.01° 1,458.00 £ 0.01° 0.0001
Roughage cost 2,397.26 + 2.80° 2,654.31 +2.82° 3,779.91 £2.79° 0.0001
Feed costs 4,584.26 + 2.80° 4,841.31 +2.82° 5,237.91 £2.79° 0.0001
Total production costs per head 17,277.14 = 59.20° 17,5612.55 59.49° 18,109.66 * 58.89° 0.0004
Total production costs (21 cows) 362,819.94 367,763.55 380,302.86 -
Feed costs per weight gain 133.30 176.24 168.42 -
Total production costs per weight gain 502.39 637.52 582.30 -

abc
Least squares means + standard error,
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Least squares means in the same row with different superscripts significantly differ (P<0.01)
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Abstract: The purpose of this research was to compare fattening performance, carcass and meat quality of
Charolais, Black Anaus and Brahman crossbred with Thai native cattle. For selecting breed appropriate for
fattening in Thailand and alternative purpose of substitute imported beef high quality. This experiment was
conducted by using steer of Thai native x Charolais (NxC), Thai native x Black Angus (NxA) and Thai native x
Brahman (NxB) cattle fattening 8-10 month, 8 heads per group. The average initial age was 2 year 6 months
and 2 year 8 months, respectively. They were fed concentrate grass and water ad libitum and recorded
fattening performance. At the average weight of 550-700 kg, they were slaughtered and dressed for comparison
of carcass quality between breeds. The results revealed that fattening period of NxB and NxC cattle
significantly longer than NxA (P<0.001) cattle. For weight gain found that NxC was the highest sianificantly and
following by NxA and NxB. Furthermore, average daily arain (ADG) found that NxA was the highest following by
NxC (no significant difference) NxB (P<0.001) respectively. Moreover, carcass traits of three crossbred cattle
found that live weight, hot carcass weight, cold carcass weight and dressing percentage of NxB was the least
(P<0.001). For meat quality, fat percentage and sensory evaluation had no significant difference between NxA
and NxC cattle. The results of water holding capacity found that drip loss of NxA cattle was the highest
(P=0.036). In addition to the shear force value of NxA was the least (P<0.001) following by NxC and NxB cattle.
The conclusion of this study both of taurus crossbred had not differ of marbling percentage and sensory
evaluation but NxA was the highest growth performance and tenderness. Moreover, NxC was the best potential
carcass quality.

Keywords: Fattening performance, carcass quality, meat quality, marbling, Thai native crossbred cattle
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Ussmpitouting sadsiinsdadsuninaesdaie i Az aiientnemn 5 Lﬁmmmf:ﬂimu
ANNNATY fdanfindnanmnisudnlaiie deuali %ﬁmwm;uLL@zﬂjmiﬂﬂdﬂL“’f‘f@‘ﬁmﬁqimwmzﬁimﬁu
\nsRInsvAE AT TN 1 Em‘?@ﬁ*ﬁmmﬁﬁ wsnmadulendaiile (marbling) 110 aflud
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WugAwilaniumilaad uuiauaana uazusiiy

o

FANTTURAATA LﬁﬂﬂMﬂWW@ﬁ amiulailoanawug

o

mw '1 1/1mwmmuwmmm@uwuﬁﬂumﬂwuﬁ
Mudleaiy Hvaneiug lnalagnuanusayiugd
anwnuzisuuafaauansneiull Ae lagnuasusii
1 Havagdselug)iunans nuseannwndas
saslszmalng waziinnsainlnandilafiuiies
FanumInafieniaes witliedeAenenmniauausa
A1 fladuunaniien (AR YTy WAZATE, 2556)
Lﬂ@ﬁ‘ﬁiuﬁﬁmﬂmﬁﬂmﬁ 51.9 ({9nsod wazAnie,
2554)

TniudloafludnsTinumansdaaiandnie
fwsnBlnamelulssnd HudnsAadnannlunis
Winanan Tngannzlugnmnnsuanitiennsendy
davinmaduewnsliitulaiuilesievnsiues
AWMLY AnansaLiaivin Al R 500-600
NFNFadU (ANNA  LasqNENeA, 2559) 4 miula
@mm@u%ﬁmﬁmfu azddnsnaasyuinga 1 nd
el ey laduwsnAeudnenn witdeds
Aa mniflugnuananaiaangs - Wnazlinuseanin
annAtaudy HlilaRuaun i tiesas smanig
wrryiuinfesalyl Snviamnaan UL lelesd
fawaanazynlifinadymnisaaanenn duiulue
mummmwemﬂ Opatpatanakit et a/ (2008) 9188U
41 Tudausaudsanaineslaiiiies TAug
usisiuaneiaengs uaslawuganslaadaisidanga
wuga Tl astlilefudidaunasanlngiAesiula
Wug usiiunazgendntaiuganiloiad usdl
weSiliuwinszgnanniiga wazililefidudladutien
ﬁqm Lﬁ'mﬁﬂmﬁﬂuﬁunﬂmmﬁuﬁ: AININELULB
Papaleo Mazzucco et al. (2016) WUdﬁTﬂQﬂmN 50%
dydu fiminangeiigmileiauiulagnuas
LA i Feviesn Resduansidantasuasia Wiy
25, 50, 75 uay 100% Lanesa uaz 100% wesrid
ANANAL ﬂ”Lﬁuiﬁdﬁmf;fml,l,mnﬁmm@qmﬂw"uﬁﬁm@
Tmﬂmmmmmmwemﬂ@mmmmu ’lul,mmil,mmm‘ﬂﬂ
mmw*ammmmnimuwuﬁm LL@yﬂ’]iL@M@ﬂTﬁLu’ﬂwuﬁﬂ
LW@L@mLﬂu‘Emumiﬂ wiiilesanniiiiadadtuamann
ﬁﬁmwimmmmimsﬁu flaqeianizaesiadng n1s
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ApneneuuazuaIindnd (doyde, 2550) mnmmmu
meumwmmumnwwmmmmmmﬂ%wm 17
fuasienmmmils uazidennilasagnsamslierlu
a o o R | @ o o dl ! !
sduwupeaiu wugaududadudAyndanase
Ao NENuAzIe Tedouluninunsnstendeaily
Tagumalaiagnuanusisiuizasilsad (1 I
gnuAN eSS 25% LTl 25% 15lsiad 50%
Tagnuanusisiu 50% uavanilaad 50% visels
QNNANLIINALIU 50% WATLEa 50% Wrdayaniesinu
AANWTNUAzIdeTedAg AN LA AR
fuuazammavenuamunnwalunan 810 heu i
Ly o o o &R Ao oA

ARUiNANTA UIdEATINAIH PR LsasAiveAne
ANITONINNIYU ADININTINUAZILETRIIAGNHAN
Wugudesnilaad udaueia uazusisiu

G aa
AUnsaluazIang

TunnamesestiAnmndayaanssnnimnisyu
AN ININUALERTD TAY WA AEURLEEI NS 1 ot
wiienaniilu 3 ﬂ@umﬁnmm ﬂ@mma‘m@ma” 8 §n
(390 24 Fin) Fail ﬂ@umiwmmw 1 Iﬂ@ﬂmuwumm
wazansliad 50% (Rouiides x milnad) ) NgNN13
NAaasd 2 TagnuaniuleuasUAALRNRA 50%
(Wi x LudAueana ) ngunsmasesh 3 Tagnuas
dﬁl A 6 o d’j A & o
Nuilesuazus il 50% (Nuides x usvil) ) Ing
mmmmumwum@ﬂ 2 16 weuna2 1 8 heu
dnminGudueds 319-395  Alaniu NNNANNNT
NeaaedalFFUN M IENUBE AN (ad libitum) Tas
34 un Ml ueunmianisan it seauldshiu
sz 14 wWesidudesnafiud 2 Hesedu e
8-10 thaw aulfiuiuingavinaiade 543-687 Alaniu
AMUFUNNIANHIAUANIIONINNIY W B1IN9LTUIAN
wuintannsoludunEunsinnmaas uaztinmin

k% o d‘ o 1 o K alla

qaineludunianiesin dunndsunneusnig
(feed \WaANEIANIIONINNNIYU 1TUin
sreznan unn9gu dhuwiinnauwaznansg e ld

intake)

TUNMIAIUIUANIIONINNNIYU waztiUANERIINIg
WwitgtAulasada nasAnefuagnINGIN
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Famsrnaiiinlaluusiaznganimeaes dnsin
Lﬁfﬂﬁﬂ‘iﬁmfm\mmm (Uszun04 650-700 nlaniw) 4
hwminTafidan (live weight) aaanusianneenatias
1224 Falus witviazenalinanninan Faimmingn
g1 me‘iwﬁnmmﬁu (mwz\’f\imnmmmﬁuﬁ 3°C
e 24 Falue Aunautlesidusan (dressing
percentage) (Anydtl, 2550) TAAANNEINATN (carcass
length) Tmﬂmﬁmmmﬁ’]Lmiﬁ‘llm\miﬂﬁqﬁqmz@ﬂ
lumbar Tne1¥anedn wniudiutindadiady (loin eye
area) anifledunen Basiunialasdn 12 uay
13 Inel¥nszanmaanane ¥ndn 2 Afaield lunnsde
HosiArasiaui (planimeter) Farinuinaesd udoy
gy s luwsazdauitliazillAadaui
wasiuiaeiimindaan (percentage
weight) (&nydel, 2550)
nsAneEununNTasile

of live
TaAN
mwmmmiumaﬁmﬁ/ﬁ (water holding capacity
measurement) 1atiN13 AN FT 1. ﬁ’m’]ﬁ‘@‘mﬁﬁﬂy’]
AINNALTNET (drip loss) 2. mmizgfylﬁm‘i’mm
iiaannnsinazans (thawing loss) 3. ANNN3gTYIAY
ﬁ”ﬁ‘wﬁﬂ Lﬁ”‘ﬂ'ﬂ’mﬂﬁﬁ‘ﬂg\‘i’ﬂ’m%‘ (cooking loss) tmeinin
nénuileduuenuinnnsfsimenteuLasudsann
Ausnedlunan 24 e manazans uaznsLlya
a s aniiinand & s e anflulesiusinag
grydsannnisiiuinen neinazane waznisles
219113 ANANAL A1FUNNTUsZRUAIUN1INIIRTN
(sensory evaluation) nnsliin LLuumimmﬁmq‘“
wmamwmmﬁmm Tnlsaed (2535) Theninndnaniiadu
uﬂﬂmﬂummmu 150 °C @u"l,m@mmﬂ@ﬂmmu@
Ussanns 70 °C AniileliiRavnawinAuidnsasily
TBNTUIA 1 LTURINAT mmfu@i’mﬁl,l,ﬁéma@%u s
THeunstinelunnIngmatin a1uau 9 A fRsatiuay
FULLY goLnnunnImsaTuiie wasiannsussens
Tunaunisniadulagazidan 2ennsliaziuunis
AINATNATNANIUN 4 ANHUY AB AINYN
(tenderness) mmﬂjmﬁ:’l (juiciness) ﬂﬁlmmzmmﬁ
(flavourness) wazAINNNe lalagisqs (acceptability)
Tnemsliinzususioust 139 9 demanaia anunela
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tinangalilaufanalanniign grsaatiuazliiumn
WaTILNTNUAIa NNARaLT N aLA AT (nlsasd,
2535) N133LATIZMadAUsTnauNnI1aLAl (chemical
iy . ¥ 1 C @ o dy a

composition analysis) 1un tlafidusaaadu lsmn
uazlusiis Aqes proximate analysis (AOAC, 1995)
NNNTAALSaF LN (shear force value) #asl
LATRN texture analyzer (TA-XT2i/50, UK) Yilefsin
gnidgnmnAlananaiietsenn 70 °C itz

b7 % d’j % [~3 dld
wndulanauiilafoawdannacstlanana (core) N
PUIAEURIBAUINAN 1.27  LURNAT TRAILINGR
HNUAQELATRY texture analyzer (model TAXT plus,
Stable Micro System, Ltd., London, England) %296 5
kKN H2eiA21a13q 200 Raawmsaeuni anuilu

ANgagA (maximum force, N)

MFIATITANNED A

%@HaﬁmmqnﬁmﬁLmﬁzﬁmmLLﬂﬁJmu
ATNLNUNITNAND LL‘LI‘LI@\iNZW‘LIgDi (completely
randomized design: CRD) waziiennfieAiaas
ImeRT Duncan's new multiple range test Imer1d
Tsunsudnizagy SAS (SAS, 1996)

AANITNANRY

NANNINARBIANANINT 1 uamliiifiudn
?Zﬂ$LQ@ﬁﬁi%luﬂﬁi“quiﬂ@]ﬂN&NﬁyuLﬁ‘ﬂ\‘i>< wuaRA
waeia Wszaznanlunisquduiigaiiledauiule
qnudnuies x usiTs uazlagnuaniiles x o3
T9tad adneldadnAtyneada  (P<0.001) AmFU
iﬂuﬂﬂﬁ;uﬁu‘mmwu (Initial body weight) TAgnuax
Wyul,ﬁm x usisT hiinfiieendntagnuasnas
@u@mmuﬂmrﬂmmmnm (P<0.001) Lmuﬁﬂgu@m
mfmumm@ﬂumuﬂmmwmu (body weight gain)
mmim@ﬂmmuwumm X WuAALeNNd HAngent1el
HedATun Al (P<0.001) Lﬁmﬁﬂuﬁmﬂmﬁlu A1
AaRINNTAs YA LInsasasadu (average  daily
gain) Iﬂ@unmauﬁbw,ﬁm x uuaauesia uarlagnuas
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WufAwianiuilaad uuiauaaa uazusiiy

fudles x 15lnad flrngandnlagnuasituiies x

Uil aeslitdadAnymiealia (P<0.001)
AMFLNIMARBIFIUATUNINIINAINANINY

7 2 bwiinilERnedlagnuasiuiies x uwwdausaa

D

a

HAuansead 9 Adud Aymsai AnunguD LU
Tagnuaniuies x usisiu widiAandnlagnuas
Wdas x 11 5lsad adeldadnAyniead s
(P<0.001) Wrntinanguuazainiduaaslagnuan
P o a dl P

Wudes x  115laed dAngangamninnaelagnuan
A x wudAueeia uazlagnuaniuiies x usl

FupNaAY wefidudainaeslagnuaniuiied x

15lsiad uazlngnuaniiuiiles x uudauesia flen
uAnsingriuet WlNEdsdATyneatia wilulagnuas
e x  uswiluilAntieandanguau 1 atned
HadATUMNADA (P<0.001) ARl
nauefidudlelu waziuintidailedusesla
qnuaniiudles x usvhlu fiAntesndnguauetined
Had1Atyn19ana (P<0.001) LLﬁfIﬂ@JﬂN@Nﬁy‘uLﬁ@\i X
uwiTui e fidudnszgnannninnguauetnedl
Had1ATYN19anF (P<0.001) AAUAIAINNENDIN
wefiudiifouas uaziladiiuinasinusalagnuan
Fagnanguiluanafsednd it drdymeaia

Table 1. Fattening performance obtained from three crossbred types

Breed ;
SEM P-Value
Carcass traits N xB NxC N x A
Number of animal 8 8
Fattening period (day) 354° 337° 270° 12.2 < 0.001
Initial body weight (kg) 319° 395° 371° 15.6 <0.001
Body weight gain (kg) 221° 292° 236" 8.95 <0.001
Average daily gain (g/day) 624° 866° 874° 59.65 < 0.001
N x B = Thai native x Brahman; N x C = Thai native x Charolais and N x A = Thai native x Black Angus
*°Means within the same row with different superscripts differ significantly (P<0.05)
' Standard error of the means
Table 2. Carcass composition obtained from three crossbred types
Carcass traits Breed SEM' P-Value
N x B NxC N xA
Live weight (kg) 543° 687" 612" 26.54  <0.001
Hot carcass weight (kg) 298.65" 405.33° 348.84™ 8.56 < 0.001
Chill carcass weight (kg) 289.06° 393.17° 338.37" 6.89 < 0.001
Carcass (%) 53.32° 57.22° 55.28° 1.23 < 0.001
Carcass length (cm) 134.56 141.98 139.67 10.56 0.250
Back fat thickness (cm) 0.81° 1.53° 1.45° 0.0041 0.015
Loin eye area (cm’) 72.70° 96.20° 86.56"" 3.25 0.025
Lean percentage (%) 56.31 55.31 55.63 0.36 0.568
Fat percentage (%) 20.82° 23.84° 22.41° 0.21 0.014
Bone percentage (%) 20.03 18.01° 18.82° 0.17 0.012
Trim (%) 3.62 3.64 3.99 0.06 0.236

N x B = Thai native x Brahman; N x C = Thai native x Charolais and N x A = Thai native x Black Angus

*” Means within the same row with different superscripts differ significantly (P<0.05)

' Standard error of the means
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ek unmnmiiauansfansad 3 la
anuasinaies x Ll efiuiaansd uax
TWsdumnnninnguan o wididefidusfladutionnd
aeNalTadATUn19aDA (P<0.05) AMTuAT pH 45
min kA pH 24 h m@\ﬂﬂ@unmmﬁqmmduwudﬁﬁﬂ"]
uAnAnsiueengbifvdnATMeEDA uenanTinugn
Tngnuaniiuiles x uuRnuesta SAwefidusinig
zgﬁyl,ﬁmﬁmmmmﬁm”nm (drip loss) way AN
Lﬂ@%L%uﬁﬂﬂi@ijaﬂL‘fi'ﬂd@’?ﬂﬂ’]ﬁ‘ﬂg\‘i (cooking

loss) gunannguau ) atsliudnfty daunguiivde
Tadugnginariu LLﬂszﬂ@‘Ewﬁuﬁma@mLgmﬁm@’mms
M18ane (thawing loss) m@qﬂgmmn@iuma‘wmm
usnengaeng i TiadAtyneatin
N1INARBIANNANIIT 4 L?:@Imgﬂmu
e x LTy ﬁmmwmmﬁf@ (tenderness)
mﬂf;fmﬁué’] (uiciness) kaz ANANAanalalae TN
(overall acceptability) ﬁ@ﬂﬁ@mﬂwﬁﬁﬂéﬂﬁmmq
48R dounquauildtunnsiefuedielai

Table 3. Meat quality obtained from three crossbred types

Breed ]
Criteria N xB NxC N xA SEM Frvalue
Chemical Composition (%)
Moisture 74.21° 72.12° 72.01° 0.24 0.018
Protein 23.17° 22.86" 22.89" 0.15 0.035
Fat 1.95° 4.46° 4.35° 0.46 0.021
pH 45 min 6.55 6.48 6.37 0.025 0.489
pH 24 h 5.84 5.79 5.66 0.019 0.478
Water Holding Capacity (%)
Drip loss 4.14° 4.77° 5.34° 0.45 0.036
Thawing loss 8.23 8.31 8.34 0.028 0.875
Cooking loss 20.15° 19.38° 21.08° 0.78 0.042
N x B = Thai native x Brahman; N x C = Thai native x Charolais and N x A = Thai native x Black Angus
**Means within the same row with different superscripts differ significantly (P<0.05)
' Standard error of the means
Table 4. Sensory perception and shear value obtained from three crossbred types
Breed ’
Criteria N x B NxC N x A SEM Frvalue
Sensory Evaluation”
Tenderness 5.24° 6.54° 6.88° 0.054 0.0018
Juiciness 5.89° 6.58% 6.99° 0.056 0.003
Flavourness 5.69 5.89 5.65 0.062 0.897
Overall acceptability 5.54° 6.02° 6.12° 0.034 < 0.001
Shear force value (N) 89.48° 78.65"° 72.58° 0.045 <0.001

N x B = Thai native x Brahman; N x C = Thai native x Charolais and N x A = Thai native x Black Angus
*” Means within the same row with different superscripts differ significantly (P<0.05)
' Standard error of the means

1= highly unfavorable, 5 = average, 9 = highly favorable
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WufAwianiumilaad uulauaana uazusiiuy

TednAoynaadia uazlagnuaninudies x Uil
mLLNﬁmchuL‘f:@ (shear mmﬁ'zﬁ;m
(P=0.001) mmﬁaﬂﬂ@ﬂmmuﬁymﬁm x 15151ad ey
Tﬂ@ﬂmuﬁymﬁm X WUAAWRNAE (P>0.05)ANNAAL
zﬁ'qumnalummﬁ:@ (flavourness) THWLAMNLANFN
‘vmmﬁﬁmmﬁamm@jummmm

force value)

LR

1%
-

fadasuiilesuranndadnfiiudenase
Qmmwmmmmﬁyﬂiﬂim Cross et al. (1984) Wu3N
BYENALDIUNA WU UAzENY HHABDAINININULAY
mqmiﬁuﬂizmummLﬁ”faiﬂﬁuﬁmﬁmm’ TULNUNDA
weeria wananffeRiuAseEnanane fiaudy
WUIANA mﬁyLﬁuiumimmm‘luﬂixmﬁ@“’qnqw
1982, 1988) UszimnetinTuaus
1990) uarilrzimAaunigaiding

(Kempster et al.,
(Morris et

(Wheeler et al.,
'E\]’]ﬂWHﬁWﬁl’NﬂuﬁJN@WM‘ HLIAINITYU u’muﬂ

Li‘ﬁJ Fid mm@ﬂmuuﬂmw L‘WN @mmmmmmu‘ﬁmm

al.,
1996, 2005) mﬂmami‘wmm‘wum

AFadU AMAINTINUATEIULTTNALIIR9TIN AN
wurresduledudunds wefidudladiu uas
d!/ lzll ¥ o d’l o o =2 o =
Aunutidniliedu 4 miunanisdnsiugnesniiug
FIANIIONINNIIYUW WA ATININEINWLA TN
aa & o &
iinvaslagnuaniuiiedlny x - 915904 uazle
gnuaNNuEedng x  uudauesia wudn gnuan
& A o o & o Ada o '
Audleddng x - a5laiad Hinmindaaanuinngn
= oy al” ' i =]
esanszazinan i ineswundn mezsiesseliing
whminiemeanliaylfnauazamuninanuas
\WHadh Mandnsnsastysasafaiuaeslagnuan
Auilealne x wAALeITARANNINNINgNNANNLLE B
el x 15iaiad unnsineriuniamaasLed Barton et al.
(2006) AinuABRIINSANENMTINAsaTuTadlARLS
wasriadAntiaandnlauianflandetnafliind Aty
n9alA anviedanudn tuindadavestaiugang
TswdfiAunnnagn Tauguasiadndan dwiunanis
NARBIFIUANINEINWLIN AN BIQNHAN Bos

tauras tagnuanfudesng x  a15lsiad uay In
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&~ I3 o v .
gnuaNiuiesing x uuanueana) Wignniwaini

Andnlafuilesqnuan Bos  indicus  (lAgnuas
fudedng x 1/9719734%) At lunfiiganndasiu
Waritthitham et al. (2010a, 2010b) ﬁﬁ’m’]i‘ﬁﬂw’]
Whanifeuaunmannuasilelrgnuasiudieding
x Ussu iy ‘Eﬂ@nmmuﬁ”uﬁmiﬂm x 1515iad e
WUQWTﬂ@ﬂN@NWHLM@Q1ﬂH x 5lsiad ‘luﬂmm‘wsnfm
Arndialuguilefifudanuasinwinand
11nn3n aziulidnauuansasa e WU N Ns
TnemssrianunInEINatinednian A iUy
284 Papaleo Mazzucco et al. (2016) Wudlagnuas
@mu (50% @mu + 25% uadnid + 25% Ldanase) &

muuﬂmqmm muuﬂmﬂmmmmﬂmuimmmmu
waard fu 1 Favlada fisvsuanaidenaas ueara
Windu 25, 50, 75 uaz 100% L@anadn uaz 100%
UANAA AMNAAL AINIINNUAR Costa et al. (2013)
wudnla Alentejana HAndnanaasiulnsadu
(ADG) g4n71 (P<0.001) m'\m@iﬁifmﬁﬂmnﬂ;uﬁqq
nq1lA Barrosé @mwummmm (P<0.001)
UBNANNTIANLLATEATIANT LTI NNTELAUN 98N T]
immnmeﬁmﬂu‘l,uum:mawuﬁ Fafluladeiiiua
mmvmmﬂmmummn (O'Neill et al, 2006) wans
'1/1mamummm@@aﬂuma‘mmm@u I ‘wmm‘l‘w WiIn
wuﬁmim@mmum@mmuuﬂmwmkummm“
71N mummmmmmﬂumuuﬂmﬂ@u wudnlang
Toiad  waz Aydu fhinvinannieds 395 wax 405
niammquﬁmuLLmnmﬂu@mqimuﬁmmy WA
agnalafimuianuuanstsee el dnAyiulady
LA AT 339 LAy 275
(Chambaz 2003)

LA UNN9IENNULeY Vieira et al. (2007) wudnla

LHUNBA LA

Alaniu mnaAL et al,
Ay Uaz Brown Swiss HANUANANNTEITIN
gnguat19lidied 1Ay uddponunnsieiuia
Asturiana de los Valles (P<0.05) miwmmﬁywud’w
fugnesuilnasiena i resduleudund
fudiviingaifadu wefiduladu Tnalafiuiles
qnuetsl Bos tauras SiAnsnnnintafiuilesgneas Bos
indicus Lﬁﬂqmﬂﬁmﬁﬂﬂmﬂ?mﬁuim sz@AninInnig



AN9419NHAT 33(3): 451 - 462 (2560)

Ve usanan Lmﬂfmmiﬁﬂmmm Jaturasitha et al.
(2009) iwmmﬁLmumuﬂ‘imwmwm e
FuTtindaiaduRiinniugon aanpdeqtunisine
194 Waritthitham et al. (2010a) wuanlAfidinging
muum@zm 600, 550 uaz 500 ﬂiammmmumnmq
m@qwuwmmmLu@mu@mwummmmmmmm
(P<0.01) GNNﬂWLV]’Wﬂ‘LI 93.8, 84.6 LAaL77.5 11714
mumum mmmmu mum‘im@ﬂmmqﬁﬂm{
Nl el iuiintindadeduedswinm 94.0 A9

X

LHURLNAT ﬁmmnmwimqﬂmmm’mmu x fudleedis
ANVINTU 77.9 ANFINLTURLNAST @ﬂ'wﬁﬁmﬁﬂﬁﬁyéq
(P<0.01) 48AARBNALNNTINENIUTIAY Elzo ef  al.
(2012) wudnAntind e duaedausiiy 1a
QNEAN (V4 waeia x ¥4 usid) uazlagnuan (%
ueana x % U1l Hpauuansnsaniaiuguesia
atneldud Aty (P<0.0047  ©9 P<  0.0001)
WuReaiuuRntFaeedlaiug weata, Trgnuas
(% uesiia x 4 uidu) Taviuguesia Tagnuas (V4
wearia x 1% unnidu) uaz Tagnuan (Vi wasria x %
UgWisiu) HAuuansganiaiugusiiu asnal
Wedn Aty (P<0.0057
918NN Papaleo Mazzucco et al. (2016) wuanla
QNNAN 50% amu (50% amu + 25% updrid + 25%
Heawain) & uwuwmmmu@ﬂummmwmmmu

019 P<0.0001) 29804017

56.3 + 0.6 AT IURLNAT WAZNNITENIUTY Irshad
et al. (2013) WUINAERIIWUGNITH (heritability) 284
1°ﬂﬁuﬁwmﬂﬁmﬁiuwi 0.25-1 #BAARBIALINTIENTU
283 Highfill et al. (2012) mmammmﬁwmhﬁu
tinnaesla Bos taurus HANWNAL 1.20 [uRLMGS
%x‘i@jx‘mfﬁﬁﬂ Bos indicus TiAMRALYINTL 0.90
CIURLHAT mjwﬁﬁﬂéﬁﬁmﬁq (P<0.01) 39ND9N13
VAARITD4 Bartod et al. (2007) Wudnlaanawug Ay
G ﬁi”ﬁ‘i’mmmqﬂwuﬂmﬁuﬁwmﬂﬁmndﬂmm
Wugn3laad famquuﬂmmmm (P<0.005)
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Abstract: Human health is an increasing concern reflected, for example, by a rising number of patients with
diseases like coronary artery disease (CAD) worldwide. The consumption of functional food, which is rich in
omega-3 fatty acid is one possibility to improve health through a better nutrition. In the literature, benefits of
omega-3, -6 and -9 fatty acids in terms of reducing the risk for CAD are well described. Omega-3 is known to be
rich especially in marine fish. Recently, researchers reported the plant perilla mint (Perilla frutescens) as another
potential source of this fatty acid. Particularly, the seeds of this plant have been reported with high omega-3
contents. When used as feed in swine and chicken, perilla seed and meal were found to increase omega-3 fatty
acid contents in meat and other animal products such as eggs. An advantage of perilla mint is that production
costs are much lower than for other crops such as soybean. Furthermore, perilla seeds have low levels of trypsin

inhibitors, which make it suitable for use as animal feed.

Keywords: Perilla mint, carcass characteristic, meat quality

Introduction antibiotic. For example, saturated fatty acids and

cholesterol contained in eggs and meat are

In 2013 and 2014 consumption rate of eggs causative for several diseases in human health.
in Thailand was 167.8 and 177.3 eggs per person Nowadays, the quality of animal products,
per year, respectively. During 5 years (2010-2014) especially from a human health perspective, is of
consumption rate of egg in Thailand increased by increasing importance. One reason is the steady
4.77% annually (Office of Agricultural Economics, increase of coronary artery disease (CAD), the most
2014), mainly due to the fact that eggs are available important cause of cardiovascular mortality
at lower costs than other protein sources. Hence, worldwide, with over 4.5 million deaths occurring in
improving nutrition through the consumption of eggs the developing countries alone and 29% of Patients
is an important issue for good health. Meat and in Thailand were cardiovascular disease which is the

poultry meat are 5 to 15 folds lower in omega-3 highest than other disease (WHO, 2014). One of the

contents than seafood. Pork consumption of Thai most important risk factors for CAD is the nutrition.
people is further and further increasing and in 2013 The fatty acid composition, especially those of the
Thai people consumed 14.0 kg per person per year, saturated fatty acids, represents a major risk factor.

which increased to 14.88 kg in 2014. Poultry meat Consuming food rich in saturated fatty acids (i.e.,
consumption in Thailand 2013 was 15.5 kg per meat, butter, and cheese) increases the amount of
person per year, increased by 7.73% in 2014 to 16.7 low density lipoprotein (LDL) in the blood but also
kg (Office of Agricultural Economics, 2015). This increases high density lipoprotein (HDL the “good”

emphasizes the importance of egg and meat cholesterol) and decreases triglycerides (Mozaffarian
consumption as important source of protein for et al., 2010). The main functional difference between
humans. However, it can cause negative effects in HDL and LDL is where they transport cholesterol to.
humans because of several compounds such as LDL takes cholesterol from liver to the cells while
saturated fatty  acids, cholesterol, toxic HDL carries cholesterol excess from the blood
contaminations, nitrate-nitrite  preservatives and stream into the liver for removing. The main structural
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difference is that LDL particle is 50% cholesterol and
25% protein while an HDL particle is 20% cholesterol
and 50% protein (Harvey and Ferrier, 2011). This in
turn carries cholesterol to tissues, including the heart
arteries, and is thus causative for atherosclerosis
(LDL forms plaque in vessels and blocks the blood
system) causing CAD (Sudheendran et al., 2010).
The main sources of saturated fatty acids in the food
are animal products, such as milk, meat, and eggs.
Also, several plant products such as chocolate and
cocoa butter, coconut, and palm kernel oil are rich in
saturated fatty acids. Consuming too much saturated
fatty acid lead to CAD, heart stroke, heart disease,
blood pressure, type 2 diabetes and many other
diseases (de Souza et al., 2015). Numerous previous
studies reported positive effects of unsaturated fatty
acids, namely O-linolenic acid (omega-3) and linoleic
acid (omega-6) (Lecarf, 2009), on human health by
decreasing the risk for CAD and other diseases.
Therefore, consumers worldwide are increasingly
demanding food products that are rich in omega-3
fatty acids. Increased levels of omega-3 in eggs
were realised by supplementation or adding several
sources of omega-3 such as flaxseed, fish oil and
microalgae (Fraeye et al., 2012) in laying-hen diets.
Thus, enhancing omega-3 levels in eggs and meat
though the use of agricultural by-products such as
perilla meal, which is rich in omega-3, may be one of
the possibilities to produce healthy food for the
consumer. It is well known people in Thailand
consume rice are main course, that is different from
westerner, their main course is meat. Therefore, meat
enhance with omega-3 is an alternative for meat
lover in Thailand and other countries which are like to
meat.

Perilla mint is known by many names,
including Chinese basil, purple mint, rattlesnake
weed and beefsteak plant (Glenn et al., 2010). The
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plant can be found on pastures in Southern India,
South Korea, northern Thailand, China, Japan,
Vietnam and Taiwan (Hyun et al., 2014). Perilla mint
was found in the northern part of Thailand such as
Chiang Mai, Chiang Rai, Phayao and Mae Hong Son,
cultivated area are 1,360 acre can produce perilla
seed 272,000 kg (Chairaungyost, 2012). As a
traditional oilseed, it is belonging to the Family
lamiaceae. It is widely used in households (CSIR,
1966) for sprinkle on top of soups, salads, sushi and
pickles or garnishes (Li ef al, 2008; Meng et al.,
2009; Ha et al., 2012). The plant is an annual mint
and blooms once a year in cool season, thus only
one annual harvest is possible (Ampanchai et al.,
2008). The different parts of the plant are used for
different purposes: leaves are known for their
antioxidant and phenolic compounds, while seeds
are rich in protein and fat. The tribal population in
northeast India have been consuming perilla seed as
well as oil without any negative effects being
reported (Longvah et al., 2000).

In the following, this article reviews the
present knowledge on perilla mint when used as
animal feed in order to improve the quality of meat
and other animal products in terms of increasing the

omega-3 fatty acid content.

Chemical composition of Perilla frutescens
As generally in plants, the different parts of
differ their

composition. The protein and fat content of its seeds

perilla mint largely in chemical
was 18.1 and 40.1%, respectively (Joshi et al,
2015). Longvah and Deosthale (1991) reported
similar values (protein 17%, fat 51%). Most vegetable
oils are good sources of linoleic acid, but only few
vegetable oils contain significant amounts of a-
linolenic acids. Among them, perilla oil which have

the highest contents of QO-linolenic acid (omega-3),
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amounting nearly 57% (Longvah and Deosthale,
1991), linoleic acid (omega-6) 14% and oleic acid
(omega-9) ranging from 14-23% (Asif, 2011).
Contents are even higher than in fish oil (Kim and
Choi, 2005 ). In addition, the content of saturated
fatty acids, namely palmitic acid (5-7%) and stearic
acid (0-1%) is lower than in other sources of oil
(Table 1). When taking the FAO/WHO/UNU (1985)
pattern of essential amino acid requirement for
infants as the reference (Table 2), the protein scores
of egg and cow milk are 100, while perilla whole
seed and perilla without hull are 63 and 66,
respectively. The amino acid lysine was the limiting
amino acid in both cases. The amino acid score of
perilla whole seeds and kernel were comparable to
sunflower (61) and peanut (69), both of which also
have lysine as the limiting amino acid (Bodwell and
Hopkins, 1985). Consequently, perilla seeds can be

considered as a better source of essential amino

acids than soybean seed or sunflower meal
(Table 2).

Perilla meal is a by-product of perilla seed
after defatting. Protein contents are about 40.1% with
39% of the total content being essential amino acids.
These levels are somewhat lower than in most animal
products (beef 52, egg 55 and cow milk 54%)
(Longvah and Deosthale, 1998). Perilla meal has
compared to other plants such as soybean meal,
sunflower meal, canola meal, cotton seed meal and
sesame meal similar protein levels. It is therefore a
good protein source for animal diets and good for
eliminating agricultural by-products (Kusanteay and

Uriyapongson, 2016).

Benefits of omega-3 fatty acids on human health
Mono- and polyunsaturated fatty acids are
also known as omega fatty acids. Omega-3 fatty

acids are polyunsaturated fatty acids where the first

Table 1. Fatty acid composition from different sources of oil (% of fatty acid)

Fatty acid Beef tallow Corn oil Perilla Perilla oil Fish oil Sunflower  Soybean Palm ail
seed oil oil

Saturated fatty acid
Myristic (C14:0) 3.96 - - - - - - 0.88
Palmitic (C16:0) 28.36 11.85 57 6.80 25.66 5.73 12.0 46.16
Stearic (18:0) 20.87 - 0-1 2.07 6.65 3.47 5.0 5.07
Arachidic (20:0) - 0.54 - - 0.54 1.0 0.41

Unsaturated fatty acid
Palmitoleic (16:1) 2.79 - - 5.50 0.02 - 0.13
Oleic (18:1) 44.02 28.94 NA 15.23 13.82 26.45 19-34 37.18
Linoleic (18:2)(n-6) - 57.29 14 2.07 1.62 62.33 48-60 9.08
Q-linolenic (18:3) (n-3) - 0.93 57 61.30 1.08 - 2-10 0.36
Eicosapentaenoic - - NA - 32.72 - - -
acid (20:5) (n-3)
Docosahexaenoic - - NA - 6.47 - - -
acid (22:6)(n-3)

Source Kim et al. Kim and Peiretti Kim et al. Kim and Rosa et al. Su et al. Su et al.

(2005) Choi (2005) (2011) (2005) Choi (2005) (2009) (2015) (2015)




Perilla Mint (Perilla frutescens): An Alternative Animal Feed to Enhance Omega-3

Fatty Acids in Meat and Eggs as Functional Food

Table 2. Essential amino acids from different sources (mg/g protein)

Essential EAA Perilla seed Soybean Sunflower Peanut meal Egg Cow milk
amino acid recommendati seed meal
on for human
(FAO/WHO/UN
U, 1985)
Histidine 22 31 12 8.8 6 22 27
Isoleucine 18 41 21.6 15.2 8.3 54 47
Leucine 25 62 36.2 21.9 15.3 86 95
Lysine 22 37 29.6 14.6 8.5 70 78
Methionine+ 29 26 132 15.9 59 57 33
Cysteine
Phenylalanine+ 34 55 40 252 21.9 93 102
Tyrosine
Threonine 30 34 19.3 12 8.1 47 44
Tryptophan 7 1 6.5 - 2.3 17 14
Valine 31 35 22.2 175 9.9 66 64
Source FAO/WHO/UNU Longvah and ENV/UM/MONO Rosa et al. Settaluri et al. Longvah Longvah
(1985) Deosthale (1998) (2001) (2009) (2012) and and
Deosthale Deosthale
(1998) (1998)
double bond is located at the third carbon from the Behnood, 2014). Omega-3 fatty acids fulfill

methyl end of the fatty acid chain. Marine animals
are rich in the two long-chain omega-3 fatty acids
(DHA;  22:6)

eicosapentaenoic acid (EPA; 20:5). Plants usually

docosahexaenoic  acid and
contain the omega-3 fatty acid, O-linolenic acid
(18:3) as omega-3. Several studies have reported
that O-linolenic acids and its derivatives are
beneficial for the human health and fulfill essential
physiological functions (Tinoco, 1982; Zoliner, 1986;
Crawford, 1987; Budowski, 1988; Neuringer et al.,
1988). The consumption is, for example, known to
lower blood lipid concentration, reduce the risk for
thrombosis, prevent Alzheimer's disease, decrease
the risk for vascular disease and sudden death from

ventricular fibrillation and tachycardia (Azin and

467

neuroprotective actions in Parkinson’s disease and
exhibit protective effects in Alzheimer's disease, too
(Asif, 2011).

neurotoxin-induced decrease of dopamine that

Omega-3 fatty acids prevent the

normally occurs. Therefore, the dopamine system
that was disrupted will cause Parkinson’s disease
(Talbott and Hughes, 2006). a-linolenic acid is the
precursor of n-6 and n-3 polyunsaturated fatty acid
(PUFA) families, linoleic acid (C18:2n-6) and Q-
linolenic acid (C18:3n-3) are finally transformed to
EPA and DHA in vivo (Weizhuo et al., 2013). The
ratio of linoleic acid and a-linolenic acid in the diet is
important  for  converting into long chain
polyunsaturated fatty acids, including EPA and DHA

(Diwakar et al., 2008). As above-mentioned, these
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affect the development of the human brain. Both EPA

and DHA have several effects on inhibiting

development  of  atherosclerosis, decrease
triglyceride level and raise levels of HDL (high
density lipoprotein “good cholesterol”) in  blood
plasma, but do not lower plasma cholesterol levels
(Conner, 2001). Moreover, the impact of them may
be primarily in preventing or relieving arrhythmia.
Harris et al. (2009) reported cardiac mortality to be
reduced by about 35% by modest EPA+DHA
consumption. Although, omega-3 fatty acid, DHA
and EPA have many advantages for the health but if
consumed excessively (normally over 3 g per day),
especially in patient that at the same time consume
aspirin or warfarin, will increase bleeding or
hemorrhagic stroke (only in cases of very large
doses) and
diabetics (Lewis, 2008; Kromann and Green, 1980).
According to the Food and Nutriton Board 2015
(Ornish, 2016) the acceptable intake for n-3 fatty

acid is 1.6 g/day and 1.1 g/day for men and women,

reduced glycemic control among

respectively (Asif, 2011).

Use of perilla mint as animal feed

Perilla mint was used as protein source but
in their seed compound with a lot of oil. Fats and oils
are a chemically diverse group of compounds. They
have the highest average energy density among all
macro nutrients. Therefore, fat is an important energy
in diet and improve palatability and texture of diet in
addition decrease dustiness and easy to make
pellets. But they have limit level to use in animal diet
such as not over 7% in swine diet because it causes
flow ability problems preclude with swine (Shannon,
2016), in poultry not over 4% because it effect to
decrease digestibility (Tancharoenrat, 2014). Perilla
mint is not have only benefit but also have negative

effect, some research reported about toxicity of
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perilla mint especially, perilla’s leaves is important
problem in cattle poisoning that cause pulmonary
1993)
substance which found in leaves stem flower and
root (Wilson et al., 1977; Glenn et al., 2010). Planta

are most toxins when farmer cut and dried for hay

edema (Brenner, because perilla ketone

late in summer, during flowering and seed
production because flowering structure are the most
dangerous but the ketone was not found in seed
from perilla mint. Perilla ketone is not only harmful in
ruminant but also toxic in small ruminant and mice
(Glenn et al., 2010).

Perilla mint was used as feed in animals for
studying the mechanism of digestion or immunology.
The common model species were rats or mice which
are easy to manage and observe. |hara et al. (1998)
used the oil of safflower and perilla feed in male
Wistar rats, 3-weeks old, and observed the lipid
metabolism. Two diets either containing safflower oil
(SO, high linoleic acid) or perilla oil (PO, high G-
linolenic acid) were compared. These diets were fed
to rats for 3, 7, 20 and 50 days. The results showed
that the level of cholesterol, triglycerides and total
lipid in the PO-diet group were lower than in the SO-
group feeding the diets for 7 days. This experiment
demonstrated that a@-linolenic acid plays an
important role in the regulation of serum cholesterol
and the magnitude of regulation is more powerful
when compared to linoleic acid.

Perilla mint has been used to feed animals
because of its low costs and abundance throughout
East Asia. Oita et al. (2008) studied the extraction
and digestion of Perilla frutescens. In their
experiment water-and NaCl-soluble protein fraction
contained less trypsin inhibitors than that of
soybeans.

As mentioned above, perilla seed and meal

are suited as animal feed. Perilla seed was used in
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polyunsaturated fatty acids (PUFA) enriched diets for
growing rabbit aged of 73 days in order to increase
the content of n-3 PUFA. Peiretti et al. (2010) fed
perilla seed to rabbits at a proportion of 10% of the
diet. Their results showed that neither digestibility of
energy (DE) nor digestibility of protein (DP) and the
ratio of DP/DE differed when compared with soybean
meal. In during the growth stage of swine fattening,
Thirty-one three-way crossbred LandracexlLarge
was included into
diets at 10, 15 and 20% (fresh matter). The 10%-

group required the least amount of time to reach the

WhitexDuroc pigs, perilla meal

target weight (110 kg) and showed the highest value
for daily gain. In contrast, the control group without
perilla showed the highest carcass percentages. The
15%-group showed medium back fat thickness. The
20%-group had a thinner back fat thickness of the
shoulder than the other groups. Regarding the fatty
fat, back fat,

intramuscular fat positive

acid composition of perienal
intermuscular fat and
correlations with increasing perilla meal proportions
were found. The content of C18:3 increased, while
the ratio of n-6/n-3 decreased. Furthermore, the ratio
of C18:2/C18:0 and unsaturated fatty acid content
also increased in a dose-dependent manner
(Yamada et al., 2007). Furthermore, Zang et al.
(2003) added Perilla frutescens in laying hen diets at
8, 12, 16 and 20% (fresh matter), respectively. The
results showed that the contents of PUFA increased
to 20.42, 23.61, 24.07 and 24.62% in 8, 12, 16 and
20% supplemented groups, respectively, in contrast
to 17.03% in the control group (P>0.05). The content
of omega-3 fatty acid in yolk increased to 6.88, 8.72,
9.86 and 9.95% in the correspondent groups, being
significantly higher than in the control group (1.21%,
P<0.01). There was no significant difference in the
total cholesterol (TCH). Perilla frutescens could be

supplemented in the diet in order to increase the
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content of PUFA and omega-3 fatty acid, improve the
ratio of omega-6 to omega-3 and PUFA to SFA, and
decrease TCH and the cost. Likewise, Saito et al.
(2006) studied feeding perilla oil and seed meal in
laying hens and observed O-linolenic acid contents
in yolk egg. The O-linolenic acid contents of the egg
yolks in perilla oil and perilla meal at the dietary
levels of 0, 2.5, 5, 7.5 and 10% each were 0.20, 1.20,
1.64, 2.59 and 3.00 mg/100 mg egg yolk, and 0.17,
0.21, 0.28, 0.32 and 0.39 mg/100 mg egg Yyolk,
respectively. It was suggested that perilla seeds may
be the most suitable feed for the production of eggs
with  high O-linolenic acid content from an
economical point of view. Considering eggs are a
rich source of dietary cholesterol and cardiovascular
disease patient cannot eat egg over one egg per
day (Nestel et al., 2017). But if we improve fatty acid
profile in egg by increase omega-3 it will be a good
alternative for cardiovascular disease patient and
general person because omega-3 can respect to
primary and secondary prevention of coronary heart
disease (Clayton et al., 2015). So if they eat egg
compound with omega-3 maybe reduce the risk
cause cardiovascular disease in normal human and
patient can eat egg by decrease concern.

Several researches indicated perilla seed
and meal can improve fatty acid composition in meat
and egg by increasing unsaturated fatty acid,
especially omega-3 that has many benefits for
human health. Using perilla mint in animal feed is still
not pervasive to use in animal feed because the
limitation of it such as fiber composition is quite high
(problem with  monogastric animal), cultivation in
some area and harvest once time per year. It is
interesting to use for increase value in meat and egg

due to the property is high with protein and omega-3.
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Conclusion

Seeds of perilla mint, of which all parts of
the plant can be used as animal feed, are rich in Q-
linolenic acid. Through its use as feed, omega-3 fatty
acid concentrations in meat and other animal
products, i.e., eggs, can be increased, which in turn
has positive effects on human health and is known to
reduce the risk of different diseases such as
coronary artery disease. Additionally, leaves are rich
in various bioactive and phenolic compounds and
seed meal can be used as protein source. Feeding
perilla mint can minimize the contamination with
methyl-mercury, which is caused by feeding fish
meal. Overall, the use of perilla mint as animal feed
has many advantages from a human health

perspective and is economically efficient.
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