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Effects of Nitrogen Levels on Growth and Nutrition Content of Vanda Hybrid
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(Received: 10 April 2017; Accepted: 25 September 2017)

Abstract: Vanda is recognized as a heavy feeder fertilizer especially nitrogen. The availability of N is an
important fertilizer for orchid crop production. The research of optimum fertilizer level for growth and flowering of
Vanda was rarely reported. The objective of this study was to determine the effect of N levels on growth and
nutrition content of Vanda ‘Ratchaburi Fuchs-Katsura’. Three levels of N fertilizer i.e. 0, 200 and 400 mg/L were
supplied to plant with 100 ml/plant once a week. All treatments comprise of 100 mg/L of P fertilizer and 200 mg/L
of K fertilizer compared with control treatment (supplied only deionized water). The experimental design was
completely randomized design (CRD) with 4 treatments and 10 replications. Plant height, stem height, number
of leaves per plant, days to flower and nutrition content were measured. The results found that N level at 400
mg/L showed a tendency of growth rate, nitrogen and phosphorus content in leaves, stem and roots higher than
other treatments however it delayed flowering time. N level at 200 mg/L could stimulate earlier flowering and also

gave the highest of potassium content in Vanda leaves.

Keywords: Vanda orchid, nitrogen, growth, flowering, nutrition
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AN5A5NBAT 34(1): 1 - 10 (2561)

unAanda: wuandunfoglinliilalubuunin lnawnizatnislulnnay GadullsdrAnyduduniman

]

'
o

néaelil wieenglsfimunanimdeninesdesivdeyaiunadeNumnrasniadulnuashninnaanaeuauae

v
A o

Hoeauegiinannn mmeasdlddnglssasdlunsineuarasseavulnsaundwasionisfivlneensenuay
TNIUE1ARIMNT IR WG Ratchaburi Fuchs-Katsura’ TnaAnsnsliiilalulnsiau 3 szauldun 0, 200 uas
400 RadAnFusieans dlaniazais Attaz 100 AaAaRsAEHL NnnassNdsUsznaufoanaanaia 100 Hadaniusie
ams uarlnunaan 200 Fadaniusedns uisumauiunIsudsAuAN ‘merﬂi@ﬂ@iwnt,mqu) TNUNUNIT
NARBALLLENANYI0IAWIN 4 N9INAB NITNTDAL 10 T Mnnatiuindieyn ANgIR AIINEGITRIANGL A1
lusiefiu Juneannan uaziBRN0e98160193 HANNINAREINLI N31A30 TR 400 HaanFusiedns Nl
A A o a o v o ° v g Qdd‘ [ ¥ A

WaddnsnaALIanisansiu Banalulnsau uazweanaialulu aiu uazsnuinnd ngsstsan uwsdanalineg

A PrY A a o 1 a P 9 5 & . v =
TEARNITARNAAN sLuﬁlsz]ﬂ']ﬁ‘vLﬂiUVLuIﬁ]?L@u 200 HAaaNTNRADART ﬂ?xﬁluﬂqﬁ'@’ﬂﬂﬁﬂﬂllm LTIUU LL@&MN@I‘MN

1Bunnrealnuwmaidesnlulusnnndingsnino
ANRAT
AN

nénelfianawiuandundeelfiwsiauana
Tun) wuludmusssugnfdszunns 40 98n Tn1g
nszanefugeg luviLieds dusdude Adan i
g dulaihids audaNalTud (loan wazandad,
2534) Tulszmelned 9 ailn wudumanAuLE uas
Unugyanssd (audud, 2543) el uguanuas
dspanmanndaeliinnfeududu 1 aaslan yasinis
dspanlumeunnsant w.e. 2558 Anwiluyann 6.28
Ay anige Imﬂﬁuﬁ‘ﬁlm'ﬂ@ﬂi%m ananig
NBAANTY WATWINAT (RNINWRWINI9AuATgINA
NFINBATUAZAAAINNIIN, 2558) TnEiauAaINnTn
dernelfvialugtredliifananuazliinszidin
(Rittershausen and Rittershausen, 2001)

Tnesialduauanamnsndgniunssdinlog
Usmandanign warianliiesiounissanisly
(Kamemoto and Sagarik, 1975) Tulnsauiduaen 5
fmmiziﬁﬁcyﬁi@gqﬁ%ﬁm lesannifugauszneuman
w9417 sznauandunnnuig anfiEu nanazilu
wazllsiu I minuerediadssneudg hulnsiay
84 1-5% uenanitulnsiaudaiutadefdianis
Wy inaesiadnfae i ls Fululnsanla
Weanaazinlinguaniainisa1nsis winsiau

y: nédnelfiuauan Tulnsiau nsiuln niseenaan 51691113

a ° v 1 1 al I
2171 Tuwa AnfuwAszuniuW wazluuiidudmaes
( Marschner, 2012; Ohyama and Sueyoshi, 2010)
Tuanueinan i Fuan ulnsausnniiull azuans

p Ao A Yy o a
anadaly luiddaadia Snispenainaunauay
Bunnaassad v ldluaunalug Funnaesy
1N NM3ERNABNUAZHAYIAY (A0, 2544) 2990URT
wazlaszen (2559) 9189 U4 Hunuaiud liFu
TulasiaunAanudiadiv 200 Jadnfusedans dn1s
AL IININNINNIINAT DY AU LMIWANTS
ArsliFudlaatinamnnzanuazadane Tnaanny

P o vy 1A o P
Tulnsiau wesainidundoaliinliiagnninae
(pseudobulb) A1MFUAANEIMNT WAXTINULILIIN
anAds i aunsniusIneImsandanlgnld nas
TiilpAaduTasadAnyvinliuaunsomulaléa
(Grove, 1995) lunnsliif]andaeldiuaiunsnninlé
waneds Wunsatlaniuin Tnensldfaasluninise
14 v A 'y ¥ ' 14 a” ¥ % =R
néaeld visasatn Iigunouudafialinanunn udaas
sauni]amnanai (laen uazandadd, 2534) Taavialdl
luszeziasny i ulaniefiu inwmsnssinlii]o i
Tulnsiauge 8171y 30-10-10 na9a W a i
wergiulaneansiulinudsacliifaniveanaiauay
TWunadsngaiedaansziiuniseanaan (Stewart,
2000) Poole and Seeley (1978) $18141U317ALUAY
TulnsauiuiladendAtyadnedsaniaaigduis



uaaasszavululnsiausansiiulauazlBunauessinaims

Tundaelduaumagnuas

a

aaen@aaliiviuauetlda uasdndifan szAuaag
lulnsaufimanzanivegfusfinvendaelil T
wudn lulnsiaulugag 100 Hadnfusedns wwizay
sanisasy i ulnraswLaualda Tuarnuzdinas i
ulnsiaudl 50 Tadnsusedns v lHdudRouuans
mmimmﬁmiuimwu Lunt and Kofranek (1961)
wmqmﬂuiuimmummwmmummﬂmm TR
audsuniaasnyiLlansanfivliugainisaanaanaed
Fudidten atnslafinnn aonasludamneffesiy
mﬁmmiﬂﬂﬁmm:zmﬁi@ﬂ’]iﬂ@ﬂﬁyﬂuwumﬁﬁ
fiatl IRELANIZNIIATLANNITDENABNTBILIUAT fa
naneifiludaaninlunisuannanaeanemnang
Trguszasdassaumaaesiiaieansinen S
gdlulnsaufivmnzansensuanuaunn uazBunn
1998192 W lud9usg 9 289uaunn WalkiAn
ANNNEANHNENTAUATA N TN LA N NAZIN
LLmumimimammum”lﬁluﬁzg M

o aa
AUnTluazIaNNg
wenfiundoslduounignuaniug

‘Ratchaburi Fuchs-Katsura’ 81¢] 2 I fii1un 9880
ABNNILAY 1 AT LazR1unAfulN&LAe 1 A11491 40

s Enelgnlulsaenlimnananeauas 50 wadidus

grunqiiade 25 + 2 BaATAE A ANNAEUANTINE
70-80 LB UM 219UNUNNINARBILLUGNANY 5T
(completely randomlzed design, CRD) udseanidu 4
N3913% (AN3797 1) N391ABA 10 i 8z 16 Wi
Tulnsauduie anwan 3 szauliun 0, 200 waz 400
faAnTusiedng ynnssuda I fusinaurinfuliun
Waanefa 100 Nadansusredans Inunaidew

200 RadAnFuFAedART wAaLEeN 100 Raan5uFAeAnT
wunNTeN 100 Naanfuseans lusew 0.24 Raaniy
AEART WNINIRE 0.226 HadAnTNAaARNT T9A 0.11
gaansusaans Aalilas 0.01 Naansusedns
TuALAYUN 0.005 FadnTuAaamT WAZLUAN 0.3
fadnsusiedns uieuifiauiunsnidtaaunn G
thitleeeludunuils wiuansazarusganImalL
uazan Pumened 1 Witundaeldl dlanviazess l
Az 100 AARAMNIFADAL

Famstisdinnsidiola feil 1) ANHGIFIL T
anlaufiuauiatanely (ufwng) 2) Anugeres
andiu TaannTaufuauilatsaen (EURWAT) 3)
unlusafy 4) ansnamuis waz 5) a7uaudu
AR BUNNTNARBITIABNIINLING 2 To9n1s88nARN
1¥ur sraznisaanaanaian 1 @IVNAN-TUBNEIU
2550) UALILELNRANABNAIT 2 (F191AN 2559-
NNTIAN 2560) InEMTINITALIRATUITLAN

an3naALle = [(H,- H)) / H,] x 100

e H, = |

H
NMT3LATIEULTNIUEIRBINNT NINTEN

4 A
AdiayaNaTTEZIA t
GIRVTGRIE TN
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o oA P o Ty o
FRRE WNWILHBILEZIIA 6 I aunasanliidle 419919
ANAZBIARILUNAY AnsTindaasinaiT T as i
g 60 asAaEsa e 1 dlanfRsinll
% = pry = a -

unlfiazieniawseNd AT RUTNI 815 8IUNe
sina < Mun 1) lulnsiausan Tnedsnis modified
indolphenol (Ohyama et al., 1991) 2) NaaWaia
IA8A8N17 ammonium molybdate (Davidescu and
Davidescu, 1972) wag 3) Inunawdas Iaedsnng
atomic absorption spectrophotometry (Mizukoshi
et al., 1994)

Table 1. The concentration of chemicals fertilizer in each treatment

Concentration (mg/l)

Treatment
Nitrogen (N) Phosphorus (P) Potassium (K)
1 0 100 200
2 200 100 200
3 400 100 200
4 0 0 0
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AAeinanean Aaoe llsunsu Statistic 8
(SXW Tallahassee, FL, USA) wazi/3ay ieumanu
unnsiresdieyalneldian least significant difference
(LSD) TasdunnuEesiu 95%

NANISANHILAEIANTO

maeule
ANTNEIFU LATAIINGILBIAGTY
nnednANgesiuraendne i uauanwug
anuan wuan luszazioan 4 meunasainliidy
ndaglfiouniugg nuani A NgIsiu NT weeing
AaLles LA lduAnAeiun1ead @ sennlumneun 6
wuan neliFuilalunsssiddn 1-3 inlinadANge
P A ] 9 vy o o \ =
Auedauinninnfae Nl Fun i asetaman
(n33ud5 7 4) Tl Aougesiuiade 68.0-69.4
a a A v
siuEwes Tuaniginasais AN nslliidla Haanw
gefiutiaandinssuisaust1elisd Ay nvaiia
1AE 66.6 lEUALNAT (AN7197 2) Tulnsiaudna
Tnansesaninfulnuesing Wasanlulnaaudy
o o a o R
a1sdsznaudiAyaadninasi iy uaslilsnumady
dautlsznavdnAtyreiiadiond waznszUIungsing 7|
29I atiglsfinuudidnnainsyaud]aulnsiauin
Wnaesrymuinuaandas Hidndu uininivuduaes
& S VR
Tulpnauluiadauniiull Wesauriuiladaauaia
awasnaniaesyiiulnlf (Fageria, 2014)

uanaNHTInLINANgITeIafiu lusau
#1 6 Winavinuwaaneaiu nanisldlide (n99unsh 4)

°

NN mi'mmmmm@ﬁmuu@ﬂm']m‘a‘wm@u@mqm

o o o

WadAtyneans WA 414 ITURLLAT denAdadi
N19INAABITBI Wong and Chua (1975) Tagwu 0
AN gIRFiuaeendaeldl Aranda Wendy Scott
Fiadunaszsvilehilnna uasdeiuerfuszines
flevearesa unzinunaduudnion nesada il
Tulnsiauuazeanefadaaugeuesansiuiionndn
nesnazaun uwiidnlulnsauil Anud Ay senis
wsoALImaasnfald urisfiszAvBnmannisuile
Whlnsausanduneanesa uaztnunadan (Naik et
al., 2009)

K lusasi

naresszauluinsausaqawanluresdiy
WAUANRUEANNAN WU YNN9suRsHauaulyly
Lmnmﬂu (s uwansdiaya) ‘Emmqmu“lm@ﬂj
s Lﬁ?umawmmmummuhLfazm 20.0 Tu
sadu aunsziia 6 auuaanliide AnLaRefiaE
W 24.6 lusesin (mwﬁ' 1) A2 UENNAUNINAAD
TuruauenFa andnnnsli lulnseui Ao
44 (100 HaanFusaans) denaliidanuanlusdesiu
wnndms i luinsiuian s (30 RAANTH
Faans) (Wang, 2000)

Table 2. Effects of nitrogen levels on plant height and stem height (cm) of Vanda ‘Ratchaburi Fuchs-

Katsura’ during 2, 4 and 6 months after feeding

Plant height (cm)

Stem height (cm)

Treatment ] p
0 MAF 2 MAF 4 MAF 6 MAF 0 MAF 2 MAF 4 MAF 6 MAF
1) NOmg/l 55.4 64.2 67.1 69.6 a 33.0 40.4 42.0 446 a
2) N200mg/l  54.9 61.7 65.5 68.0b 32.8 40.0 41.1 446 a
3) N400mg/l 541 63.1 67.8 69.4 a 334 40.1 42.4 453 a
4) Control 53.8 60.5 65.4 66.6 c 35.0 37.5 39.8 414 b
Ccv 2.69 3.84 3.70 1.76 7.88 7.30 8.31 4.97
LSD, s NS NS NS 1.33 NS NS NS 2.41

"Means within the same column follow by different letters showed significantly different between treatments by LSD test at P<0.05
" Not significant

MAF = Months after feeding
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Figure 1.
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Effect of nitrogen levels on number of leaves per plant of Vanda ‘Ratchaburi Fuchs-Katsura’

Guna N naesaiuinsneiy Welifunssuds
Y a o P o v
NAREIUAIUNU 6 lhau iatanatiasanndagliinig
winyiulnednedi - uazlusiumngadians e 1
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Table 3. Effect of nitrogen levels on growth rate (%) of plant height, stem height and number of leaves

of Vanda ‘Ratchaburi Fuchs-Katsura’

Growth rate (%)

Treatment . . ]
Plant height Stem height No. of leaves
1N O mg/l 26.56 ab 3491a 15.83 b
2 N 200 mg/I 25.67 ab 33.65a 22.09a
3 N 400 mg/I 29.83 a 36.71a 2417 a
4 Control 2413 Db 16.46 b 1594 b
Ccv 14.39 21.96 16.95
LSD 4.21 7.37 3.00

"Means within the same column follow by different letters showed significantly different between treatments by LSD test at P<0.05

Table 4. Effect of nitrogen levels on flowering of Vanda ‘Ratchaburi Fuchs-Katsura’ during the first

flowering period (August - September, 2016)

Treatment No. o1f Inflorescence Peduncle Pedicel 1 Flower No. of
days length (cm) length (cm)  length (cm) width (cm)  flowers/plant
1N O mg/l 104.0b 39.8 25.2 5.6 a 9.7 9.3
2 N 200 mg/l 106.3 b 38.7 22.3 49b 10.1 7.8
3 N 400 mg/l 120.3 a 37.5 22.0 5.3 ab 9.9 8.0
4 Control 99.5b 39.7 241 5.4 ab 9.9 8.3
Ccv 10.22 12.65 14.22 9.37 5.52 19.53
LSD 13.24 NS NS 0.60 NS NS

" Means within the same column follow by different letters showed significantly different between treatments by LSD test at P<0.05

" Not significant

Table 5. Effect of nitrogen levels on flowering of Vanda ‘Ratchaburi Fuchs-Katsura’ during the second

flowering period (December, 2016 - January, 2017)

Treatment No. o1f Inflorescence Peduncle 1 Pedicel 1 Flower width No. of
days length (cm) length (cm) length (cm) (cm) flowers/plant
1N O mg/l 197.4 ab 42.7 24.7 ab 5.7 ab 11.0 9.6
2 N 200 mg/l 180.4 ¢ 42.3 25.4 ab 6.0a 10.8 9.4
3 N 400 mg/I 2053 a 40.4 23.4b 54b 10.9 9.0
4 Control 182.7 bc 44.6 26.4 a 59a 10.7 9.3
Cv 7.59 10.08 9.95 5.61 4.82 17.64
LSD 16.03 NS 2.74 0.36 NS NS

' Means within the same column follow by different letters showed significantly different between treatments by LSD test at P<0.05

" Not significant
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fateraiieananiBinalulnsauiiazassnniviy
Wua1mn2e4n19124001988NABN (Yamamoto
Dendrobiums, 2006) wanannii Wang (2000) 111019
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geluanansiag | 357.65 uaz 368.92 fiaAnFusie
Fiu ANNANAL Hew et al. (2004) a9 U9 Tl uNaeg
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N9TUATAL mummvvl,uimmumvmumﬂmf;l iy
10 uaziFinuaesaas adelsfiniunisliiusis
awnsaazinlfinsvidneedlulnsauiils@nsamn
W 131 Abbasi ef 4. (2012) $1e91uI N9l 1 ¢
Wegnasaaufsafinnnmindinveslulnsanluga
Waedls Wuwmeanuiuinunadan nnglide
Tnunadendudduiuiduazdeuglaeslean
NH, " lwiie (Dibb and Welch, 1976) aMnHan1saaes
AwlFdnlunss@zn 1 melEsululanas 0 faaniu
AaanT TaNnuNaanaia 100 NaaNTUFAAARNT LAY
Tunadan 200 Raaniumeans deua lanTdUTunmn
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n7lE5uulnsian 0 waz 400 Naansuse
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ANNATAL) LAZANGU (72.86 WAT68.49 HARNTHAAMY
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atinlsfanumnidn e 6 Beu vide 180 Tundaannlis
iy 0919817 2T USZEZI9A1 NS UABN T
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Table 6. Effect of nitrogen levels on nutrition content in various parts of Vanda ‘Ratchaburi Fuchs-

Katsura’ at 6 months after feeding

N content (mg/plant)1 P content (mg/plant)1 K content (mg/|olant)1
Treatment

Leaves Stem Roots Leaves Stem Roots Leaves Stem Roots
N 0 mg/I 342.71Db 59.10a 318.70b 295.20a 72.86a 291.83b 273.13d 48.48 a 98.12d
N 200 mg/l  350.48 b 30.82b 357.65a 256.17Db 50.28b 339.12a 44230a 39.07b  111.23¢
N 400 mg/l 416.74 a 56.85a 368.92a 305.79a 68.49a 340.57a 384.43b 34.99bc 169.07 a
Control 21476 ¢ 27.15b 329.80b 169.25c 33.28c 162.52c 295.95¢c 34.10c 13147Db

Ccv 3.28 12.09 2.72 2.28 8.32 4.05 3.38 5.69 4.74

LSD 20.43 9.90 17.64 11.03 8.81 21.62 22.24 4.20 11.37

' Means within the same column follow by different letters showed significantly different between treatments by LSD test at P<0.05
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Abstract: The purpose of this research was investigated the effect of vacuum cooling on quality changes in
organic pak choi that grown and harvested in dry season (February-March). The produce was harvested from
the farmer's farm at 6.00-7.30 am and transported to the Royal Project Produce Center, Mueang district, Chiang
Mai province at 9.00 am. The produce was then grading, trimming and packing into the polyethylene bag. The
qualities of produce from two treatments were compared. For the first treatment, the produce was precooled
using vacuum cooling system. The operating parameters used for precooling were at holding the pressure of 6
mbar with a holding time of 5 minutes. Subsequently the second treatment, the produce was stored at 8 °C
immediately after harvest (no precooling). The results showed that after storage for 3 days, vacuum cooling
reduced the rate of respiration. Vacuumed pak choi had 2 times lower respiration rate than non-vacuum. In
addition, the vacuum cooling extended the shelf life from 3 to 6 days. The vacuum cooling did not affected on

weight loss, vitamin C, glucosinolate and leaf color change of pak choi.

Keywords: Respiration rate, shelf life, vitamin C, glucosinolate, weight loss

11
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



AN5A5NBAS 34(1): 11 - 20 (2561)

12
v aa o

UNARE; mmwummaﬂamwﬂﬁlﬂﬁnmmmmmmmqmmﬁLmuqmmpmmmﬂmﬂ?ﬁuuﬂmqmm‘wmm
mﬂmmamm'ﬂumwﬂqﬂLmuﬁmﬁﬂfﬂuq@LL@’N (nuWus-hunaw) Taefuifeadnnedesdianulainemans
1981 06.00-07.30 1. UAIUADIAUINAANATATINITMALY B neiiies Aandaimealus nanlszanm 09.00 u.
dnnadeasigniiunAn fausls uazussqldgananaAninaefian uEauntuAMNWIBINARNA 2 N99583T 1at
NI9LAT7 1 UHARNa languuAuuLgoyyInIA Tmﬁwumlﬁmﬁmmwjmalﬁmﬁnmszﬁumma’fuﬁ 6
Seaufilluaan 5 it amiiuhedana i iigamnd 8 ssrmaidus dwsundnmalunssadan 2 9l
Lﬁﬂ?ﬂwqﬁqmuqﬁ 8 asATEA RS afufen (TAATLIAN) HANNINARBINLGN HAIAINLALINEIEINNIA
goasild 3 du mmm@qmmﬁLLuuqmmﬂmﬂﬁfm@mé”mmmiwmslfwmI:TﬂmmzimLﬁ‘ﬁ'mummqummﬁLm‘u
zgtyzy']mﬂﬁ'é’mmma‘mﬂ%é’ﬁﬂdqm‘mﬁ%ﬁiﬂmummmqmmﬁﬂ?xmmmmwi'] u@nmﬂ‘fmimqmmﬁmu
qryamAaeinengmaiusnmann 3 4 iflu 6 Su uazhifinaenisqey@einmin Amiud nglediuan uas
mawAeulasdvasiy

AdAty: dasnsngla ergnafivinm Snniud nglatiuen nmegrydatinmin

°o__© o o @ a N '
AU Anuaznalddenailudediineguacil
NIZLOUNINNTUAT A ANINNNIIUAIANALNEA T
SR o s s . o . g ~ .
AnnIndedd (pak cho) Haednensani  nanlasuulasudsannifiviiaslunannaanls
Brassica chinensis var. chinensis Aniluialunad  avwnsougedalfusanisngzanls niadenanin

Brassicaceae  {nimiwizignuinluansnsuiy L']“Ju%umuzgmﬁw‘l,umiﬁmuwm@f‘fﬂq:ﬁﬁaiu’
Usvanmuan WadTud e dulatide uaztlszma aannsofieunduld uartnllgdnismievesaading
el (Dixon, 2007) tTﬂmma'mLﬁ@muvl,ﬂé”mﬂ%mﬁum (Kader, 2002) mamm@mwﬁqmilﬁmﬁ'm%ﬁfqmmﬁ
uazdAAWT (USDA, 2016) u@nmnumm@‘im‘lﬁu QUL UMY BB AVFRANWIIAA BN U0z
LaB (glucosinolates) tHluasAilsznay Fatleganasn FamaALAen Lﬁmuﬁﬂﬂmammmﬁqimﬁmm?wm
14 isothiocyanate T T et I TR T AP P negruiull azsinlfiaanueufintaannuiain
(Mithen et al., 2000; Yang et al., 2010) nn1Agaf NaBING (vital heat) MUALIANASRUTIR AN T LNARNA
L‘ﬂuﬁ‘ﬂﬁﬂ‘ﬁlLﬂHM?ﬂ?ﬁﬂNﬂQﬂLLﬂzLﬂuﬁﬂﬁﬂﬁH@ﬁ% anulatilgn (field heat) gnavanagnielunas
‘Em\imimaqvlﬁm'qm?ﬂﬁmwmmmwzﬂqﬂuuﬁyﬁqa HARKNA ﬁﬁiﬁamuqﬁm@qmammmﬁm;ﬁ”u %qqmmﬁ
iesanniluinifsannunsauanmnsananlinags %ﬁ”umvl,ﬂLi'\'mi'“mumimLmu'aa%mm 1 el
fiatl (WA uazAniz, 2559) ﬁsm”mmm@ﬂmfu wadresieinlfifadaiu m‘lmmmwmmmmm
Uszanni 4045 4 Tmeaniznistgnanglsiszuy @mmLmvmmmimmﬂwmummﬂ sarfunnsan
inasdwid delifinisliansedinemmeanstings famunmmmmm@‘mmmma%mnmaumml,ﬂm

Fngiimuaziloeiidosmndeansznuredannden  UgnineuniunanuaeaniUlfidaigauazainiige
(WA uazgate, 2559) usidnnIAgasiniANNg Lu@m@mmmmuﬂum@‘vwﬂuni”mumﬂumefa@
denammethemadvdeanniiufies laadaenms  Fusng ’l Aatudinasdiag (avfy uazilsen, 2548)
Femvireluwdedlu 23 u ﬁyuﬂgiﬁuq@m@ Tneaniy u'aﬂmn?:mimu@u@qmmﬁﬂ"«ﬂuﬂﬁﬂéﬁmﬁw
athsiislugamaiifignmniigueuanenmslus@es  fnenfuinidsniudludnuazuald nnsqode
nelu 2 du mmiﬁmﬂmmwﬁwmmﬁ N1 ?Jmﬁu%ﬁmﬁﬁ”u‘ﬂ'ﬂmmﬁqqLmzmmﬁﬁnmﬁﬂu
qrydalanianienissana (At wazAy, 2551) 978121981171 (Lee and Kader, 2000)

12



HAUBINTANYUNDNULIUF Y

wn ﬂm’aﬂmmwmmwnm ﬂﬂ’ﬂdLﬁl’ﬂ‘u‘Vl’iil

Q

wﬂanuazmumm‘luqmum
u u

v
v

FITUNAINIFA LN LI NARHNALEIAIAIIAR

al

frUMNRYIUA 3935951 qeueun# (vacuum cooling)

al

wunisanarnfeuiisaniouazasinanangn
grun)Raednanuaazifiuasatesndalanauiy
" ax o am
nsanANTeulneAaN9aU | (Al warilien, 2548)
wanaIninIsangunRuLLgryyInAdaiidang
dl Y o A =3 o % U a dl 1
nlifunstinangniafiuinunlduiunduaanain bl
tunnsanguni uinnneela (nigna uazanu,
2556) HnnAgedld (ANa wazAtue, 2551) Atingdaana
(Poonlarp and Boonyakiat, 2015) neuanaan (Alibas
and Koksal, 2015) wazUIenlAA (Ding et al., 2016)
MHnsAnE IR UaA M ALLUgTY N AGIU
TnajdnisAnnlunadnidgnluszuuidamsiinasli
= =2 = o dl
asaineme N9An luvainnlgnlussuunems
BuviselesiinnaAne lainnniin
Ao AR Ao P

UITHHANTIYUsraIAINDANEINAT DY
nsanguUNRLLLgyIN AR e slasuuag
ADANNIEMINNIALEIN N TR9HNNIAd LA BUNTET
« o yood d oo « a0y
vinnealugguis inenazindeyaliliuldlunieng
WNUNN9AANNINARNARNN A ILABUVTEUA LA L
A we .
nenlfatamunzansall

o aa
AUnTUUALITNNS

Annindesifidgnlussuninemsguyssd
mMellsateulneinunanslufiufigon s mans
BUNUUN TNULNNANTAN BILNBABNNES A9IUT A
Wealuy Hszeznatmizindnndinandn 14 du uay
?t‘&ltL’)@’ng\‘lLLﬁiﬂ@‘ﬂﬁ\iLﬁULﬁlﬂq 27 Fu A UAYRENY
dnniadagifiannuilasinemasnsludaaiaan 06.00-
07.30 W. uazaudsielnAnLITy Audnannalasenig
Na94 81LneLles sandmdealud antseunu
09.00 1. AN aE AR FALS LAY
U39qdnlAnInaNafnInALeNA Y 2UIA 25x40
VIURLIAT 19027 18 3 WusuANTNANY 0.8 LIUFAWNAS
Tneussqin 300 nFuFens ansuutiadlu 2 nesids
N39LARR 1 \unnsanguug)iinAasssuugayay NI A
NIYUAANNAUGANET09HBIAAGUUNH (bleed

13

'
a a a

pressure) 7 6 RARLF WaLAMUANAININHARNA L

a

Tuiesangnimginasainanusunialulinsanadds
STAUANIMUA (soak time) WAL 5 W# anntiuinty
Wuinungoumni 8 esgaiias Taiugnmni
Indiresiugudduiuanuing dniulunssansn 2
Anussqlagananaininaleiaulianguingiifiae
szuvgqryyiniAun liifuinennguugil 8 agan
al o a = o 1 aal o

wadaayiun WreueunululAasnIsiag auaw 4

1 (193 windu 1 47)  Tunndeyanndulsun ns
qry@einuingn diassiiunndmAuTEa s Ieq
(Ranganna, 1986) uazngladluanmAINdzaes Chen
et al. (2008) Taamsnsvnelalaa’ld flow board waz
msulaeudeslufoswsasinaaalsilag $1 502 Plus
28913 Konica Minolta :anviannsusziiuengnng
WiuFnunlaetsviivainaneaizdsng 1Hud nas

= P o @ A A
waguudas@resluannadeqiudwaes tngenie
13nnrenluGulasududmasaied nanua
4 - o 4
WENANIN) wazeInadien WieuiauAeat ey
un3suaTHaens |ndependent sample ttest Imel
T1/suns SPSS 16.0 NszAUANNETRNY 95%

NANISVIARDILAZIANT D

aNnNNANE A TAeF LN TN
mm”@mmaummmmuﬂumﬂmmammu:uu
AUEYINA A A AN s T e s TN LanFaT
paNAugaTineneluliesanguu)ivindy 6.0
faALf uazazaziafinanuaagnelua AT
v 5wl leednmadeadiienmni S
1Bundanasesinieds 1950 asAsaided uazd
grunAgATinawiny 4.80 saAaaiisa uazing
a;m;@mfwﬁnmﬁmmmmmqﬁLLuua;tytyﬂmm
138% latlszazinanlunisanguauniaun 19
W9 A ANAIR AN IR WAL 3.20 Aladw
i Aouluen Wi 0.17 umseRtaniu (mm‘ﬁ 1)

ANNANNUEITUI19g U RN Tulies
ATUAINIALAZANALALINAT TUN178AR N B4
sTﬂmmammemmqummmLmemmm‘lumnm



A5ANTINEAT 34(1): 11 - 20 (2561)

Table 1. Parameter process and measuring indices for vacuum cooling of organic pak choi in perforated

polyethylene bags

Process parameters Value
Holding pressure (mbar) 6
Holding time (min) 5
Cycle time (min) 19
Initial center temperature of pak choi (°C) 19.50
Final center temperature of pak choi (°C) 4.80
Weight loss (%) 1.38
Energy consumption (kWh) 3.20
Electrical expense (Baht/kg) 0.17
wanaAnuaaslunmd 1 wudh Wdas 8 wiiluen panw BNUNNIAAG NN ULILGEURUINIAWINAL 1.57 uay
ﬁumaluﬁ@mm@qmuqﬁ@mm‘ﬂﬂ'wmmL‘%Muﬁ 1.92% AINANAL (mm\‘iﬁ 2) ARAAARINLNNTARA

ALszannd 17.8 HadLN3 goamgiainialuliesdaad

ANAE ] daugnmgilanansdndnmawasuuas
eadndios faandi9nandi 9-15 17 §m3nsan
puAlufiesang Ui Budnas daudnsnisan
grunnineluliesgeyniAuazguunilananedn
AAadENaT9A3 Tutastiiudasii paudiluiiasan
AUNNNANAININ nsulasuulaseesinludndy
Besuazszmenaadlile esannnnsaaanudiusin
WiamAenreitaaauwindenlifigumgfilng o
BIATAREE NITINT I N anTadi 117
Wauteuuthasnimnaenilileresiin (heat of
vaporization) we3ingnieanty (atlt, 2558) 1inli
grunnilanaadnanatetinemaiza aniuiienany
mummmmwmmmummamﬂwmammmm
7l 6 DAALNT LAesasnEN IR UANNAULS AT ie ik
s‘l’n@g'mﬂmmmﬁuﬁqmﬁmmm:mm’mmuum
W5 W %Iﬂwn'f;qﬁfﬂ”m’]mmm@qmmqﬁmmﬁTﬂ

a

Aot | anadfaaANduAaulinsAsiauiag gl

a
a

qavined 4.8 avaaides Tnalansnisangumni
WAL 0.74 aernmaldedsewund
flafuinen i adeadliiflunan 3§
@aflusze mmwﬂﬁmﬁmiuimmummmmmu
LLummmﬁmﬂLiummmmemmw) Anfinnsgoyide

dnain T umnAnatunnad AlunssuA i el

14

gomgfiuungeynaliiinasenisgadesiin
andflauBeuifieuiundnued it unnsangamn
wungoyanalunzudndagdiinladuidd dnnaa
daaFauyind mﬁimmm%uﬁﬂ' TIZNT NZANT UAZ
N (A1l wazAnLy, 2552) mumammﬂmimmﬂm
”Lumm\mﬁmmmmmmﬂmuuﬂmmwmu@mq
seliies (M 2) mm;m;mamm’lumnumuun
ana dngaydeninlugtasder ledhasindeuiiesn
FUTIRNNAENUNILAUR 10 110y 1nauaRsesdn
f1EuBeANL UNAUNARY N m@mumqmmm
2ANNN Imﬁ@ﬁmmmmaammmmmu@ﬂnuwuw ol
AalTung (ALe, 2558) mmmmqmuqmmu
zgzyzyﬂmﬁmm:ém?nﬁnﬁﬁﬁyﬁlﬂumuﬂi:n@u
melugaduasidasdnssminaaadaniates
SIEVAR e UEIVE LT RL G Y ilelinesens
\nAauReanTadin andeuannIIInAE LNy
aideresineanumieniunissymenanafivle
9991 Lwiﬂmmmmmmm@mmﬁ‘llmﬁ%m@?jﬁ@ﬁﬂ

”@EUL@EIW]M’]HLN@LLE‘HULV]FJUHUH’]?@@@MMI]NWJEI
Qﬁmifauj FartuAadesssiauay zaauanliliinis
a;ﬁymﬂmmﬂl,ﬂuiﬂ@ummqmmLmﬂm@@mmwmu
G " 2e9inuaTNA Ll (Sun and Zheng, 2006; Zheng
and Sun, 2005) T@ﬁmwnzmﬁmmﬁﬁwmﬁnﬁmj‘ﬁ'
mwzﬁ”\mmﬂhufumummmqmmﬁLmuqtyzmmﬂ



NAUDINITR qumugﬁtmuﬂ

’]ﬂ"lﬁﬂ’ﬂﬂmﬂ"lwm’ﬂﬂNﬂﬂﬁﬂﬁﬂdtﬂﬂuﬂ‘a‘ﬂ

flgnuaziiufiaslugguas

25 1000
—e— Chamber Temp
20 4 —a— Produce Temp
) —=m Pressure - 100 =
o 15 A Q
[©]
= £
© g
] >
Q 10 A A
e 10 o
8 B o
5 4
]
O T T T T T T T T T T T T T T T T T T 1
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Time (min)

Figure 1.

Temperature and pressure in the vacuum chamber and cooling curve of pak choi packed in

perforated PE bags during vacuum cooling at 6 mbar for 5 min holding time

Table 2. Effects of vacuum and non-vacuum cooling on qualities of organic pak choi after storage at

8 °C for 3 days

Weight loss Vitamin C Glucosinolate Leaf color Respiration rate Shelf life
Treatments
(%) (mg/100 g FW) (umol/g FW) (SPAD unit) (mg CO,/kg/hr) (days)
Vacuum cooling 1.57 ns 44.07 ns 2.25ns 37.63 ns 11.81b 6.25 a
Non-vacuum cooling 1.92 ns 42.83 ns 2.72ns 37.03 ns 23.95a 3.00b
2-tail sig. 0.326 0.883 0.423 0.829 0.006 0.026

Means with different letters in the same column are significantly different at P<0.05 by t-test
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Figure 2. Changes of weight loss, leaf color, vitamin C, glucosinolate content and respiration rate of

organic pak choi which were precooled by vacuum cooling (solid line) and non-precooled

(dash line) before storage at 8 °C. * Means at the same storage time were different and ns

means at the same storage time were different by independent sample t-test at P<0.05 levels
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Effects of Brassin-like Substance on Yield and Quality of Sweet Corn
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*Corresponding author: Email: tanachai.p@cmu.ac.th

(Received.: 27 February 2017; Accepted: 10 August 2017)

Abstract: Effects of brassin-like substance on yield and quality of sweet corn cv. Sugar Star were studied.
Experimental design was randomized complete block design (RCBD) with 4 treatments; 0 (control), 0.5, 1.0 and
1.5 mg/l of brassin-like substance with 4 replications. All treated plants were sprayed 4 times at different stages,
i.e. foliar spray at 7 and 30 days after emergence, 50% of tasseling stage. The fourth application was sprayed
on ears at 50% of silking stage. The results showed that fresh weight, length and diameter of sweet corn ears,
with and without husk of all brassin-like substance treatments were higher than the control. In addition, number
of rows, number of kernels/row and 100 seeds fresh weight was significantly increased after applying brassin-
like substance. However, total soluble solids content of all brassin-like substance treatments were not
significantly different from the control. Applying 1.0 mg/l of brassin-like substance gave 678.64 gram of fresh
weight, 38.11 cm and 8.06 cm of length and diameter of sweet corn ear with husk, respectively. This

concentration provided the most cost-effective for increasing quality and yield of sweet corn.

Keywords: Plant growth regulators, brassinosteroids, brassin-like substance, sweet corn
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Figure 1. Effect of brassin-like substance on fresh weight of sweet corn ears cv. Sugar Star
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Figure 2. Effect of brassin-like substance on lenght of sweet corn ears cv.

Sugar Star
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Figure 3. Effect of brassin-like substance on diameter of sweet corn ears cv. Sugar Star
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Table 1. Effect of brassin-like substance on yield, capital and profit of sweet corn cv. Sugar Star

production
Yield' %Yield' Cost' Income*? Profit' %Profit’
Treatments
(kg/rai) Increase (baht/rai) (baht/rai) (baht/rai) Increase
Control 3,824° - 4,400° 17,208° 12,808° -
Brassin-like substance 0.5 mg/| 4,712° 23.22° 4.875° 21,204° 16,329" 27.49"
Brassin-like substance 1.0 mg/! 5,424° 41.84° 5,350" 24,408° 19,058° 48.80°
Brassin-like substance 1.5 mg/| 5,584° 46.03° 5,825° 25,128° 19,303° 50.71°

' Means in the same column followed by different letters are significant differences (P<0.05) by LSD test
: Selling price: 4.5 baht/kg, referenced by Sun Sweet Co.Ltd. (August, 2017) 1 rai = 1,600 sg.m.

Table 2. Effect of brassin-like substance on seed qualities of sweet corn cv. Sugar Star

Number' Number of' 100 seeds' Total soluble"®
Treatments

of rows kernels/row fresh weight (g) solids (%)
Control 16.6° 38.9° 37.03° 14.1
Brassin-like substance 0.5 mg/l 18.4° 43.6° 41.33° 141
Brassin-like substance 1.0 mg/I 19.8° 46.0° 42.48° 14.2
Brassin-like substance 1.5 mg/l 20.5° 46.4° 44.60° 14.2
LSD, 5.98 3.59 4.61 2.32

' Means in the same column followed by different letters are significant differences (P<0.05) by LSD test

**Non significant difference
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Effects of Potassium Fertilizer on Quality and Yield of Sweet Corn in

Ngao District, Lampang Province
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Abstract: The study effects of potassium fertilizer on quality and yield of sweet corn (var. Sugar Star Plus) was
located in Ngao district, Lampang province. The experimental was designed by randomized complete block
design (RCBD) with 4 replications 5 treatments as this flowing: 4 potassium levels 0, 7.5, 15 and 30 kg K,Orrai
and control that without N-P-K fertilizers. The results showed that potassium fertilizer at the rate of 7.5-30 kg
K,O/rai were not significantly different on plant growth, dry weight, component, yield and concentration in sweet
corn kernel. However, the soil had a low level of exchangeable potassium (56.27 mg/kg) it was recommended
that the 7.5 kg K,O/rai was sufficient for yield and quality of sweet corn, with yield average at 3.73 ton/rai,
weight of ear without husk 322.65 g/ear, diameter and length of ear without husk 5.43 and 19.92 cm,
respectively, number of row/ear 15.95 row/ear, total sugars 41.52%, reducing sugars 6.25% and total soluble
solids (TSS) average 13.89 Brix.

Keywords: Potassium fertilizer, sweet corn, quality and yield of sweet corn
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Table 1. Effect of potassium fertilizer on plant height of sweet corn planted in farmer field at Ban On

subdistrict, Ngao district, Lampang province

Potassium fertilizer rates

Plant height (cm)

(kg K,O/rai) 30 DAP 50 DAP 75 DAP

0 11.92bc 30.60b 151.91a

75 13.24ab 37.11a 176.05a

15 16.02a 39.87a 179.73a

30 13.05ab 36.16a 170.99a
Control (-N -P -K) 9.53c 19.34c 76.45b
Mean 12.75 32.62 151.03

F-test * * *

CV (%) 17.43 10.85 13.44

Means in each column followed by different letter indicate significant difference using least significant difference (LSD) at
5% probability level (*), ns = non significant, DAP = day after planting
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Table 2. Dry matter of sweet corn plant parts supplied with different rate of potassium fertilize at milk

stage

Potassium fertilizer

Dry weight (ton/rai)

rates (kg K,O/rai) Stem Cob Husk Kernel
0 0.97b 0.23b 0.35b 0.43b
7.5 1.17a 0.24ab 0.36b 0.48a
15 1.13a 0.25a 0.42a 0.50a
30 1.12a 0.24ab 0.37b 0.48a
Control (-N -P -K) 0.64c 0.13c 0.17c 0.15¢
Mean 1.01 0.22 0.33 0.41
F-test * * * *
CV (%) 3.39 6.68 5.07 6.59

Means in each column followed by different letter indicate
5% probability level (*), ns = non significant
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Table 3. Effect of potassium fertilizer on yield component of sweet corn

Potassium Ear weight Ear diameter Ear length
fertilizer With Without With Without With Number of
rates husk husk husk husk husk Without husk row /ear
(kg KZO/rai) (g/ear) (g/ear) (cm/ear) (cm/ear) (cm/ear) (emiear)
0 422.57b 289.65a 6.37a 5.24a 30.36a 19.73a 14.77bc
7.5 456.55ab  322.65a 6.54a 5.43a 30.37a 19.92a 15.95a
15 474.58a 324.40a 6.65a 5.47a 30.49a 19.96a 15.90a
30 427.03ab  298.63a 6.42a 5.29a 30.19a 19.38a 15.28ab
control (-N -P -K) 210.60c 146.93b 4.79b 4.09b 25.19b 16.79b 13.91¢c
Mean 398.27 276.45 6.15 5.10 29.32 19.16 15.16
F-test * * * * * * *
CV (%) 7.97 9.21 4.49 4.86 3.71 2.72 413

Means in each column followed by different letter indicate significant difference using least significant difference (LSD) at

5% probability level (*)

Table 4. Effect of potassium fertilizer on yield and concentration of nitrogen, phosphorus and potassium in
sweet corn kernel

Potassium Yield Concentration (%)
Fertilizer rates (ton/rai)
(kg K,Ofrai) N P K
0 3.63a 2.35¢c 0.47 1.62
7.5 3.73a 2.45b 0.48 1.63
15 3.82a 2.72a 0.49 1.67
30 3.72a 2.42b 0.48 1.70
Control (-N -P —K) 1.94b 2.33c 0.49 1.61
Mean 3.37 2.45 0.48 1.65
F-test * * ns ns
CV (%) 4.82 1.20 2.71 5.34

Means in each column followed by different letter indicate significant difference using least significant difference (LSD) at

5% probability level (*), ns = non significant

BnanhmanaziBannaawdmamaaiiazate nslddatwunadauunnsteiuedefidadAynie

& (TSS) alANUNIINRTALAN T9l ALaRT et lutdag 6.11-
dviFunareansldijewunadensioiunn 6.25% dmFunssuddaouAniBunniaasaad
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= e | Aa o o aa o aal = o P = ) |
deuansineiueteliedAneadanuynnesds  wWisweuduynnesudsdel 1SS 1adu et ludas
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Table 5. Effect of potassium fertilizer on sugar content and total soluble solids (TSS) in sweet corn kernel

Potassium .
Total sugar (%) Reducing sugar (%) TSS ( Brix)
fertilizer rates (kg K,O/rai)

0 41.51b 6.16a 13.83
7.5 41.52b 6.25a 13.89
15 41.38b 6.11a 13.99
30 43.74a 6.19a 14.24
Control (-N -P -K) 40.02b 5.24b 13.69
Mean 41.63 5.99 13.93

F-test * * ns
CV (%) 3.18 2.44 3.76

Means in each column followed by different letter indicate significant difference using least significant difference (LSD) at

5% probability level (*), ns = non significant
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Fixation and Release of Ammonium (NH4+) in Soils Containing 2:1 Clay Minerals
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Abstract: Fixation and release of ammonium (NH4+) are the important processes influencing nitrogen availability
in soils, particularly in soils containing 2:1 clay minerals, because of such clay minerals can fix ammonium in
their interlayer sites. The objective of this study was to investigate soil factors affecting fixation and release of
NHA+ in soils containing 2:1 clay minerals. The representative soils in this study were Takhli soil series (Tk), Ban
Mi soil series (Bm) and Chong Khae soil series (Ck). Soil samples from plough layer (Ap horizon) were collected
to determine exchangeable NH," and non-exchangeable NH," contents. Fixation and release of ammonium
were studied by addition of 1,000 mg NH;/kg soil and incubated soil samples at field capacity for a week. The
results showed that exchangeable NH4+ contents in these soils were very low (0.01-3.95 mg/kg) and non-
exchangeable NH4+ contents ranged from 71.4 to 119.3 mg/kg. Fixation of NHA+ contents varied from 11 to 90
mg NH;/kg soil and release of NH4+ contents varied from 211 to 703 mg NHJ/kg soil. Ammonium release
showed good fit with parabolic diffusion (R2 = 0.85-0.97) and Elovich equation (R2 = 0.93-0.99). These results
indicated that release of NHA+ in these soils was diffusion controlled-process and may occur on heterogeneous
surfaces i.e. exchange site and interlayer site of 2:1 clay minerals, including adsorption sites of organic matter.
Soil factors affecting adsorption, fixation and release of NH ; in these soils were extractable Ca, extractable Mg
and organic matter content. Ammonium adsorption tended to decrease with increasing extractable Ca content.
Whereas ammonium fixation tended to decrease with increasing extractable Mg and organic matter contents

and vice-versa for ammonium released.

Keywords: Exchangeable NH4+, non-exchangeable NH;, released kinetic, smectite
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Table 1. Soil sampling sites
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SHUIAY
) AR
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oxidation (Nelson and Sommers, 1996) FN104
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(National Soil Survey Center, 1996) Usuntunaanasa
Fufllss o (available P) Tne/3 Bray Il (Bray and
Kurtz, 1945)ﬁmfmuﬁgmeﬂﬁﬂmmmiﬂ@@mm:
Bunauuananald fae 1M NH,OAc pH 7.0
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AA8NLNTIRENT (Xray  diffraction)
1965)
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Soil series Location
Takhli (Tk) Nakhon Sawan Field Crops Research Center, Suk Samran subdistrict,
Tak Fa district, Nakhon Sawan province
Ban Mi (Bm) Nong Don subdistrict, Nong Don district, Saraburi province

Chong Khae (Ck)

Roeng Rang subdistrict, Sao Hai district, Saraburi province
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- Parabolic diffusion model :
12

q = a+bt (Eq.1)

- Elovich equation :

Q = a+bin(t) (Eq.2)

- Power function :

In(q) = In(a) + bin(t) (Eq.3)
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ANUANWHANS 1Al usInenuashiu
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. = P a 9 = = A a
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duAumiien uavganudeswn (Ck) Hilamuilumuy
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Table 2. Some physicochemical properties of studied soils

Avail. Extr. Extr. Extr. Extr.

Soil  Sand Silt Clay Texture pH OM TN CEC

P Ca Mg Na K
series

(mmmmmmmee Yo-mm--mm-n ) (--g/kg-)  mg/kg (cmol/kg) ( g/kg )
Tk 154 516 33.0 SiCL 8.2 16 0.77 39.3 41.8 13.5 0.32 0.08 0.18
Bm 4.1 342 617 C 6.9 30 0.90 16.2 58.8 11.6 0.74 0.27 0.11
Ck 5.5 453 49.2 SiC 5.9 27 0.98 34 30.5 43 0.58 0.29 0.14

SiCL = silty clay loam; C = clay; SiC = silty clay; TN=Total nitrogen; OM=organic matter; Avail. P = available P; CEC= cation exchange

capacity; Extr.= extractable
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Table 3. Semi-quantitative minerals of clay and silt fractions for investigated soils

Soil Clay fraction Silt fraction
series Smec I Kao Qtz Qtz 7 Aclay 10Aclay Cal Ab An
Tk XXXX - - X XXX - - XXX - -
Bm XXXX - tr tr XXXX - tr - - tr
Ck XXX tr X tr XXXX tr tr - -tr -
Smec= smectite; Il = illite; Kao = kaolinite; Qtz = quartz; Cal = calcite; Ab = albite; An = anatase

tr= trace (<5%), x= small (5-20%), xx= moderate (20-40%), xxx= large (40-60%), xxxx= dominant (>60%)

Table 4. Exchangeable NH," and non-exchangeable NH, contents in control soils

Soil series Exchangeable NH," Non-exchangeable NH,"
(--—-—mg/kg-—-—-) ( mg/kg )
TK 0.83 71.4
Bm 0.01 73.8
Ck 3.95 119.3
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(a) and non-exchangeable NH4+contents (b) in control and treated soil
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Figure 2. Ammonium released characteristics (a) and data fitted to models describing NH

. released (b)

parabolic diffusion model (c) Elovich equation and (d) power function

Table 5. Parameters of models used to describe the released kinetic of NH

. in studied soils

Soil series Parabolic diffusion Elovich equation Power function
Slope Intercept R Slope Intercept R Slope Intercept R’
Tk 22.2 27.2 0.97 66.5 72.3 0.99 0.43 3.54 0.98
Bm 55.2 149 0.90 198 215 0.97 0.41 4.68 0.92
Ck 28.4 125 0.85 93.3 31.8 0.93 0.33 4.50 0.89
91504 514@@‘141& (calcareousl soil)  HArWafluaetu
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(Tk) HluAnludusy Mollisols Aunldinnnsdnminn
onuldngAun1liaanaznaulanwg (alluvium) AN
a & = Yy aa a s = o gya o
Hullaavidon THun fiugu uasfiuunia aainliaug
WeRuAaudvazidun Tnogaauniaadednilu
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Allelopathic Effect of Co-cultivation of Weeds and Tomato on Destruction

of Root-knot Nematode (Meloidogyne spp.)

ules 10 aNsAT AUAUNS® AATF U’ Az NANR WINTUN'
Jamnian Chompoo1*, Amonsri Khun-inz, Apirat Bundit’ and Tosapon Pornprom1

'NABTINT LU AUEANEAT FUANUAL NVIINENAEUNRTAIART INENIATUANUAY 4. WATLIFN 73140
7Department of Agronomy, Faculty of Agriculture at Kamphaeng Sean, Kasetsart University,
Nakhon Pathom 73140, Thailand
A3 SATIT ADUINEAT NUNKAY NININEIFENHAIAART N UIATUNILAY 4. UATLTH 73140
2Deparfment of Plant Pathology, Faculty of Agriculture at Kamphaeng Sean, Kasetsart University, Nakhon Pathom 73140, Thailand
“medriemansuazlgiimans anzinmasAans sianenaedes s a. @eslud 50200
aDepartment of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand

'Corresponding author: E-mail: agrinc@ku.ac.th

(Received: 10 January 2017; Accepted: 7 July 2017)

Abstract: Root-knot nematodes (Meloidogyne spp.) are major plant-parasitic nematodes of crops. Weeds are
one of the major crop pests and also have been reported to be hosts of root-knot nematodes. The aim of this
study was to investigate effect of seven weed species grown with or without Solanum lycopersicum L. on root
galling and survival of nematode in order to provide information and guideline of managing the weeds in field
crops. The results showed that Eclipta prostrata L. and Vernonia cinerea (L.) Less. were the alternate hosts for
root-knot nematodes. Cyperus rotundus L. was not responsive to root galling when grown without S.
lycopersicum, however it increased nematodes population when grown together with S. fycopersicum.
Crotalaria juncea L., Euphorbia hirta L. and Rottboellia cochinchinensis (Lour.) W.D. Clayton were not
responsive to root galling, and they decreased nematodes population when grown without S. lycopersicum.
These results suggested that incorporation or mulching of C. juncea, E. hirta and R. cochinchinensis should be
practiced because their allelopathic effect can decrease nematode population. Nonetheless, further research is
necessary to determine mode of infestation of C. juncea, E. hirta and R. cochinchinensis against nematodes

and identify the allelochemical that negatively affects nematodes.

Keywords: Biological control, co-cultivation, root-knot nematode, weeds
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Duncan’s new multiple range test (DMRT)

Table 1. Rating chart to assess and rank each root system on a class of root-knot symptom

Root galling scale

Symptoms of infection

0 No galling

© 0O N O o~ W N -

10

Few small knots that are difficult to find

Clearly visible small knots

Some large knots visible

Large knots predominant

50% of the roots infested with knotting on parts of the main roots
Visible knotting on the main roots

Majority of the main roots are knotted

All the main roots are knotted

Severe knotting on the main roots

All root severely knotted, plants usually dead

Source: Bridge and Page (1980)
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Table 2. Effects of single culture of weed species in plot experiments on root galling (scale 0 to 10) at 14, 20

and 30 days after inoculation (DAI) of nematodes

Root galling score

Plant species

14 DAl 21 DAl 30 DAl
Crotalaria juncea 0.00¢’ 0.00b 0.00b
Eclipta prostrata 3.17a 417 a 483 a
Vernonia cinerea 2.67a 4.00a 450 a
Euphorbia hirta 0.00c 0.00b 0.00 b
Rottboellia cochinchinensis 0.00c 0.00b 0.00 b
Echinochloa colona 1.83Db 0.83b 0.50b
Eleusine indica 0.00¢c 0.17b 0.00b
Cyperus rotundus 0.00c 0.33b 0.00b

" Different letters in the same column indicate the significant difference (DMRT) at P<0.01
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Table 3. Effects of mixed culture of weed spices and Solanum lycopersicum (crop) in plot experiments

on root galling (scale 0 to 10) at 14, 20 and 30 days after inoculation (DAI) of nematodes

Root galling score

Plant species 14 DAl 21 DAI 30 DAI
Weed Crop Weed Crop Weed Crop
Solanum lycopersicum 3.33b 6.83 a 5.67 a
Crotalaria juncea 0.00b 5.83 a 0.00c 4.50 ab 0.00b 4.83a
Eclipta prostrata 1.00 a 2.83Db 1.83a 3.50b 2.00 a 4.17 ab
Veernonia cinerea 117 a 2.33b 1.33 ab 3.83b 217a 217 bc
Euphorbia hirta 0.00b 0.00c 0.00c 0.83c 0.00b 0.50c
Rottboellia cochinchinensis 0.00 b 0.00c 0.00c 0.67c 0.00b 0.33c
Echinochloa colona 017 b 0.00c 0.00c 0.00c 0.00b 0.33c
Eleusine indica 0.00 b 0.00 c 0.67 bc 0.33¢c 0.00b 0.50c
Cyperus rotundus 0.00b 0.00c 0.00 c 0.83¢c 0.00b 0.33c

'Different letters in the same column indicate the significant difference (DMRT) at P<0.01
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Table 4. Allelopathic effect from weed species on nematode population detected in 300 g soil sample in

single (S) and mixed culture with Solanum lycopersicum (T) at 14, 20 and 30 days after inoculation

(DAIl) of nematodes

Number of nematode population

Plant species 14 DAl 21 DAI 30 DAI
S T S T S T
Solanum lycopersicum 190 ¢’ 473 b 290c
Crotalaria juncea 177 ¢ 540 ¢ 82 bc 142 d 23d 65d
Eclipta prostrata 564 b 1,488 b 494 a 123 d 20d 13d
Euphorbia hirta 9d 170 ¢ 87 bc 257 cd 108 ¢ 502 b
Vernonia cinerea 172 ¢c 152 ¢ 166 b 128 d 279a 91d
Echinochloa colona 73d 299 ¢ 26¢c 169d 15d 90d
Eleusine indica 63 d 205c¢c 135Db 145d 44 d 485 b
Rottboellia cochinchinensis 52d 526 c 29c¢c 377 be 94c 346 ¢
Cyperus rotundus 1475a 3,340 a 116 bc  3,170a 150 b 2,157 a

'Different letters in the same column indicate the significant difference (DMRT) at P<0.01
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Paper Type Bioproduct of Endophytic Actinomycetes for Controlling Bakanae

Disease of Riceberry Rice in Seedling Stage
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Abstract: A total of 45 isolates of endophytic actinomycete (EA) were isolated from herb and rice explants then
were evaluated for their antifungal activities against Fusarium moniliforme causing bakanae disease of riceberry
rice. Three isolates of EA; PRE5, CINv1 and CENZ26, isolated from herbal plants significantly exhibited high
percentages of inhibitory activities at 84.80, 82.66 and 81.85, respectively. In order to collect aerial mycelia of
the selected EA isolates, type of filter paper (& 9.0 cm) were place on the surface of IMA-2 cultured media.
The results showed that the germination test paper was the best trial obtaining the highest aerial mycelium
averaged number at 4.13 X 10° spores/piece for using as bioproduct. Efficacy testing of bio product to control
bakanae disease in rice seedling stage was determined at the rating of bioproduct 1 piece/ 1 liter of water, then
rice seeds were soaked for 24 hr before planting. Evaluation of the disease trial of isolate CINv1 revealed the
diseases reduction and increased survival rate of seedling. Accordingly, colonization trials of CINv1 in rice

seedling successfully observed in the root parts with the highest re-isolation percentage at 96.15.

Keywords: Endophytic actinomycetes, bakanae disease, riceberry rice
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Figure 1.

Fusarium moniliforme causing bakanae disease of riceberry rice; A and B: mycelial growth on

seed. C: colony of 3 isolates, CR4, SB4 and PL6 on PDA incubated at room temperature for

7 days
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Figure 2. Fusarium moniliforme isolates PL6, CR4 and SB4 colony inhibited by 3 isolates, PRES5,

CEN26 and CINv1 of endophytic actinomycetes using dual culture method on IMA-2 medium

for 10 days

Table 1. Number of aerial mycelium (spore) of endophytic actinomycete 3 isolates obtaining on various

supported papers placing on surface of IMA-2 media for 7 days then drying at 30 'C for 4 days

x 10° spores/piece1

treatment
PRES CINV1 CENZ26 Average

Germination test paper 2.29 5.34 4.77 413 (413%)°
Whatman filter paper No.1 1.52 2.29 1.91 1.91 (191%)
Whatman filter paper No.2 1.78 1.83 1.72 1.78 (178%)
Whatman filter paper No.4 1.01 2.80 2.86 2.22 (222%)
Whatman filter paper No.5 1.02 1.65 1.40 1.36 (136%)
Control (without paper) 0.09 0.10 0.1 0.10

' Average of 4 replicates

2 . . .
Percentage increased number of aerial mycelium spore
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Diversity of Xanthomonas axonopodis pv. glycines, the Causal Agent of Bacterial

Pustule of Soybean and Specific Primer for Detection
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Abstract: The 171-novel strains of Xanthomonas axonopodis pv. glycines, the bacterial pustule pathogen, were
isolated from infected leaves of different commercial soybean fields in Chiang Rai, Chiang Mai, Lamphun and
Lampang provinces. The genetic diversity was determined with physiological and molecular analyzed. All
strains were tested for their pathogenicity on differential soybean cultivars including Williams 82, Spencer,
P1520733 and SJ.5 under greenhouse conditions; then molecular diversity was analyzed by BOX-PCR
fingerprinting. The pathogenicity tests showed 2 groups with a large amount of phenotypic variation between
strains. Most strains were highly virulent. Using rep- PCR fingerprinting, a relationship between BOX-PCR
fingerpring and phenotype was observed. Two major groups were obtained within the soybean cluster and
relationship of the virulence levels of the strains was revealed. The fingerprinting with BOX primer was more
relatively unique, stable, and reproducible in that it produced a 650 bp band in all 171 strains tested. We
designed primers specific for X. axonopodis pv. glycines, XagF: 5’ATGGATGCCACCGCACAG3' and XagR:
5'GCGTCGAACCGCACATCS', that amplify a 788 bp product from hrpB. To our knowledge, this is the first
report of specific primer for identification of X. axonopodis pv. glycines, the causal pathogen of soybean

bacterial pustule.

Keywords: Xanthomonas axonopodis pv. glycines, bacterial pustule of soybean, genetic diversity
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UNARE; mmfmm‘aﬁuﬁ:ﬁy@ Xanthomonas axonopodis pv. glycines mmsﬂm‘mamguﬁqmﬁmmmmﬁu
setnsludawaesinasluiui naniidn FryretlszmAlnemamamilenenu dalsyneuding Sadadesne
e ua 81 uazAN1Ng AU 171 @aRUE HN3LASIZ R NMANUANEN AU NITHAENNINIIAAR AN UL
nMefudTsEaneuazluana Tned Lmqvﬁmmmmm‘mm?ﬁ@‘E@ﬂuuﬁ%mﬁmﬁmﬁuﬁ 1un siug wiliams 82,
Spencer, PI520733 uay 44.5 Malfignnizeunases uazAnmszauluanafaanisminsziansuiug BOX 1Wi
e ma‘lmﬂgmmmiﬁwmmmm wummmmmmhmmﬂ‘imuummafmwuﬁmq I LmemLLmﬁmm@
¥4 171 aneiug eanilu 2 ngu mummLﬂmmmmﬂhﬂuummmmwuﬁ@@mm W‘]J']'T]J%”ﬁ’mi@’]ilwuﬁﬂﬂ@ﬂu
Tnjdanuguuslunisnelsaluseiugs glerhlURszianeiasimiSwedagnawes BOX wupasduwussy
?“ﬁumqmumwmL%yaiﬂiuﬁmmmﬁmﬁmm ﬂﬁll’]i‘t‘lLLEJﬂﬂ')’]ﬁJLLﬁmﬁi’]\W]NWuﬁﬂﬁN‘ﬂmm’mﬁuﬁﬁyﬂ X.
axono,ooo’/s pv. glycines Il 2 ﬂ@uﬂaml,mumm Tmﬂﬂi’mgl.muauiﬂwmmm 650 bp Iuwnmﬂwumﬂjfammu
Lu@mmqmm”ummumm‘f@%mwumLﬂumwuwmw hrpB mm&nfammﬂmqmwmuﬂwmmwmmﬁ”
Lmﬂ\muvn @ X. axonopodis pv. glycines m"l,mmm XagF: 5ATGGATGCCACCGCACAGS' hax XagR:
5’GCGTCGAACCGCACATCT mmmmfmmﬂﬁqu:ﬁ”@ X. axonopodis pv. glycines 1ptl HARUNLA LE1LD
21417 788 bp et wgniiaauazusiugi LAY NZANZAsIRITE X, axonopodis pv. glycines %Q%@H@‘ﬁliﬁ@’mﬂ’]?
Anriduafiisadunanuusniidunaisresdemunalumuiavaedignies

ANRNATY: Xanthomonas axonopodis pv. glycines l9ATLAAYUAIINASY AVINUANUATENWNALGNITH

Fﬁ'\‘ij"l HR) LL@ZGHHWQEﬁ‘ﬁd’] gene-for-gene hypothesis
faquiuldinislEimatianisengdnanluausou

lplugayuiandesiifaandeueiids  eynsisw Anudulmeiugnes uazlaseaing
Xanthomonas axonopodis pv. glycines L‘ﬂuim‘ﬁlﬁ Wu’qﬁgﬁmﬁ%%m (population genetic structure)

° o 1 a qI/ A <1 =) a al a v =2
pndAtysianisnantamaeslulszmalng Tneily reauuAnFanateslanntg luntsAnsiaanu
A6 AR AR DA ABIANAIIINIFTUATININIAL m’mummml,%fammmiamﬁ'ﬂﬁﬁ ANTIEIlUNNg

SIEETlaf} T,mm‘"me@’wmi‘lﬁimmw\ﬁuﬁam%mm‘f’]ﬁu mm@mumammmiimmﬂmw memummmm
AUSEEUUD 8R4 UAZ AR5 (4ATR UATADLY, 2523) mq@mmﬂﬂmmmimmWQﬁ Koch's postulates &+
mumnmiiwmm@\ﬂmLﬂuﬂaiﬂmmmﬂmusﬁ@u Aealdna uIu AAM WATADLE (2548)  TLAIIEN
szRpnTadeiuulnifientes Wy tfauas mmmmsﬂumiﬁ@‘hmuuﬁamﬁmﬁhmmﬁuﬁﬁmﬁ
Wi aeiudidelauazaninundeniionnzan  Mnalla repPCR Houlndlaed BOX (interspersed
Iﬁ]ﬂﬁy’ﬂti‘ﬂLLﬁiﬂz’&’]ﬂﬁuﬁ;’%ﬁ ANANNNTA IUN19LEN repetitve  sequence) Hiagamifly repetitive
el guussunnsinaiull Aainldinnedanns sequence Tiflanuuzeuindge annsonARERNT
paLANATNNIATN AN Tae Flor (1942) eBung ﬁL‘SumﬁLmncdmr’fu"l,’ﬁmmLﬁuﬁmlwqﬂmﬂﬁuﬁ: upiel
ﬂﬁﬁwﬁuéizﬁdﬂﬁ’mvﬁlﬁjﬁbﬂ@ﬁLwﬁﬂiﬂ waziufie  AlEneenuweieililunmnsmeseuidadig
81AY (race-cultivars specific) %ﬁmﬂuﬂﬁ@”mﬁuﬁ“ TaaiapLInEwazLLE IR nEASE AT
seALTNLANATENING avirulence  (avr) genes 184138 AvddnnUazas A eANEIAINUAIN TR LN
a6 1A UAz resistance (R) genes 193 Ineiuans Wuqniimmﬁy@ X. axonopodis pv. glycines 1neiNg

o = | a o o rd’la/ a a a a s o ' % a
anwougiiulndaes  fauiusifoanafind]isen ArMziAnNanziatzasiuniaialsn faamatia
ARLALEIRLNIRLLNAY (hypersensitive response: rep-PCR TaaldInfiuas BOX udotindiayailiinn
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ol

Wmml,ﬂuiwa‘mmmm'mmL‘W% (specific primer)
’Lumamammum X. axonopodis pv. glycines
awinlanluqayLiowaes

o aa
adnsaluaglsns

1. sewufuuniiFa nisdiuunida uaznis
nganlsa

SQU?QNZVIEIW/W&L%”@ X. axonopodis pv.
glycines AnnafiLFaesaludamAesinasluing
mamﬁzﬁ’]ﬁtyﬁumﬂimﬁimmqmmmﬁ@muuu fa
dszneufag damdnidesse @aelud anyu uas
dnuhe doaideunanan Tl 2555 wnuanidesagis
cross-streak plate  UWAIUNT nutrient agar  (NA)
(Schaad, 2001) ﬂu”l,’fﬁifammﬁﬁm lunan 24-48
Falug L@@ﬂiﬂi@ummfmmwm“ﬂauuummm
S sty °]J@‘1.IL??;I‘]_I mnuum“lummwmw
N7 cross streak ém 2-3 V’]‘N @x‘immwm'ﬂumimm
TsAmuN19ga1lsna9 Koch's postulation etudy
madludeanvnlsn  iudesgraililunaen
microcentrifuge 2118 1.5 AaaaRT W glycerol 20%
Aolugouunfisn 20 essnsadaaiieldluns
nagaLsa kil

2. ¥ARAUANNTULSIlUMsialsaluanyuLY
gavaadlugnwiSaunnaas

Lmﬂu cell suspension 284 X. axonopod/s
pv. glycines '1/1\'1 171 mmwuﬁ Tmm@mlﬂmuuﬂﬁmi
Luria-Bertani broth (LB) ‘VIQM‘VIQN 28 ANALTALT S
Juman 24 Falus UFuaanuduianieias
spectrophotometer WHAD optical density (OD)
WinfD 0.2 fiAuenanan 600 wnuns (GRREY
indin 1x10° cfu/ml) Wil cell suspension Houuaiiae
unludamiesiug Wiliams 82, Spencer, PI520733
UaT d.5 8¢ 21 J1 Lﬁ\mmtﬁu@” 30 Hadamg (Park
et al., 2008) mmu 3 Fid m'am@ 1 m?_l‘wuﬁ mm‘u
control Wiugnerinduiiesinde anuAvusnEduds
mmm%mquu 28-30 asATATYd uazlsdu
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ANgULNTasTsAnAgniEe 7 dU AMK3ENNITRY
Fudna (2531)

3. n1sANEIAIERNNALEULRTRILED X
axonopodis pv. glycines Tnawaiia rep-PCR

31 mewisendaieannniaue

aRARAueTeNTD X axonopodis  pv.
glycines A uan 171 mﬁﬁuﬁ:ﬁ@yﬂﬂummi Luria-
Bertani broth (LB) Funns 5 Nadans nsisnide
180 i@umam‘w mmmu 28-30 B9ATATEd WU
24 Falu mﬂuuuﬁmmmmL@uuammmaﬂmmmum
(DNeasy) (Qiagen Valencia, CA)

32 pisANmIAIERNNNALAULARAYY
WATIA rep-PCR WazaLanIns WG a4

ThEeRatnlEundnEn Anuannuane
Tnelnswes Aldlunmesedliud AfueiBund
WuanauLLaae9 repetitve  BOX
sequence (BOX) (Louws et al., 1994) ?ﬁqﬁ@"wﬁuiwa
Lwﬂgﬁlﬂ‘i5’CTACGGCAAGGCGACGCTGACG3' L’VA\IIJJ
sanndduiiue dadszgnfannisaes §3as uas

interspersed

Anuz (2559) TaatfBunmssanlunisinyfjizen PCR
25 lulpsans lumaemauna 0.2 Dadans a9
tsenauftgmduesiuuuy 50 wiluniu dsunms 1
1ulasdns, 10X PCR buffer 2 Tulasans, MgCl, 0.5
lulmsams, 2mM dNTPs 2 Tulrsans, Tag polymerase
0.5 lulnsans, sterile water 17 Tulasamns uazlnsuef
BOX 2 'lulnsans nanansavualfidinduLinvaes
PCR eLum%amuqu@mmqﬁ (Thermal ~ cycler)
ﬁwumgmmﬁLLammTﬁﬁmﬁ\umﬁ:ﬁﬁL‘Sumﬁﬁ‘f
(Sambrook and Russell, 2001) initial denaturing '17;

a

goMNN 95 aaAaidua WIw 7 Wil Uiugnimgi
o S o

denaturation 91 94 agANEATEA  LTWNaT 1 W9,
annealing N9ouni 53 SvA@aTed WIW 1 W7,
extension NAaUUQH 65 BeATATHIA WK 8 WP Tag
QI a @ o o a
W BuuAEWe AU 30 98U wavlfuRnmgd
final extension 1 65 BYANTALILIA 111 15 WA A9IA
a s a @ d‘ al °o a & ai v
AzFILA R BRI N TRt RS W 1

R1NN"N3N1 PCR 2ueintinmdineRantaningln3da 1t
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15% agarose gel @28 horizontal
electrophoresis (GelMate 2000, Toyobo) RTIA&aL
wiaalneinlldesgneld UV transiluminators

v 1 dl v KX v
Wiannneglinetiunndesa

slab gel

33 MATzulaya

X.
axonopodis pv. glycines Lmvmﬂwuﬁﬂm"l,wamm
BOX unnsifiuisunnduifuelunasnnaaes
mq@mmmuwwmwmL@ul,@wmmgt,l,mmmmuimﬂ
Winzu wouRiEwedidsngwiaiy 1 Eldusngi
AZLUWNAL 0 HamaniatAzdsoeldsunsu

ALATITTNAR NN A LA ULAURILTD

ﬁﬂ@‘@gﬂ Numerical Taxonomy and Multivariation
Analysis System (NTSYS-pc version 2.10) (Rohlf,
1993) 3m3123 dendrogram MEuBauieutunaia
nguresdanuaNguLslunsnelfifalsauud
RGN

4. msaanuwuvlnsmaifisnnizianzasiuida
X. axonopodis pv. glycines Uz1aa4 hrpB
Hlediassiane RuAEuleaes X.
axonopodis pv. glycines $a8aa BOX lnsinaf wudn
ﬂiﬁﬂgl,m‘]_l'amﬂﬂmmm 650 bp M‘vmmwwuﬁlm'a
VAABL TIADAARBINTLIINLINUIBINATUN (2546) fitin
WALA rep-PCR  11ATIAAALAINTNNAINUAILN
Wu’qmimml,%”@ X. axonopodis pv. glycines WULOL
ALBBIUIA 650 bp uuﬁyg X.

Nna1ewug andutiunueuindauin

axonopodis pv.
glycines
AanaaNnAAzinatauiiaaala indwudfludoau
Wikaasiy B eenuuylniessnzdniy
AIIRAALILAZALUNTHA X. axonopodis pv. glycines
LT A8 Tneldenmuitaresansuiaaale
"Lmﬁﬁﬁmmﬂ%ﬁLWﬂ:z\;ﬂuLLﬂmﬁGﬂ X. axonopodis pv.
glycines ANeaNtW UG Aa Sra (AF_499777),
CFBP2526 (NZ_CM002268.1) wae CFBP7119
(NZ_CM002264.1) wlaiuiieuiy X, campestris pv.
campestris 8004 (NC_007086), X. oryzae pv. oryzae
PX099A (NC_010712), X. axonopodis pv. citri 306
(NC_003919.1), X. axonopodis pv. phaseoli NCPPB
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1713 (JWTD02000065.1) Wae Erwinia carotovora

subsp. SCRI1043 Teildinyasnaenu
(complete genome) Tuiﬁugﬁm?lu@ GenBank ARLASN

1FnammnslaanisBauiauaisuioealalng

atroseptica

fae78 clustalW2 multiple alignment ENBUNATULMLGT
\uiBueyinfaesia X. axonopodis pv. glycines
Tngg1n1san1vuaasuianadlelnglnsiuesn
panuuUld A XagF: SATGGATGCCACCGCACAGS
111 forward Lae XagR:
5GCGTCGAACCGCACATCS' \lu reward primer
P o =~ | o & Ao
TFupsueduneiaunawingy 788 bp WEeni
waldanily X axonopodis  pv.
= 9 o a a
nsAaneludie 1 waiinaindIunuAEuLe
duunafaemneaiia PCR InanBauiausuiuaiiize

primer

glycines /1N

lungulndiAssuazieanguineiugua eIy
X. pV.

campestris pv. campestris

lw1zasaaalnsines taun campestris
campestris 8004, X.

2015, X. oryzae pv. oryzae S345, X. oryzae pv.

oryzae S225, X. axonopodis pv. citi 11, X
axonopodis pv. citri 12, X. axonopodis pv. phaseoli
P5, X. axonopodis pv. phaseoli P21, Erwinia

carotovora subsp. carotovora E15 WAL Acidovorax
avenae subsp. avenae A6 el PCR mixer 438109
sou 25 lulnsams (sznevdnalalafveuunfided
fiaansmsadey 1 lulAsans, 15
lulmsdms, 10X Taq buffer 2 lulAsans, 2.5 UM dNTPs
2 lulasans, 25 mMMgCl, 2.5 lulnsans, Tag DNA -
polymerase 0.5 lulAsdams, 10 pM primer mix 2
Tulms@me) Auupseutjisen PCR 30 seu Inw

Auag gl uazinan luduneunisdaunziniau

sterile water

18 A8 denaturation temperature 94 B9ANIALT A
5 w1, annealing temperature 52 eATATEd 1
179, extension temperature 72 aaFANLIAEE 1 W
WA final extension temperature zgmﬁ"m 72 29AN
waed 5 17 11 PCR product 7 léldnsagauns
ﬂmngﬂm\iLmuﬁuﬁummﬂumm (UM 788 bp) Aael
. A 2
gel electrophoresis el 1% agarose gel #2184 gel

gl ethidium bromide AsagauRae UV illumination
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1. f1aRuguuAiise n1sduuni@ia wazns
qalsnA
n’; da’ v a a
nenaaesluaTallduuaAnNisy

a

g
X.
axonopodis pv. glycines AU 171 @aneug
=< | a al dl b % 1 o ]

nsAne lnedluuuafiFenuenlsluiaindond ey
S da A s da o

dawdesdnaniiiuaniunuanndAtyzestlssina
InanieniAmuiionouuu a1uaL 169 A8RUT4

'

ANUNUG

2

dsznaufing AandnTeesaauaL 41

e TMNAIUIW 53 ANEWUE AMYUAIUIL 49 aneilg
WATATL WA 26 @NEWUG LATAINNISALIILIIN
Preuniilwiesfiifine nadanlsaig Anzinwes
NNANENREUNBATANANT AU 2 A1EWUT (Xag12-2
uaz KU-P-SW005) kazidaviumasauniaifinlen
MINNNINgaTTsATRY Koch's postulation iefiudu
muﬂuﬁy@mma%ﬂ Wudﬁﬁy@nﬂmﬂﬁuﬁmmmﬁﬂ
lspuudandeniug a5 Geiniluwiugdeuussialin
Tuqayuld

2. msnagauANNguLstlumsialsaLuaa
AR lUENMNIFAUNARDS
Lm‘wmm@umqmwm”l,ummﬂiuLﬂm‘iiﬂﬁum
X. axonopodis pv. glycines ‘VN 171 mawuﬁ ‘]_Ium
mmmwuﬁ Williams 82 Spencer, P1520733 oL 413.5
5 mmimmﬂ@um@@@mﬂu 4 Winlndl 15un Wi
i A, B, C, uaz D IneATulnd D &
mmuﬂfr‘vmnm@mmmwmn‘u 107 mﬂwuﬁ G2
Wl e2.57 Lﬂmmumm@qﬂivmﬂﬂm@mmm) G]]\‘lL‘II@‘Vlﬂ
mawuﬂu Wiulnil D Aheglu race 2 ilesannidly

(mifm‘w 1)

LT@ZQ’]EIW‘L&ﬁiuLLNLL@“’@’]N’]SDH@I‘Q‘M‘HLL‘Q‘QUHG'DL‘M@'a\‘l
nnmawuﬁ;whmmu savagunpelulnil ¢ &
ﬁ‘hmuﬂiwmmlﬁyﬂwhﬁu 34 AneWug (ﬁmﬂu 19.89
Lﬂmmummﬂivmnm@muum Imﬁmfawnmmwuﬁ
uuiulnil ¢ dnaglurace 3 farialzAlanzLiud
WiReIWUFaaUNE (Spencer, PI520733, Uaz @4.5) U6l
13Jr1'fa‘lﬁmuuf1l“fgmﬁmﬁuﬁ:ﬁmmm (William 82) &1l
Wndl A wasilulni B fduawlssanna@awiniy

81

13 aneviig uaz 17 aneviig (Aadlu 7.60 uaz 9.94
wefiufealszanadeiumanmudns) Imﬂtfn@w
Aneguiiulni A usz B dnatflurace 1 ilasann
awnannelspuutiamaesiug 44.5 fuluiugeauus
sialanlfineniugineaminiuusiienaneg lunulnd
B nialspuutamaesig 4.5 lfguusandnaendnag)
TiTulnil A Tnedayanld aanadasiunis@nm
ANURINUANENNRUGNITNYDITE X. axonopodis
pv. glycines AoanAilA rep-PCR WUINTRLNNANE
wuggnandwaeniaouguusslunisnalsanusign
Tfluanaiuguusaiiascazinaiiiull (nagu,
2546, AR WATADLY, 2548) T9ANEULLININ
o & o = P aa
Wugnssnzeteannsalfuanuls Tnauusiite
WAANITNANEWUE LUANHOLEUBY spontaneous
mutation FailuAnEzIaNITIUUAT LA AZANE
Wug luaninassutiflngdnwaiznisnaiawug
AaNAN9 Taa1we lsaa s RELAENINa e
o o o & o wyd @ o
Wug lindeuuasiedasvnlsasainandlsd daiuds
o o a o - o o A 9 o = =
dranyninlsaituazliudgeiugveiesanileneluy

o A [ 1 v o 1 a
nstfudganeiug i o Wdnsuzunnd1sanm
Tnaanadanaliimeanivnlsanmuiluaediugn
naliiinlspvisanalilifalsnnaadntiasusduuls
nalinAN139eLIAaLN971IIe (Mhedbi-Hajri et al.,
2011; Tervor, 1988)

3. MSANEIAMUUAINUANENNNUGNSTH Lag
AlA BOX-PCR

N3ATIEHANEANA DNA  Aqelnsiuef
BOX &11190 LL‘Li\‘m@:NL%”@ X. axonopodis pv. glycines
aanilu2 mjuﬁlﬂ'ﬁ similarity coefficient Winfiu 0.55
15@&'%‘1%@1@@ NEN 1 UaTNgN 2 (P 1) Tnangu
1 ﬂim@umwmmﬂwuﬁ@@um 30 m&wuﬁ (Aol
17.54 Lﬂfa@mummﬂiwmnm@muum) mmawnmm
Wuglungu 1 Aa race 1 ‘Emmﬂum@mm%‘mﬂﬂwﬂ
A uaz BLﬂ@w’m"lmﬁmimuuﬁqmﬁmnﬂmﬂﬁuﬁ:
mzﬁfauﬁqﬁuﬁ:ﬁquu (Williams 82) uazWufaa1Le
(Spencer uaz PI520733) uigansaiialsanud
wiResus 6a.5 eaiufieawind Saiheiugi
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Table 1. Phenotype differentiation in X. axonopodis

differential soybean cultivars

pv. glycines strains with an extend rang of

Soybean cultivars

Phenotype1 Bacterial strains” Total strains
Williams82 Spencer P1529733 SJ.5

A 102/104/107/139/141/143/144/150/151/153/154/155/159/ + 13
4/95/98/99/109/112/114/116/118/124/127/128/130/133/ 135/
136/No.4 ++ 17

C 7/8/15/24/38/55/56/79/94/97/103/106/110/111/115/117/
119/120/122/123/125/126/129/131/132/137/138/140/142/
156/158/163/167/KU-P-W005 + ++ ++ 34

D 2/3/5/6/9/10/11/12/13/14/16/17/18/19/ 20/21/ 22/23/ 25/ 26/27/

28/29/30/ 31/32/33/34/35/36/37/39/40/41/42/43/44/45/46/47/48/

49/50/51/52/53/54/57/58/59/60/6162/63/64/65/66/67/68/64/69/70/

71/72/73/74/75/76/77/78/80/ 81/82/ 83/84/ 85/ 86/87/ 88/ 89/90/91/

92/93/96/100/101/ 105/108/113/ 121/ 134/145/146/147/148/149/

152/157/160/161/162/164/165/166/168/Xag12-2

++ ++++ ++++ +H+++ 107

'+ = compatible (disease severity between 1.0-25.0 %),

++ = compatible (disease severity between 26.0-50.0 %), +++ = compatible (disease severity between 51.0-75.0 %),

++++ = compatible (disease severity between 76.0-100.0 %) and — = incompatible (no disease symptom)

? Code of bacterial Isolate

Lmﬂﬁy@mmmiimiﬁ AUNGN 2 ﬂun@uﬁwﬁy@ﬁﬁmu
141 aneiug (ﬂmﬂu 82.46 WS ufeslsznaide
'1/1\‘1‘1)134&1) u@ﬂmnu‘w AN similarity coefficient Winru
0.61 ﬁﬂLLUx‘iﬂ?“’“ﬂ’]ﬂi‘L“ﬂ‘ﬂluﬂ@N 2 aanilu 2 nquees
ﬂ'ﬂ nau 2A uaz 2B Tnangy 2A sznausauilszang
e 34 aeiug mu‘lwmﬂuwmmwuﬁmuw
U39 (AT 24.11 Lﬂ@il,snummﬂaﬂimﬁﬂiLmﬂiuﬂqm
2) Fudennaneiuglungu 2A Ae race 3 lnudnar]
T e
F1un1u (Wiliams — 82)

o

P | a o d o
Lu'ﬂa@’mblu NATTALUDUNABINUSG

Q
<«

LLﬁiLﬁmimuuﬁqmﬁmﬁuﬁq
BEULDYNAUWUTNAGBL (Spencer, PI520733 UAz
44.5) d9UnqN 2B ﬂizn@uﬁfmﬂim’miﬁ”ﬂ 107 @l
Wug ﬁ@lqmu‘lﬂmaiLﬂuﬁwﬂmﬂﬁuﬁ:gmm (AnElu 75.89
wefifufraslszanadelungu 2) laadeynane
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athedmauiissaninsiaes BOX udnsaafinrimidu
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Figure 1. Dendrogram of DNA fingerprinting of 171 strains of X. axonopodis pv. glycines were identified
by repetitive sequence-based (rep-PCR) with BOX primer using program NTSYSpc2.1 for

analyzed
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Table 2. Grouping of X. axonopodis pv. glycines strains based on BOX-PCR fingerprinting patterns. The

patterns of PCR products was generated with BOX primer

Group1 Bacterial strains”
1 98/114/116/118/128/130/136/109/112/127/133/124/No.4/4/135/95/99/102/104/107/143/150/154/

139/141/153/155/159/151/144

2A 7/94/106/156/138/125/111/117/110/38/103/142/163/115/56/119/131/97/24/55/167/158/137/129/
140/132/126/122/8/120/123/15/79

2B 134/2/19/3/12/85/88/13/87/36/11/5/164/6/152/148/37/34/30/113/105/32/29/27/23/21/19/93/90/83/
81/18/16/40/35/165/121/31/28/25/149/108/33/22/20/47/14/91/92/82/80/17/161/43/147/26/162/
145/53/42/146/160/51/46/45/100/73/39/41/52/84/44/54/86/89/59/57/49/96/168/61/60/58/50/48/
166/10/63/74/157/62/64/77/101/71/69/67/65/75/72/
70/68/66/78/76

Group 1 = Weakly strains (30 strains), Group 2A = Moderately strains (34 strains), Group 2B = Virulent strains (107 strains)

*= Code number of X. axonopodis pv. glycines

AU 2 @reiug  AnuziRdrAniuauAieBuIug
650 bp 44 sequencing atiansufanalelnad
1mmw_|?ﬂu1,vmu’l,uﬁmﬁnfam GenBank 3l utiu

a2ls anfumdent BNz E A1 fiunnslng
mafFauifauanauiiandlalng faedd clustaw
multiple alignment Lﬁ@mﬁ%mmﬁ'Lﬂuu?‘mmmﬁmﬁ?
LRWNEURN X. axonopodis pv. glycines L‘W@qu’nﬂu
Tnsiess =i i lunnamsaden X axonopodis
pv. glycines Iﬂﬂ@vLﬂuQﬁﬂ’]ﬂuﬂﬁﬁ“MLLuﬂzﬁ’]El‘W‘uﬁ
mm X. axonopodis pv. glycines fafaﬂ@'mmfamawuﬁ
whenifislunga Xanthomonads ‘liesinasnida 9
LLm'LaumﬁﬁLLuﬂL%y@?:ﬂ?muﬂtwﬂuémﬁ@ﬂ%
AW WiasfinnsAunUe s Aen I ZUEaR
AN (BUg1 2532; Wydra et al., 2004)

4. lwswadfisnizianzasiuida X, axonopodis
pv. glycines 1510 hrpB

Kim et al. (2003) FeURETL hrp cluster
Y0318 X. axonopodis pv. glycines Fatlszneuludne
hrpA, hrpB, hrpD, hrpC, hrpE, hrpF Tnewwuan hrpB
dinglunsrielsauazilednmn hrp cluster Tl
NqN Xanthomonads fetlsznevluléian X. axonopodis
pv. glycines, X. axonopodis pv. citri, X. campestris

pv. campestris, X. campestris pv. vesicatoria WaE
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X. oryzae pv. oryzae WLINLTIDL promoter 184 hrpB
m@qLﬂjfaLLm@Vmﬂwuﬁm’m@mmmuuqm@‘ﬁﬂimm
WANG N1 mmmmﬂawimmmﬂLLUMTW?LN@?
(specific primer) fiflanudny ieldnmagen X,
axonopodis pv. glycines IngeanuuLAINANAUTaAR
184 hrpB TN L
wuATEeanvglsnluqeyuiavaems 3 aeiug Ae
8ra (AF_499777), CFBP2526 (NZ_CM002268.1) iLas
CFBP7119  (NZ_CM002264.1) fseiuiieuiugiy
1131904 promoter  hrpB 184

TalnFAaeafiuLFnns prompter

X.
campestris 8004 (NC_007086), X. oryzae pv. oryzae
PX099A (NC_010712), X. axonopodis pv. citri 306
(NC_003919.1), X. axonopodis pv. phaseoli NCPPB
1713 (JWTD02000065.1)
subsp. atroseptica SCRI1043 IAEANNNTONNUA
frsufianalelndlnsmesieenuuuls Ae XagF:
5'ATGGATGCCACCGCACAG3' il forward  primer
WAy XagR: 5GCGTCGAACCGCACATCE Wlu
reward primer HaN1IMAReINLINElelE nsiues
pV.
glycines whifuﬁlmmmmamLLﬂuﬁLﬁuL@ﬁImmm 788
bp  (Lanes 71 1-13) 18 (nwi 2) daude X

campestris pv. campestris (Lanes 141 5), X. oyzae

campestris  pv.

WAE Erwinia carotovora

FINANIMIINGAL LANIZITR X, axonopodis

pv. oryzae (Lanes 116-17), X. axonopodis pv. citri
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Figure 2.

12 13. 14 15

16, A7g@8y, 19,201 21 227 y23 .M

The specific band of X. axonopodis pv. glycines designed from hrpB gene separated by

electrophoresis on a 1.0% agarose gel. Lane M = 1 kb DNA Ladder, lanes 1-13 = X. axonopodis
pv. glycines strains No.4, 12-2, KU-P-SW005, 35, 36, 37, 94, 98, 106, 114, 134, 162, and 166

respectively, lane 14 = X. campestris pv. campestris 8004, lane 15 = X. campestris pv. campestris

2015, lane 16 = X. oryzae pv. oryzae S345, lane 17 = X. oryzae pv. oryzae S225, lane 18 = X.

axonopodis pv. citri 11, lane 19 = X. axonopodis pv. citri 12, lane 20 = X. axonopodis pv. phaseoli

P5, lane 21 = X. axonopodis pv. phaseoli P21,

lane 22 = Erwinia carotovora subsp. carotovora,

and lane 23 = Acidovorax avenae subsp. avenae

(Lanes‘ﬁl 18-19), X. axonopodis pv. phaseoli (Lanes
'17; 20-21), Erwinia carotovora subsp. carotovora E15
(Lane‘ﬁl 22) waz Acidovorax avenae subsp. avenae
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Abstract: The objectives of this research were to study the knowledge and ability in using the information
technology and computer, personal factors of agricultural extension officers that have a relationship with
knowledge and ability in using the information technology and computer as well as problem and
recommendation for using the information technology and computer of agricultural extension officers in Chiang
Rai. The samples were 1 director of Chiang Rai Provincial Agricultural Extension Office, 18 Chiefs of District
Agricultural Extension Office and 73 agricultural extension officers.

From research finding, it was found that agricultural extension officers and chief of district agricultural
extension office had high-level of knowledge in using the information technology and computer and a mid-level
of ability in using the information technology and computer. The agricultural extension officers’ personal factors
that were related to their knowledge and ability in using the information technology and computer with statistical
significance (Sig. < 0.5) were as follows; 1) gender related to the chief of District Agricultural Extension Office’s
knowledge, 2) the period of working in a field of technology and computer related to the agricultural extension
officers’ knowledge, 3) education and the period of working in a field of technology and computer related to the
chief of district agricultural extension office’s ability. From the study of the problems in using the information
technology and computer of Chiang Rai Agricultural Provincial Extension Office, it was found that 1) the lack of
specific knowledge in using the information technology and computer, for example, Photoshop program 2) the
lack of personnel with specialized knowledge, and 3) the low-potential information technology and computer

equipment.

Keywords: Agricultural extension officers, information technology and computer, knowledge and ability ability
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Table 1. The relationships between general background of agricultural extension officers and knowledge in

using the information technology and computer

Agricultural Varuables Unstandardized coefficients t Sig.
extensionist B
Chief of District (Constant) 12.375 1.098 0.296
Agricultural Gender 1.512 1.968  0.040*
Extension Offices  Age -0.109 -0476 0.644
Education 0.250 0435 0.672
Period in position -0.201 -0.337  0.742
Work experience 0.035 0.210  0.838
Period of working in relation with 0.023 0476 0.643
technology and computer
R'=0.325 SE+1.025 F=8.083 P-value>0.038
Agricultural (Constant) 7.762 6.285 0.000
extension officers  Gender 0.221 0.670 0.505
Age 0.010 0.242  0.810
Education -0.121 -0.283 0.778
Period in position 0.008 0.257 0.798
Work experience -0.089 -1.675  0.099
Period of working in relation with 0.101 3.019  0.004*

technology and computer

R'=0.440 SE_ + 13182

F=8.632 P-value > 0.000

** Significant 0.01; * Significant 0.05
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Table 2. The relationships between general background of agricultural extension officers and ability in

using the information technology and computer

Agricultural Variables Unstandardized coefficients t Sig.
extensionist B
Chief of District ~ (Constant) -106.554 -0.930 0.373
Agricultural Gender -14.023 -1.795 0.100
Extension Offices Age 4135 1.774 0.104
Education 22.676 3.884 0.003**
Period in position -0.425 -0.661 0.522
Work experience -2.231 -1.298 0.221
Period of working in relation with 1.246 2.485 0.030*
technology and computer
R°=0.684 SE, +10422 F=23962 P-value>0.023
Agricultural (Constant) 56.509 4134 0.000
extension officers  Gender -2.157 -0.591  0.556
Age 0.559 1.185 0.240
Education 8.440 1.778 0.080
Period in position -0.295 -8.37  0.405
Work experience -0.564 -0.958 0.342
Period of working in relation with 0.450 1.216 0.228

technology and computer

R°=0.309 SE_ +14.59239

F=4913 P-value > 0.000

** Significant 0.01; * Significant 0.05
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Abstract: The objectives of this research were to study 1) the conditions of farmers’ commercial rose production
in Ban Buak Toey, Mae Rim district, Chiang Mai province 2) factors related to the commercial rose production
potential of farmers 3) the problems, obstacles and suggestion of farmers in rose production. The sample group
of this research was 80 farmers. The instrument for data collection was questionnaires. Statistics employed for
data analysis was descriptive statistics including frequency, percentage, mean, maximum, minimum and
standard deviation. Weight mean score was used to analyze data that farmers answered following their opinions
by using 5 levels of Likert's scale and multiple regression analysis was employed to test research hypothesis.
The result from study of farmers’ commercial production rose growing found that the farmers had
average experience on rose production of 8.74 years. The average cost of planting roses 87,537.5 baht. A farmer
grew 11,532 roses as an average. According to water source study, 57.50% of farmers used water from creek for
rose planting. The analysis of commercial rose production potential of farmers reveal that 47.50% of farmers had
moderate level of rose production potential, 47.50% of farmers had low level of rose production potential and only
5.00% had high level of rose production potential. From multiple regression analysis it was found that there were 3
independent variables that significantly related to commercial rose production potential of farmers 1) contracting
with agricultural extension officer 2) being groups membership and 3) experience in growing rose. Farmers have
problems for commercial rose production in high level. The important problems were shortage of water, damaged
by plant diseases and pests, higher cost of production and more expensive pesticides. Suggestion of farmers
from this research was supporting an efficient irrigation system. Most of farmers want to reduce production cost
by giving an idea that government should consider and control fertilizer, as well as chemical substances prices

and require officers to inform and solve the problem of pests and disease.

Keywords: Potential, commercial rose production
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Table 1. Mean and standard deviation of variables in regression model

Variables Mean Standard deviation
1 Age (year) 36.96 9.4914
2 Education (year) 3.1375 1.8809
3 Number of labor 1.4375 0.4992
4 Sources of credit (number) 2.1 0.4386
5 Contacting with agricultural extension officer (number) 1.5625 0.4992
6 Group membership (number) 1.925 0.8826
7 Training on rose production (number) 1.3875 0.4902
8 Visiting study about rose production (number) 1.4875 0.5029
9 Experience on rose production (year) 8.7375 3.8835
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Table 2. Multiple regression analysis of factors related to farmers’ commercial rose production potential

Variables B t P-value
1 Age (year) -0.021 -0.764 0.448
2 Education (year) -0.024 -0.584 0.561
3 Number of labor -0.117 -0.280 0.781
4 Sources of credit (number) 0.664 1.603 0.114
5 Contracting with agricultural extension officer (number) 0.591 2.039 0.045
6 Group membership (number) 0.883 3.194 0.002
7 Train on rose production (number) -0.475 -1.254 0.214
8 Visiting study about rose production (number) 0.204 0.613 0.542
9 Experience on rose production (year) 0.197 2.711 0.008

R’ =0.479 SEE = 1.72087 F=7.138 Sig. of F=0.000
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Abstract: Mango (Mangifera indica L.) plays a central role among horticultural fruit crops in Myanmar and is
believed to have a potential on high value in international markets. The aim of the study was to assess the status
quo of current pre- and post-harvesting processes in mango orchards in the Shan State, Myanmar, and the
potentials for their improvement. An exploratory research approach was applied, drawing on a quantitative
research among 114 mango farmers in 7 mango growing zones in the Shan State, Myanmar. The quantitative
baseline data was analyzed using standard statistical methods (frequency, mean and dispersion of scores).
Additionally, five semi-structured interviews have been conducted to allow a better contextual understanding of
the various aspects of mango production and challenges in the Shan State. The results indicated that in spite of
advanced orchard management techniques in the Shan State, improving fruit quality and amount of marketable
fruits requires providing knowledge and training on pre-harvest management techniques such as fertilization,
irrigation and insect and pest management. Moreover, the availability of inputs and technology needs to be
improved. Post-harvest handling of mangos is presently at an early stage of development resulting in high post-
harvest losses. However, as farmers have a strong interest in exporting, installing full packing-house sequences
or as intermediate solution, hygienic field packing houses, are an important precondition to maintain mango

quality after harvest.

Keywords: Mango, fruit quality, orchard management techniques, packing-house, Shan State (Myanmar)

Introduction systems, infrastructure, resources and capacities in

the region” (Mekong Institute, 2013a). Currently most

Mango (Mangifera indica L., native to of the mango trade of Myanmar takes place at
South- and South-East Asia, is widely cultivated in relatively low prices with China by (road) border
the tropics and subtropics and plays a major role for trade as no certificates are required (Ksoll et al.,
local consumption and (inter-)national trade. 2013). Myat (2012) provides a wide-ranging study
Commercial mango production takes place in more focusing on hindrances and opportunities in the
than 87 countries whereas India, Thailand and downstream mango supply chain in Myanmar. He
Indonesia being the major producing countries found that low fruit quality and missing the Good
(Sivakumar et al., 2011; FAOSTAT, 2015). Despite of Agricultural Practice (GAP) standards represent
an increasing share of land dedicated to horticultural major hindrances for mango export (Myat, 2012). A
production in  Myanmar (for mango: central recent report from the Mekong Institute underlines

(Mandalay) and eastern Myanmar (Shan State) (Myo, these findings as well (Mekong Institute, 2013b).

2009)), international trade and trade within ASEAN The Southern Shan State represents a
countries develops slowly with  Myanmar and promising area for mango production. Due to the late
Singapore being responsible for less than 0.1% of maturity, mangos can be sold at comparatively high

Mango export (Myat, 2012; FAOSTAT, 2015). The market prices as late season mangos. However, to

Mekong Institute attributes the differences in mango identify levers to improve mango production, data
export to differences in “quality and safety of about mango production and post-harvest activities
ASEAN-produced fruits due to the wide diversity of in the region are necessary. Currently, statistical data
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is hardly available and difficult to collect in a
widespread area with deficient infrastructure. In this
situation, the application of new ways of data
acquisiton and interpretation is necessary.
Exploratory, qualitative research designs promise, in
particular in early stages of a research process, a
sufficient degree of contextual and conceptual
flexibility to gain insights, refine problems and ideas
and gather explanations (Fritz, 1995). For qualitative
(2000)

analysis model with stringent claims towards validity

research, Mayring suggests a content
and reliability. His method provides a seamless
traceability due to the inherent systematic and high
documentation requirements.

The present study consists of a quantitative
baseline study and a qualitative research approach
to explore and explain the quantitative results in
both,

quantitative and qualitative data aimed at balancing

more detail. Using a combination of
the limitations of each type of data collection and

improving the validity of the findings.

Materials and Methods

The overall objective of this research was to
analyze current pre- and post-harvest management
technigues to produce mango in the Shan State,
Myanmar and to identify levers to improve fruit
quality. In this study, quantitative and qualitative
data collection was carried out.

The quantitative baseline data on mango
production in Southern Shan State has been
collected by the team from Deutsche Gesellschaft fur
Internationale Zusammenarbeit (GIZ) (GIZ project
2012.2451.8-001.00 *“Capacity Strengthening for
Private Sector Development* (2013-2016)). From
February 2014 to May 2014, 114 mango farmers in

the growing zones Taunggyi, Yatsauk, Pindaya,

113

Nyang Shwe and Siasai were interviewed by a
partially standardized questionnaire covering mango
farm  characteristics, pre- and post-harvest
management practices and market/logistical data.
The data have been analyzed using standard
statistical methods to show absolute and relative
frequencies, mean values and dispersion of scores.
At two locations, namely Yatsawk and Taunggyi,
seasonal calendars have been elaborated in two
open group interviews with 20 mango farmers, each.
The major on-farm activities related to the production
of Sein Ta Lone mangos have been listed.

In addition to the quantitative farmer survey,
a further qualitative research has been conducted to
allow a better contextual understanding of the
various aspects of and

mango  production

challenges in the Shan State, Myanmar. From
November, 2015 - March, 2016 five semi-structured
interviews have been conducted with experts in
mango production, post-harvest management and
value chain development in Thailand and Myanmar.
The questionnaire was designed as a non-
standardized guided interview to allow the
interviewees enough room for answers.

The raised qualitative data was analyzed
according to Mayring’'s sequential content analysis
model illustrated in Figure 1 (Mayring, 2000). GAP-
Guidelines concerning fruit quality (Sareen, 2014,
Footan et al., 2017) and scientific studies about
mango production and post-harvest handling
provided a sound basis for the establishment of
categories to analyze pre-harvest and post-harvest
management processes in mango production in
Myanmar. As pre-harvest processes; planting
material, fertilizer and soil additives, irrigation, insect
and pest management, harvesting and handling and
orchard management were identified. Post-harvest

processes refer to a packing-house sequence that
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includes in general the following activities: Sorting,
grading, postharvest treatments (desapping, hot
water treatment (HWT), vapor heat treatment (VHT)),
packing and labeling, transportation, temperature
and storage conditions (Sivakumar et al., 2011). As
the next step, all interviews were broken down to text
passages. The text passages were then assigned to
the identified categories (pre- and postharvest
processes) using category definitions and coding
rules. For text passages, which could not be
assigned to certain categories, new categories were
established and the interview material was revised
again. Therefore, categories are developed, revised,

adapted and controlled iteratively. During the last

phase of the process, the qualitative method allows
an interpretation of the results and generates a
systematic and wide spectrum of opinions (Figure 1).
In particular, this rule system makes the approach of
Mayring comprehensible and traceable (Mayring,
2000).

The results of the qualitative study were re-
presented and discussed with the interview partners
to ensure that the text passages and interpretation
by the author are correct. On the other hand, the
results of the qualitative study were used to confirm
and open-up the findings from the quantitative
Thus, the

triangulated and have been cross-checked.

survey. qualitative  findings  were

Research objective and research question:
Analysis of pre- and postharvest management practices in mango orchards in the Shan

State, Myanmar

Theory-based determination of dimensions with main and sub categories:
Pre-harvest processes (planting material, fertilizer and soil additives, irrigation,
insect and pest management, harvesting and handling, orchard management
Post-harvest processes (Packing-house sequence)

Theory-based definitions, examples and coding rules

Compilation of a coding guideline

Revision of the coding guideline

Revision of the qualitative interviews

Proof of reliability of
dimensions

Proof of reliability

Evaluation and interpretation of results

Figure 1. Content Analysis according to Mayring (deductive method) (own, adapted from Mayring,

2000)
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Results

Mango orchards characteristics in the Shan State,
Myanmar

Currently, mangos are cultivated on a total
area of 5332 hectares in seven mango growing
zones in the Shan State. The different growing zones
(2833 hectares), (1295
hectares), Pindaya (405 hectares), Nyang Shwe (182

are Yatsawk Taunggyi
hectares), Siasai (132 hectares) and Hopone (60
hectares) (Plewa, 2016).

The interviews of 114 farmers in the different
growing zones show, that the majority of mango
Shan State be

characterized as small orchards with mangos being

orchards in  Southern can
cultivated on less than 4 hectares (69.2%), and
medium sized orchards with mangos being
cultivated between 4 -16 hectares (28.9%) (Figure 2).

The average age of the mango trees in the
orchards is between 6 and 10 years with an average
yield of 0,48 tons per hectare in 2013. In Yatsawk,
the largest growing area in the Shan State, Myanmar
average yields were the highest (1 ton per hectare)
and lowest in Si Sai (0.25 tons per hectare). Most of

the farmers grow maize (28%) or rice (16%) and to

a minor extent vegetables (10%) as additional crops
besides mango. 7.1% grow no other crops besides

mango.

Seasonal calendars

Based on group interviews of each 20
farmers, two seasonal calendars for the locations of
Yatsawk (Figure 3) and Taunggyi (Figure 4) have
been elaborated. From the seasonal calendars, it
can be seen, that farmers in Southern Shan State
generally apply most of the management methods of
modern mango production, such as scheduled pest
and disease control, bagging, pruning and weed
management. However, due to the method of the
group interview it was not possible to determine
percentages of farmers that follow these production

steps.

Current farm management practices

Concerning mango orchard management
techniques, the findings indicate that almost half of
the farmers (48.2%) possess an own mango tree
nursery whereby seeds come from Han Myint Mo,
Taunggyi, Yatsawk or Mandalay and are sown in

plastic bags, foliar and pesticides are sprayed and

Mango orchard size distribution in the Shan State

8-119HA

hectares (ha) cultivated

15

n

0

[}%)
o

35

Percentage of mango orchards

Figure 2. Mango orchard size distribution
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JanuaryFebruary March April May June July August September October November December

Season

Phenological cycle

Hot dry Season | Rainy Season | Cold dry Season
arid | humid | arid

Flowerin Fruit se_ Vegetative growth

| Cold dry Season |

Farm Activities

Spray against leaf hopper, thrips

Spray preventive fungicide (anthracnose)
continuous fire protection

Spray foliar fertiliser

combined spray against insects and fungus
Spray against hopper insects

Bagging

Spray against weevil

Spray white oils against scale insects
Harvest

Weeding (ploughing)

Major pruning

application of fertiliser

application of fertiliser

Spray preventive fungicide (anthracnose)
spray against insects and fungus (thrips leaf
cutter, anthracnose)

responsive spray for anthracnose

Figure 3. Seasonal calendar for on farm activities related to the production of Sein Ta Lone mangos in

Yatsawk
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Spray against leaf hopper, thrips

Spray preventive fungicide (anthracnose)
continuous fire protection

Spray foliar fertiliser

combined spray against insects and fungus
Spray against hopper insects

Bagging

Spray against weevil

Spray white oils against scale insects
Harvest

Weeding (ploughing)

Major pruning

application of fertiliser

application of fertiliser

Spray preventive fungicide (anthracnose)
spray against insects and fungus (thrips leaf
cutter, anthracnose)

responsive spray for anthracnose

Figure 4. Seasonal calendar for on farm activities related to the production of Sein Ta Lone mangos in

Taunggyi

plants are later transplanted. Around 51.1% of the
farmers use grafted seedlings and 48.9% of them
grow mango trees from seeds. Most of the farmers
focus on the variety Sein Ta Lone (STL) (87.8%). To a
minor extent the variety Yin Kwe (9.9%) and further
varieties (2.3%) are cultivated. The results from the
qualitative study reflect this trend and stress the
importance of the genetic material for commercial

mango production and genuine characteristics of the

variety STL.

More than 80% of the farmers prune their
trees to improve the incidence of light (24%),
enhance aeration (29%) and improve fruit quality in
general (20%). Other reasons are to reduce pests
(14%) and to improve the ease of spraying and
harvesting (9%). Mango bagging with newspaper or
waterproof paper bags is also practiced in 49% of
the mango orchards. Moreover, 36% of the farmers
use pesticides and fungicides. Nonetheless, mango

farmers in the Shan State experience substantial
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harvest and post-harvest losses. The 24.8% of the
farmers have losses between 5-10% and 16.8% of
the farmers between 11-20%. Furthermore, 7.1%
experience losses exceeding 40% of their harvest.
The reasons are manifold. Losses due to pest and
diseases (38%), damaged fruits (19%), overripe
fruits (19%) and small sized fruits (5%) are prevalent.

Regarding fruit quality, the qualitative
findings emphasize the importance of pest and
disease management as pest and diseases restrict
the amount of marketable fruits considerably. Major
pests in orchards in the Shan State include inter alia
stem borer, fruit flies, seed weevils and mealy bugs.
Like fungal disease, anthracnose is prevalent. Most
prevalent pest and diseases are illustrated in
Figure 5.

In this context, the practice of fruit bagging,
application of agrochemicals and pruning play a
major role. These management techniques are
already practiced in mango orchards in Myanmar.
Nevertheless, agrochemicals for fertilization as well
as pest and disease management, imported from
neighboring countries like Thailand usually lack of

descriptions and application guidelines in the local

language. Occasionally, application guidelines are
provided by traders or are available in mango
clusters. Furthermore, extension services do not
cover all mango growing areas. Hence,
agrochemicals are frequently not optimally applied
and most of the time (70%), no records about
application date and dosage are kept. Almost 96%
of the farmers are not certified by a certification
scheme. The qualitative findings pronounce the
positive linkage between irrigation, fertilization and
fruit size. In Shan State (Myanmar) the period of rapid
fruit growth fall in the dry season. Flowering takes
place end of February followed by a phase of rapid
fruit growth (end of March/April) and harvesting of
fruits (May/June). The supply of water and nutrients
during fruit growth is crucial to increase fruit size.
Plus, the uptake of macro nutrients, such as nitrogen
for fruit growth during the dry season is considerably
aggravated without irrigation. The lack of irrigation
can result in smaller or shriveled fruits. Conversely,
an over-irrigation of mango trees for example by
flood irrigation can cause the trunk of the tree to rot.
Notwithstanding  the of

importance irrigation

requirements for commercial mango production,

Pests and diseases in mango orchards in the Shan State

Percentage of saements

Pests and Diseases

Figure 5. Pests and diseases in mango orchards in the Shan State
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appropriate technology such as micro sprinklers or
drip irrigation are hardly available (or of minor quality)
and have to be imported. Currently 85.7% of the
farmers do not employ irrigation systems and
maintain their mango orchards under rain fed

conditions.

Current post-harvest management practices and
marketing

With regard to post-harvest management,
the empirical findings show that 98% of the farmers
have no adequate facility for post-harvest processing
and 90% of the farmers indicated that they do not
have trained and skilled staff for post-harvest
processing. Currently, almost half the farmers merely
cover the harvested mangos with paper and put
them into a basket. Approximately 15% separate
small and big sizes before wrapping the mangos
with paper. This practice corresponds to actual
market requirements, where the size of the fruits and,
to a minor extent, ripeness and packaging are
demanded. The qualitative findings support these
results and indicate, that farmers who are producing
for export markets mark bagged mangos already in
early stages to ensure similar degrees of ripeness
when harvesting the fruits. Nonetheless, the lack of
hygienic  collecting spaces and systematic
packinghouses to perform a targeted post-harvest
management was underlined.

Market and distribution data of the mango
farms show that most of the farmers (69%) sell
mangos to foremost one customer coming from
Yangon, Shan State or China. In general, the mangos
are transported in open trucks to the market and sold
or handed over. About 21% of farmer sell their
mangos directly at the farm gate and 53% of them
have no access to recent price information, then they

are not able to negotiate the price for their produce.
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Moreover, 40% of the farmers have no experience in
collective marketing and marketing strategies to
approach new customers. However, 33% of the
farmers transport their produce together with other
farmers. Nonetheless, more than 30% of the farmers
aim at diversifying their sales channels by export,
engaging in cluster groups or farmer associations
and direct sales to Muse and wholesale markets thus

skipping middle men.

Discussion

Improving fruit yields in terms of quantity
and quality is fundamental to participate in the
emerging (international) value chains. Based on a
quantitative and  qualitative  research, direct
correlations between different mango pre- and
postharvest practices and fruit quality were found.

As mango trees are sturdy the interviewed
experts evaluated the importance of fertilizer and soil
additives lower than other pre-harvest management
processes. Nonetheless, training requirements were
identified within this study. A targeted fertilization
during phases of fruit growth or after pruning to
promote vegetative growth are essential for fruit
quality. Currently, mango orchards in Southern Shan
State are not fertlized adequately. Planned
fertilization and documentation about date and
GAP certification,

take place.

dosage, as necessary for

commonly do not The experts
emphasized the limited choice and availability of
fertilizers as well as the need to systematically
integrate natural fertilization to improve nutrient
availability in the soil. Instead of knowledge-based
procedures farmers rather rely on experience and
intuition. While there is a positive correlation between
fertigation and fruit size, possibilities for fertigation

are lessened, as most of the mango orchards in
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Shan State are rain-fed and to a minor extent flood
irrigation is applied.
the

interviewed experts recommended micro irrigation

Concerning irrigation systems
systems as flood irrigation can negatively impact on
tree health. Currently components for these irrigation
systems are barely available or of inferior quality in
Myanmar. Despite the currently apparently good
availability of water for irrigation in Myanmar (MOAI,
2014), studies about irrigated fruit production in
Thailand that

mountainous regions may lead to water scarcity. The

illustrate increasing irrigation in
situation is further aggravated by an increasing
number of weather anomalies in recent years,
commonly described as climate change (Schulze et
al., 2013).

The results underline the linkage between
insect and pest management and fruit quality as well
as the quantity of marketable fruits. With high post-
harvest losses due to pest and diseases, the results
that

practices like pruning and fruit bagging are quite

reveal mechanical orchard management
evolved and widely practiced in mango orchards in
Southern Shan State. Concerning application of
pesticides, insecticides and fungicides, substantial
training needs in relation to a systematic and
coordinated application of these treatments have
identified. the

agrochemicals in Myanmar is rather limited and

been Moreover, choice  of

product labels about substances and optimal
application are often not available in Burmese.
However, in line with the hygiene requirements
concerning mechanical methods, a coordinated and
documented application of agrochemicals are
central building blocks of a GAP certification and
inappropriate usage of agrochemicals can even lead
to a ban of products by importing countries.

Therefore, considerable attention must be paid to
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farmer trainings concerning a systematic and
integrated pest and disease management.

Harvest and post-harvest handling are at an
early stage of development in Southern Shan State.
Virtually no appropriate post-harvest handling
facilities and skilled staff for post-harvest processing
are available. Analyzing the current situation,
cooperation among farmers and between farmers
and other actors are not common practice. Thus, one
strategy for development cooperation, is to start
working together with pioneer grower groups at an
early stage (Plewa, 2016). Installing field-packing
houses seems to be an appropriate and cost-
effective stepping-stone before full packinghouse
sequences are installed. Moreover, field-packing
houses can be financed by farmer groups and
guarantee ownership by the grower group besides
fruit quality aspects.

The persisting value chain is highly
fragmented and several different types of marketing
primary
collectors, brokers, township wholesalers, retailers

agents exist including contract buyers,

and exporters (Myat, 2012). For the export to China -
which makes the highest share of the exports -
mangos are wrapped with a sheet of white paper,
packed in boxes and transported by trucks. As Ksoll
et al. (2013) emphasize, mango exports are usually
conducted on a free carrier basis. Consequently, the
exporter has to deliver the freight to the truck or
warehouse of the buyer. The fresh fruits are collected
by small traders and either first transported to
Mandalay for consolidation with other growers
produce or directly brought to the trading center at
the Chinese border. It is noteworthy to mention that
the consolidation of the perishable fruits can take up
to one full day and the fruits are often stored outside,
where they may be exposed to high temperature or

humidity. Only after that process, Chinese brokers
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buy the produce. The sales agreements are done
informally and on a delivery-to-delivery basis. The
weaknesses of this current supply chain comprise
low farm gate prices for the produce, little protection
of the mango during the transport on bad roads and
high risks for the Myanmar exporter that result from
no insurance coverage, insecure payment, no
mechanism to enforce contracts, to name a few.
Thus, the more the mango production evolves, the
more important is the cooperation on a national level
and the support of the government in terms of
providing adequate infra-structure for education,
transport and residue analysis (Chomchalow and Na
Songkhla, 2008).

Conclusion

While farmers in Southern Shan State apply
advanced orchard management techniques in
various cases, providing knowledge and training on
how to improve the quality and quantity of
marketable mango including the use of certified
nurseries, irrigation, fertigation, integrative pest and
disease management as well as strict compliance
with food safety and traceability, represent a key for
mango export. Similarly, the establishment of
hygienic collecting spaces and packing houses are
crucial to participate in international supply chains.
As Myanmar mango growers associations are
relatively small, collaborative initiatives and horizontal
cooperation with actors along the supply chain are
needed. Mango clusters and mango grower
associations bear a great potential. While
strengthening the farmers’ bargaining power along
with access to information and technology, they
make the traditional function of (rural) brokers
redundant. Alongside these changes in the value

chain, business opportunities including the supply of

improved inputs like quality seedlings and
agrochemicals in combination with increasing
demand for transfer of knowledge and training for an
improved cultivation of mango are likely to emerge.
As the value chain develops, there is a growing
demand for new technologies, post-harvest
management facilities and cool chain systems. There
are substantial potentials to develop the mango
sector in Myanmar, in particular within the policy
transition period to provide services and a framework

for private sector development.
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Abstract: The objective of this study was to investigate changes in patterns of prolactin (PRL) and estradiol (E,)
in the native hen (Pradoohangdam breed) expressed prolonged incubation behavior. They were raised in floor
pen under natural day light. Eighteen females and 2 males were divided into 2 groups (9 hens: 1 rooster). Group
1: the hens were allowed to laying eggs and incubated their eggs naturally. The eggs were removed on day 15
of incubation and replaced with the new 10 eggs. The incubation cycle were repeated until the hen abandoned
their nest (ES). Group 2: the hens were allowed to laying eggs and incubated their eggs naturally. The new 10
eggs were introduced into nest after completed the normal clutch while the chicks were removed. The
incubation cycle were repeated until the hen abandoned their nest (CS). Plasma PRL and E, levels were
determined by enzyme-linked immunosorbent assay. The results of this study show that CS hens expressed
prolonged incubation (65.8 + 6.50 days) more than ES hens (51.6 + 4.39 days) but no significant differences
were observed (P>0.05). Plasma PRL levels of ES hens increased during incubation period (364.38 + 45.26
ng/ml), slightly decreased during prolonged incubation is occurred, and lower as non-laying hen (23.50 + 8.7
ng/ml) following by abandoned the nest (P<0.05). Plasma E, were high during laying period, declined during
incubation period and did not differ during prolonged incubation is occurred (P<0.05). In CS hens, plasma PRL
levels increased during incubation period and sharply decreased on day 21 of incubation or day of hatch and
increased when the chicks were removed and replaced with new eggs. Plasma PRL levels tended to decrease
depending on the increase of incubation cycle (P>0.05) but no significant differences were observed in plasma

E, levels of each incubation cycle (P>0.05).

Keywords: Native chicken, incubation behavior, prolactin, estradiol

123
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



AN5A5NBAT 34(1): 123 - 133 (2561)
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nainlal ihldgaiRneenuazumiidngldgalvsidnuan 10 ves delilnvinlseluaundnliasgaiinlduas ok
(ES) nquit 2 Useeliliandlduazinliniusssusd aunszignliineanannls usngnlieenuazinligelusl
191 10 v dinlulunufignin Wiuallivinldsiely aunszisgnligeluaifineansn wdaigniiesnuasunuiigos
Taigmluiad aundudiiazidniinlduas ezl (CS) Mmszvisvavaailnu PRL uaz E, lunwanaun laaliis
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nei CS 52l PRL ingeiluszezinliuazanacetnemaialuiud 21 aasnaiinla vitedufigniiineen uas
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m@qiﬁﬁmﬁmg\iﬁammwﬁﬁuﬁ@ Alsfunazreaan 2547; 230IMA LAZADLY, 2547; BUNT WATARLL, 2549)
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plaliiad (ES)  MldldFuntsnszfuaingnln Tnadl
srgzinanlunnainle 65.8 + 6.50 11 uaz 51.6 + 4.39
§U ANAAL WA I uAnANTWNegD A (P>0.05)

szauaaiiuu PRL
sepugailuu PRL lunszuaidanaesln
doa o d dy s A e
Audasnguingnunuindoslanaslusiivalaliignla
Wneean (ES) Hsesunnlugaenindslueanla (25.94 +
3.00 ng/ml) Bugeiulugaenlinndsasnle (10058 +
70.31 ng/mi) uazgangalugosiininasinla (fui 15
28913 14; 364.38 + 45.26 ng/ml) iaununsagla
o ey o o e
g ludinaliudlninldetedaillasnudnsydy
#a3luu PRL f3pegasiaiiiosllanunaiun 33 aaenis
Wn (251.81 + 41.51 ng/ml) nasanniiuudlnusazsa
azBuldsrazinanTunsinlanuansnaiu wsilutog
warnaunudliazngainlduasiefalinudnsedy

0510w PRL aAaqauilsssusn (23.50 + 8.7 ng/ml)
winrutaai iAge sl le (P<0.05: mnsned 1) dauld
fudleanguitgnuangnlieenuazunuidaglines
v (CS) wudngzavgasiuu PRL Lﬁuqﬁyulmzmﬁﬂ
19 unzanadaEinasa B AU 21 esnsinld vide
fufignliinesn uazifisduetsandaiiouangnln
aanlduazunuiifoalivesival wasilsuuylsl
uansnsfuluuAazssauresnsinlsfide ety
(P>0.05) anduiud 3 90snnsinlaluaasesi 3 wudn
svfUTasans i PRL f19fUANNGN (39.72 + 25.72
ng/ml) 'N?@‘Ll‘ﬁl 2 (18588 + 90.67 ng/ml) ka1
(211.79 + 5.93 ng/ml) MUY (P<0.05; AN397 2)
wenaNTilinesaLi 3 sedugeluy PRL maastad
msvinle 21 4 SeuunBiusndnnesed 2 uas 1
andinel

Table 1. Plasma PRL and E, levels of the native chicken expressed prolonged incubation behavior while

replaced with new eggs at day 15 of incubation (ES)

Reproductive stage

Plasma PRL level (ng/ml)

Plasma E, level (pg/ml)

Non-egg laying

Egg laying

Day 3 of incubation
Day 6 of incubation
Day 9 of incubation
Day 12 of incubation
Day 15 of incubation
Day 18 of incubation
Day 21 of incubation
Day 24 of incubation
Day 27 of incubation
Day 30 of incubation
Day 33 of incubation

6 days before abandon
3 days before abandon

1 day before abandon

25.94 + 3.00°
100.58 + 70.31%
224.31 + 61.89%
235.04 + 4017
294.37 + 51.15°
338.97 + 72.09°
364.38 + 45.26°
349.91 + 79.69°
332.95 + 91.45°
256.97 + 107.7™
230.36 + 46.52
297.38 + 48.31°
251.81+41.51™
100.43 + 33.34%

26.13 + 13.59°

23.50 + 8.7°

709.52 + 105.32"
975.08 + 229.94°
580.61 + 76.70™
646.10 + 70.43%
524.47 + 78.08™
512.46 + 53.70%
328.85 + 77.53°
423.08 + 72.53%
528.24 + 85.45%
558.62 + 60.18%
464.49 + 69.65"
404.41 + 106.66™
489.71 + 48.58%°
418.80 + 125.86™
314.39 + 31.12°
47815 + 129.66™

P-value 0.000

0.007

““ Means + SEM with different superscripted letters within the same column indicate significant difference (P<0.05)
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E, azibuanawuazilsziunsinaanaunsziousdli
mmﬁﬂwumﬁiﬁ\ﬂﬂ (P<0.05: AN34T 1) dansedv
gailuu E, 104lingu CS wudnluusiazaasauzeenig
il udleedisziuaesgeiun £, lunsvuaien
iuAnFNaiL (P>0.05: AN31ai 3)

szALEaia E,

svsugeslu E, lunstuadenveslifuiles
ngu ES wudnilsziugelugaeiliedidenanld (70952
+ 10532 pgiml) wazgegeludasiinfndeean'ld
(975.08 + 229.94 pg/ml) deliGuinlasysuaniiug

Table 2. Plasma PRL levels of the native chicken expressed prolonged incubation behavior while

replaced with new eggs at day of hatched (CS)

Day of Plasma PRL level (ng/ml) P-value
incubation Cycle 1 Cycle 2 Cycle 3
3 211.79 + 5.93° 185.88 + 90.67" 39.72 + 25.72° 0.035
6 185.77 + 63.38 220.18 £ 66.18 122.98 + 80.79 0.818
9 147.95 + 45.53 172.08 £ 62.23 132.94 + 14.29 0.885
12 205.64 + 35.20 199.70 + 62.28 121.17 £ 62.97 0.081
15 171.47 + 24,57 179.36 + 66.15 109.34 £ 47.78 0.414
18 68.38 + 29.38 196.12 £ 93.30 128.70 + 39.80 0.715
21 62.56 + 52.57 159.87 + 55.71 149.43 + 76.07 0.211
P-value 0.152 0.997 0.904

“ Means + SEM with different superscripted letters within the same row indicate significant difference (P<0.05)

Table 3. Plasma E, levels of the native chicken expressed prolonged incubation behavior while replace

with new eggs at day of hatched (CS)

Day of Plasma E, level (pg/ml) P-value
incubation Cycle 1 Cycle 2 Cycle 3
3 1310.88 + 365.39 838.65 + 207.20 813.79 £ 247.74 0.203
6 874.11 + 241.56 886.87 + 204.22 682.45 + 175.96 0.829
9 925.73 £ 173.33 622.20 = 96.66 853.78 £ 218.14 0.371
12 674.26 £ 114.89 798.86 £ 324.13 756.33 £ 272.99 0.571
15 897.01 £+ 192.16 548.87 + 60.44 604.05 + 176.69 0.158
18 463.62 + 131.96 670.89 £ 173.78 394.04 + 82.80 0.534
21 954.20 + 114.83 830.18 £ 160.80 762.09 £ 117.25 0.291
P-value 0.285 0.887 0.802
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RININELINULDY Rozenboim et al. (1993)
wuUINEesluw PRL  Hununnlunisdudanisuam
g7 luU gonadotropin  releasing hormone (GnRH)
ananeadaulallsnansda nliinsudsaasiuu
luteinizing hormone (LH) annsianlfianasanas dms
a X2 1 QI a 1
Unawgaeanld uazBuuansnganssunisinly (El
Halawani et al., 1988; Sharp et al., 1988) NNFLANTL

6 ==& o Yo | [ o 3
w9895 PRL AN W5 laivig ann s wazeea
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and Schwabl, 1999) tiasann aailuu £, Adqulunig
gsnaltsiulamalaaiiu (vitellogenin) wazlalllusfiu
ANAMNUUWUUANNAN (very-low density lipoprotein)
dl o/ d’ @ o :/’ % v 1
Ay Fauiluserdsyneudafiulunisa’ialaung
1999; Wallace, 1985)
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yananildanseanuangefiuudnases s uldaea

(Christians and  Williams,

&oritlniludryeyroundesinuannuluggnineliigni
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NnuLlszaunisaiuagud (Amold, 2002; Groothuis and
Schwabl, 2008)
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Kosonsiriluk et al., 2008) N3N TLIe9a85 N PRL
. do qs v 4.
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Tinanganssunisinla (El Halawani et al., 1988) i
AedinNAUsTAULeeaes ity LH aeaud inasBuiindy
Wagnliwnesnannla (Kuwayama et al, 1992) visa
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Abstract: The objective of this study was to determine the effects of vegetable fat sources on growth
performance, blood cholesterol and hematology in broilers. A total of 90 d-old male broiler chicks (Cobb 500),
were divided into 3 treatment groups. The experimental design was completely randomized design (CRD). Each
treatment consisted of three replicates of ten each. The treatments were supplemented with palm oil (T1),
soybean il (T2) and krabok oil (T3) in broiler diet during 42 days. Results indicated that supplementation of
different types of vegetable fat significantly differences (P<0.05) affect body weight, body weight gain, FCR and
productive index (Pl) of broilers. The highest live weight, Pl and least FCR were found in krabok oil
supplemented group. Carcass percentage was tended (P=0.056) improved highest in krabok oil treatment.
Blood cholesterol and triglyceride levels were not significantly (P>0.05) among treatments. Heterophill,
lymphocyte and ration of heterophil and lymphocyte were significantly decreased (P<0.05) by soybean oil. It
was concluded that krabok oil supplement significantly increased growth performance in broilers as compared

to palm and soybean oil supplements.

Keywords: Fat, krabok oil, broiler, growth performance, cholesterol, hematology
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Lmuvlmmumnwm 3 mum 13U isfalda (T1) st
Q'JL‘M@@Q (T2) meumuﬂiz‘un (T3) él,ummivl,mu@ 3
svee Ui svaivEudu (starter) Tneng 1-14 duseez
wuls (grower) lneng 1535 du uazszazgaiing
(finisher) Tnang) 36-42 414 Tae Tuusazsrazamsazil
seauldsiu 22, 20 uaz 18 Wesidud muanaL wa
wagautlszanny 3,200 Alaunaed/Alaniy Iae
AIUNANTDIGATRINNT Faugnelumnsnad 1 Snguln
iledinguenmamaaeic 3 ngu 7 az 391 1l
avNsRtN AN (ad  libitum) wazitinazenalifin

LN Lﬁ ENWBANRALIAN

MsANIUNTNARES
e N1 A gvao o oa oy P
Jn e iU minBusulngiAseiunan
NqpiinnguNINeAed e luABNIUA 1x2 LGS N
a A v @ o &
paurse Anisldunauiludanseeiiu wuntlszann 2
< A al” A a 3 ' d’l
uAes e ulsieuszundla vinnnsnnliidelae
Uinaanlnauin 100 308 inaliiaauauguiilu
sreviantsinns 14 51 Wdatulionndida (ND)
uazviaanaNSNLAL (1B) Walnang 14 41 vinnnstiuin
Buruemsing wazuinindalniynscazaes
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Table 1. Composition of basal diet

Starter (1 to 14 d)

Grower (15 to 35 d) Finisher (36 to 42 d)

Ingredient
T1 T2 T3 T T2 T3 N T2 T3
Corn 47.00 47.00 47.00 50.50  50.50  50.50 55.60 55.00 54.00
Soybean meal (44%) 28.00 28.00 28.00 22.00 22.00 22.00 20.00 20.00 20.00
Full fat soybean (36%) 7.90 7.90 7.90 10.00 10.00 10.00 10.00 10.00 10.00
Fishmeal (55%) 3.00 3.00 3.00 2.00 2.00 2.00 1.00 1.00 1.00
Rice bran (crude) 5.00 5.30 5.30 5.80 5.80 5.40 2.70 3.40 3.40
Monocalcium phosphate 2.90 2.90 2.90 2.90 2.90 2.90 2.90 2.90 2.90
Limestone 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40
DL-Methionine 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
L-Lysine 0.16 0.16 0.16 0.15 0.15 0.15 0.15 0.15 0.15
Palm oil 3.50 - - 4.60 - - 5.00 - -
Soybean oil - 3.60 - - 4.60 - - 5.00 -
Krabok oil - - 3.90 — — 5.00 - - 6.00
Salt 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Choline chloride 0.10 0.10 0.10 0.15 0.15 0.15 0.10 0.10 0.10
Premix * 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Calculated analysis
ME (Kcal/kg) 2,980 2,988 2,977 3,083 3,083 3,083 3,176 3,176 3,176
Protein (%) 21.49 21.36 21.34 19.39 19.40 19.36 18.27 18.27 18.13
*Commercial premix
naulAsugree g uaziiufinniamevedinluusas Productive (BWG x Survival)
TUPADATEELIIANARD index - Age x FCR x 100

Anudayanazmsiiufasg

1. fusegnsevn il lunmaansluus
azsrazin WAmaziAndnguits (dry matter) Tulsdu
WeNU (crude protein, CP) lusii (ether extract, EE)
En (ash) iBinlemeny (crude fiver, CF) uAaide
(calcium, Ca) waznagnaia (phosphorus, P) M1
ATNseaiEnannad (2523)

2. tufinvinuindaGudu (initial ~ weight)
U071 LAz unITAS LavAvn
aningl (body weight, BW) luwsiavszezandnig
LﬂgﬂuQMi@ﬁﬂ’]ﬁ‘Lﬁ’ﬂﬁﬂﬂﬁ’]u'ﬂmﬂi‘xﬁﬂ%ﬂw\mﬁi‘
Lﬂ?llﬁlumﬁﬂﬂ‘ﬂu{ﬁﬂﬁﬂﬁq (feed conversion ratio,
FCR) LAY AIUIMAIHUILANTAINANIHAR
(productive index, PI) Ingmﬁﬁiumiﬁmqm A9
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3. tunnnstlhauaznimng naeaszesnng
NARDN 42 1

4. elrifeany 35 fu quifiumednaden
1n Tneanziaenlianniduwasnniidnmléiln (wing
vein) 1hunns 0.5 faaans laluvaanifusaatinandl
@19 heparin fidastlasiunisufaiameaiden ile
i liAezdanlafisine Wun Arpsdindiues
HIALRAALANS AL (hematocrit, Hot) ANIALADALAS
(red blood cell, RBC) ANTIALABAUNY (white blood
cell, WBC) winlaan1narnatanmalsia (heterophil,
H) wazantlas (ymphocyte, L) Wiesinllmdngonu
H sal(HL rato) wazfdesaaeniliunns 1.5
fi0dans e luvaonuliofiavenauazuiic fandls 4-6
il ‘ﬁ@qmmﬁﬁm (25-30 C) deiadenudei
uE0 ueniendaudsuldlunaenlulasinuss g
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(microcentrifuge tube) 1A 1.5 NAAAMT ety
AATAIADLAZLABIBA (cholesterol) kaylnana e
a6 (triglyceride) Tneds enzymatic colorimetric test
(CHOD-PAP method)

leliangy 42 Fu innisemenmnslidly
sxsiznanatinatian 6 Falu qulnluusiazpen (2 v/
ABN) wnainduvaziienilesiSudan [carcass
percentage = {(carcass weight / live weight)x100}]
uazilefifusiadenssing 7

MSIATIENTRYAN AT

ﬁﬁfmqﬂmﬁiﬁmmiwm@mﬁ”\mmuﬁm‘m:ﬁ
ANNLLUIUIIUNNEDR (analysis of variance) AW
WHLNNINARBILLLNANY DT (CRD) wazifFauiiay
m’mLumﬁi’mwrmmmﬁﬂiul,wi@xﬂ@iumawmm
a8 Duncan’s new multiple range test lngld
Tusunanmaania SAS (SAS, 2002)

NANISYIARDILAZIANTIL

29ALSZTNAUNIBANUDIBIWISNARDY
HANNIRLATITTRNALsE N UNILAR 189 A9
2190 1 lun1amaaas wudn wWefifuidingudis
Tusiuveny lastu Win wazidielaneny souvisudsnn
a o a A Ayya
unaLT N uazssaanasa (nn3197 2) AAnliaAn
TNAALNAUNIIATUIUANANNNABINF ISR ULAY
wasuaasinilagnesiuspalil 500

Table 2. Chemical analysis of experimental diet

narasunaslatiluamsliilasesussanin
maasaauls

(T1) YinsTuda
Waeg (T2) Laztingfunszun (T3) Tuensliidiou
annly 3 soey (periodis) ) 1iun ludasang 1-14, 15-35
uaz 36-42 f;u (mm\ﬁn 3) wudn Tutageng 15-35 41

NATBINITLAT NI N WU AN

dminga dmindaiifini was FCR mm"l,mu@u
mmumnwnﬂqummm (P<0.05) T Lu@n@mmmm
umum“muumuﬂm Lmvuwuﬂmmwmumﬂ
vmm ifaqmm”l,mmiﬂ Lu@n@ummuuwuﬂmu uay
dnafudawaes mummu ”Lmu@naumzﬁmmmu
mvuﬂum FCR mnmm ifmmmimLLﬂiﬂLu@ﬂ@ummu
futhdy wastinsudamides susasu Tutasang
36-42 Sy iviindR AT AN umnAnsTulunnad A
(P<0.05) 1ﬂ'Lfffaﬂdum’?uﬁ”’]ﬂum”mﬁﬁmﬁﬂﬁqmn
mm 709a311A8 TAdl Lu@ﬂﬂummumuummam uaz
i du paudn sy Mm@mmimu@mmm
srEziaan 1-42  Fu Wudn dning, tavingai
i wasFTtilsyAvE nnnnIHARTiAALANFN
Aulunnaada (P<0.05) In Lﬁl‘ﬂﬂdNL@?Nﬁ/ﬁﬂuﬂi‘yUﬂﬁ
mmﬂmqmmm u,mum FCR mmm ammmma 0
Lu@ﬂ@ummuumummmm ezl dy
PSR ANEANNTAaesluART GaAAREITLNL
NARRNURAN Das et al. (2014) mmwudwﬁmmﬁyﬁﬁu
ifluasiotsunnewnafinulugaausnveddiiiie uwias
Tlalutnsdilnii 3, 4 uay 5 visinen el
fianuuanansiulugasdilanii 13 snudiand

Starter (1 to 14 d)

Grower (15 to 35 d) Finisher (36 to 42 d)

Items
T T2 T3 T1 T2 T3 T1 T2 T3
Chemical analysis (%)
Dry matter 89.95 90.33 89.43 88.57 89.80 89.17 90.23 90.00 88.00
Protein 21.47 21.63 21.67 19.16 19.30 19.50 18.57 18.32 18.37
Ether extract 8.50 8.13 8.03 9.37 9.23 8.97 9.37 9.30 9.13
Ash (%) 9.63 9.60 9.37 9.47 9.10 9.13 8.27 8.47 8.43
Crude fiber (%) 5.01 4.97 4.70 4.50 4.53 4.43 3.90 3.77 3.60
Calcium (%) 1.30 1.22 1.20 1.16 1.13 1.30 1.09 1.01 1.15
Phosphorus (%) 1.30 1.33 1.20 0.97 1.00 1.05 1.03 0.96 0.95
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Table 3. Effects of different sources of fat on growth performance of male broiler chickens

Fat sources

ftems T1 (Palm) T2 (Soybean) T3 (Krabok) SEM P-value

Initial weight (g/bird) 45.59 45.37 45.22 0.143 0.256
Starter period (1-14 d)

Body weight (g/bird) 410 413 430 6.085 0.119

Body weight gain (g/bird) 364 368 385 6.122 0.111

Feed intake (g/bird) 530 510 537 9.623 0.206

FCR 1.454 1.388 1.395 0.035 0.396

Survival (%) 100 100 100

Productive index * 178 190 197 7.054 0.262
Grower period (15-35 d)

Body weight (g/bird) 2,327° 2,307" 2,516 48.355 0.041

Body weight gain (g/bird) 1,917 1,893" 2,086 43.936 0.041

Feed intake (g/bird) 2,787 2,800 2,897

FCR 1.454° 1.479° 1.389" 0.012 0.005

Survival (%) 100 100 100

Productive index* 627° 609° 715° 16.867 0.001
Finisher period (36-42 d)

Body weight (g/bird) 3,040° 3,087° 3,293° 42.515 0.012

Body weight gain (g/bird) 713 780 778 36.984 0.408

Feed intake (g/bird) 2,150 2,267 2,233

FCR 3.014 2.911 2.889 0.098 0.653

Survival (%) 100 100 100

Productive index* 131 149 151 11.541 0.471
Overall (1-42 d)

Body weight (g/bird) 3,040° 3,087° 3,293° 42515 0.012

Body weight gain (g/bird) 2,994° 3,041° 3,248° 42.524 0.012

Feed intake (g/bird) 5,467 5577 5,667 77.102 0.262

FCR 1.825° 1.834° 1.744° 0.017 0.018

Survival (%) 100 100 100

Productive index* 390° 395° 443° 7.582 0.004

““ Means with different superscripts within the same row differ significantly (P<0.05)
*Productive index = (BWG x Survival)/(Age x FCR) x 100
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7 4 e IR F e e uBeinfulan 3%
fAnfindunniian nidleflisunnauintuda
wiasLavting duTiiindalluansaunaen
szeiznanmmeaes nileflE sunnad iy
fiAn FCR Anapustiuansnafiilumead Ay
e aenalsfina Wongsuthavas et al. (2007)
LAYARTLS Lazaney (2552) Wieuiaunnsgsaladn
(0.13%) “Liy’]ﬂuf%qmﬁm (2.72%) LL@wﬁ”’]ﬁuﬂivUﬂ
(3%) ‘Lumm‘mmﬂnLufamﬂwuﬁmﬂum 1aLAasd
(Arbor  Acres) wuan aiinaeslaiulifinaseiFuno
mma‘ﬁ'ﬁu ﬁwmﬁﬂﬁqﬁl,ﬁﬁwu waz FCR  (P>0.05)
u'aﬂmﬂu Ayed et al. (2015) IAnBaudeuniaidiy
Ssudaimaes insfudy sy 3% Lazqns
amaauAuliiaurinulugasenmsiiiile
(Gallus gallus) WAL e ‘Wﬂ_lfj’l ﬁwuﬁﬂﬁqﬁﬁﬁyummiﬁ
Luﬂﬂ@ummmmmmm s9aNAe sty
LLa”mmummam Zulkifi et al. (2007) FiaBaningiu
Uy shafudamdes lussdu 8% LATEATAINIT
mumﬁhﬂm’?mﬁ’]ﬂu 1u'mmi”|,ril,ﬁyfmwm’i (Cobb
500) WU 1ﬂ Lu@mimummﬂmumﬂmuuﬂmuu
uwuﬂmmmumnwm A1 FCR mmm WANFIGATN
naNALIAN wstlad LANFNgANNTinsTUA AR Velasco
et al. (2010) WBeLReutinduasin g e
yunsiulusedu 90 nfuAlansy luamnsliiile
WUqN ”Laiﬁmmimfwﬁﬂﬁqﬁﬁﬁyu u,rfiﬁm@ﬁﬂﬁﬁ’]
FCR WANFN9TI (P<0.05) Iﬁ%ﬂﬂ Lu@mumm?mm
Pnshufam Ay U A FCR Andnanmanaaningu
du

angaeegninduanunistasuazg agin oy
santansliinasann nagnlissazusnifialneians
ludnsfusnaasninasyiduiniaonuanunsalunng
ﬂ"aml,m@m%u"lmﬁuﬁﬁ (Carew et al., 1972) usiatingls
ﬁmmmmmmm‘lumiﬂ'@ﬂLmz@m%mmﬁumﬁ”u
slegnlnfenguiniu eswnszuunstenenms
mﬂ‘luéwmﬂﬂ'ﬁmmmmyﬁtﬁlﬁu‘ﬁ (Krogdahl,
1985) mwmim’ﬁmmﬁuﬁuéﬁumﬂ%wﬁmum%
a1n s Tancharoenrat et al. (2013) mtmm’lm
wm\muw‘lﬁmaﬂmﬂm (AME) wazAndulszang
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nselaelfuaqlady (otal fat  digestibility
coefficient) aagninludilaviusndAagauazgnln
anunsalddselaaiannlasdulfludlnvin 2 uas

tract

WLiAn AME iR A uansinemaeandalanefi 2
Huginll uazidegnlieny 3 dlaniulnsdenaes
losTuihldesineguysalifuiasbidasuuansaile
Iriflengfisdu armanavedtinsnlasiuf paadndty
slanistiaauaznadnlusdiu Ing MCFAs Aadaiuau
AIFUAU 6-12 avpaN gneeauazandulinndingg
1muumumﬂﬂﬂﬂiuauﬂﬂ9 (long- Chaln fatty acids,
LCFASs) i1 muummmm LAZEA UL EN (Del
Alamo et al., 2007) Lummﬂﬂixmumi esterification
989 MCFs fisinnan dalunjazgadalanmsalnelsl
dnuniselasTpaeulodlanla uazeudindunenan
dingsiuletnemnds luanidl LOFAs azdidesinu
vt Wbt unaeufing dngaduazang
uanannil MCFAs gagneand ladat1939m139
iesanmsadeuiinariuiieyzedlalnseeusie
Tnansdusinulugesumisiifaniseendiaiinlé
Tneimsa Tl Feaiinisduiy camitine Asanunsnifia
Anenmaesnseenduedu MCFAs lundnaiile laiifin
msgzalatiulusienie avinlifinnesoydvlad
Andnguillasy LorAs lutlaqiuunaseamsdsy
vdunsrunluevnslifledaideudinednin wiann
mmﬁ‘mmmlum%@ﬁ”mim’%uﬁywﬁumuunmmﬁﬁ'fam
m@mmumm@imLmuimmiﬂ WaienRenidiey
fuhafiuhdu uasisiudamde

arasuvasluiuluawnsliidasagumwan

LaTeInN RNt f (T1)11”’13:I/uﬁl/'3
Waes (T2) waztingunszun (13) Twewmsln el
ADANNEN (A13197 4) W ”Lmﬁyfaﬂ@juﬁm?miyﬁﬁu
nFYUNN LLmIﬁmﬂm‘L%uﬁmnﬁﬁm (P=0.056)
789891 1A Lmﬂ@mmwmumm@m memuﬂmu
AVANSL AN MCFAS Nﬂ’]?ﬂ@‘&lLL@”ﬂWﬁNVlL?’J
n41 LCFAs  aannlilnsamnisazanaeslasiuly
adipose tissue (Han et al., 2003; St-Ong et al., 2003)
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Table 4. Effects of different sources of fat on carcass quality of male broiler chickens

Fat sources

ftems T1 (Palm) T2 (Soybean) T3 (Krabok) SEM P-value
Carcass percentage (%) 84.84° 84.93" 85.74° 0.229 0.056
Breast (%) 24.29 23.38 24.33 1.065 0.783
Drum (%) 12.37 12.28 12.04 0.525 0.902
Thigh (%) 10.08 10.09 9.90 0.217 0.788
Wing (%) 7.27 7.25 7.22 0.228 0.986
Edible meat (%) 54.00 53.01 53.48 1.228 0.853
Feet (%) 3.28 3.26 3.26 0.071 0.959
Liver (%) 1.86 1.94 1.75 0.143 0.676
Heart (%) 0.53 0.51 0.50 0.030 0.825
Gizzard (%) 1.43 1.35 1.41 0.077 0.754
Spleen (%) 0.18 0.14 0.09 0.026 0.155
Abdominal fat (%) 1.74 1.69 1.70 0.076 0.873
Intestine (cm) 14217 143.50 148.67 7.923 0.834

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

*Edible meat = (Breast meat + drumstick + thigh + wing)

(2007)
Lﬂdﬂ‘ﬁumwmﬂmuimq (0.13%) tisTudaimdes
(2.72%) uazrinaTunszun (3%) 1uqmmmivl,mumw

ALNUNAAAIIRY Wongsuthavas el al

Wugenfiued ineda wudn Inilengailidsuninau
nszunfAnefidudiesn uazasinnanniigausilal
uansneiuluneada (P>0.05) Iriifanguiilézy
dsudawdesdilefiudiu waranliqeian uaz
fdludediasiioniian fipmuansneiluneadn
(P<0.05) waNA"NT Zukifi et al (2007) @ity
Unda sudamdes lusdy 8% UATgRI0INIg
AL st Wwevnsli e (Cobb 500)
WL ”Lmu'afmﬂ 28 1 lAFLE s NBaeisTu
mamLL@”muum@uuhuﬂwﬁmmﬂuLuﬂﬂm\mu
WAUANANIANNENATLIANT el wenannil
Khatibjoo et al. (2017) 918811IN7LETH MCFAS LAy
scras laiflnasienmuninan wesidudiifeen uas
a9 uree9lsfinnu Chiang et al. (1990) wWudn
MCFAs snsnsoamilefifudlastulutesiewediile
1% flesangadading l&dn Ui susazgnlfidu
wasulusulfatiemns Tnalddufluneniuly

142

PADALADA mﬂﬂ’]ﬂﬂﬂumﬂ’]mmw%uu @mﬁmm
WA (calorie intake) wmmmmwmﬂ LAzl
A"9 oxidation  w@9nsnla Wluualiannisazas

Tagiuslugnanne

uavaILuaalasiuluanmsaani lainane
NaN1IRIAnATZIAN lainI N 1eeaen in
e (13197 5) 1Bur Arpnudisdiuseadinidenung
gauu Andlulnadu Adindenuns ANEAREAT19
dndenaainanmelsila uazaninlod el
MEREIL HIL ratio APeaaweses warlnsnavielss
wudn Wadenrnaiaenmalsia, aulnled way
Andqau H/L ratio HAwANAN9AUWlUN19aDH (P<0.05)
Tifenguitlifumaduinudamaesdddnden
271971UA H uazdngau HiL ratio rﬁlﬁﬁ@‘m 7098917 1Aun
Vi uastinsunssun sugaa Andngaw HIL
ratio vasliilelunsdnmasailegluinnsiinfaes
&nitln Ae atjsying 0.30-0.57 (Jain, 1993) Ansld
Fin HIL ratio e l¥Lananiazanueienvesliiiiels
(vﬁzﬁm WaTAnIY, 2559; Gross and Siegel, 1986)
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Table 5. Effects of different sources of fat on blood parameters

Fat sources

ftems T1 (Palm) T2 (Soybean) T3 (Krabok) SEM P-value
Hematocrit (%) 40.33 39.00 40.33 0.720 0.379
Hemoglobin (g/dl) 16.07 17.07 16.87 0.647 0.547
RBC (x10%/mm°) 2.55 2.48 2.49 0.095 0.839
WBC (x10°/mm®) 14.87 14.30 17.32 1.814 0.499
Heterophil (%) 25.33" 22.00° 27.67° 0.272 <.0001
Lymphocyte (%) 74.67° 78.00° 72.33° 0.272 0.499
H/L Ratio 0.34° 0.28° 0.38° 0.005 <.0001
Cholesterol (mg/dl) 105.67 106.33 106.00 0.861 0.864
Triglyceride (mg/dl) 1423.3 1526.7 1574.0 228.888 0.895

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

AN HL  ratio AT nasidni tniieazldiia
~ ' Vo < , & = a
ARMLATER douAtgeaulniilaaziinonuiAsan
o & | A oa < o o Ay A vye
WNTUAINAITIIANEGITW Asiunisiinidalifunis
a dgl % 1 o £ 1 dg/ a
giatwad i1 lndelna
WAz MCFAs #
ADIANLTR lunM3siafinuuuATIEY (antibacterial) wNIx
uU9n (Bergsson et al., 2001) waziaalala (E. coli)
(Skrivanova et al., 2009) AMNANANLF WN19am pH
o [~3 alal [~1
waznannauasdulnilaaluwueizoas luna
PN AU B Tmena lsAE D ULALAZA AR UIUAY

VAT NN N WA TS 3
ANNLATEIA NN1997E71191 SCFAS

1% sunpassmsdutintunszunluemnsiiledia
rasiarelaiisanan il fayaAeudinednin Hin et
al. (2007) Anwmavewuvadlufuaiingne q liun
st dn dhudamdes dnulan Lmvuwu
uzs9talnnuantTRTu MCFAS Lénummnuu’mu

nszun WisuifeuiuesrauAN bidsaninau L
amnsliileszaraaiing (219 2142 9W) u@ﬂmnu
Zulkifli et al. (2007) sinating iludamies
TuszAy 8% memmmsmmw"tmmumuu T
awnslrifemnad (Cobb 500) Wi il ileeny 28 i
wimiUfﬂwmmmqaumumm@mum HIL ratio 611
fiqauazuAnFnIaNNguATLAN usliLANFn9an
sistuhd nileeny 35 su flEsue i
Lhéadlen HIL ratio Anfigm uazupnsinsannirifengs
fadaintudamdes inideeny 41 5u AldFuemns
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Abstract: The objective of this study was to evaluate induction of multiple follicular growths and ovulation in Thai-
native goats treated with decreasing dose 2 or 3 days of follicle stimulating hormone (FSH) and human chorionic
gonadotrophin (hCG). Thai-native non pregnant goats (n = 20; 14 months of age) received two treatments: 2
days FSH (2D-FSH) and 3 days FSH (3D-FSH). Group of 2D-FSH was intramuscularly injected with twice daily
FSH for 2 days (18 mg), starting on day 18, 19 and with 300 IU hCG on day 20 of estrous cycle. Group of 3D-
FSH was injected with twice daily FSH for 3 days (24 mg), starting on day 17, 18, 19 and with hCG on day 20.
Goats underwent laparotomy at 24 h after injected hCG to count corpora hemorrhagica (CH) and at 72 h to
count corpora lutea (CL). Blood samples were taken to determine plasma progesterone (P4) concentrations on
day 17, 18, 20, 21 and 23. Ovulation rates at 24 h of 3D-FSH were as 66.66 % greater than 2D-FSH as 56.09%
(P<0.05). Numbers of follicles in class 1-3, 4-6 and >7 mm at 24 h were not statistically different between 2D-
FSH and 3D-FSH groups (P>0.05). However, the number of follicles in class >7 mm of 3D-FSH group was
greater than 2D-FSH group (4.10 £ 1.52 vs 2.80 + 1.47; P <0.05) but were not differ in class 1-3 and 4-6 mm at
72 h (P>0.05). Plasma P4 concentrations were high on day 17 and 18 then decreased on day 20, 21 and 23.
However, The plasma P4 were not statistically different between groups (P>0.05). These results indicate that
superovulation with decreasing dose FSH (3D-FSH) and 300 IU hCG can be an effective protocol in goats for
inducing multiple follicular development and owvulation in order to achieve successful development of

reproductive technologies in small ruminants.
Keywords: Induction, ovulation, FSH, hCG, Thai-native goat
Introduction as 3-4 months of age. Does can be used for

breeding when they reach 8-10 months of age or 20-

More than 80% of the goat population in 25 kg in body weight. The estrous cycle in general

Thailand are in the southern region. They are ranges from 18-22 days (Pralomkarn et al., 1996).
primarily raised for meat by small holders as a Although goat is potentially a highly prolific animal
secondary enterprise to crop production. Thai native which has relatively short gestation period compared
goats are similar to the Katjang breed of Malaysia to other livestock species, little producer is known
(Saithanoo and Milton, 1988). The major colors of about reproductive management due to lack of
goats were brown, (49-60%) followed by cream, information on the reproductive management i.e.,
black and the combination of brown, black and white method of mating, time of first mating, pre-partum
(Saithanoo and Milton, 1988). Estimates on the and post-partum management. In addition, lack of
average body weights of adult indigenous goats also knowledge in management application and
vary. Suthiwanich (1983) reported that female goats assortments of reproductive technology for Thai-
(1-3 years old) average 21-25 kg and males, 26-29 native goat is another major concern. These
kg. Goats in Thailand are not seasonal breeders and limitations therefore will mostly affect the efficiency
showing estrus with ovulation in all months of the and capacity of goat production.

year. Indigenous does first come into estrus as early
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Protocols for multiple ovulation are widely
used to improve number of offspring from selected
female goats (Baril and Saumande, 2000), as in
other ruminant species. However, similar to cows
the high

variability in the number of corpora lutea and

(Moonmanee et al., 2016) or sheep,

embryos obtained in response to superovulation,
between treatments and between individual animals
in the same treatment group, is @ major limiting factor
in goat embryo transfer programs. This variability,
due to both extrinsic factors-source, purity of
gonadotropins and protocol of administration and
intrinsic factors-breed, age and reproductive status
(Holtz, 2005). In goats, superovulatory treatment
typically consists of a combination of estrous cycle
control (usually involving application of progestagen
implants) with an elevated dose of a gonadotropin, to
induce the ovary to release more than the typical
number of oocytes. The use of equine chorionic
gonadotrophin (eCG) with or without a follow-up with
eCG antibodies, in many cases did not deliver the
anticipated response (Pintado et al., 1998). This
might be associated with the rapid degradation of
eCG in goats; its half-life being only 10-15 hour,
which is several times shorter than in cows. Follicle
stimulating hormone, usually of porcine origin
(pFSH), proved to be more efficacious than eCG
(Nowshari et al., 1992), provided it contains an
appropriate admixture of luteinizing hormone (LH).
Since the half-life of pFSH in goats is only 5 h
(Demoustier et al., 1988), FSH is administered twice
daily for 3-4 days, usually in decreasing dosage,
beginning between 1 and 3 days before the end of
the progestagen treatment. On average 8-16

ovulations are generated, although individual

variability is immense (Baril and Saumande, 2000).

Several attempts have been made to devise less
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labor-intensive treatment regimes without
compromising embryo yield. One such attempt was
to inject FSH at 24 instead of 12 h intervals while
doubling the dose. This resulted in an average
ovulation rate of 8.9 as compared to 10.8 in a control
This

treatment saves on labor and expense and has been

group submitted to conventional treatment.

adopted by a number of commercial embryo transfer
operations.

The objectives of the present study was to
evaluate that the induction of multiple follicular
growths and ovulation in Thai-native goats treated
with FSH and hCG (FSH decreasing dose, 2 or 3
days protocols) can be an effective protocol in goats
for Thai-native goat production and expecting that
these appropriate technologies and management
regimens could be used to enhance the efficiency of

goat production.

Materials and Methods

Animals and design

Experiment protocols were approved by the
animal ethics committee of Rajamangala University
of Technology Isan, Kalasin Campus. The study was
conducted during the rainy season at the
experimental farm of the University. The University
(Kalasin Campus) is located at 102 degrees east
longitude and 16 degrees north latitude with a
tropical climate. The experiment was carried out at
the experimental farm, the small ruminant unit,
Department of Animal Production Technology,
Faculty of Agro-Industrial Technology, Kalasin
Campus during June to October 2014. Twenty
nulliparous Thai-native does with the average age
and body weight of 10 months and 17 + 2.15 kg,

respectively. Animals were routinely assessed for
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estrous activity by exposing all does to a
vasectomized buck. The estrus was detected and
designed as day 0. Animals were then randomly
assigned to one of two treatments goats: FSH
treatment for two days (2D-FSH) (FSH-P; Folltropin-
v, Health, Canada), or FSH
treatment for three days (3D-FSH). Group of 2D-FSH

was intramuscularly injected with twice daily FSH for

Bioniche Animal

2 days (5, 4 units per injections; 18 mg), starting on
day 18, 19 and with 300 IU hCG (Chorulon®, Intervet,
UK) on the morning day 20 of estrous cycle. Group
of 3D-FSH was injected with twice daily FSH for 3
days (5, 4, 3 units per injections; 24 mg), starting on
day 17, 18, 19 and with hCG on day 20 of the
estrous cycle. Animals were fed with roughage,
clean water and mineral block were provided for
animals ad libitum. The concentrate (16% CP) was
fed 1% of body weight.

Data collection

Animals were subjected to a laparotomy to
determine the number of corpora hemorrhagica
(CH), and corpora lutea (CL). Ovulation rate was
then calculated for 24 and 72 h by expressing the
number of CH observed at each time point as a
percentage of the number of CL at the time of
laparotomy, with the assumption that the numbers of
CL represent the total number of follicle ovulated.
Does wich had 4 or more CL were considered as
responding to the FSH-treatment as previously
described (Stenbak et al., 2003). Follicular growth
was determined by number and size of follicle and
classified as 1-3, 4-6 and >7 mm, according to
Gonzalez-Bulnes et al. (2003). Blood samples were
(P4)
concentration on day 17 (group of 3D-FSH) or 18
(group of 2D-FSH), 20 (before inject hCG) 21

taken to determine plasma progesterone
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(laparotomy at 24 h) and day 23 (laparotomy at 72
h). Samples were collected in cooled test tubes
containing 100 pl EDTA kept on ice. Immediately
after collection, blood samples were centrifuged at
1500 x g for 15 min. The plasma was aspirated into
vials and then stored at -20 °C until assayed for P4.
In addition, other characteristics such as body
weight (BW),

condition scores were assessed by the herd manner

body condition score (BCS). Body

at laparotomy to determine the effect of BCS on
response variables. Score was assigned to each
goat using a quarter-point scale from 1 to 5, where 1

= emaciated and 5 = obese (Ferguson et al., 1994).

Hormone assays

Plasma P4 concentrations were determined
by competitive ELISA (Crane et al., 2006). Goat anti-
mouse IgG (H+L) was made in mouse by using a
P4-horse radish peroxidase conjugate. Intraassay
coefficients of variaton was 2.65%, and assay

sensitivity was 0.025 ng/ml.

Data analysis

The statistical model included treatment, the
ovulation rate (OR) at 24 h and BCS. The effect of OR
and BCS were converted to categorical variables by
grouping goats by ovulation rate at 24 h and BCS at
initial trial (SAS, 2000). Treatment interactions the
OR, and BCS were then reanalyzed using Chi-
square analysis (Cochran-Mantel-Haenszel statistic)
of SAS. Continuous data (CH, CL, Follicle and P4)
were analyzed using procedure GLM of SAS. Plasma
P4 concentrations were analyzed with a nested
analysis of variance with treatment, animal
(treatment), and day included in the model, and
differences between specific means were evaluated

by using the student t-tests (SAS, 2000).
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Results

Superovulatory response

Characteristics of BCS in goats no differ
between 2D-FSH and 3D-FSH groups in this study
(2.97 + 0.05 vs 2.83 + 0.08 respectively, P>0.05).
Ovarian follicular development of 2D-FSH were
evaluated from numbers of CH by laparotomy at 24 h
as 2.30 + 1.15 and numbers of CL at 72 h as 4.10
+ 1.66, ovulation rate by laparotomy at 24 h were as
56.09% (Table 1). In 3D-FSH group, number of CH,
CL at24 and 72 h were as 4.00 £ 1.15vs 6.00 + 1.41
respectively.  Moreover, ovulation rate was as
66.66% during at 24 h (Table 1).

Number of CH of goat receiving 2D-FSH
was less than goat receiving 3D-FSH (2.30 = 1.15 vs
4,00 = 1.15 respectively; P<0.05). However, the
number of CL in 3D-FSH greater than 2D-FSH group
at 72 h (6.00 + 1.41vs 4.10 + 1.66 respectively;
P<0.05) and ovulation rate of 3D-FSH group were

same too. In addition, numbers of CH, CL and

percentage of ovulation at 24 and 72 h after inducing
by FSH show in Table 1. Ovulation rate of all groups
at 72 h were as 100% because of found only CL on
ovaries, but there were not expressed of CH.

In this study, the goat of 2D-FSH group was
distinctly response on FSH less than 3D-FSH group,
such as number of CH at 24 h, number of CL at 72 h
and owvulation rate in 2D-FSH group. BCS were
assessed by the herd manner (BCS = 2.5-3.0) to
determine the effect of BCS on response ovulation

rate, no effect on present study.

Effect of FSH and hCG on follicular growth

Numbers of follicles in class 1-3, 4-6 and >7
mm at 24 h were not significantly different between
2D-FSH and 3D-FSH group. However, the numbers
of follicles in class 1-3, 4-6 mm at 72 h were not
significantly different between 2D-FSH and 3D-FSH
group but in class >7 mm of 3D-FSH were greater
than the 2D-FSH group (P<0.05); presented in Table
2.

Table 1. Numbers of CH, CL and percentage of ovulation at different times responding FSH and hCG

treatments
Items 2D-FSH 3D-FSH P-value
Number of CH at 24 h 2.30 + 1.15° 4.00 +1.15° 0.03
Number of CL at 72 h 410+ 1.66° 6.00 + 1.41° 0.04
Ovulation rate at 24 h (%) 56.09° 66.66" 0.02

ab

Means + SE differ within row, P<0.05

Percentages of ovulation differ within row, P<0.05

cd

Table 2. Numbers of 1-3, 4-6, and >7 mm follicles in FSH treated goats

Size of follicle 2D-FSH 3D-FSH P-value
1-3 mm 1.60 £ 0.96 2.00 +0.81 0.08
4-6 mm 2.30+£0.94 1.90 £ 0.99 0.08
>7 mm 2.80+1.47° 410+152° 0.03
Mean + S.E.M. 6.90 £ 1.19 8.00 + 2.16 0.07

° Percentages of ovulation differ within row, P<0.05
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Progesterone profile

In the present study, the plasma P4
concentrations of all groups were high on day 17, 18
(Mean £ SEEM., 3.24 + 0.30 and 3.49 + 0.12 ng/ml
respectively) then decreased on day 20, after that to
lowest on day 21, there were not differ between
groups (P>0.05). However, there were different
plasma P4 concentrations within groups before
injected FSH and after on day 20, 21 and 23
(P<0.05; Figure 1).

Discussion

Protocols for induction of multiple follicular
growth and superovulation currently used in the
animal industry are not fully optimized (Gordon,
1997). The goat semi-industry has been reluctant to
transfer and  other

commercialize  embryo

reproductive  technologies because of the
inconsistency of ovarian response to the
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superovulatory treatments (Cognie, 1999). It is known
that ovarian stimulation with gonadotropins has an
effect on oocyte maturation and competence. The
FSH is the gonadotropins most frequently used,
providing the best results in small ruminants. Both in
sheep and in goat, FSH treatment results in high
ovulation rate and better quality embryos per donor
than treatment with PMSG. Currently, FSH is
administered at 12 h intervals in decreased or
constant doses for 3-4 days starting two days before
sponge withdrawal or implant removal, and around
the time at which prostaglandin F,q is administered.
The dose of total FSH administered varies from 16 to
20 mg depending on type of FSH preparation and
genetic features of the sheep and goats donors (Barril
and Saumande, 2000). However, this research was
to optimize the FSH decreasing dose, 2 or 3 days
can be effective protocols for goats expecting that
these appropriate technologies could be used to

enhance the efficiency of goat production.

2D-FSH
b B 3D-FSH

d21 d 23

Figure 1. Means (+ SEM) plasma P4 concentrations (ng/ml) of goats on days prior injected 2D-FSH (d18)
3D-FSH (d17), hCG (d 20), laparotomy at 24 (d 21) and 72 h (d 23)

&b Proportion differ on days (P<0.05)
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FSH was shown to induce development of
multiple follicles on each ovary when injected into
goat or sheep for two or more days at regular
intervals during the normal breeding season and
non-breeding season (Gordon, 1997; Stenbak et al.,
2001). Previous studies have shown that exposure
of oocytes to various hormones in vivo causes
maturational changes that are necessary for proper
development to occur (Stenbak et al., 2001). Optimal
levels of exogenous gonadotropins should be used
to promote proper oocyte development and
depending on the regime of gonadotropin treatment,
positive or negative effects on oocyte maturation and
fertilization have been observed (Stenbak et al.,
2001).

The results from this study indicate that is
ovulation rate of all groups during at 72 h were as
100% because of found only CL on ovaries, but there
were not present of CH. Moreover, in this study using
hCG was similar as LH to manipulated of limit timing
in ovulation within 72 h. Similarly with Walker et al.
(1986) using FSH or PMSG with GnRH induced of
multiple follicular development and ovulation in
Marino ewes, found that ovulation rate were as 79%
within during at 54-66 h in ewes.

In this study, the goat of 3D-FSH group was
distinctly response on FSH greater than 2D-FSH
group, such as number of CH at 24 h, number of CL
at 72 h and ovulation rate in 3D-FSH group.
the
responded to FSH treatments by exhibiting greater
than or equal to four CL (2D-FSH = 5.0 + 0.70, 3D-
FSH = 8.50+1.04 CL) but less than to four CL were
not responding on FSH (Stenbak et al, 2003).
However, Cognie (1999) reported that about 20% of

ewes do not respond to superovulatory procedures.

Moreover, Thai-native  goats  adequate
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The ovulation rate was positively affected by
a high number of follicles with a diameter of 1-6 mm
at the onset of the treatment and negatively affected
by a high number of follicles with a diameter >7 mm.
Ovulatory follicles in superovulated does are derived
from smaller antral follicles present at the onset of the
FSH treatment which are able to respond of
exogenous FSH. On the other hand, the initiation of
the FSH treatment after the selection of the large
dominant follicle could result in a lower ovulatory
response, as in cows (Guilbault et al., 1991) or ewes
(Stenbak et al., 2003).

The response of goats, like other mammals,
to treatments for the induction of superovulation and
embryo production is strongly influenced by the
structures (follicles and corpora lutea) present in the
ovaries at the beginning of the exogenous
gonadotropin regimen. Thus, ovulation rate at the
end of the superovulatory treatment is related
positively to the number of small gonadotropin-
responsive follicles (2-3 mm in size) at first FSH dose
(Gonzalez-Bulnes et al., 2003). On the other hand,
the ovulation rate is affected negatively by the
presence of a large dominant follicle (7 mm in size)
in superovulatory protocols with a single dose of
eCG or FSH (Lopez-Sebastian et al., 1999).

Ea