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Effects of Zeatin and IAA on Pepper Embryogenesis by Shed-microspore Culture

anasie leau’ amana Auda’ Bundn Sszimtans’ was oy dudind”
Somsamai Yaioon", Jutamas Kumchai', Yuenyad Teerawatsakul’ and Weenun Bundithya'

‘meimimaniuazlgiimans Ansinsasaans wianenaedesTud a. el 50200
7Departmenz of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
‘1319 geRauRAd TAFT (104.8. 10i3e) arA (BaV 1aY 3n) 4. @eslua 50290
ZHort/genet/cs Research (S.E. Asia) Limited (East-West Seed), Chiang Mai 50290, Thailand

*Corresponding author: Email: somsamai.y@gmail.com

(Received: 11 November 2019; Accepted: 30 June 2020)

Abstract: Effects of zeatin and IAA on embryogenesis by shed-microspore culture was carried out on pepper
genotype 17212 using anthers with 10% purple tip containing a mixed population of mid to uninucleate
microspores. Plant growth regulators supplemented in the double layer media were 0.0, 0.1, 0.5, 1.0 mg/L zeatin
with 0.0, 0.5, 0.8, 1.8 mg/L IAA. It was found that 0.1 mg/L zeatin and 0.5 mg/L IAA induced significantly highest
40.8% embryo and 35.9% regenerated plants. Ploidy levels of regenerated plants were determined by flow
cytometry. It was found that 62% were haploid and 38% were spontaneous doubled haploid. Transferred shed

microspore culture can be used efficiently for double haploid production in pepper.

Keywords: pepper regemeration, plant growth regulators, double haploid
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gametophyte fiaznaniule usTafu s Wamly
wAadaTalanLile n1awmnziaaelulasadasuuy

292

Uangaas (shed m|crospore culture) Wa1ug 2 °nu
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HIUUNH 28 + 2 °C ANdiNKAY 3000 AN A nuaen
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16 N330AT N33UATAL 1051 G148z 2 nen lHud
N331337 1 0.0 mg/L zeatin + 0.0 mg/L IAA N33ART 2
0.0 mglL zeatin + 0.5 mg/L IAA N33R 3 0.0 mg/L
zeatin + 0.8 mg/L 1AA ﬂﬁ‘ﬁ‘&l%?ﬁﬁ 4 0.0 mg/L zeatin +
1.8 mg/L IAA N330ARR 5 0.1 mg/L zeatin + 0.0 mg/L
IAANSINATR 601 mgl zeatin + 0.5 mglL IAA
N9913371 7 0.1 Mg/l zeatin + 0.8 Mg/l IAA N334337 8
0.1 mg/L zeatin + 1.8 mg/L IAA N333337 9 0.5 mg/L
zeatin + 0.0 mg/L IAA N333337 10 0.5 Mg/l zeatin +
0.5 mg/lL IAAN ?iuﬁdﬁ‘ﬁl 11 0.5 mg/L zeatin + 0.8
Mg/l IAA N3sNART 12 0.5 mgil zeatin + 1.8 mg/L
IAANTIURRR 13 1.0 Mg/l zeatin + 0.0 mg/L IAA
N393337 14 1.0 mglL zeatin + 0.5 mg/L IAA Ns513aT 15
1.0 mg/L zeatin + 0.8 mg/L IAA UAZ N333ART 16 1.0
mg/L zeatin + 1.8 mg/L IAA Wedanmiunswaun
mﬂqmuu?‘l:@%\wﬁwmuﬁiﬂmwaﬁ”ﬂmumm?@dm
Fnunliinasiuanysnl (Supena et al., 2006) LAE
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AN LU U 99UN9E DB (analysis of variance;
ANOVA) Laz 1381 f s uA11ad w1y Duncan's
multiple range test (DMRT) Tae 14 11 sunsu SPSS for
Windows Version 23 Riszsiuannaidiasivs 95%
nsasREauFunfiauLa
WIAUWTNAINNN99N1N 100 HL NIATIREaL
PNIBUNURB UBAINITUBI Galbraith et al. (1983)
Kaeesinialoilines Atune NxT siannstiudin
aunulasulan Tneld 13 unum B uie (DNA content)
annlugeunsnanased (2n) Weniundueninggiu
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NHANTTNANBILA 33@']‘302

a1nnsAnEnN1sEnin 13 I lasalaswmun
Wueutslanaznisdntinlienizlawmundwiu
ANy Il URINTN Fazemnsmnziaedlulasales
witlgatang WLT1 NTINARTIAN Zeatin S9N IAA
flasAunnulindiusinefi lwenvng NN @ansndniin
WinaenlauasWaundufiuls lunnnssuds
wiRse@nsninnistnin i aenuilenas sy
mummumnmmu (Table 1) Imﬂmﬂmiwmmuwmq
ZWH‘@’]W]?‘V]N ANNNIANIZANGIG A AD ammmﬁn
I zeatin 0.1 AANTUFRAAT $9NAL IAA 0.5 Da@nTu
FeAns (338337 6) Teanunsndniinlilulnsailes
W mmtﬂumuﬁi@mnﬁq puazdntinlfieNE oL
Dy snllanniiqn e 40.8 waz 35.9% madiL
2090937 1A gR9a191197 15 zeatin 0.1 FaAnFy
FlaAR $ANNL IAA 0.8 Naansusaams (ﬂﬁu'ﬁ%‘ﬁl 7)
Gegunsndntinentleld 31.2% urdaFniindu
anysnils 29% Inenwudnaanudindiuaes zeatin 0.1

Naansuseans Anasanisiniinianaesi3le
uazn1swaun i ufiuanysnlls wrii eifinaau
Wnduaad IAA AN 0.0 HAANTNABARST (m‘a‘mﬁ%‘ﬁ' 5)
11 0.5 HaanTusaans (m‘a‘uﬁ%‘ﬁ 6) WU tasidus
AREGEIGIS TR Lﬁﬁyu@ﬂwﬁﬁmﬁwﬁcymmﬁﬁ
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ieaat 1R En (N990ART 2-N991ABT 4) denaliifn
tsz@nsnmnistntinendslauazn1swauniduiy
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IAA el (553337 1) uaznnsl4 zeatin 0.1 NaAnFuseans
Weagafae (neruaad 5) AddsrAnsnan
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PNuANAeE T ATyIeatn Tedenadesty
N1sAN®1284 Supena et al. (2006) Tuwsn wuan
Tatnlafiv (zeatin) 2.5 lulasTuans souueandy (1AA)
5 lulasTuans anunsadninlulasadefinsaenidle
40.8% wazilwianu3leUnfd 22.6% dqui il
Funada AU MIR T Fafluang
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Table 1. Effects on zeatin and IAA concentrations on embryogenesis and plant regeneration by shed-microspore
culture of pepper
Embryogenesis1 Plant regeneration1
Treatments (%) (%)
1 0.0 mg/L zeatin + 0.0 mg/L IAA 0.0° 0.0°
2 0.0 mg/L zeatin + 0.5 mg/L IAA 0.9° 0.9°
3 0.0 mg/L zeatin + 0.8 mg/L IAA 1.4° 1.4°
4 0.0 mg/L zeatin + 1.8 mg/L IAA 1.0° 1.0°
5 0.1 mg/L zeatin + 0.0 mg/L IAA 0.5° 0.5°
6 0.1 mg/L zeatin + 0.5 mg/L IAA 40.8° 35.9°
7 0.1 mg/L zeatin + 0.8 mg/L IAA 31.2° 29.0%
8 0.1 mg/L zeatin + 1.8 mg/L IAA 11.2° 10.6°
9 0.5 mg/L zeatin + 0.0 mg/L IAA 4.4% 4.4%
10 0.5 mg/L zeatin + 0.5 mg/L IAA 20.8° 19.2°
11 0.5 mg/L zeatin + 0.8 mg/L IAA 30.0° 27.0°
12 0.5 mg/L zeatin + 1.8 mg/L IAA 7.6% 7.6%
13 1.0 mg/L zeatin + 0.0 mg/L IAA 2.8% 2.8%
14 1.0 mg/L zeatin + 0.5 mg/L IAA 6.8% 6.5
15 1.0 mg/L zeatin + 0.8 mg/L IAA 6.8% 6.6%
16 1.0 mg/L zeatin + 1.8 mg/L IAA 7.6% 7.6%

'Data are expressed as mean values. Mean values with different letters in the same column differ significantly at P<0.05
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Taanisunziasslulasadasuuuilansaas

ugerld Feerailunannandadouaadlsinlafiy
qummﬂn%uﬁﬁ (zeatin:lAA WAL 20:1) ﬁﬁﬂgﬂu
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(Kaveeta, 1998) ANTANE LR Zhang et al. (2009)
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Weni3led dnensfiadng wanannil Nowaczyk
and Kisiala (2006) 91¢411491 T inlauuazeendui
uasani1sdni liinaensle lnaasuainnsnlu
mstmin e teuegfumudadureslsin-
nfiuivian4 1 BA, kinetin, TDZ uae zeatin nnslé
zeatin luiBanainawmsngiilsy@viannlunistniin
WhAneualeandusyiinzdadléing 1Dz

%
-
A

C ' ==

. L e LA dl o o \
LWAT kinetin 19U zeatin HUNUININLIUANALNITULUN
18R ATLIANNIIATINETENT UATNITFUNNTUANANENY
Taadaunszfuliimadutedalietasaniia
weliieeNaiasny il uaenuazfiu uaduds
nafan WKA el saniuaandu dou IAA il
anINgNeeaNT U ALENIRNIEH U9 AN TAS
waziilugnsaauAunNsay L lanANaINisaly
madntinnaieeeauazsn1s (Kaveeta, 1998)
d r .
annsAneMsasullaseclulasatlad
AvmundueniilasaeWaun liwiivanysal
1 t‘—‘ll A a nﬂld o ndld a o
Wud1 WalnanaenwInA N usn i laiadsioq
1l3va104 10% 28981139y (Figure 1A) wazidluszelu
IrsatasNmunvan Aa 52812 uninucleate (Figure 1B)
unnnzides Warulil 14 44 wudn lulasalas
wanaanandusniuaziulasalainiaamundy

Figure 1. Effects on zeatin and IAA on embryo and plant responding by shed-microspore culture of pepper

genotype 17212

A) Pepper bud and anther with 10% purple tip containing a mixed population of mid to

uninucleate microspores, which is at the optimal stage for shed microspore culture

B) Microspore at the optimal stage with development at mid uninucleate

C) Separated microspore after shed microspore culture for 14 days

D) Developing microspore to embryo via shed microspore culture

E) Developing embryo to regenerated plant from haploid plants

F) Regenerated pepper plant prepared for flow cytometry assay
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wwiisla (Figure 1C-D) darnien B leannflulu @
(Figure 1E) AW wnfufiwanysal (Figure 1F)
Tneludauiianunsnldnraaganduaulagluloy
fnedsnalainiimesmell
MNNTANEMITETnaINIsEnTinenys e ld
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waslulnsateflinmnndueniilawas Wil
Auanysaiatinedoian Imﬂﬁqmmmiﬁllﬁu zeatin
0.1 UaANTUFAAARMT $9UAU IAA 0.5 HAANTNABAAT
(N22u3%7 6) datlszAnsaanlunisdniinli
Nt lewmundudiuanysallFuiniige (Table 2)
Lmeumm??ﬁymmL@uu'?éiwzﬁ’ammwwlﬁymEvifm
grsannisdnidunan 14 5w uar J31u9u
mumummmmimmeuammmmmium 2
FlasifTTuiinuanmanes (14-56 5u) yanannil
mimmmumgammﬂmqmwu‘lu@m 28 284
ANINAADY TR AN T80 14-28 Fuusn U
nsmnziaeslulnsatleswinasluemamangesdis

iuiﬂimﬂaﬁfﬁqﬂﬂ@'@ﬂ@@ﬂummﬁﬂﬁummmﬂm:
seeizaadlulnsatloinzanas i Fuan AT AT
Lasan st R Al Ale 2R Ao FuiEy
anyInigeglutszazionn 28 41 PAIMIAAL
anuaniImaaeIn1dni liinaeuLsle
saaninlnanamnzideslulnsatlosuuuldesans
JuATT A nd N smnzIA 89S UL LULA IR S
(MNATN179D9LFEN TN R UUA AL T1A5T (1E.B.
i) AR e e 1A A AALNEIN 1-2%
mazmsmnziaedlulnsadesuudesaes a1unsn
FvnsenuazsnlE lugaaaaniFeai vinandusen
uazszEzan M INNHREREL snyiieliflFionisle
Lmzﬁumgmﬂuixﬂ:mmz@ (Supena et al., 2006)

N19A529d8aUUT NI A LB ULDAILAT A
Waldlndmas
wedlaalawyisdwmaanilen e ld
Tun 199z un A B we Hasanndlumaila
Adreuazaania wazlunimaaaadniugn e
a v Y a &, . . Ay
nRaudauiufudanasss (diploid) A lHainnnamng

Table 2. Evaluation of plant regeneration with different concentrations of zeatin and IAA by shed-microspore

Regenerated plants1 (%) Total of

Treatments 14 5 4 regenerated

days 8 days days 56 days plantsw %)

1 0.0 mg/L zeatin + 0.0 mg/L IAA 0+0° 0+0° 0+0° 0.0 +0.000°
2 0.0 mglL zeatin + 0.5 mg/L IAA 0+0° 03+0.153°  03+0153°  0.3+0.153" 0.9 +0.458"
3 0.0mg/L zeatin + 0.8 mg/L IAA 0.2+ 0.133° 04+0.163°  04+0163°  0.4+0.163 1.4 +0.521°
4 0.0mg/lzeatin+1.8mg/LIAA  02+0.133° 04+0163°  02+0.133  02+0.133 1.0 +0.365°
5 0.1mg/lzeatin+0.0mg/LIAA 0.1 +0.1° 02+0133°  01x01° 0.1+0.1° 0.5+ 0.401°
6 0.1 mg/L zeatin + 0.5 mg/L IAA 8 +1.202° 11.7 + 1.359° 8+1.095°  82+1.095 35.9+4.175°
7 0.1mg/Lzeatin+0.8mgLIAA 69+ 1.169" 75+1.108°  77+1174° 69+1.174° 29.0 +4.320%
8 0.1mglzeatin+1.8mgLIAA  25+0.734° 28+0917° 28+0917° 25+0917° 10.6 +3.222°
9 05mglzeatin+00mgLIAA  1.1+0433°  1.1:0433° 1.1+0433"°  1.1+0433" 4.4+1733°
10 0.5mg/L zeatin + 0.5mg/L IAA 4.5+ 1.222° 46+1108°  51+1.251° 5+1.251° 19.2 + 4.699°
11 0.5mg/Lzeatin + 0.8 mg/LIAA 6.8+ 1.428" 6.9+ 1402 68+1373" 65+1373°  27.0+5487"
12 05mgllzeatin+1.8mg/LIAA  1.9+0277°  1.9+0277° 1.9+0277° 1.9+0277" 7.6+1.108"
13 1.0 mg/Lzeatin + 0.0mg/L IAA 0.7 +0.26" 07+0260° 07+026°  07+026" 2.8+1.041"
14 1.0mg/Lzeatin + 0.5mg/LIAA  1.4+0.34% 1.7£0367°  1.7+0367° 1720367 6.5+ 1.392%
15  1.0mgllzeatin + 0.8 mg/L IAA  15+0477°  1.7+0448" 17+044°  1.7+0448"° 6.6+ 1.790%
16 1.0mgllzeatin + 1.8mg/L IAA  1.9+0407°  1.9+0407° 1.9+0407° 1.9+0.407" 7.6+1.628%

'Data are expressed as mean value + SD. Mean values with different letters in the same column differ significantly at P<0.05
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Figure 2. Flow cytometric analyses of (A) diploid plants and (B) haploid plant
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Antioxidants and Inhibition of Skin Aging-related Enzyme Activities

of the Flowers of Some Asteraceous Weeds
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Abstract: Protection and nourish the skin using natural extracts are alternate ways to solve skin problems.The
natural product is one of the alternative ways to protect and nourish the skin/ or solve skin problems. The aims of
this study were to analyze the quantity of phytochemicals (viz. total flavonoids and total phenolics) of ethanol
flower extracts from fresh and dried samples of 6 weed species, including Bidens pilosa L., Sphagneticola
trilobata (L.) Pruski, Eclipta prostrata (L.), Tridax procumbens L., Synedrella nodiflora (L.) Gaertn. and Vernonia
cinerea Less. In addition, the extracts at a concentration of 100 ug/mL were investigated antioxidant properties
(viz. DPPH and ABTS radical scavenging) and the inhibitory activites on skin aging-related enzymes
(viz. collagenase, elastase, hyaluronidase and tyrosinase). The results showed that ethanol extracts of dried
samples from S. trilobata and B. pilosa contained high amount of total flavonoids and total phenolics. The
extracts of dried flowers had better antioxidant properties on DPPH and ABTS scavenging reactions than other
weed extracts. In the case of the performance of ethanol flower extracts from weeds, they showed a mild
efficacies on inhibition of skin-aging related enzymes. Ethanol extracts of fresh sample from S. nodiflora
presented inhibitory activities on collagenase, elastase, hyaluronidase and tyrosinase. However, identification of

active compounds from ethanol flower extracts of S. trilobata, B. pilosa and S. nodiflora should be conducted.

Keywords: Phytochemicals, Sphagneticola trilobata, Bidens pilosa, Synedrella nodiflora
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ansanpfatianueasInFaetvuiisrataannazaanes uasfiuan11) fifinnresanslunguranliueeduas
nguAueANga mtﬂum@’mmmnmmnm@mqmemmmmwmmqmﬁmu@umamﬂuﬂgmm DPPH uaz
ABTS radical scavenging lAninansariaannaendaiitau duiuuazesansanalunstudaianssmasaulel
guﬁﬂixﬁw'ﬁmwiﬂzgqmﬂﬁn haansarindouienueaansretneantesnendnuase Sdsr@vanmlunisduds
Aanssureaenlnd collagenase, elastase, hyaluronidase wa tyrosinase & agislsfimuAITINIIANHIN1TAUUN
TiARIEN NG NEAN IWANT AT A BTN AR NABNTBINTZANNEY Huudnan uazinuase udumensiely)

AEATY: ATNONAN nIzARned fiuannn dnuAIm

AU AINN138AAIU2N collagen, elastin Laz hyaluronic acid
nliAan9goy @A NI LAz ANE ANE U
fonilafuaduzdounilaasiananyed  luliomls MadiBoases 1w Saouinacdasiy

£

ffdufiuniige dunuandadydesienialu n19M191ueaieulaal collagenase, elastase ua
nstlesrud alsnuasAautlantaeniiingnanie taais hyaluronidase Fiunnnas tnemieslmd collagenase
uaesamslaleian fupaasan sieinasean i iuieuladAnninfidesaans collagen GRI
anlaludauaasnInaneniLazAI N aE9N IAT9a519Uan 70-80 ilafidus aastinuinianils
(Sangmala, 2017) ANTAeNANINTRIRAMTS (skin v (Demina and Lysenko, 1996) @214 hyaluronic
aging) aziAnauEnieEanouds tiatadaniauen acid Lﬂumﬁﬂizﬂfamﬁwﬁmwufj@ Bawnind
waznelusanedinunifandies detfadanieauen Funumluniswaunniaaso i ulniazdauusy
fuasnndenan wlfiBodu 1 uauan Lan19Y o dlefideme (Pogrel et al., 2003) luaausd elastin
mmuwﬁ' LazANLRen Tadumaniazdnali WudoudrAnypesianislunisinmaautianeu fa
mmmim@mmmm collagen uay elastin 11 ansnsngneesaaialifoaieulsd elastase inliiiAn
mfmmmmmﬂ Beneiu veeundes uazdia 39308 (Thring et al., 2009) yenanissaninlaloian
Lﬂmm’mummﬂ@’] (Vierkotter and Krutmann, 2012) mnLLmu,mmﬂ”nmmmmzéjumm%wLﬁmﬁ melanin
A21U8YABATY (reactive oxygen species; ROS) Raennsnszsiunisineuaedien s tyrosinase Faflu
emesedanansoifeduliannsduaunge Fadedfasenlunszuaunisadauling aunialiid
Taeifi Kim et al. (2011) s18971457 ROS 1] AN mmm melanin 8nauAwll mmﬂmmmamm@
nivmumﬂwﬂmmumim mﬂmmm‘vmumamq ’l nsefiRanida (Zaidi ef al, 2016) Farfunisdud

mmﬂl,wa‘ﬂermmu@mfm@ Aa3asas Waaty AanssuaasiaulodivantiianudAny luniadasiu
(de Araujo et al., 2019) N9l aN9F LB Y ABATE NADNANINIDIRINLLY

= o A, \ a oy o A o o A A

A unN12EWNTeT 8 TE AR AN LA UDIR AT LA Sang (weeds) Inasialusnidunandana
UANAINRATTUIUNITIE DN BRI AN T9T I U A AFENUAUALADIZULTNA LazH e lun1nawel
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ffadrsanaaseyiivinesialgn i liininues
AMUNTNTBINARNAAAAY ATHNIIAANITUAZTINAR
penaniuignits uissRedaunitedinininunld
dszlamTlunnean fseunPsaunnaneRe iy
ATINATUNIYIVBTTNT (Hassan, 2020) NE29A
Asteraceae LU gnanasAlununnnan 23,600 1din
fifinnsnszansetsuninans waziinanagiaign
dunlddwirtendua zenayulnsinunlsn
(Tamokou et al.,, 2017) aannsdsaadana Tuudacein
T uiinAnziuseni@aamiianazniAnanses
szinalng Zungsontiporn et al. (2015) Wu41 Fai D
WA 19T Poaceae um’mniumiwumﬂmm
39989317 1A Asteraceae T9TTRTATMANETHA
Hoeeunislddscloniifuanayulng doatnady
’ﬁuﬁyfmfmﬁz\iquﬂaznfaummmiwqﬂmrﬂﬁmm”w
301 1ila uaznuassnAmeen lunisleaaiuuas
fnelsalivaneaiia lBun I3AN1A1EY LWNru
RuA anpouauladlin anld uazituayyadas:
(Tran and Tran, 2016) &11 Udayashankar et al. (2019)
e neidlailuianiinnsinand uewnsuas
gnatgunsrany axnsnldduswdlan fiueyya
farzuazuuafize uazlesiulsawnmnug d1usy
Sonibare et al. (2016) 18197497 ﬁna:@@qﬁmimm
e Tunisiluansfinuenyadasuasfnuuu AT B
anwin lsAvesNymel 11 Bacillus subtilis, Escherichia
coli WAy Pseudomonas aeruginosa 1@ nmﬂﬁiﬁ ARN
1199730 199 Asteraceae Aa8819101 AN TRY

H91897U97 AN3ATAR NN IUBARINABNANIETE
mmmﬂifmﬁmﬁ’uawmméwﬁmnmuﬁm?”faa?@ﬂ
naude Inan19anABa 189 Taa NN
ANAUYYADATE Fudenisuansaanaesiaulesd
matrix metalloproteinase-2 (MMP) L@ z/‘lﬁ"ﬂm‘zﬁiu
nnadaAziAaaanlau (Kang et al., 2018) nAke
Awuladinssiiliunmansngniadl naaey
ﬂimwﬁmw‘l,umimmwmmuumwmmmw
vavieulasffifadesiuniadenanmaasiamls
1097877 6 780 Tuned Asteraceae TenuTuialy
LfluffiﬁmumnluuﬂmﬂqnﬁﬁjLL@:ﬁﬁ?n’éN i un
Kuanana NITANNE NS AUFNWN ANUATA UAT
Nazeng LW'@Lﬂu%@g@mﬁumﬂumiﬂﬁmﬁmm
I%ﬂiziwuﬂluﬂ@imm%qﬁmw TIUTLABNNTTIN
NP LL@zLﬂun’mﬁ'w‘@ﬁﬁmﬁmmumiﬁﬁmﬁ”q
Tnengantlszlamd

L4 as
AUnsLAEIENNS

1. LATEANFAIDELNY

Wusaet19nand g Family: Asteraceae
LB NUNMINLAENHATANGRT ANUUANLNIUAL
Fwmdnuastgn 419U 6 Tia 1 Hyana (Bidens
pilosa L.) N3¢ 6 W NA (Sphagneticola trilobata (L.)
Pruski) N\« (Eclipta prostrata (L.)) ﬁuﬁmm (Triclax
procumbens L.) inwAse (Synedrella nodifiora (L.) Gaertn.)
wardnazanad (Vermnonia cinerea Less.) (Figure 1)

Figure 1.

Characteristic of weed flowers in this study including Bidens pilosa (A), Sphagneticola trilobata (B),

Eclipta prostrata (C), Tridax procumbens (D), Synedrella nodiflora (E) and Vernonia cinerea (F)
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i tsaet1enaangadtdan g saunauiy
nisdedenaludszwmalne (Suwanagul and
Suwanketnikom, 2002) & & £ Major Weeds in Thailand
(Noda et al., 1994) uaz Falaandauild $1nany
aranaatinulan ldneniadaliliuiianunn
Uszanns 2 Falus Wiflusaatnsan gausantinguiis
sinldmn B ludisn gnumniiies aunssioutia
WAnet1anLazLisIInendNT 1 nFu
wiaeluleniuea (mwmmu 80 Lﬂmmum)
Bunms 10 Haaan7 Wean 24 9219 ndsaansiay
N9R9A1ENTTANENTEY Whatman No.1 M8 iuansanin
Fnelan1ueaaNABNUadSINT NNNTRBandsiaating
a1ranmiaalaniuea 80 iWasidus 1 lAarsann
anaanaedi I TAf N ndu 100 lulasnsuse
HRERIE Lﬁ'@ﬁﬂﬂﬁmmvﬁﬂ?mmmawqﬂwmﬁ
naaauilsrAnsninlunisfinueyyadassuazdud
AanssureaeulmTiRendesiunnu@esmesfionils

2. MAsEnLRunuaslsnaungniai
2.1 Apsevitiunmuans total flavonoids
Unpaet19dsane WIuims 100 lulnsdms
ldaglu 96-well plate nisantuldansazans
aluminium chloride (ANN@Ndw 2 WeFiFus) 1Fume
100 lulmsdms 'Jwifm'amunwm Wuaan 15 Tty
miﬂqmmmmmn@uumw mwmqmu 430
U TULN AT (Jia et al.,1999) A28l LA m\‘i microplate
reader (3% Multiskan Go, Thermo Scientific, MA, USA)
ANIULENLANS total flavonoids A1NNS KRS
U84 rutin equivalent (RUE) (Sigma-Aldrich, Inc., USA)
fle Y=0.0314x + 0.0031 (R?=0.997) fluuineilu
mg RUE/ g sample
2.2 gz unmuans total phenolics
unfaadnansane 20 lulnsdamns ldaalu
96-well plate 711115193 50 lulnsdns wdaanni
LB d Folins-phenol reagent (A 31879 1:1; reagent:
water) 131179 50 111A9877 WAL sodium carbonate
(7.5 wasius) 15unms 80 Tulnsans wengnsazans
Wi inldansfgrungfisies Wunan 30 wd
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il dnAn19gAnAuLAITiAINEIIAAY 725
DRISITEP (Siddhuraju and Becker, 2003) é”wfmm?l‘@\‘i
microplate reader ANUIULENNUANT total phenolics
mﬂﬁm\lmmﬁmmm gallic acid equivalent (GAE)
(Sigma-Aldrich, Inc., USA) Lﬁl’ﬂ Y=0.0079x + 0.055
(R*=0.997) fvidaenils mg GAE/ g sample

3. nagavlszAnamwnmaussinuayyadas:
3.1 U)5en DPPH radical scavenging
Unfaa1ednsanm Bums 100 lulasans
ldasluansazany 2,2-dipheny-1-picrylhydrazyl
(DPPH) (Sigma-Aldrich, Inc., USA) (Aanudndiw 0.5
f0aluan3) Bunns 40 lulnsans ndeanviumy
A15a¥Aa"8 sodium acetate buffer (A9 1N ENE 1 0.1
Tuan5 §A1 pH windu 5.5) 13u1ms 100 lulnsans
A AR gnimgfidies lunan 30 W TaAn
mmmﬂ@mmw mmmrm@u 517 WUl m g
(Boskou et al., 2006) A28 LA ?’a\‘i microplate reader
Wreuaudses@ntnintesdnsannfaeianiuea
mnm@ﬂfhﬁﬂumigufqmuﬁmméuu@%mmm
DPPH fiL&17 tert-butylhydroxytoluene (BHT) (Sigma-
Aldrich, Inc., USA)
3.2 17)A%en ABTS radical scavenging
IMTUNA1THE N YRS 2,2 -azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) diammoniumsalte
(ABTS) (Sigma-Aldrich, Inc., USA) (A 21814 i u

a

7 8aaluand) AU potassium persulfate (AHNE N1
2 fiadTuand) il 137l g unpdties uru 12-16
Falus it 1%1A a1 §ATe oxidation atinaauy 7o
il ueyyadaszaee ABTS NOUNRINIINAADINN
A7ATANLINARANNAE potassium phosphate buffer
(A udindin 0. 1 Tuans JAn PH WInfiL 7.4) uazimnen
mmmn@w,l,mwmmmqm@u 734 m‘lﬁumm AR
ﬂ’l‘a"@]ﬂﬂ@ul,l,m 0.700 £ 0.050 mmmm microplate
reader WnAaaeina@nana 20 Tulnsang ldaaansuas
fuienls anel5Tignuugaties Wunwan 6 wifl 1l
A1 ANALAS (Hsu et al., 2011) Taad BHT {lu

positive control
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4. agauLszAvis mwmssusananssuaaawla
4.1 negaunanssuraaula collagenase
nadgaufanssuaaaiawlad collagenase
1N Clostridium histolyticum (Sigma-Aldrich, Inc., USA)
Tned N-[3-(2-furyl)acryloyl]-Leu-Gly-Pro-Ala (FALGPA)
(Sigma-Aldrich, Inc., USA) luang substrate 1152829

ansana 20 Nadams laaalu 96-well plate NTiaulae

collagenase ANKiNGW 0.1 ylimsiadadanNs Nazane
44 Tricine buffer A9l udiy 50 iadluans (74
AUNANTAY NaCl A2 udindiu 400 Dadluans uay
CaCl, Anudisdiv 10 Haduans U3uen pH 115 7.5)
dnaauansies e Tifigound 37 esaieaGeas 1
198 15w wAsannvildans FALGPA (A
0.8 Hadluand) 1innms 100 lulasdns ﬁuﬁfqmuqﬁ
37 aernuTALEEd AnA% e 20 Wil alsan
n3n) ANALLANT ANIENIAAL 340 W TS (Van Wart
and Steinbrink, 1981) fag Lﬂdjl"a 4 microplate reader
wReuFeaulesrdAndnnluniegudaianssu e
wwulsl collagenase 10981787 AAILLENIUD A
AINABNTBITIN TA LA oleanolic acid (Sigma-
Aldrich, Inc., USA)
4.2 nagaunanssNaaaauldsl elastase
nagaunanssNreaeulad elastase Ined
N-succ-(Ala) 3-nitroanilide (SANA) (Sigma-Aldrich,
Inc., USA) 1@ 7 substrate LATEN AT AN DS
Tris-HCI buffer (A8 dNg1 0.2 a3 A1 pH windu
8.0) 3u1m7 160 lulnsamns waziaulasl elastase
Q1N porcine pancreas (Sigma-Aldrich, Inc., USA)
(AnNdindu 0.03 glinsialaadang) Usnins 20
ulnsans vdsannviuldmaesinsansaria 20 lulasans
LAz SANA (AN NdY 0.8 Hadluans) snims 20
lulnsdns ﬂummmuﬁq@ﬂwﬁ'@qmugﬁ 25
aspnwzaiien wiu 20 wil il iaenspanauuasd
ANNEIIARY 410 Un UL AT (Lee et al., 1999)
ﬁfamﬂdﬁl‘@\‘l microplate reader Tneill@ns oleanolic acid
SIY positive control
4.3 nagaunanssNuaau bl hyaluronidase
nseeineananin 50 Tulnsdng ﬂu‘ﬁ'fqmmﬁ
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37 asAntadad sautuweulasd hyaluronidase a1n
bovine testes (Sigma-Aldrich, Inc., USA) (GRREE LA
1.50 gidm) 3nmT 25 ulnsamns wazd19azane
sodium phosphate buffer (ANdNdU 20 Jaa luans)
wWuan 10 w1 Mﬁd@’]mfulﬁm hyaluronic acid
sodium salt a1 rooster comb (Sigma-Aldrich, Inc., USA)
(A sdindn 0.03 WeFidus) Psunms 100 lulnsans
Lingnsuanl5ignimgi 37 esdnusaiiius w45 1l
WNa1sazane acid albumin U3u1m3 50 Tulasans
qw"l,'m'amuﬂuum wunan 10 W1 W1 lddaAn
mimmﬂ@um\m mmmrm@u 600 U TULL AT
(Kim et al., 2009) # 2 ¢ 1A T’a 3 microplate reader
Ine1@ns oleanolic acid 1w positive control
4.4 vegaunanssuraanlay tyrosinase
unFaatansana 20 lulasans ldaslu
96-well plate RN phosphate buffer A914 Windu 20
Aaaluand (pH6.8) Usu1ms 120 lulnsans way
1a 1 lsd tyrosinase @1N mushroom (Sigma-Aldrich,
Inc., USA) 13unms 20 Tulasams (Aanadindiu 500
gUnAaNananT) ﬂN@’]i‘N@NﬁQ@ﬂNTﬁﬁQMMQﬁ
25 94ANTAIT I8 NAINNITY 15 1T IANENTATAN
3,4-dihydroxy-L-phenylalanine (Sigma-Aldrich, Inc., USA)
(PN 0.85 RaaTuan3) 15unms 20 lulnsans
N1194198Y mmmfamqhmmmuum UM 5 il
U lddnaannsg mn@uumwmwmfm@u 470
uﬁumm (Tadtong et al., 2009) mmm‘m microplate
reader Tneifiang kojic acid (Sigma-Aldrich, Inc., USA)

W positive control

AuanLsEANEN NNl uansi YA
'am'“l,l,@”ﬂumﬂﬂﬂﬁmmLfauienm mﬂ@mmu
L aman PV 8 Az an ansss ek

(aFedus) = [(OD, -0D;,..)/ ODIAAILIAN] x 100

"M"Iﬁ'ﬂ_lﬁ N 519081 N

e oD

YARILIAN

AD AIN9AANAULANTEN
WNUEA (80 Lasidus)

oD
ansarinsaging 138 positive control

Af AIN9AANAULANTEN

[ZeLIIN]
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5. AATIENTRYANATA
TINUKHUNNINAABILL U completely
randomized design A4 AR A ANTAT ARG
BNIUBARNFAQBE AR LA WA NABNTTNT 7
1A §79 6 47 Finsnzidayananasaellsunss
SPSS I3 g U AN LAN N9 IR R A
fneABa89 Duncan’s new multiple range test (DMRT)
fiazFuAnLIZasiu 99 wadidus (P<0.01)

NANITNANRAY

Fanuaswgneai
HanIAzilTRNMA NG NEAR lung X

NanTaueasuazNueansu (Table 1) WU31 419470

FataniuaaanFaetNenen LA LN LR aE L

100 TulnsnFusiedanans Hanslungunailiuesd

T BUA A NNNINFI0E NFALANANIT NS R
Imsﬁmmﬁm’ﬁwL@wwua@mﬂmfanmmm:@wm
fiRunmuangunalanesfgefigaidienfondfioy
FUANTER AR IE1@NIUAINNABNTDITTR T
(Winfiu 12.73 + 0.36 mg RUE/ g sample) 9848911
1Bun g12aiAaNNFaeENauLiaINABN 041119
(Winriu 8.92 + 0.11 mg RUE/ g sample)
dounanisiaseidIuanansngs
AUBAN WUIN @174 AREENIUBANNFBE 9
wivresnandanannalalUsniniaesasngy
Wu@ﬁﬂ@;qndﬁ g3 mainmaeg1edn aniiu

panBuEnun ‘ﬁlwudﬁﬂ?‘m']mmmma‘ﬂzﬁu
Huednlduandeiuni1eadmilen3auiay
SEVINAFB A AUALF IR 19U UBNAINTI
NUIT A1F4NARNIUBARINAIDEL 1L LD
NILANNBIUATNLLTIN TN U BRANTNGNABEAN
Qandqmmﬁ”m%qaL@wmﬂmmfhﬁmﬁmﬁ'u
(Winfu 9.38 + 0.37 WAy 8.31 + 0.45 mg GAE/ g sample
AINATAL) 7D4A4NN LA LA 41981 ARILLENIUA
ANFRRELiaTeIABN AL (Winfiu 5.98 + 0.08
mg GAE/ g sample)

ﬂﬁzawﬁmwmﬂ'ﬂumﬁﬁmaqgaamz
Anfunanimagaulss@nsninnindy
A1THIUAYYADATTURIANIAT AR BN IUBAAN
faatNagauasfaagauivainaanaasdianglu
msﬁuﬂg\iﬂﬁﬁ?m DPPH radical scavenging (Figure 2A)
WLYN @NTANAA2ELANIUAAINNALBE LT TRIARN
ﬁmﬁmnﬂmﬁmﬁqw%ﬁunﬂiﬁﬂuagsﬂ@%mxmﬂﬂd’]
gnsanmnannfaesnaan Ineansai Al svAuANENgy
et 100 lulnsnusiefiafans aeansanndas
Lfamuﬂm*mr;Tq'aﬂ'NLLﬁW@ﬁ“ﬁﬁWﬂmﬁmﬁqw%‘lu
Msfiuayyadaszaee DPPH Hu1nnda 80 wefidust
‘Em'ﬁmmmﬂmmﬂL@muﬂmmm@mmq‘nwmuquﬁ
finualyadase DPPH IHANG1419 BHT 39811190
dudalfrenilli 78,57 wefidus aniiu arsarin
anfaetisuierasnenfufnunidgns lu
ﬂﬂiﬁugaﬂﬁﬁ?mﬁm% wesidust

Table 1. The amount of phytochemicals in ethanol extracts from flower of 6 weed species

Flavonoids (mg RUE/ g sample)

Phenolics (mg GAE/ g sample)

Weed species
Fresh sample

Dried sample

Fresh sample Dried sample

Bidens pilosa 1.24+0.02 " 8.92+0.11° 4.22+0.06 5.98+0.08 °
Sphagneticola trilobata 1.46+0.19 12.73+0.36 ° 4.66+0.19 © 9.38+0.37 °
Eclipta prostrata 1.08+0.06 4.15+0.04 ° 3.75+0.05 °* 8.31+0.45°
Tridax procumbens 0.85+0.07 ¢ 2.91+0.03 ° 2.98+0.40 °*° 2.22+0.03 °
Synedirella nodiiflora 0.70+0.05 ° 1.11£0.04 2.13+0.02 ° 3.63+0.05 °*°
Vernonia cinerea 0.75+0.06 ° 1.95+0.04 ° 2.59+0.05 ® 3.100.07 °*

"The data represent the meanzstandard deviation of six replications. Value with the same letter are not significantly different at

P<0.01 from each other
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Figure 2. Inhibitory effect of ethanol extracts from flower of 6 weed species and positive control at concentration
of 100 ug/mL on DPPH (A) and ABTS (B) radical scavengings

AMUNANINAZALLUILANTNINUBIANIRTT A
%fmLfamuﬂ@mﬂﬂfamj@ﬁmﬁm‘l,umiﬁuﬂz\aﬂﬁﬁ?m
ABTS radical scavenging Wi11 @1341 AR NA28E LA
MNm@nfj”mﬁf’nﬁqw'%r'lumifj”mf\imﬂﬁmméuuaﬁmz
909 ABTS & A ndnansainansaatiiean Tnad
A1TANARALLENIUBAANNA DL 1IULTAIURIABN
Kuanana nuidl WATNITANNDY ﬁqw%r'lumiffuéii
Ufj3en ABTS i 13#ian (WL 69.16, 64.57 uaz
57.92 Wa s ud Audaldu) dewteudausy
AN9aN AAIELENIUAAAINA 0L 19U 9TRIABN
f‘j’mﬁmﬁmﬁlu Tmﬂﬁ'mmﬁ”moﬁ’qm@mu@@mnmn
qmwmuuqmmu@uummv ABTS l8iiaenan
@19 BHT mmq‘wﬁiummummam aUffen 93.42
wesidus (Figure 2)

Uszandmwlumssiusananssuuaaulsd
NANTINARBLLIZANBNINTBIATAN AR
BNTUBAANNALDL NAAUAZFA DL 1UAIRNNABN TR
FINT 6 THA WL ATATARILLENIUEAINAIBEL 1S
APT89ARNENLATALN BT AR eaTiTl s AN AN
Tunnsfudananssuaaaiaulasl collagenase LA
hyaluronidase 15 winfiu 2.80 + 0.08 WAz 4.23 + 0.02
wesiFud pudns Tuansfiansasaanndetinagn
uazFaagnauiianaensessaiaauiilalinana
Hnadin lnudnTnssAnE nnmlunseiudananssaes
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Lfauvlfnﬂﬁ\mmmﬁm?:ﬁable 2) Tnefignsainainaan
fnupsaiitlssAvianiwlunnsdugananssuaeaenla
collagenase g hyaluronidase fa8n31813 oleanolic
acid SefltlsrAvianwlunnasudeRanssuanaiesla
WiNAU 80.41+2.14 Ay 75.17+1.96 ilafidus
FNAAL

AUFUNATRIANTAN AR IBLANIURAAN
[;l/‘J’aEi’NﬂﬂLL@WT’]@EiNLLﬁxﬂl'ﬂxﬁﬂ'ﬂﬂ'ﬁﬁfLuﬂ’]i‘gUﬂa
Aanssnaeaaulsd elastase (Table 2) W4 @15ariA
Aatenueaandaet1aulisresnanAufnunuay
fnaveasidsz@niainlunietudafanssnaes
ol elastase AT g0 (Winfu 32.72 £ 3.06 uax
29.73 + 3.99 WlaSus AuANFL) WeuReuey
fug1safaaInAaat19uisaInaenesd TR TaY
FR9AINT AR ANTANARILLANIUBAAINF2RE 194 A
LAZLT9AINABNENWATA (WAL 29.08 + 551 LAY
27.18 + 279 1a 5 Fus ANA1AY) WAANTAN AR
MNLaAAINARNT TR TAN T s AvEN M Eatndn
817 oleanolic acid @4il1lsvAnE A lun1 2L
Aanssuaeseulmiaiaills windy 76.02 + 2.50
wlasifus

AMUNATRIANTAN ARIYLANIUBANADN
Foialunisudeianssuaasewlsd yrosinase
(Table 2) NU3N AFATARIELBNIURAAINFIDE AR
seananiafiadiulueg Tusransnnlunisduda
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Table 2. Percentage inhibition of ethanol extracts from flower of 6 weed species and positive controls at

concentration of 100 pg/mL on collagenase, elastase, hyaluronidase and tyrosinase activities

. Inhibitory activities (%)
Yeed species Samples Collagenase Elastase Hyaluronidase Tyrosinase
Bidens pilosa Fresh nd 13.96+1.43 ¢ nd 3.24+0.47°
Dried nd 25.33+2.15 ™ nd nd
Sphagneticola trilobata  Fresh nd 24.38+2.15 > nd nd
Dried nd 25.38+1.31 ™ nd nd
Eclipta prostrata Fresh nd 22.83+3.78 *° nd 1.8620.71°
Dried nd 25.98+2.30 ™ nd nd
Tridax procumbens Fresh nd 15.01+2.50 © nd 3.52+0.72°
Dried nd 32.72+3.06 " nd 1.87+0.09 °
Synedrella nodiflora Fresh 2.80+0.08"°  29.08+551" 4.23+0.20° 3.38+0.15°
Dried nd 27.18+2.79 ™ nd 3.17+0.12°
Vernonia cinerea Fresh nd 18.54+4.99 " nd 2.62+0.86"°
Dried nd 29.73+3.99° nd 0.83+0.04 °
Oleanolic acid 80.41+2.14%  76.02+2.05° 7517+1.96°
Kojic acid 87.29+3.24°

"The data represent the mean * standard deviation of six replications. Different letter in the same column indicate the existence of

statistically significant difference at P<0.01
" Not detected

Aanssuraaanlasd tyrosinase T8 ANIN813aTAANN
FaRE 9L ENAUANTANARLEENIUEARNALBENS
aauazuRisannaandnuAse a9ldunnm1eiunig
A0F Wiy 3.38 + 0.15 Waw 3.17 + 0.12 e didus
AuaL e fignsaiadngieniuaaansaatinaga
anaendaRalunimaaesiilsrdnsnaniy
AnsfugaRanssnaeaiew Ll tyrosinase AB&NT1
@19 kojic acid Fawinriu 87.29 + 3.24 wle5ius

391504

RMNFIENUARY Hasler and Blumberg (1999)
WL ’&’]ﬁ‘Wi]ﬂ‘]‘_‘l’LﬂNLﬂu@’]i‘ﬂﬁ‘uﬂﬂUVﬂ\?LﬁNV}Lﬂmﬂu
ﬁl’]Nﬁ‘J‘ﬁ‘N‘ﬁ’]ﬁ]eﬁ\‘lW‘UimsLuWﬂ] qumammwmﬂu
ﬂa‘yimummmwugw LIE9UIENINHY

Al LﬁudﬁﬁwmmﬁmLﬂul,l,miﬁllfqmumwmi
TUgnaansfinuayyadasy anuanAseiiunm
anangwiai luansainfAoeieniueaainined9an
LazFnetnauiitremendaians 6 18in wudn ansaia
msjLfamummnmq@mqwmmamuﬂm‘buﬂﬂm
waziueAniiunaiinnnninfaetegn 1 mmmmm
AU9184 U289 Agustini et al. (2015) WU umuﬂ
Faed il ansaindagenueaeNAIeL 1w
28N Spirulina sp. Neddisynavmasarsngy Wanlauess
Az URANEININENIATTIAAINAIDE AR uanaNiids
WUI @saiaRaaenIuenaInsaae 19l
a3 lunnsefusel e DPPH scavenging Wndn
ansafnanAaaenean (A1 IC, Winiu 33.07 uay
163.61 ppm AINANA L) @21 Bernard et al. (2014)
wuan Usr@nsninlunisfinueyyadass DPPH
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Twayysddssuazdudimsnauresaulaininaadasiu

msmauamwmmmuuwmmanwwﬂmaﬁ Asteraceae UNNTURA

ﬁmmzﬁ“uﬁuﬂm%qmnﬁ“uﬂ?mm‘u@mw
phenolic EINLN @ﬂ?‘uﬁmm@\m’]i phenolic 44 Vl’ﬂ,‘M
mmnr;mqmﬂumamuﬂumﬂmvmmm yanannil
Sowndhararajan et al. (2016) HAnw slauay
BNnI89EN IRV T sz e e A agNsan LAz
WIS URHa Magnolia kobus W31 Fagineuiaiay
lufauan’au 65 a9ANGAEHA WL 48 Falus
faudiniuresiimenssveanaadiouBauiie
FUFaEN9Naan 39 Abu-Orabi et al. (2020) 7181971
i tisumenszvedys lunsiweyyaaar i des
AdngestAvENUEEaMILea T uen uastin
ANHANIANEATIE WUd dnsaredae
Lfamufa@mnmﬂm:ﬁ;wmLmz’ﬁué’yﬁmﬁﬂ?mm
1849417 total flavonoids ka e total phenolics qaﬂdﬂ
ansarinanaensaiaaingu Asinlfansatnann
m@ﬂm@ﬁmﬁmmmﬁmﬁ”ﬁqm’%‘r‘l,unf]sﬁmﬂ%@%m:
289 DPPH U8z ABTS 147 31 Meena et al. (2011)
LU AoupBNTBINTTANNHAULTENELTBENT
sesquiterpene lactone, trilobolid-6-O-isobutyrate A
uaz B %qLﬂuma?‘ﬁﬁqm“ﬁ(hmaﬁmwgaﬁmzqq
MULA 82 U891 289 Govindappa et al. (2011)
WY A17ANTAAILBNIUEAIINABNTBINTEANNES
ﬁqw%r’l,umifﬁmmég@Emmmﬂﬁ?ﬁm DPPH
radical scavenging LL@z@Tnﬁqm’%ﬁumsﬁmmiﬁﬂ AL
wazan'ld @4 Lee et al. (2013) $1891U31 @3&1 A
mﬂmﬂﬂmmﬁw%ywmﬁmuﬂﬁxﬂ@mmm?ﬂ@;u
di-O-caffeoylquinic acid (DICQAS) 1A w3, 4-di-O-
caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid Wa e
4, 5-di-O-caffeoylquinic acid L@ zﬂ@;&l polyacetylene
glucosides (PGAs) 1A wn 2-B-D-glucopyranosyloxy
-1-hydroxy-5(E)-tridecene-7, 9, 11-triyne, 2-B-D-
glucopyranosyloxy-1-hydroxytrideca-5, 7, 9, 11-
tetrayne wa e 3-B-D-glucopyranosyloxy-1-hydroxy-
6(E)-tetradecene-8,10,12-triyne Tnefinudn 413Nq
PGAs H1lsz@nsninlunisdeadulsawvanuly
wynaaadld foanisnszfunisaiedugauluinen
aAszALLinAaliAan d9u Deba ef 4l (2008) WL
mmnmmnmﬂnmmﬂu@wmquﬁ“lummum
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Ufiseneendinduaeteyyadass DPPH 1R He0
IC,, winriu 49.7 lulasniusedadans Taed
HANNTRMUNTHAG TN NHARFoemATlA GC-MS
WU A9 B-caryophyllene (5.1%) L@ £ T-cadinene
(6.13%) L uasAtsznaunan a1 uSLUNan1INAaaL
U ANBNINTRIANTAN AR LANIURAANNABNTA
Faied Asteraceae lunnasiugsnanssuaaaiesla
fiRandasrunindenaninaesfionils wudn &sarn
anFletvanrednantnuAsANU s @nsnnlu
AnsffuaRanssnaesiei ol collagenase, elastase,
hyaluronidase LWa e tyrosmase 15 @ smmiqummm
wuluaenaesinuAsatiud el meauude @
Abad et al. (1996) 1241131 A13aNAALLENIUAA
mnmuéwﬁumﬁ@ﬁwﬂmﬁﬂLmeﬁqmﬁumiﬁm
N138NLAL A1NN1TANEI229 Vaidya et al. (2014)
WL AN ULANFINTZUI AR NAALAZAAE 1Y
WHIRNALAARINANNLANANNTL TN ULAT TR
199819ngnEAR A8 luiae 19N T f9a1aii@ns
vanvaeauasTiAumUse A el uR et
NNTATaNFA20E 19U IR LANANAY AN ENAUS
FTUINNANNAINIT IUNIIANUBYY AR ATEUAY
AaTTMAMNNENAsTua g MR N UF NI Aaetng
TR MITRNA9LN WAZARNNIARA AaTnNTALuN
afinresarsngneiai lugsainficeieniues
AINABNUBINTEANNDY ¥141919 uazdnuAsa
3anasiinnsdnen Wetiun1dselaadidy
Faenayulnssialyl

GE)

AN9ANARIELANIUBAAINAQ DL 19T
ABANNIZANND Lmzﬁuf«‘iyﬁmqﬁiﬁmmmmmsmiu
anlauesfuazuadngs dedannuduiusiy
qw'ﬁrﬁﬁu@gg@%mﬂuﬂﬁﬁ?m DPPH uay ABTS
radical scavenging 284419AN AN AR E19LAITBS
penFrmmen sy Avannlunsiuewsadas
TAndnansannanaeniaiaay luanisfiansanina
ANEENTUBAANNAREN19AATRIADN TN 1
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Abstract: Uttaradit province is the largest area of cashew nut (Anacardium occidentale) production in Thailand.
However, dry inflorescence and low productivity are seriously problematics. The objective of this study was to
investigate the appropriate practice for enhancing yield. The 15-year old with 4-6 m canopy of cashew nut trees
at grower’s orchard were selected. The experimental design was 2 x 2 factorial in randomized complete block
(RCB) with 10 trees or replications. Two factors and 2 levels of each factor were studied; 1) with and without
pruning and 2) with and without soil and plant nutrition management. Open center pruning was conducted after
harvest in December. For soil and plant nutrition management, dolomite and soil fertilizer grade 13-13-21 were
applied each at rate of 5 kg tree”'. Moreover, commercial foliar fertilizer grade 6-32-32 (plus 0.14% MgO, 0.04%
Fe, 0.04% Mn, 0.04% Cu, 0.04% Zn and 0.02% B) at rate of 50 g 20 L™ of water mixed with 50 g of glucose was
sprayed weekly during January until March. The results showed that pruning combined with soil and fertilizer
management induced 100% of leaf flushing and gave 25-28 cm inflorescence width within 3 weeks after foliar
spraying. Moreover, trees in this treatment gave 12.8 nuts cluster”, 6.50 g nut' and yield of 10.93 kg tree”.
Trees in other treatments showed significant smaller values of growth and yield. Pruning factor affected number
of nuts per cluster, nut weight and vyield, while soil and nutrition management factor influenced all growing
period. Therefore, the appropriate practices for increasing yield of cashew nut were pruning and soil
management. Improving soil fertility such as applying a liming material and fertilizer should be done in early of
raining season or in May. Foliar fertilizer enriched with secondary and trace elements including glucose should

be sprayed weekly prior to leaf flushing until nut developing period during January to March.

Keywords: Cashew nut, pruning, fertilizer management, growth, yield
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UNAREA: mmm@mmmLﬂuwuquwﬂ@nuvmwuwmm (Anacardium occidentale) waningalutlszmealng

o

o

LLﬁlﬂ@@UHﬂi”ﬂUﬂm%’]‘ﬁ@m@ﬂLL‘M\?LL@“’N@N@W;’Iﬂ[ﬂ’W mMaduiisagUszadiienianedanisninzanlu
madfiusanan Tnevinadneluulameanses Wuziasfiuwusany 15 1 duhaudnamasia 4-6 was
MauNUNIImMAseILLLLHANe Faa 2x2 guluudananysal S119u 10 31 94z 1 Hu Mmesesd 2 Tade
uiazladed 2 szauianmn un 1) Tualuifinnsfauseis uay 2) Huazluin19ANIABLAZ 16BN IND
maﬁmwiqﬁ'qLLUU@mﬂmqm\wjuﬁﬁmwﬁqmmﬁuLﬁlmmmamlwﬁﬂuﬁmmu NIIANITAULATEFBINNT
U lnlalusuazilenem 13-13-21 ataae 5 Alaniusiesiu fanfunisaanutlenisluingm 6-32-32 fifldunanmes
uwuniiE@aNeanlad 0.14%, WAN 0.04%, UWKANTTA 0.04%, NBIHAY 0.04%, FINA 0.04%, Tusaw 0.02% 8731 50
nfusieti 20 ans ﬁmmuﬁqm@fﬂm 50 niu WndUalugoumheunnaAN-RuAN ANNsANE WUda NN9ER
Lwiqﬁ'qa'qmﬁumﬁmmiauLL@xmﬁlmmaﬁﬂﬁLﬁmmmah@'@u 100% wasdnInmuIgananwianiuaug
ANINNA19 25-28 Liufwmg nelu 3 dlaindsanlFiiuansneimnmnelu uziaaiunuaRnsRn[a 12.80 HA
AaTe ﬁquﬁﬂm 6.50 NFu uaznANART MuLFanade 10.93 AlanTusadiu z@'quﬁu‘l,uﬂﬁu%dﬁﬁluj AL Tnwacli
nanARTitesndnatadtnd sty ﬂqwmimmLmeummmuqum@mm UMUINNA UATNANAR mmmﬂ@w
neARNITALIAZEIRaMNTHEA Y NIzezN 1L TR A TG e [T O B T s P U o R P (IEROR
sanfunsUFudgenuuazliifaniulugassiuggwisemaungeniax LL@MWWN‘LWM']ﬁ;mmiifmLL@V
@qmmﬁlfmma‘iquﬁuﬁnrm@m@u‘llmzwlﬂzﬁ“ﬂmﬁﬂ'@ummmua'fauiﬂwﬁwzmﬁ’1;\1Luﬁm‘lmﬁfmLﬁ@ummmu-ﬁmﬂm

ANAIATY: NENWTANNIUA NIFALENNAN N139ANNIERMNT NAALT HANER

AN (Wiinsche and Lakso, 2000) AABNTWATAIANEIDA

' ¥ . . ° g a =
43m194 (apical dominance) NN AN TLALWLLA
uzaa9funIUG (Anacardium occidentale)  dadauansiasiv doanszfuliinaaseiuazlulu
duiniAssgnazesiadngnsand fitud waﬂaﬂ naunudaungnineanty dsnaliind luseuldizoau
sananuau 25,699 13 Heifluiiud wnzdgnuuaslugy  (Wanichkul, 2003) nngsausanefBandns luldug
fanlulazmalng 1inandnmm 8,934 fusite 42.4%  vaeailn W sugRdnsiausisugduniiuansig

TaananAnTaLlszina HAANTIN 312.71 A1uuIn ﬁ”uﬁmm’mﬁmmmmmmmﬁmﬁ@@gjmﬂuﬁu Tne
(Uttaradit Provincial Agricuture and Cooperatives Office,  nnastausisisuuuiflananenasianinliiiduauganen
2019) W”uﬁ' WU NNENNT NN WA AGATARE ﬁiﬂﬁumﬂﬁ'zgm (Wanichkul and Kanchanakesomn, 2008)
duRugniwarunedauduausautune doulvgy nsiausaieanlanazerlamlnuuumasmanugag

dgniialiinesaiiunanan i lilsnananliin - nezfunisndlugeuls5alu (Senanan et al., 2011;
3 Alanfurafiu uazlanzaadiunudlaumanld  Tanongjid et al., 2016) VTP RFALEY PR
Wuifesnissesnatn Tymidrdyiinuninie  \iu4 wms mﬂL‘wmmsmmmmmmﬂuﬂmmwmmm
aNstenanuiNLazAnuatiag (Sangmanee, 2019) Ay (Sakdiset and Sanputawong, 2016) wananni
nedANINIINTTanIsBausanaiudznis mfuwm:éfwﬁﬂmhﬁwﬁfaﬂ?ﬂﬂﬂmﬂﬁmmm@ﬂ lu
da ag. o o g am A da a us o o
Pdnasionisaanaanuaznisndluaeu esain  Andsuilaniesminlunsudn finalulaqiii dasain
nssipusisnain uasdasinmlulianiuases  niseanaanidunszusunisifieslinadsanugs

NLUTZENENINN1IEUATIZA LA LAZAZANDINNT nstfuannaresailulansnuaslulnsian (C/N)
AANITHAGLEIRINITTEUINNNIA UN174579 L Aelusudlunnsdnassudeansannig (partiioning)
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Ta%19dausing - sesiauazdadinnisasnaenuay
n13RANA (Bustan et al., 1996) A1 C/N ‘17‘]'@;\1 AW
Tugaannduiafiuansneiululiinausazafingaus
srezWIWIAIABN IUAUDSRENWING 111 AaenaIny
Tudaananinan mmzﬁﬁmmwﬂuﬁwﬁwmm
(Jirapaet, 2013) AUFLNIIIANITAUBUATEIFBINT
WauBunmazg A nLanARinNsA NI
atin9nd iU ldinananeatia i v Fuu irdog
&l ardeudannisdiudtpandunsa-luaresy
LLm:mi‘lﬁmammi@ﬂNLﬁmwav%qmqﬁwmzmﬂu
GIPUaE AL NG B R BTN L‘ﬁ'uﬂ?ﬁmmumqmmw
NANAR (Hiranpradit et al., 2003; Maneepong, 2013;
Santasup, 2009)
ﬁ\ii‘fumiﬁm:mﬂﬁﬁmﬁuﬁswrjwmiﬁmm
ﬁQLL@:ﬁﬂ’]i‘@Vmﬂﬁ‘a‘ﬁﬂﬁl’aﬁﬂ’]i‘ﬁlﬁﬁi'ﬂﬂ’]‘iﬁuiﬁl WAL
M3 lfnaNaRIaINzN NS AsilAnudATyuas
duiuatneile el lE3ann9dan el manzaulu

NINHANAREMTLAdTINNTU NNz NN U

Tuninuesnslunundmingassing
C4 a
AUnTuazIaNNg
N1N13NAAAS ML AN TN ANN WA 2D

nmIng Yniswazilgn w.a. 2561-2562 ATinudarngis
wy 7 6 Auanila? snaniin Saudngnsead

(47P, X=661402.20, Y=1517799.58) il nzdaaiun e

WUAITe 25 a1g 15T W AugnaI MmN 4-6
AT ANNGILITNI 3 INAT FE8TQN 6 x 6 LUAT
anwanlulasdufusumee lifinnsldllevise
neAuseA iy ANHUEN NN UNTHWANNIUA
uduiu annnsdanafoann Tdwunisualudeu
‘Wiﬂ,‘uLLﬁ‘ﬁ'ﬁmmimﬁmmﬁlmm@ﬁWﬁﬂLmzfrm
YUNBNITNAABILULUNAND FaA 2x2
guluufananysn (Factorial 2 x 2 in RCBD) Hansiladt
Taded 1 fia nsiausts 1 2 svsu Aenslifausiai
wATNIRALANTS TTaded 2 A NMIAANITALUAZENR
avneiia 3 2 3vdy Ae liinnsdanis Gana
nRINILHLR) wasiinnedanig § 10 0 dnag 1 Hu
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FuRenuananludeuiuanay tnadannisfnuss
ﬁlx‘iLL‘l_I‘l_ILﬂﬂﬂﬂ’NVli\W!'N Tiuasdasruionielu
WASNIEUBNNTIN K Aeluiuiluntseanaan
LATHANA (Nayak 2011) Tmﬁmﬁwﬁn%ﬂnmﬂm
28N 2-3 N4 L @‘lu’lumu‘lwm 7 mmmim Fu
Lmummu’mmmm wFsanduFafansying
AaildlEFunaeuna Aeillany ol waziaidulsa
wazusaadinane i ‘Emﬂmﬁﬂﬁq@%’ﬂixmm 60%
YBINTINH

NI9ANIAULALEIBNMNINT: WATRUIAN
nanrianiaulag lganeaauAuiiwmunlag
ANEINEAIAERT NAnanaeTaalud wudn Aud
‘]_E‘mm%uﬁﬂimqmuﬂma \JuNsAgULININ (pH 3.8)
Weanesanlutlsy Tmuas Tnuna @ fiuan ey
s luszinn Lﬁl’ﬂd@’mLLﬂ@QLWW:ﬂ@Jﬂ@’]ﬁEﬁ”’WJu
adldanstFudpepnuacldilamanulupaungeniag
wadaiug g Uiuanuduna-uavesniulng 14
Tnlaluddnsn 5 Alaniusiesiu 1ilanse 13-13-21
8531 5 Alaniusiasiu fanrunisannuilenialunag
6-32-32 ﬁﬁmummmmﬁmmmﬁmLL@:f-g@mra
a3 Aat uunil@eueenlas 0.14%. WAN 0.04%,
WNINTRE 0.04% , NBILAY 0.04% , KNz 0.04%,
Tusau 0.02% (Y.V.P.%) dmani]annaly 50 niumas
nqlaa 50 nFuAewin 20 ans dasilafiButuog
AN IMEN T TN I aE AL LT 1 (Joker, 2003)
Anrsdeaduntdnlsanazunadlnalddas st
Inslamasin wanladen wardanefBun1usmnm
wuzn m@w’umﬁlmmamﬂuﬁ%ﬁ”ﬂmﬁam%ﬂ
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S 3 A%
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' P [ = =3 ' a &
BNZA UL UNALTA (Nut) UTRLLANZHINANNIUE

squaanuda (nut shell)

naanPidieyanieana Ninenisiasei

WA LLILIIUNNED R (Analysis of Variance) WAz
LﬁﬁULﬁﬂuﬁﬁLﬂgﬂTmﬁ% Least Significant Difference
(LSD) Asvdumauidesiu 95% Tneldllsunan
4113931/ Statistix 8.0

NANISANBILAZIANGD

NNEHA LLBRULREAUATAADN

HATBIN199ANITAUTINAUN191i510)
VNI NN IHANINA IBAULAZANNNNA BT BAEN
HAAnuuanseiued WA AYnNaia (Table 1)
mevasanimenutlanidlu 2-3 dlad mandlugeu
inT1 98-100% Ausinlunssudsn lifinieliisng
IUNTLT 1A N N9F ALAIR TR I ARIN W9
ngua luaauli i pouuansnei i ludUeaninans
Lmzmumwﬁqmnﬁw'uﬂﬂ uazat Tuga9 52-55%
LAY 75-78% MINATFAU BaNANREINU91 fulu

ad Al Yo a &

nesuds N lAFuss e 1usidananauinlng 1u
P ANNNNE19T AN 25-28 LIUALNAT A9UHU
T - . da -
nlaildFusinernisiauindenanianndnlne il
ANNAG 16-17 EIUFLNAT (Table 1)
m’;‘ﬁmnauauwaw’?\m

NNIFALAA AL mﬂmummmm?wm
danaliidnuaunasatanan Unuinega uazgiven
HANART ANLANANIA UaE 1l T gAY N19an A

mmda e e e

(Table 2) NFI1ABNANIAALANIFINALIAN957]

ANUNNTAINARE 19T AR UARINUIUNAF T ARAN
naNAe nunsAanalagiad 12.80 uaAatanan
Yamin 6.50 n¥urana uarliHananIN 10.93
Alansusiesiu nssasanansin i nanARIRiLINNaY
NiTLAEIs e Aa 2.50 Alansusadis wiinmingg
fapaln@Aeaniy Ae 7.00 nFureca (Anupunt and
Nopkoonwong, 1992; Chaikiattiyos, 2019) Iu‘ﬂm:‘ﬁl
nesuABaw 7 fimsfianalutag 1.19-3.20 uasiatanen
Wmiin 3.83487 nFusiona uaslfnananIm
232394 AlanFuredu axifiulédnnssudang
masausisaustlallEFusansliualdunnsneann
nsliFaussiouas il 1dFusmanslunniadie
daunainusstoud Bl Fuma s innaad 3
e dntien

Tnesialuijainan 13-13-21 Aluugrindaviy
nedasiunudAednst 1250 lanSurasu
(Chaikiattiyos 2019) meﬂﬁma‘mwmlﬁémmmm
avsndnAuuziinlna i deunding (Joker,
2003) famwﬂﬂumuwwmmwammumimu
NANARNTATUNUA atinelsf A 1 efiansain
ﬂ?mmmﬁlmmﬂﬁmﬁluﬁﬁmiﬂﬁum@mamnﬂ 1
Alanu 1Bun waaidan 4.19 nFu ANy 1.57 n5u
WAN 525.7 AAANTN uuan1ila 63.6 Raaniu danzd
87.8 NAANTH LAZNAILAY 26.5 HAANTN (Beena et al.,
1995) WL mﬁymvnimmﬁﬁamvv'uslﬁmﬂum@ffq
Tl e anes AN H 29131898 T M R NNUA LN ol
Aa1E anunaa¥y (sink) Basnisdausana fara
nessdERAMsFAusRsaNiuNsFanensaedu
N99LAR R iANARNNNINNIsA T ALatN T AL

Table 1. Percentage of leaf flushing at 2and 3 weeks after foliar application and inflorescence width
Percentage of leaf flushing Inflorescence
freatment 2 weeks' 3 weeks widith (cm)
1. No pruning + no fertilizer 52" 75° 16°
2. No pruning + fertilizer 98 ° 100° 25°
3. Pruning + no fertilizer 55" 78° 17°
4. Pruning + fertilizer 98° 100 ° 28°

F-test

*%

* *

" Weeks after foliar application.

# Means within the same column followed by different letters showed significantly different between treatments by LSD test.
*, ** = significantly difference at P = 0.05 and P = 0.01, respectively
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Table 2. Numbers of nuts in each cluster, weight, and yield of cashew nut

Number of nuts Weight of nut Yield
Treatment - A 4
cluster (gnut?) (kg tree™)
1. No pruning + no fertilizer 1.19°¢ 3.83° 2.32°
2. No pruning + fertilizer 3.29° 4.87° 3.94°
3. Pruning + no fertilizer 1.41° 429%™ 2.98°
4. Pruning + fertilizer 12.80° 6.50° 10.93°

F-test

*

* *%

" Means within the same column followed by different letters showed significantly different between treatments by LSD test.
*, ** = significantly difference at P = 0.05 and P = 0.01, respectively

Ew%wmmmiﬁmLL@iqﬁaLtaznﬁsﬁmnﬂﬁﬁﬁqaﬁuﬁs
A AaRmLINMsTRINEI R NNIUA
N19AANIIE1RA BTN 90 1945 87
uazdjduwussendratfadanissin WRGHITY
n1saAN?as e MnsdINasen1ALinlunssey
Faufn1snalueay TuIntanan n3AANA
Svinudn lauf s B anasan luanedidade
3R AUAR I FudnasaRTluszes Bulfnanan
(Table 3) u@nalfifinudn lusza s AR aldndaany
M TUIUN B3 HANAR NIFALARAT BB ARt
wnlunnstasaniiunnuna s el an 81909
gnanasslldinanesnzianeinniug danndeeny
N@ﬂﬂdﬂﬂiﬁmLLIEN?]IQLLUULﬂmﬂ@’NV}NWNﬁﬁﬂﬁ“ﬁNW
mmm‘ﬂﬂmﬂ‘ﬂu (Wamchkul and Kanchanakesorn, 2008)
mmum@m@muamuﬂ?mmmmim mmﬂ
Ao ludu N19999989A8NLAZHA AARINTEI ]
5168 1NN EIN DA aN1TATIINANAR 1du
NNTABLAUDITDIANAIATANLIN NIFaLAeATae
WlFFusmems wazlandeneniislunniiulean

ufiazfinsudludaufianysaluiuanieann
ﬁquméwmmj@Lﬂuﬁﬁmumm@uﬁqiwuﬁuLﬁm
(Sangmanee et al., 2018) ﬁqfuﬁmmﬂm?ﬁqﬁ
prndduataeisluninfvinuasfnnanin
RGN IRN

FUNWAIUINITURINE N WA NNIUANEUAILASY
ﬂﬁiﬁﬂuﬁhﬁﬂLL@Zﬂ’]‘J‘ﬁJﬂﬂ']‘Iﬁ']Bi]ﬂ']W]‘i

FONW A UIN1TTRINcU 9T UNIUS
Wasuuladldetnedaaulunadlfilifusnaimis
(Table 4) TneniInalus auniausn fnd uniauiy
nsiintenenludiuAeui U AN -NNTIAN
ANTuA T nsAAnA LA R UAHA LT LA o Y
NUNNRUS meﬁ?xﬂzﬁmmuﬁmuﬁ@mqu 4\
FTNTNURBUNNNRUL - N HAIAN daunssABay
fn1TReUauaIRLANFANST Y 1T wan'lalldsng
BIUNTNULIN WNANITHA LB A UN BULA 2R 4R A
Tanan HE99289n1sWM UINa WA luTq9 1-3 1Aaw
Winefu wa e nisndludauniad aeaifnduiil e
dntlesludaaiendmnandaiugan g

Table 3. Probability of pruning and fertilizer factors on cashew nut at different growth stages

Leaf Weight )
i ) Inflorescence Number of nuts Yield
Source of variance flushing , 4 of nut 4
. width (cm) cluster (kg tree™)
(%) @
Pruning (P) ns ns ** ** *
Fertilizer (F) * * * * *
P X F * * *k * *%
CV (%) 20.29 27.27 28.49 18.99 19.25

Probability derived from ANOVA (F-test), ns = non-significantly different, *,** = significantly difference at P = 0.05 and P = 0.01,

respectively
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Table 4. Changing of cashew nut growth stage influenced from different treatments

Treatment | Dec. | Jan. Feb. Mar. Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov.
1.No 1% Leaf Flowering | Developing Mature leaf 2™ Leaf Mature leaf
pruning + flushing nuts - flushing
no fertilizer harvest
2.No 1% Leaf Developing | Developing nuts - Mature leaf 2" Leaf Mature leaf
pruning + flushing and nuts harvest flushing
fertilizer flowering
3. Pruning 1% Leaf Flowering Developing nuts - Mature leaf 2" Leaf Mature leaf
+no flushing harvest flushing
fertilizer
4. Pruning 1% Leaf Developing | Developing nuts - harvest Mature 2™ Leaf Mature leaf
+ fertilizer flushing and nuts leaf flushing

flowering

GE) 21M1INTRIUNTN A ANGRTuazNIdnan Wl

FBnnesansfimunzanlunnfiunands
AmFudadinnistgnuzdasinnus liiuninemens
1uﬁyu171'ﬁi”\1w3”quma ne ﬁLW’]:ﬂ@Jmmumﬁﬂ
el an A ui pondunsnguusanin Aoy
FanenuituasanAnAnan A nissnustauuLn
nanansan n1slFudgenuuasliisnneinisie
TngNasandmadanyu Jantsmiunarieaniely
mnmﬁLmmxﬁﬁua‘quﬁuﬂ?ﬁmmmﬁlmmiﬁ'
TR O TR NUPRIEPE (I R R PP PR
anfufisanandnluiausuaan nasulfuanimn
nen-udvedaufaedanuiarnisldianieiu
vinludassiuggeluAeeungrn1aN Wllaniely
'1'71'5?mﬁlmmﬁmu,@:f-g@mﬁlmmmmuﬁyﬂmmnqim
%mw’mﬁlﬂﬂa‘xﬁumsmmuﬁ@mmm%wmmfﬁm
dlanriazasalugaaieunnmau-funau 3ansil
Mnlindasfiunudlsrasimuinalilanig
nafuRzaeaunuiuiy 4 Feuwssiennsiiame
AMTUNIAANAUAZLNPUNARNTHWNTNN A

naAngsNUsznA

nAdsaEumenalilasanisnsi
WBNWWALATUNENNIAANNIBLENANTLNIAAN9E1S]

FTngAsAnd LHFuugAnyun1INIadaann
WAINeNABIaAensacn Usranteutlszanm 2562
WATIRUDLADIUNLTUAR WANAN ANTBIAIUNEHN
HunusuazinAnengdoeidn
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Appropriate Fertilizer Management for Baby Cos Production Under Greenhouse

Condition on Highland in Chiang Mai Province
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Abstract: Study on the effect of fertilizer management for baby cos production was carried out at farmers’
greenhouses on highland in Chiang Mai province from April 2019 to May 2019. The experimental design was a
randomized complete block design (RCBD) with 3 replications and 4 treatments. The fertigation treatments were
as follows: treatment 1 (CFR), applied N:P,0.K,O at the rate of 39.2:14.7:36.6 kg/rai; treatment 2 (FCR),
applied N:P,0,:K,O at the rate of 5.9:4.4:11.4 kg/rai and treatment 3 (SSFM), applied nitrogen fertilizer only at
the rate of 5.9 kg/rai. The non-fertilizer application was used as a control treatment. The study indicated that the
application of nitrogen fertilizer only at 5.9 kg/rai (treatment 3, SSFM) tended to increase the growth of baby cos.
The total fresh yield (6.39 ton/rai) and marketable yield (2.65 ton/rai) obtained from treatment 3 (SSFM) which
were higher than the other treatments, especially when compared with treatment 1 (CFR), which was applied at
the common fertilization rate. The total fresh yield and marketable yield obtained from that treatment was only
5.02 and 2.08 ton/rai, respectively. Besides, the fertilizer application rate of treatment 3 (SSFM) was the highest
fertilizer efficiency use. The results from this study suggested that for baby cos production in soil containing a
high amount of organic matter, available phosphorus and exchangeable potassium, nitrogen fertilizer
application by fertigation system at the rate of 5.9 kg/rai was sufficient and suitable for producing good quality

baby cos under greenhouse condition on highland.

Keywords: Fertigation, nutrient, baby cos, yield
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unApta: maﬁrn:mm‘nfmmﬁmmiﬂﬂ@ﬂ’mmmmﬂummammﬁ”ﬂ@m THantiunislulssBoulgnidnaes
Lm:rmmuuﬁ”uﬁzgq Fdn@esIun sud 1R eU WU 2562-W0HN1AN 2562 TAEIIGIALNIINARBILLILIAN
anysndluuaan (RCBD) 41U 3 1 uge 4 NenATNARRY %qﬂi:ﬂ@uVLﬂﬁaﬂmﬂﬁﬂﬂmwufﬂuﬁ ATAUANANTY
3 n2913 1B unl N993327 1 (CFR) dilaTulngau (N) waaweia (P,0,) uaztwunadan (K,0) ludna 39.2, 14.7
uaz 32.7 Alansusiels AuANAL NesART 2 (FCR) 1dilelulnsiau Weavleda uastnunadenludne 5.9, 4.4 uay
11.4 Alansusiels AuSIFL nesAan 3 (SSEM) laleulmsauienaiinbion ludn 5.9 Alaniusials uaznssis
o lunssudsaauAn (control) lxifinsldilenadl nanisdnmnuan mﬂzﬁ'ﬂﬂmumiﬁ%ﬁ 3 (SSFM) HuunlEiumn
’Lﬁmﬁ”ﬂ@zﬁﬁmmﬁmﬁﬂmﬁ WiianARTaiNa 6.39 fusials uaslunanannswiingld 2,65 fusals Fau1nndn
ﬂasmﬁ@uj aeelidadAtyn1eais T m@Lféﬂumﬂmmﬁmﬁﬂ@ﬂﬂu@mmmwmauwﬂgum
mimmmmmwmwm 502 fusials uazilunanAnTiawiinelE 2.08 Ausiels LL@”u’aﬂ@’]ﬂuﬂQWU’]’] mﬂmjﬂ
ANNNI9AET 3 (SSFM) Lﬂumﬂmﬂﬂmuﬂivmmﬁmwmmmimﬂ&mnmm m@mmnmmnwﬂummm‘mmu'm
maﬂ@ﬂmuﬂm‘l,umuuﬁmmﬂummm Weanaafiflulsy T LL@JIZWmeﬁnﬂmmeﬂ@ﬂuimiuimum
ma‘lmﬂaiu‘llmmu‘luiwuum §m31 5.9 Alanfusels Wy Tiflsaneuasmunzandviunisuamulaeg
GIIRIINENTE Li'ﬂuuuwumg\i

Adaty: nslilelussuuin smenms wilnea NaNAn
AN Tufaqiiulussuunisn@nuiinea nnsld

fleoniidundutlenlilsz@nsnwlunsnaanine1ils
wilnag (baby cos) (Lactuca sativa L.) @gljel,u 'LE?N’]MLL@:QMJWWmum’mé‘i‘ﬂ\‘im? (Fallovo et al.,

29A Asteraceae WUNTINHAMAMININTUINITGS  2009) A1NN19AN1289 Khoshgoftarmanesh et al.
Tnenannzliued Hansenmswendmin dudmiiue  (2011) waz Solaiman et al. (2019) Wudn n13ld{]e
Fanfiud fovgermananuaaidan uundden  ulnnauluBungeacsdsafiunananuesdnne uwi
Hoanesa wartwunadan dodusigeimnsid  winlifuBunabdnnauilidome dealifunn
PyNA s e eN el (Pinto ef al, 2014) wilnes HANARAAARE 9NN Uazdanudndsununednady
Aadludnifeuinunnitnancludssmalnauas warinunafandosdadsuniaasaiulauasannn
e LGl wwsﬂaﬁ%‘ﬁﬂmmwmq'ffm%ﬁmm'\m??u 1asdnnIAneNiugAed (Fei et al, 2011; Siringam,
INHAINTLUAUT A inan winealuszuntaden 2014) Chaima and Santasup (2019) AnANASNNI3

wazliifleluszuuioven lull wa. 2557 yails  sigemnsvesiuineadidgnlulsdeuuuiiuiigs
TasmmasenansmsdailnealfiBanm 22020 Annaslielunseniunia wudn wilneakesnns
AnLtluaarn 8,396,761.85 UM (Santasup et al., 2016) Tulnsiau 3.02-8.89 Alansusials neanasa 0.53-1.78
aeilafimunsnanudpeslulaqiuddbifomese  Alaniusiels uaztvunaiden 5.42-18.31 Alanusiels
pnfieansesffiBina A llilnsdad@unenan  edlaiaauinemangldijalulnsau weanada (P,0,)
atsnnUuURg Sdanmgiemefionzauie  wazinuna@an (K,0) ludnsn 39.2-51.20, 14.76-
masayduln el funn LL@"’ﬂMﬂ’WW'ﬁI W 19.20 wax 32.71-42.67 Alanfusiels aadndu daiu
prupabesmsesfiiing wenaniinedanesg  dnemsnsinnsteluBunnigaivanaiesnis
mmﬂuuﬂmﬂ@mﬂuﬂ%mmmﬂmwmmmﬂqu seauilnen mﬂzﬁ'ﬂa%unwmmfﬂm%iﬂLﬂumﬂ'&'
s uazAmasIKALaRLned flamaiinefRdusiefunn e ldlffnied
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o o o o a =
nsapnsilanuminzandniunisuaniuiinag
lulseFauuunungs Sanindaslul

AYNABINIIEIABIMIVBINT WATLENNUEIABINNS
da e s d v o
et lunu Tan1sld et luliuunuinuay
piaitias MR ANsazaNT8916 MY Teay
AIHANIENUABAINNANAADIFBIUNT 1WA WAZE16)
8M1TUNdauanagnEzd 1l ansdwillau
gunaatin (Sanz-Cobena et al., 2012) 111 Weady
Visitpanich et al. (2006) ﬁwuﬂmmmmmmmmﬂ
' a Aoy a A P
811195114 7 AUt lun1snanivglulsaizeu
R et neenizas1989n19 NG9l uaa9An
nstinininaessiu NiduseiadnAianuANaeRy
o o o . g
FanFnnaunaeavaiset luaisazang AN
Auldarinansznusanisasyfulnuasnanua
299N WATAINNIIANHIU9Y Bureerat (2002) W13
d” dl °I a da/ Adl = ) + =
Nunlgnnevandavunungeiinisldiawmiiingan
UANNN39ANNIEINN T UTZEZAUNU daralTiRY
# pH anaeAng 5 uazynliiunndwisednganas
annedeiinisarantesliuudeanads uas
Tnunadanlusyiuge delaesinliudalupundszau
pH 6.0-6.8 T BUNTETRY 2.0-3.0% YNt
WaanaFanidutlsylomiiag ludas 3560 Haniusia
Alaniu Wanaulwunadesmuaniaenlilugos 100-
120 AanFusanlaniu dumunzansdanismnzlgnive
(Chalemtha| and Santasup, 2017, Shutsnrung, 2008)
muummﬂ‘mmmnuma@mmiﬂwmmvmummu
mauamuined fuiudednAyedisBeianiaia
snnunanaauargun naesuinealulsbau
& A o + , =
vununge uaziduuuanialunisldieasied
Usz@n5nn sanivananansznuainnistulilau
anns e lunnasiiuardauanies

L4 as
AUnTUAzIENNS

38nns@nmn: nsAnemaaesluaie i
Ariunsluiuiige fuuln snnedgen dmds
Gealud 3TUINAEU B 2560 T WY HAIAN
2560 Inetlgniud nealulseBeuntdne 1una 180
PYINAT (6:30 iA) Teutiulamanasaanid 4
wilag (4 udan) Inaumwdasdsenaufoaudaseas
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IUNA 1.2 x 7.0 AT 21191 4 Lilad (4 N9INATNAADY)
fsruzilgniudinea 20 x 20 wuRwns luusasuias
naasstes fiwdaed 49uau 210 Hu deudgn
Amafusaet1apuluuLamaans AsrAuANEN
0-20 [EURA AT e INA AT TR AN TR T8 3R 1
(Siwasin, 1984) L‘W'@ﬂiuﬁuﬂ?mmmammﬂuﬁu
?ﬁlqﬁu@gﬂuﬂ@jumﬁuﬁyﬁmm%u@q%@u (SC:slope
complex) (Land Development Department, 2015)
Tmﬂauﬁ‘l‘%ﬂqmﬂuﬁumﬁm (36% sand, 15% silt,
49% clay) RA1ANElungA-Ag Wiy 6.75 U3unnd
Buviredng luAu 8.25 wWedifusd Wsnnuveanais
Mfluilszlaad 771 faanfurenlaniy iunn
Tnunadenfuanulaeuld 1,277 Daansusedlansy

A9 NHALUATITI 99 UH LN TN A AD I
randomized complete block design (RCBD) AU 4
Ufan IMEN9UENI919AINLAN AT LIRS usiaz
uﬁ@nﬂi:ﬂ@uﬁwmﬁmm@ﬂﬂﬁLLmﬂﬁmﬁu 4 N393TD
Hud 1) ldilalusnefinwasnafiaud o6l
nsugniurealulssdeaunuiuiige (common
fertilization rate for baby cos, CFR) Tmﬂzﬁ'ﬂﬂu‘ﬂmmu
Waanesa uarinunadan (N:P,0_K,0) ludme
39.2:14.7:32.7 AlanFusials (Santasup et al., 2016) 2)
1’&"11!ﬂiuﬁMTﬁﬁﬂi‘tLﬁu@ﬁﬂlﬁ‘NWMﬁ’]ﬁ]@’m"l?'ﬁlaﬂiﬂ
AUNANS B LU 'ﬁ”ﬂ 2@ (fertilizer rate based on crop
removal data, FCR) ( Chaima and Santasup, 2019)
Tneldile N:P,O.K,0 Tuenen 5.9:4.4:11.4 filaniusie
1s 3) Mdileludnanislailalszifivainisuiniss
mm&rﬁlﬁmiﬂﬁummammﬁ”mmmmﬁmmmrflfm'mi
fludszlaniluau wiedandanisldilowuy
mealfawwﬁylﬁll (site specific fertilizer management,
SSFM) %\‘11’&'L’QW’]""J]EIVL‘LAIMSL@HLWEIQ@Q’NLaﬁl'ﬂuﬂvﬁlﬁ"]
5.9 Alansusials uaz )ﬂ??NQﬁﬂQUﬂN (control) 1314
{]enadl LL@”ﬁWlﬂu I YBNANTIN anmmmmiﬂﬂmu
N95UARR 1-3 Lﬂumﬂmﬂﬂiﬂwmmmvuummm
(fertigation) Tnensizaind]alugilansaranesisaivng
Wndu Auas B sﬁ\immmmiﬂﬂmwmim'ﬁm 1
avAsznaunazANdindivaasasazanaile A uas
B AFUNANNNTINATURNAINT (Santasup et al.,
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2016) daunssudnn 2 ansazansile A iluansazans

wAALE N l1LAN (15-0-0) ANKEINGL 2.66 tlasiFus

uazansarateile Billusansavanedenauaes
Tunadeunaginm (0-52-34) uay nungdsnlumsm
(13-0-46) AN N W 098 wa 212 e fidus
ANSITY LN TINATT 3ansazanaie Adu
gsavansLAaLden l1mImn (15-0-0) Aansdindy 4.49
waedidus douile B Wi an dwmsunisdng
mm:mﬂﬂmﬁﬁ@ﬁ:nm‘fﬁmm AzuaNAIaTAneile A
uaz B ludns 11 (aadiunmg) ludain ubaeng
ansazaneilafosginninAa1sarane s e ITILL
ug3 (venturi) Ml Baliluiuil 5 udefinalgn
wazliidouiiudAayniu (§am 26 ansiasay
mﬂﬁﬁ”ﬁ&i@‘mﬁ@u) AaufvszaLiaunF URE, 1
dlnni Asgaliide (Warsazanaile A uas B 1iinay
98 anssaleaizan)

msiuduiindays: guiusetiaud

ARA lULARZNIINATNARD mmuﬂ'@ wlaanmanssiag
T 1 ansamns Rezes 18 quummﬂﬂ@ﬂ
(day after transplantmg, DAT) ha ¢ u 1A ‘W U 1/1 4
PN figvelx 31 DAT mmi‘uuwnmuuﬂm Uay
vivinuiis (BUUTNAEEaUANTRY mmmu 65-70
peANTaTEed) ludauresanfudaumileAunaznn
LW‘@ﬁﬁmﬂiuﬁummmuﬁ”ﬁuﬁﬂ Wieaiineg uas
fevasfAufennanan (31 Jundsdinailgn) 1Tuin
U UHANARTIVNA LALHANE AT @1N"705iA

el 14 (mmﬁm‘ﬁlqﬂﬁﬂﬂﬁTﬁLLﬁiqﬁ@um'ﬁmmﬂ)
uAzEN ARt U ILLTi TR A E A
ga9g1mR M van W Banaslulnsauion
(total-N) (Novozamsky et al., 1974), Usununaanasa
Wanun (total-P) (Suwanwong, 2001) a1ty
Tnuna@auianun (total-K) (Kalra, 1998) ifiatinn
szidin 1) n9g msl%ﬁ’wymmﬂmmﬁyﬂm Tnertlaziiiu
ANNARMIENI AN IE N uIR 9516 8 1M TUAY
Hunudier e (Santasup et al., 2016) WAz 2)
ﬂi”l,uuﬂi”mmmwmﬂmﬂﬂ Inedseiiuann m@m\i
7% mwmmmmwnnmmm@ anluwineg
mnmimm"l@ﬂqﬂﬂumﬁlmmamwumngﬂ@m
unazanluipeaannini s i bildirednaie
uilnsiauild (Osotsapar et al., 2008)

N153LASIZNL Y ANINED A TR
Anuilsilsauaesdiayalnais ANOVA (analysis
of variance, ANOVA) kA /38Ut e U AN WANH 4
ANeAT89n77ARNAnealnEAT least significant
difference (LSD) svAupnadesiu 95%

NANTSANEN

ﬂ’]%‘L’QiﬂJLﬁl‘LITm HANNTANHINLGN N7 1E
‘]JF;W]LLﬁlﬂﬁ]’]\'iﬂuV]\‘i 4 ﬂiﬁ‘NQﬁ @QNZ\]E‘]@ﬂ’Tﬁ‘L’%‘MLWUIm

waaiuflangad NTWEAATYNINADA (Table 1) fiazey
18 Jundsfinaign n1slailan1unssnisn 3 (SSFM)

Table 1. Effects of fertilizer management on dry weight of baby cos

Dry weight (g/plant)
Treatment 0 DAT 18 DAT 31 DAT

Root Stem Root Stem Root Stem
1. CFR-(39.2:14.7:32.7) 0.02 0.19 0.15° 1.25° 0.63° 5.95
2. FCR-(5.9:4.4:11.4) 0.03 0.17 0.14° 1.17° 0.68 % 5.60
3. SSFM-(5.9:0:0) 0.02 0.13 0.24° 1.80° 0.80° 6.54
4. Control 0.02 0.14 0.13° 1.13° 067 % 5.71
F-test, o, - - * * * ns
CV (%) 18.51 12.70 18.51 12.70 15.12 15.98

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) test at 5%

probability level, ns = non- significant, DAT = day after transplanting



msaansilanuanzandiniunisianuineg
= & v o '
lulsaFauuunungs Sauindaslus

v liwdneatinnsavauinminuisdaumiieu (1.80
NFNFBAL) LazaIN (0.24 NFUADFL) Qqﬁqmmzqqﬂfiq
mﬂm’ﬂﬂmum‘iuﬁ%ﬁ 1 (CFR), 2 (FCR) W&z 4 (control)
atinefifudnAynneadn Tnawideeaiilgnineldi]s
ANN3TAET 1 (CFR), 2 (FCR) UA% 4 (control) Hnnsawas
BandnuiiedoumileAuinfy 125 117 uas
113 NFusad AUANAL uasdnsaauinuinudia
PRIINIANTL 0.15, 0.14 LAz 0.13 NTNABAY ANAAL
atinglsfmnuTiszesiALAenHaNAR (31 Jumaannating
Ugn) wudn msldd]eunnsineiuns 4 nesaa Tavin
BT Tt S I R MY I SV TR S By
Wed1ATYN Al A Thefnsazautinminuiiadaudndiu
ot w9 5.71-6.54 ﬂimmu meﬂmﬂﬂmmmq
fugdasanssnLAensazaLtiminwisren mwum
ma‘”l@ﬂﬂmmﬁmﬁm 3 (SSFM) Tinnsazaasianin
LLﬁ\‘iﬂl’adﬁ"]ﬂ@\iﬁ@ AT 0.80 ﬂ%ﬂm’faﬁu SauAnsnaivating
Nuﬁmﬂmmmamnunﬁmw 1 (CFR) Afinnsszas
muummwmmﬂmmmmm 0.63 nFuFakL LLL'*IVLN
Lmeﬂ’Nmmﬁmw 2 (FCR) az 4 (control) smu
IR AU S99 0.68 LA 067 niusie
o s Wufiindanadn maszaaniwiinuiises
drumiiaAufisreaiiuneaf i liunnsnetugng
feTudnArynieadd winisldilanunssuds i 3
(SSFM) & LLmIﬁmﬁﬂﬁ wilpoa L@ﬁ?m Wulnliad
mmvmumuuﬂLLuﬁmqmqmammu°] m@mmaﬂﬂm
ﬂummﬁmﬂmﬂﬂ‘m@ mmmmumiw INEAINTLI
ﬂgu 5 (CFR) laidsnaliitinmiinudisdoumileny
i uindudaaliniinuigumiionuanas

NANAR: N'Z\lﬂ’]‘iﬁﬂﬂ’]wufﬂﬂ’]ﬂmﬂﬂLLﬁmfﬂ’N
ﬂum 4 n393% danasieimingananarreaLTineg
mﬂ@mmwmmmmmmm\mummmmmnm
(Table 2) Ineinnsldi]e ANNNTILART 3 (SSFM) N1l
wineafiiinuanantausaus (6.39 Fusials)
@Jxﬂ‘ﬁlqcﬂLL@;‘:@J\?ﬂ')"mﬁﬂﬁlﬂﬂﬁl’]llﬂﬁ‘ﬁ‘lﬁ%‘ﬁl 1(CFR), 2
(FCR) uaz 4 (control) atinafliadAtyn1vans Tna
Luﬁ”mmﬁﬂ@ﬂimﬂldﬂﬂmmﬂﬁu%%‘ﬁ' 1 (CFR),
2 (FCR) wae 4 (control) Feminuand A aus A
WiNL 5.02, 5.52 LAz 4.63 Aiusals AMNAAL 4y
HingAnaRRAVEIN 2 A WA AN LR 8L
ﬁmﬁﬂmmmamﬁ@umiﬁmmq mﬂm’ﬂﬂmmimﬁ%

3 (SSFM) muuﬂmummmmqmmmmmm 2.65
ﬁumi@ 6n<1LLmrm*N@m\mummﬁymmmummm
7 1 (CFR), 2 (FCR) uae 4 (control) Aflsinviinannda
FAusaede 2.08, 2.29 uax 1.92 fusials Auas
HasyanaAned iiudnnslad]e lusnaige a1
AINAFDLTUUNANAR

AN NTULBIEIADIUNT: HANNIANT
mwLﬂﬁu%ummm&gmmﬂumﬁymm (Aumian)
fisztziiuien (Table 3) Wi mﬂm'ﬂﬂﬁl,mrwmﬁu
¥4 4 n993 i Wannudintuaedulnnaluires
wansineiuat el isd1Ayneata naslaiamnu
N95UA%R 1 (CFR) $n 1A udaduaelulnsanly
Luﬁ”ﬂmqqﬁzgm (5.31 Wedus) uazgandnisldile
ANLNTINATT 2 (FCR), 3 (SSFM) WAz 4 (control) 3
nupNdnduaesluins_uindy 4.60, 4.49 uay
4.55 wefifus agslsfnulinumnuuanstsesinad

Table 2. Effects of fertilizer management on yield of baby cos

Treatment | Fresh weight (ton/rai) |
Total yield Marketable yield

1. CFR-(39.2:14.7:32.7) 5.02 " 2.08"
2.FCR-(5.9:4.4:11.4) 552° 2.29°

3. SSFM-(5.9:0:0) 6.39° 265°

4. Control 463° 1.92°
F-test o) * *

CV (%) 6.42 12.33

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) at 5%

probability level, DAT = day after transplanting
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ﬂmﬁﬁﬁmmmﬁﬁ?wdwmﬂzﬁ'ﬂﬂmmﬁﬁ%ﬁ 2
(FCR), 3 (SSFM) a2 4 (control) & 1u5umqsdindiu
seeneanefauasinunadenluwdneai 4
nesuad ldumnsneaiuad el Wa gAY neana
Tnanuandndusssneaneiaaslutas 0.86-0.91
wWefidud uarinuna@anegludag 830857
Wesdud feyanisinendliiiudinisldile
Tuinsaudenasananudinduaesainaimislung
winisldilaneaneia uacnunaidan dnasie
pvindiurasaanaiauas inumna des
msgalisinams: faufidnnnsldied
wa N6 19T Ue 4 n99u3s M liiaandinduaeg
TuTnsiauluwd peaunnsinaiuednefldedAoymng
anm wal ldnwupanuuansitsed T ATynI9a s by
nagalisneisiulasauainaunazanluaisiv
daumileAuseaiuned (Table 3) wudn wines
An19galElulngiau Tudas 9.27-11.21 Alanfusials

duieaiuneaneiauazinunadon winead
magalineaneialugos 1.74-2.13 Alaniusials Tuane
finaldtwuna@anludo 16.83-20.16 Alanfusels
Hayanisdnuaia Wdiugn naelai]eluunn
fisnariu Ildsuasiamsgaldisnanseiia
UszAndnawnisldile: fefiansun
ﬂazam%mwmﬂ%ﬂﬂumwammﬁ”ﬂm (Table 4)
WU mﬂzﬁ'ﬂﬂumm?ﬁﬁ 3 (SSFM) ﬁLLmIﬂuﬁq\ﬁ
N91N23UART 1 (CFR) ua 2 (FCR) 3 9il Amnfw
21.53 wofifusf daunssaidadi 1 (CFR) fas@nanw
nsldialulnsiau, eanesa wastnuna i
WinriL 4.95, 0.48 uaz 0.15 wefiius uaznssuis 2
(FCR) Hilsz@nsnmnisli]elulnsiau, neaneia
warwunad@enwingy 1,53, 1.14 uaz 0 wlafiiusd
HeyansAnunild it nasldialulsunn
figedubidanaliivsz@ns namnisliteingado
mmﬁmmmﬂ%ﬂﬂﬁlﬁﬁ”u

Table 3. Effects of fertilizer management on concentration and total nutrient uptake of baby cos

Concentration (%)

Total nutrient uptake (kg/rai)

Treatment

N P K N P K
1. CFR-(39.2:14.7:32.7) 5.31° 0.86 8.30 11.21 1.81 17.49
2.FCR-(5.9:4.4:11.4) 4.60° 0.90 8.42 9.36 1.79 16.83
3. SSFM-(5.9:0:0) 4.49° 0.91 8.57 10.54 213 20.16
4. Control 4.55° 0.86 8.53 9.27 1.74 17.44
F-test o * ns ns ns ns ns
CV (%) 8.06 3.73 3.46 20.10 14.01 15.36

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) at 5%

probability level, ns = non- significant, DAT = day after transplanting

Table 4. Fertilizer used efficiency for baby cos production

Fertilizer used efficiency (%)

Treatment
N P K
1. CFR-(39.2:14.7:32.7) 4.95 0.48 0.15
2.FCR-(5.9:4.4:11.4) 1.53 1.14 0.00
3. SSFM-(5.9:0:0) 21.53 - -
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msaansilanuanzandiniunisianuineg
= & v o '
lulsaFauuunungs Sauindaslus

3a150

mﬂmiﬁﬂmmﬁmmsﬂﬂﬁLmnﬁmﬁuﬁ”\i
499333 wudn Smsmslailefiunnsneiuinasie
mm‘%@yLﬁu‘lﬁmm@\uuﬁyﬂ@mﬂwﬁﬁmﬁﬁﬁcymmﬁﬁ
flazez 18 Tunasdiailgn ﬂﬁi‘lzﬁﬂﬂluﬁm’]ﬁﬂmﬁu
anA BRI sENRE NI ARALAT ARG AN
anysaifu (ﬂﬁ‘iu%%‘ﬁl 3 (SsFM)) Tneldannzile
hilnsaulugng 5.9 filansusiels sinli wilnesazan
m‘mnLm\‘imumu@muu@vmnmmwrmm«m
ataflifadnFyn1eedi dudaaiufiszeniofen
(31 Junastinenlgn) mﬂmﬂﬂmmﬁmﬁw 3 (SSFM)
?ﬁTx‘iﬂ\‘iﬁﬂﬁﬂ’]?zﬁzzﬁwﬂ”ﬂﬁﬁ/ﬂLLﬁW’ﬂxﬁ‘"lﬂQ\'iﬂfj’mi‘?N?J%
Bu 7 ededTadrAyneadd feudidanisazan
drviinudisludaumilenulivandafuedngg
e AATYNNATAN AN Lwimﬂdﬂﬂmummﬁ%ﬁ 3
(SSFM) fuun i nsazaurinuinuienddan
willeAugandinasiaau Henyamsrnea idiuin
n1sldilalulnsmuiiasatranaaludns 59
Alaniusials eanasianaNfiodan19a1A81MN3 18
wilnea WenRauidauiumsldilaresnsmsns
(n393337% 1 (CFR) ﬁ”tdiuimmuiuﬁmmﬁQqndﬁﬁq
6 win (392 Alansusels) 3elaeialugavnaud
Tulasauldineanasonanuiiasnisaasivg nasldi]s
hilpnaulusnniigaauiitazneuausssienisiiang
a1s I UNNINERINAN B9 Hasan et al. (2017) 14
ﬁﬂmfa”mwmﬂzdﬂﬂu‘immuﬁLLmrwiNrTu (0, 8,16
uay 24 Alanfusials) wudn nsldilelulnsau 24
niaﬂ@umi? mlummm (L. sativa) An198 &N
dainudiaaniign uas uAnsinsed1ediudAy
n19adffunisldilaludnmau ¢ adaelsfinw
wnialEFusineimisluszFuiioanania
faazlineuauassenisliileludnaigely
Boroujerdnia and Ansari (2007) Anwanisld i! gl
Tulnsaufiuans9fy 4 N9303% (0,96, 19.2
way 28.8 Nlansusals) wudn AT uERInIeld
flalulnsiaudsnaliidnadn (L. sativa) innsazas
suinuaiaduusnssdantmeldilslusnm 19.2
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Alanfusals An1sazanuiminuiisunnign uas
o = o d o Sy o '
uananidayanisAnuluaianaad 19imiugn
wilnealinauauassanisldfanaanafauay
Iunadsan etlilesansaun 1 lunnsdnun luasedl
Flrunnunaanesandudszlamd 771 Haaniuse
Alanfu AadluiBunanaaneda 241 Alanfusials)
warHiSunauwunadaunuwandasuls 1,277
Faansusanlaniu (Aadudiumlnunadas 398
Alansusials) faﬂ‘l,uawmummmﬂ gu1rUanlant
ﬁfmrmmammﬂmvmmmew'am'ammmmma
gaiLiines Wm\‘fl,mmamu@\‘immﬂmgm@m
Aufuldurunananueaudaadan
AaufauAawaznaamawse nduldludnwoae
waniunsazaniinuiie naslaianunssaian 3
(SSFM) (lulnsausman 5.9 AlanFusals) nnl3isinmin
AATIAUA ALAILATUAIAALAININNIIN1T1d ] ¢
FANNITNATAY 7 B8 W1 Ayn9aTia tnaanie
at19falelFauiRiaudunssNasN 1(CRF)
4 . . A L
daneansldialudnsngandd delulnsiau
Noaweia waslnunadmen (39.2:14.7:32.7 Alaniusials)
fayaannisanminanaliiiudniloneanaia
= 10 o o dy a
warTnunadanliandudmiunislgnudeealumu
Aiveanefaddudszlagsiuasinuna@and
= o o 2 A ony ! [y
uaniasuliluseauige aeiuduldianaaaudiniv
woaaanaiauas Inunadauisanisgalinasnas
warlnunadenreauined 9l Anuuansnaiule
nnesndsnldfauaznssndsn i ldile uas
d’l 1+ o =
uwanainil nasldfleneanefavasinunadew
(7919359 1 uaz 2) lwAuninisazannaanaia
P o a o v |a
warlnunamenlusriungs dedenalidiunn
Hanananadld Wasanniiuinuneaneiaseiugs
luRudnaa1ansgalddenca (Sayed, 2011) uay
inlidenz@nnmzneulugddencdnoaiina e
n1gavaeenn (Pendias, 2011) Wi u1adan=d 1A
%4 Inthasan and Dechijiraratthanasiri (2018) Anwn
nsladi]egiulefWaamn (0-20-0) Mumansnaiu 2
N39:38 Wu91 nesuRsnAnsldginleiaaine lu
#m31 40 Nlansusials danarannudnduresdanzd
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TumdadadeauaiBunnnandaiieaniinssas
finsldguueiaamalugam 20 Alansusels
wumtaiunaanefa naslailaiwunadauasl
1umuv1muuimmmmu‘luﬂ?mmmm ﬂ"l,ﬂﬂ‘um
negaldsnunnilFunsesite Wesanagiaes
dulfdnidsiafu dsanaiilffiaiaeinisene
wunihi@andunn’ly (Metson, 1974) @4 Sittigul et al.
(2005) wuan1sa1auNNBdssluasinbinnes
fugnluduffinunadauivanaouliqe
(910-990 Ha@nFusianlanin) usduiuans ulnsiaw
ﬁﬁl\‘iLﬂumrf;fmm?ﬁﬁwmmﬂ'wéqﬁfama‘m?‘tylﬁuim
299N LL@xu'aﬂmmfumﬂzdﬂﬂ”l,u‘llmmuiuﬁmm
fige TngialuudaluAudnalulnnauiify
Usslandnn Tl eanasanisadyfuinesite
Seldielulnsauldifofe foazneusuassiedls
at1efaay F9aiinldd1lunssudsi 1 (CRF)
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Abstract: The objectives of this research were to compare five cultivation methods of RD49 rice variety:
germinated broadcast seed, germinated dripping seed, parachute seeding, manual transplanting and
transplanting machine that affected on the population dynamics of planthoppers and leafhoppers. The research
was carried out during June-September, 2019 at Bueng Bua subdistrict, Wachirabarami district, Phichit
province. The direct count sampling technique was applied every 7 days after seedling stage of rice (15 days of
planting). The result revealed that in all cultivation methods the five planthoppers: brown planthopper (BPH),
whitebacked planthopper (WBPH), green leafhopper (GLH), zigzag leafhopper (ZLH) and white leafhopper
(WLH) were found, however only BPH and GLH were found at the high numbers and the population change was
obviously determined. The germinated broadcast seed method promoted the increasing of BPH at the average
of 199.05 individuals per square meter through all the season, meanwhile, the transplanting machine method
promoted GLH at the amount of 101.95 individuals per square meter. The tiller density was the most effect on
the increasing populations of BPH up to 97.09% but it had very little effect on GLH populations. The effect of

abiotic factors was very low on populations of hoppers (0-45%) in all cultivation methods.

Keywords: Cultivated method, planthopper, leafhopper, irrigated rice field
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Figure 1. Average numbers with standard errors (base on the column) of five rice hoppers: brown planthopper

(BPH), whitebacked planthopper (WBPH), green leafhopper (GLH), zigzag leafhopper (ZLH) and

white leafhopper (WLH) found in five cultivation methods: germinated broadcast seed (GBS),

parachute seeding (PCS), germinated dripping seed (GDS), transplanting machine (TMC) and

manual transplanting (MNT)
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The population dynamics of brown planthopper (BPH) (a) and green leafhopper (GLH) (b) found in

five cultivation methods: germinated broadcast seed (GBS), parachute seeding (PCS), germinated

dripping seed (GDS), transplanting machine (TMC) and manual transplanting (MNT)

Table 1.

Regression coefficient values (Rz) of the relationships of environmental factors on brown planthopper

(BPH) and green leafhopper (GLH) population in five rice cultivation methods: germinated broadcast

seed (GBS), parachute seeding (PCS), germinated dripping seed (GDS), transplanting machine
(TMC) and manual transplanting (MNT)

Regression coefficient values

Environmental factors BPH GLH

GBS PCS GDS TMC  MNT GBS PCS GDS TMC  MNT
Water level 0.00 0.00 0.17 0.34 0.37 0.11 001 0.6 0.01 0.04
Rice canopy relative humidity 0.03 0.12 0.11 0.02 0.07 0.01 012 0.03 0.01 0.07
Rice canopy temperature 0.00 0.04 0.04 0.04 0.06 0.02 003 0.06 0.02 0.12
Rainfall 0.00 0.00 0.02 0.24 0.04 0.00 0.03 0.03 0.05 0.00
Maximum relative humidity 0.1 0.08 0.1 0.10 0.02 0.00 013 0.02 0.22 0.08
Minimum relative humidity 0.02 0.16 0.07 0.02 0.01 0.15 045 0.15 040 0.15
Maximum temperature 0.00 0.14 0.10 0.01 0.00 0.02 032 027 026 0.02
Minimum temperature 0.01 0.21 023 010  0.01 001 029 026 0.11 0.03
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3. Relationship of average number of brown planthopper (BPH) (no./m) and green leafhopper (GLH) )

(no./m%) on density of rice in five cultivation methods: germinated broadcast seed (GBS), parachute

seeding (PCS),
transplanting (MNT)
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germinated dripping seed (GDS), transplanting machine (TMC), and manual
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Abstract: A study on the proper fertilizer management for the quality shallot production, Ban Hong variety was
performed in the farmers’ field at Ban Hong district, Lamphun province, from November 2014 to February 2015.
The experiment design was a randomized complete block design (RCBD) with 4 replications and 5 fertilization
treatments. The fertilizer (N:P205:K20) application treatments consisted of 1) 16:0:0 kg/rai (based on shallot's
nutrient requirement and soil analysis data), 2) 23:4:35 kg/rai (based on shallot’s nutrient requirement),
3) 23:20:50 kg/rai (common rate for shallot production), 4) 13.6:5:10 kg/rai (applied by the owner of
experimental field) and 5) non-fertilizer application (control treatment). The results revealed that fertilizer
application at the rate of 23:20:50 kg/rai (treatment 3) significantly increased growth of shallot (height and dry
weight of above - ground part) in comparison to the treatment 1 and 2 at 60 DAP. At the harvest period, the
shallot’'s fresh vyield (7.89-8.09 ton/rai) obtained from fertilizer application treatments (1-4) were significantly
higher than the non-fertilizer treatment (3.64 ton/rai). However, all fertilizer application treatments did not affect
bulb diameter and percent of damage bulb and weight loss during 90 days-storage significantly. The bulb
diameter was found in the range 32.07-35.98 mm. and the percent of damage bulb was in the range 2.57-
3.30%, while the percent of weight loss was in the range of 47.70-51.20%. The results from this study suggested
that fertilizer application (N:P,0.:K,0) at the rate of 16:0:0 kg/rai was sufficient and suitable for producing good
yield and bulb quality of shallot Ban Hong variety.

Keywords: Shallot Ban Hong variety, fertilizer, quality and productivity
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Table 1. Effects of fertilizer application rates on the height of shallot at various stages of growth

Plant height (cm)
Treatment

20 DAP 40 DAP 60 DAP
1) F1-16:0:0 33.78 44.21° 4553°
2) F2-23:4:35 34.06 45.44° 46.83°
3) F3-23:20:50 31.70 46.96 ° 47.19°
4) F4-13:6:10 33.68 4579° 47.45°
5) Control 32.14 37.90° 38.02°
Mean 33.07 44.54 45.00
F-test ns * *
CV (%) 476 4.38 1.87

Means in each column followed by different letter indicate significant difference using least significant difference (LSD) test at 5%

probability level (*), ns=non-significant, DAP=day after planting
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UMLK VR IUAULNA1UDIN: NATBY
mﬂzﬁﬂﬂluﬁmmﬁLLmnsiNrTuﬁi@mmmﬁmim
Audnanszasianen (Table 2) Tenan1sdnumud
fisztiz 20 Fundalgn msldilemnnesids (1-4) laisin
I aunnreud B BANTNAINANUAILANA1T Y
aeinaflTadAyn1eadia TnedAniadeduriiu
Autna1eueNwaeL lu199 6.14-6.52 1. uAiTiszez
40 Tunasgn wudn mﬂzﬁﬂﬂmmﬁﬁ%ﬁ 3911
RRIEN ﬁmmﬁlmﬁumuquﬁnmqqqq 7t 15.92 3.
uazfiauiazasinlun) ndnisladlanaunssudan 1
atinaflifedndnyneada Seflauaduiugudnans
Windu 1478 wa. wst duansreiunnsld ] ans
nesuAziladls 2 uaz 4 adaflTudn Ay naeai
fefldmdnrunaduiugudnatsenuasiugag
152-1570 N, luanizfisray 60 Fundeign
wannsdnefullufianadsafufiszez 20 Su
usalgn nnnesnianlatle (1-4) v Waunauduing
AutnaanaNLALANFA1eiuat19lls d1ATy 4T A
Tnafaurndudugudnatananunseg lugas
34.10-34.80 u. agnvlsfinunisldileynneands
vinliinenuainglinulds Hauavialugndvenuss

Tilgninelbildi]oethefliodAoynieadn qnszes
nawdeyiuln aefiszes 20, 40 uaz 60 Tunaalgn
WoNUAIH TUIAEEUANTNAN 5.49, 13.05 LAz
29.87 . AMNANAL

nrsszandndnuie: narasnisldil
TSR T AN AT UA BTN Wil (%2 Tu 57n)
(Table 3) FaLaNA NN Ravey 20 Junastlgn
nsldilamiunssndsi 3 Ui amiTnudiaaes
mmmq@.mm‘ﬁ' 108 nfu/ma dsliunnseiu
athailadndnyneaintufanuRaiiTdwinui
NaNWAS 1.05 NFu/na wiuanseiueeeldud Aty
NNARRAUNTTNART 1993337 2 uaznssuian 4
ﬁﬁﬁnuﬁmﬁwmmmm 0.93,0.99 uaz 0.93 NFw/Ne
PNAL flazeiz 40 Fumdlgn nsldi]umnanasids
1/1 2 m‘lmwaumewzmmuummqmm i 7.30 N/
feunnsinafustiadiidAymesantunnnesian
ldile Tmﬂmﬂdﬂﬂmmﬁﬁ'ﬁﬁ 3 UAY 4 NBNLAY
fnasazantinmiinudie ludae 6.38-6.54 n¥u/ne
Lwimﬂm'ﬂﬂmwmiua%ﬁ 1 MaNWAIHNTAz AN
muummuw 89 5.57 NFN/Ne LLmﬂmnmma‘Mﬁ
AILAN mu@mmumm muuwummmwm 4.45
n3wne Wi lusnusfisre 60 Fundarlgn Anudn
nslai]alunssndan 3 uas 4 i liiveuunsiinig
arantinuin witeat ludag 16.60-16.75 nFu/no
?ﬁ\imﬂﬂrquﬂzﬁﬂﬂmumﬂﬁ%ﬁluj WATTAAILIAN
AN AATYNeAT A ﬁwummmmﬁyﬂuﬁnuﬁmq
Tutae 14.30-14.91 nfwine

Table 2. Effects of fertilizer application rate on diameter of shallot bulb at various stages of growth

Bulb diameter (mm)

Treatment

20 DAP 40 DAP 60 DAP
1) F1-16:0:0 6.52° 14.78° 3451°
2) F2-23:4:35 6.47° 15.70 % 34.80°
3) F3-23:20:50 6.23° 15.92° 34.20°
4) F4-13:6:10 6.14° 15.22 % 34.10°
5) Control 5.49° 13.05° 29.87°
Mean 6.17 14.93 33.50
F-test * * »
CV (%) 7.11 4.44 428

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) test at 5%

probability level (*), DAP=day after planting
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Table 3. Effects of fertilizer application rate on dry weight of shallot at various stages of growth

Dry weight (g/clump)
Treatment

20 DAP 40 DAP 60 DAP
1) F1-16:0:0 0.93 % 557° 14.54°
2) F2-23:4:35 0.90 ¢ 7.30° 14.30°
3) F3-23:20:50 1.08° 6.54° 16.75°
4) F4-13:6:10 0.99 ™ 6.38° 16.60 °
5) Control 1.05% 4.45° 14.91°
Mean 0.99 6.04 15.42
F-test * * .
CV (%) 4.26 6.99 4.21

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) test at 5%

probability level (*), DAP=day after planting

Nammmiﬁ'mmiﬂﬂﬁ'Lmnr;'rmﬁ'us'l'aﬂ?mmuaz
ATLMWLRINANUA
USHIUUREAUAINHNANE A LAY
ﬂ’]ﬂ@lﬂqmﬁlLLﬁlﬂﬁiNﬁ/uﬁi’ﬂN@Nﬁﬁl’ﬂ’ﬂ\imﬂﬂﬁﬂuLLﬁN
(Table 4) WuI31 mﬂz@'ﬂﬂumm%’%ﬁ 4 Winanan
m\‘im@nmmmmmﬁ 0.069 si/13 e ldumnsinariy
@m\muﬂmmmmmmmnumﬂmﬂﬂuﬂiimw 2

uaz 371 ANeATTewiInInAenaNLAaE]
0.057 /13 usunnsnaiuee lTE 1Ay n9ania
funssuA? 1 AflAneAeiminaenveNLAIRIgR
7 0.054 fu/ls luanizfinandnuenuas wudn n19lg
flelunssudan 1,2 uaz 3 Wi lfuananuanuns
uAnFneuetineiid Aynneada SAnederimin
HANRRNaN LAYt U199 7.89-8.06 Aw/ls usiganan
mﬂmﬂﬂmmﬁmw 4 gt 9L Ay Neadf
fflAadnvesnandnvenunsatf 6.93 fiu/ls
Tuanisfinneduiugudnaavenuns wodfises
AL aananan ynnesdad ldils 1-4 il
WurknugugnansveNuawansnsiuee el Aty
a3 Weflauiaduiugudnateeuuasadi
35.14-35.82 u. usiunndngaaau i ldils
atiladfynieada seflawnaduiuguinans
fiosiign 35.07 .

drFuANlnd ueeIsIn@IuIIUAN
luianenuns wud Aosdinduaeduinsiau
warlvunadenluionendnismevanessanisld
fleld A Annaid aariu nsldilanunssudan 2
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M liaanudinduressiglulnsau uazaineiuis
W@ﬂﬁ/\lﬁzﬂuﬁqmuqmmq% 152 uaz 0.30%
ANNANAL WA [ uansinaiuee el dud1 Ay neaia
ﬁumﬂm’ﬂwwmmﬁ%ﬁ 1uaz 37idA1RAY
pndindiuzessinemslulngian 1.46-1.49% waz
g1R e uTNaaneda 0.29% Lazunn1aiues 19
fTadnAryn1ead Anunssuda 4 SAnanudiandu
1995192115 WAsIAN LazsIRemIleane s
Fnqe 1.33 uax 0.26% mudnau huunisfinuidiadi
2045123 IUNATEH Wudn nslai]elunssid
7 2 uaz 3flArAudniiuaglugag 1.47-156%
S9qandnesaiia i 1 uaz 4 adnildedrAoyneadn
e Aredsaudisivressigeimsunaden
atffi 1.37 uaz 1.24% MUAIFL (Table 4)

[ + =] 1 [ 1 ¢ @ L4
HAUBINITAANITL ariuanaanuAalasEus
MegAE MU NUASANNIF BN TRIRINBNLAN

WAINA LA EaKaNES NexuaslAgnialy
o [~3 F% = o 1 c @ L3
s U3 lulnaBeuduszavioan 90 Ju wudn wesidus
P9n19gryi@eimingesrenias Tuseudaniaifiy
FnwnlsaBaunszey 30, 60 waz 90 Suliumnsnany
atldEd1AnunIeal A luynnssuasmaany (Table 5)
TnadAedzvealefiduinsgodarnminuanas
AN LAY Tdag 38.50-40.10%, 45.10-47.05% Lag
47 70-51.20% AINANGL AU N UNARARN

al 1 [~3 o = dl @
@eavne lusyurdnanaiusnen lulsaseu falosigus
panaNanNReNe 1t 2.57-3.30%
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Table 4. Effects of fertilizer application rates on fresh yield, bulb diameter and nutrient concentration in bulb of
shallot at harvesting time

Fresh yield (ton/rai) Bulb diameter Nutrient concentration in bulb (%)

Treatment

Flower Bulb (mm) N P K
1) F1-16:0:0 0.054° 7.93° 35.82° 1.46 % 0.29 % 1.37°
2) F2-23:4:35 0.057 *° 8.06° 35.14° 1.52° 0.30° 1.56°
3) F3-23:20:50 0.057 * 7.89° 35.38° 1.49 % 0.29 % 1.47°
4) F4-13:6:10 0.069 * 6.93° 35.73° 1.33° 0.26 ° 1.24°
5) Control 0.038° 3.64° 32.07° 1.32° 0.25° 1.23°
Mean 0.055 6.89 34.75 1.42 0.27 1.37
Fotest . . N N . .
CV (%) 15.33 5.09 431 8.23 6.34 457

Means in each column followed by different letter indicate significant difference using least significant difference (LSD) at 5%
probability level, DAP=day after planting

Table 5. Effects of fertilizer application rates on weight loss and the percentage of damage cloves during
storage periods

Weight (%) Percentage of
Treatment
30 DAP 60 DAP 90 DAP damaged cloves (%)

1) F1-16:0:0 38.50 46.75 50.25 3.30
2) F2-23:4:35 39.90 46.35 50.50 2.57
3) F3-23:20:50 39.95 4510 47.70 2.94
4) F4-13:6:10 38.80 47.05 50.55 2.99
5) Control 40.10 46.75 51.20 3.27
Mean 39.45 46.40 50.04 3.01
F-test ns ns ns ns

CV (%) 9.50 6.89 6.67 54.92

ns = non-significant, DAP=day after planting
a o
A9198U
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saenandalvn) Mumaaiunani1sAnE909
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Effects of Some Plant Extracts on Growth of Snowflake Cordyceps
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Abstract: Silkworm (Bombyx mori) is an economically important insect providing more income to farmers.
Silkworm pupae also contain proteins and other essential nutrients. Silkworm pupae were used as
substrate for cultivating cordyceps which has medicinal properties and benefits in cosmeceutical
medicine. From the report, the use of plant hormone such as auxin group can promote the growth of mushroom
stalk. Thus, this study aimed to investigate the effectiveness of some plant extracts and hormones on the growth
of snowflake cordyceps (Cordyceps tenuipes) by spraying aqueous extract of bean sprouts, aqueous extract of
baby corn and mushroom hormone. Each plant extract and hormone at the amount of 0.5 ml were sprayed on
fruiting bodies of snowflake cordyceps cultivated on Khao Dawk Mali 105 rice mixed with silkworm pupae as
substrate. The result indicated that aqueous extract of bean sprouts spraying on the cordyceps in day 1, day 4 and
day 7 at total amount of 1.5 ml/bottle was the most suitable for promoting the growth of cordyceps. After application,
the average height, fresh weight, dry weight and adenosine content of fruiting body were 2.28 cm, 17.23 g/bottle,
1.90 g/bottle and 49.22 mg/100 g, respectively.

Keywords: Snowflake cordyceps, Cordyceps tenuipes, plant extract, silkworm pupa
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unAnga: Wy (Bombyx mor) Lﬂul,mmmﬂmmqLm‘wﬁﬂfwmwamimiﬁnumwmm Fnud i daudszney
gaalilsfiu uazansawnsiilslamianaiia mmmhlﬂmmmmammmmmfﬂmmmmmﬂummﬂm
wazdilszTaminantdianls uaswudinisliaesluunalunguaeseandu Jdoudonlunisasnsfinunaniiinlil
Lﬁ‘uim”lﬁ ﬁqﬁuiumﬁfiﬂﬁﬁqﬁLﬂf]ﬂivmﬁtﬁfaﬁm:mﬂa‘va‘w%m‘wn'131%ma*mﬁ“mmnﬁwi'amﬂﬁuimm
Fadaiinfiny (Cordyceps tenuipes) ) IneminnnIwugnsataannie 1un dreen dntnadnees uas amiuumm
LUANUAR ARG A NZINE meuuqmmemqwmmu@ 105 nandnu s Taemiv 0.5 Haaanssanss
UL LANANATY WU NN LA sar Adagen TuTuR 1,4 war 7 1 Eunnmuiannn 15 adans
saaamny HAENT munzand i ld 1 lunsdansAuin i dudiadadniing Weianisvuudali
mngwa?;ﬂﬁ 2.28 wuRwAs BiminfAusenifingaauazudie Wiy 17.23 nfusesanmng uaz 1.90 N3y
Fa19AMNE enaNTEaliiFunnians adenosine 71 49.22 fiadn3usia 100 n3u

AdATY: Wintaning Cordyceps tenuipes @NI8ARINNT ANWA vl

AN Tspanacidnn 1iresalmlued (Azheimer's disease)
SannuAmeanarasinuF v Sisfuge 60-62%

AT Rne (snowflake cordyceps) S e waelusiu 15-18% u@ﬂmniiﬂwuﬂfymﬁlmmiﬁw
AnenAIaniin Cordyceps tenuipes (Peck) 2l FINA UAANNIDENANWS INNNLE Tna i nanawug
Cordycipitaceae (Kepler et al., 2017) An198 uWu i A (Llengpornpan 2007) sz muumﬂmmmm
Fatudannnnn 700 190 JWeARTI9RL INVA LAy Teannnnstae i uu@u”l:mu memmm"l,uuu%ﬂu
Aum ﬁﬂt‘%\iLfﬁmﬂﬁﬁLﬂumqufwux HagenndasTy AUNANTBID VN TR LT 9 Cordyceps m@‘mg@n
HANTTATENE N RTANE WU adain Audludaues 09151 (Russell and Paterson, 2008)
UsznavftaansdnAuvanasiia 1Hun awgeanlsd A nniseaeed iet al (2011) IARINNINANRIAN LA
doufinuayyadasy Aaslawilu (cordycepin) ﬁqw“ﬁr Tunfuding Lﬁmﬂumuﬂi:ﬂﬂwﬁﬂuﬂmfhLﬂud“m

119491e nsamailamiin (cordycepic acid) Hagina mrzidaindadning wazinlid@ewiadadning
ax \ = = . ° P o = =

WUNLBATNIBITI9NE BZA LUTU (adenosine) aru3npenga1uauli AT luilaqiudinnsdne

Taefiunsuiesinresasn (Tapingkae, 2012) Nenfunsungnsae s Ui siingan

wuiduunasngquididaneogluasd  ann1sdnunae9 Wen et al. (2014) wuguiadaiin
Bombycidae Haananandansan Bombyx moriL.  @nesdruisnligasluuig nephthyl acetic acid
(Konala et al., 2013) Uil i@ananady ansosy (NAA) ua indole butyric acid (IBA) Bailuaes T
o oo A = = PRy ! a o quny PN ' ¥ &
pArTy Weanwineandanuemlszinu2 o dadau Tungueandu inlilsnananludouaesfinuaeniiia
gaindliiue s engduiies 239u919le wntu wazldarseengredAnyinuuufinueenidin
dsrunny 300-500 Was iadovuauineanun  lHud aeflawlu ARTEunmgeunnndbs luanei
Fonuauiuluniawiuamsaunnnang 354094 deldnumeeudi sefluuiavantdwadesialia
= 3 o P Ay e a A = P o @ P gy !
Aedaanud Faduszacilifuaoiudanly  siredasiusndsuuisusiacngla uanantdandn
n195u9EN1U (Wongsiri, 2012) a1NN152 38U T TuTRA&NN9049AINZIFaN indole-3-acetic acid
Wattanathorn and Muchimapura (2012) WL31 fnwé (AA) viraaanTu 1Hieg iy §1918m engqu uz@ama
Truanansafiunisioufuazanudnsesyedld  munzdu uagdinounfiad Tnadaamef1silusen
uananianansadiesiunazanusunniasiinglu winqanlnaeslunaswannniduasgiuln
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0 5 x 5 Daawms Wilndodenisndeudanduiu
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Tudndan 3 sia 1511119183 e indadnfins il
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N984N1N FanFIaINNsRININEaNUEa IEdnsara
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NINTFINURUNINAABILLL completely
randomized design (CRD) nadauisuiniiaznng b
asafaanndasanuazinalnasaui munzause
N91ATTY Fulnaeafiadadniing vinniswuansade
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naraBanamaznsldansatnanigunss o
wnganRansasiuinrauinntiise
ANNNINAGELAIINE TN TN LA TE TR
andagen WA swuANIARAG9eNdR 1 4,7 1
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227075 lduana1esiuet 9l dadAynieai s
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mmqqm?\\"ﬂ 1.85 WU s Wiiinasuazudiad
12.35 LAY 1.76 NFUADIIANNE 3991 2 N79AE
Tdumnaeiuag s ldadAyn1ead@ (P20.05) uaz
Fefiansunnisiuaesluwiia asufadadiiis
nsnlusuiui 1, 4, 7’Lwammmmm’mmismfm
Tmm‘mmmmmaw 2,58 wuFmas Wi fnan
LaTuSRA T 19.91 LAY 2.20 NFUABUIAINNY
ﬁﬁlmmnﬁiwﬁu@ﬂwﬁﬁmﬁﬂﬁm‘vm\mﬁﬁ (P<0.05)
ﬁunﬂm‘iﬁ% (Table 1) A1NNITNARBINLIIINITN Y
g13aAANNN IR NAFAaN1TAT A UABNLTEAYE
Windaniuy Fsganndasiinuideaes Ramachela
and Sihlagu (2016) @ NN snAgeunuaasluui T
ngueanTuiLinuNsy M linsudinsaiaduly
LAZN194519A8NWIATRTALINTN 39nanng 1
gesTuuittannnguauuaznslildaefiuuits Tnanns
Vaeslnialunguaandu inlidediaunemiubu
Tel5iqaTi 36% 709890170 ALLLBLTAALT 29%
Anudae lalnlafiu warnssudsililae sTuuite
Tnendulaanaiinungsy L@?tylﬁmwi’ﬁuﬁ 20%

mmfuﬁﬁmﬂmmmawﬁ 18991019
uRaudeugnsaindaen a1satniintnadnday
Lazaesluufinanasa i aniAanudlunien
nzan Tmﬂﬁma‘mwm’m@qmﬁﬂ dminanuaz
dminuiiaede Adddmden nesAailinanfian
3 naanAaAe Mavudud 1, 4,7 Selinafinngaann
MsiLgnsaiaandaen asaipintnainges was
g05Tsusin nswuludud 1,5, 9 Wunafisannsmu
A3afAtIen UaARARNNNTHLTUR 1 uay 4 Gy
e AaNNIsNATNUAN A AT AT ne AL WG
nenuzedlu lusuil 1,4,7 Tﬁm@ﬁﬁqm Teaafluu
Fin Waaugeedaninfigai 2.58 lmufiwns
50983770 AsarninnadngeuLazansatAdaen
TnaliAnNg 2.38 WAL 2.28 LIURNAT ANGAE
seShdiauazansariadaen Wi 1, 5,9 HAng
lfe 2.23 ua 1.98 LTURALLAS MNAIFL Hifansn
vmingneatrestinusendin wudn Maviuaes i
Tnemududi 1, 4, YIﬁﬁy’mﬁﬂmmméﬂumﬁqmﬁ 19.91
NFUABIIAINE T9A9NNAD NNTUEN AR ATA%EN

Table 1. Average of the height and the fresh and dry weight of Cordyceps tenuipes fruiting body after
application of the extracts of bean sprouts and baby corn compared to commercial mushroom hormone

Fruiting body

Bean sprouts Baby corn Mushroom hormone

Spraying
frequency Average A\]:erar?e Average Average A\g;?e Average Average A\f/;r:r?e Average dry

height : dry weight height ) dry weight height } weight

(cm) weight (g/oottle) (cm) weight (g/bottle) (cm) weight (g/oottle)

(g/bottle) (g/bottle) (g/bottie)

Day 1 134 770 ° 164 078 ° 9.81 > 0.96° 1.65 9.43° 149
Day 1-2 2.00 * 1430 ° 167 ™ 198 * 11.24% 1.36 ™ 2.00% 9.66 130%®
Day 1-3 124 ° 11.95 ° 1.60 ° 163 ™ 9.20°* 1.39° 1.93% 8.75¢ 125°
Day 1-4 1.80 ™ 1433 ° 118" 185 * 12.35° 1.76° 1.63 > 13.13° 161™
Day 1-5 210 ® 12.00 ° 163 1.33 @ 8.58 1.25% 0.88° 6.83° 174"
Day 1-6 1.95 466 ° 083 ° 185 ® 8.42% 1.43° 1.43°% 6.46 ° 083"
Day 1-7 150 *° 11.16 ° 143 ¢ 150 ™ 6.31" 1.21¢ 1.48 % 6.82° 136%
Day 1-8 145 * 745 ° 0.83 ¢ 120 © 9.80 ™ 1.25% 110 10.13 152%%
Day 1,4,7 238 ° 17.23 ° 1.90 ° 228 ° 1242° 1.83° 258° 19.91° 220°
Day 1,5,9 2.03 *° 1591 % 177 ® 198 ® 1021 1.44° 223% 13.23° 184°
Day 135,79 1.63 > 847 ¢ 124 1.65 > 8.14° 125 1.50 °* 9.72% 153%*
Control 1.78 ** 1127 ° 137 178 ™ 8.62°* 0.68" 178" 11.23° 139%

"Means within the same column followed by the same letters are not significantly different at P=0.05
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ievinnameaedludusel

annIsnufaaaasiuuntnes AL inain
ANTANANAN WL ANBULLIBIHTUARNAAT TN
a aNa A aal P
Ny HAwABazaauluwNNITNAT HANEIaIfiny
AaNWALIZN0L 2.00 LIWRLWAT (Figure 1A, 1B, 1C)
anufinunenwiangnnudsaaisanadiowadneey
H@waasuareau (Figure 1D, 1E) AN szunm
2.00 LIUALNAT Wa TN 7N e NN WU 1, 5 waz 9
TANUIUAIUANTAN LA UILU UG N LA N
N33x3pauU (Figure 1F) ludauaesfinuaaniiin Ngnnu
% L% =3 aal A Y @ = o =
Fosaasluuiin NAWARILFARIUARNWIAN ANETIZAL
dnndnfinunaniiangnnuiosaesiiunaasayiuls
TAADULANTRE LATHRANIUINAIUARNLTALUWLAN

Jaae (Figure 1G, 1H, 11)

Figure 1. Morphology of snowflake cordyceps after sprayed with various boiled aqueous plant extracts and a
commercial mushroom hormone; (A) Bean sprouts at day 1-4 (B) Bean sprouts at day 1, 4, 7 (C)
Bean sprouts at day 1, 5, 9 (D) Baby corn at day 1-4 (E) Baby corn at day 1, 4, 7 (F) Baby corn at
day 1, 5, 9 (G) Commercial mushroom hormone at day 1-4 (H) Commercial mushroom hormone at
day 1, 4, 7 (I) Commercial mushroom hormone at day 1, 5, 9
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Tudui 1,5 U8 9uay a13aindnainadneaw
Wusud 1,4 uay 7 #1381 adenosine Tuk1u
ABNLAA 41.84 LAY 39.04 HadanTuse 100 NFu
(Table 2) %ﬁlqmﬂﬂdfmwmmwm Manorat (2015)
A1&911N"931AT1=978" 3 adenosine UuAUABNLTA
vuTanmzdnnnennza 105 uandnuilv ildd
maﬁmw’uaaﬁuumm’?m&]Lﬁuimmtﬁmﬁwﬁﬂm
WUANT adenosine W &4 6.70 Ra@nFuma 100 n5u
LATAINNITNAABIUAI Sun et al. (2013) 15911
nsdaszdaesluuinulududasen oudd
Micellar Electrokinetic Chromatography (MEKC) %IQ‘W‘LI
gafluud g IAA IBA GA3, ABA Laz NAA lu
AN NT W 0.076, 3.302, 0.528, 0.721 wag 0. 164
fadnfusedlansy Audnfy Jeaefluumeant
mmuma"lumummﬂmmLmul‘mm:m@u HaFD
mm’%m@uimmLﬁmﬁ"mﬁqﬁm

Figure 2. Green water drop on Cordyceps tenuipes media

Table 2. Adenosine content in fruiting body of Cordyceps tenuipes grown on media after spraying with boiled

aqueous plant extracts at different times

Plant extracts

Application time

Adenosine content (mg/100g)

Bean sprouts Day1,4,7
Bean sprouts Day1,5,9
Baby comn Day1,4,7

4922 ns
4184 ns
39.04 ns

ns=Not significant
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Use of Biogas from Swine Manure as a Renewable Energy to Produce Electricity

in Community of Highland Development Project Using the Royal Project Model
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Abstract: This study aimed to apply biogas with a 7.5 hp engine motor and 3 kW generator for producing
electricity to investigate the optimum biogas generator in 4 highland farms of Highland Development Project
Using Royal Project Model. The first 3 farmers lived in Mae Song sub-district, Tha Song Yang district, Tak
province, while the forth farmer lived in Mae Sam Laep sub-district, Sop Moei district, Mae Hong Son province.
The result revealed that the biogas which was produced from 8, 12, 8+8and 16 m’ biogas unit in 4 highland
household farms contained 755.00, 894.00, 836.67 and 1,493.33 ppm hydrogen sulfide (H,S), respectively. The
filter using granular ferric hydroxide can reduce 99.73-99.91% of H,S from biogas. The biogas generator can
produced electricity 1.84, 2.23, 3.14 and 4.01 hours/day. It helped farmers to save electricity charge 76.63,
96.31, 111.34 and 130.83 Baht/month, respectively. These data varied significantly according to the size of the
digester (P<0.01). In conclusion, the biogas can be produced even at the attitude above 1,000 m MSL. It can
be an alternative energy for electricity in highland farms. The satisfaction of the farmers to the developed

equipment was evaluated by scoring. They were highly satisfied and gave the score rated 4.99 out of 5.

Keywords: Biogas, renewable energy, electricity, Highland Development Project, Royal Project Foundation
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undnga: nsAneilRingUszadiierinfinsdaninsnussy i fidunssemaunuinsiuAnaladu
LLIT) AU dEURIUA 7.5 LTt i lninang 3 Aladms nannszua ind i ld luguauaes
quma‘ﬁmmﬁ”uﬁzgqLmuT,ﬂNmWMQLm'ma ANNBYINAR9EN9 TMTARIN AU 3 118 kazuuLTATN1TUAN
LiANHUAD SLedLNY AT ALidesaet A1uan 1 110 TnelEeNARRNTE A NRUNEAINTIG 4 18 B9t
8,12, 8+8 uaz 16 gnu1atiums wudn dilsuaufinglalasaudafviseldnin (H,9) dulugdaninwindu
755.00, 894.00, 836.67 WA 1,493.33 ppm ATNAIAL Trﬂmjmm‘mﬁﬁmﬁﬁ”umﬂm?l,ﬂﬁ@ur%f;ﬂl,w'a‘%‘ﬂiammﬂ"[srjﬁ
Fe(OH), mm‘mn’m Tanng N 1d 99.73-99.91% wazauanlindannszua i ianuaauiesnisidauans
AN 4 318 TN 1.84, 2.23,3.14 unz 4.01 Falusredu daaanrn1%anel 76.63,96.31, 111.34 uaz
130.83 LMABLHEN ANANSU TeAnFenaruansinetued 1 ild Ay muannasestefinadanan (P<0.01)
aqU1Fdn msnanfadanmanunsonanliudiazer luiigendn 1,000 wms wazaunsalindnnszuginiiu
fuigeld nennumsnsilenidannaitonelaluszdy unfiga” Srzusafawintu 499 anazwamiu 5

'
o o =

ARIATY: TNTENN WAKLALY nazualiidn TasannaRunuge yalislassniaan

AN Mmsnzanlifingdonnidundaauaauien
ianasnuaramnIzua i 1§
yanuslasanisuany Hianssudaasy NMIUARANTTININULLLBAG UIWTE CMU
& o % & A = = . = v a o &
naaendndliinensnsuunungs sadun1sduany  balloon digester T9gTukazAM LI UG AR A UL

AddAnvaaneanafUf oA funaduru iy eldwanafinafia@idvie LDPE Aflsnwmziy
naaaeld gns videlansile uwundedinwiall  qensenszuen dudndudnane 2 wes A
(raising backyard animals) tJ1f1 AON1 UL WAL 6 WAT (‘M%Mﬂﬂdﬁ”uﬁuﬂ?mmﬁuvﬁ*ﬂiﬂq) 1l
Wmuladng yaislasenavans Wwmuiuazr  2easludefiflannuning 2 wes 10 4 wes dn 1 wms
dudduliinemensdssdaditedueandnidduuay QuAInanafTNImIAINqlszil 8 gnunAriues
duseld e ldwes lida lnnszanan gne wenidudauwiniiduseaman fe yadnduas
AMNEN uaziNzL Ty nelifemelifianems  diBuamsaniu 5 gnuiAfiuns uazdauiy
wARTymiinanmaaednd Ae Seandumdy  f1gdaniw 3 gnuaAfiuns awnsnuaningiann

Pde warudaddunduldsuncuieautinu AadulFlsrunnd 35% 199999MA7 WTaWiNTU 2
NuITgLarTm Ul Adnd yalslasanisnang anunATuAs Tai aesnasdanisliium1yefia
Alfaduayuliineaansdaiitendningdonin 21U 2101 AT 0.15 gnuneiiumssadalug
(biogas) aaANANINY 29NN lA Radan Wity (Tangtaweewipat et al., 2009; Tangtaweewipat et al.,
o % o o A . v o - o =

was unaunuluni iy waslinanaald 2018) vizaLNeananan1s i uATasauA R T laa L
dafduninaznaunduaanainianaunuilani (gasoline engine) 141 A 55 L3981 (hp) WA A
o Y o 1 v o o A o a o e A Y oo dll &
mlidneananldanaluafaireunazanilymuaning nszud i1 u0n 3 Aladms vise lE uATass s
nanauliiduednehandos (Tangtaweewipat et al, Ui Geazldfnaonwindu 1.2-1.4 vise 0.8-1.0
2011a) #aamARa3 U Department of Alternative Energy qnuAfuRssiadalig mNasU (Songsee, 2012)

Development and Efficiency (2013) A31A 143209 Tangtaweewipat et al. (2011a) $181971191
Toidundsuareinnifanainnisiiseads  nslguudnfiigian nuuuueaguindauim 5.0,

AuvirednnuidunIzuaunamEn lwanizuanien 7.5 ua% 10.0 gNUIATIHAT HaMIUTNIUNITNER
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TugnguaadlATamMsNAII AN FILLLTATINITURS

AT an 1N U UN UN Q98 NIzAURIMEIA <800,
800-1,000 W&z >1,000 WAT WU Tan wLgaLaaLing
NARRNTEaN WA YN 0.16,0.37 wa 0.41 @ﬂmﬂn 4513
Aadalug pudi sy mummmmmvmuu’m @
WANFNAYW WU ATRARRNTTaIN W U0 1
uansineiu istiilasannludoufudiayanewnivun
STAUANNEIHUATUARLA M INE AR

Landahl (2003) na1991 Ag39nIWAAA1N
TUIUNSUNNBUYEEIFRY (biomass ya Taa1y 1ids

= o o v v e d‘
g nnga ndmng) luaninwlEainaa 1@Ran
Usznaufaeiinu (CH,) 50-80%, Afuaulaaandms
(CO,) 15-45%, lalasiandalusl (H,S) 0-2% uaxiin 5%
Kristoferson and Bokalders (1991) $16K7%431 ANe@anIn

. o e da s

1 gnurAfwng JauAviniuaen Wi nliuas
@9199U1A 60-100 SAE UL 6 Talng viselEilsznay
21UNIAMTUATELATY 5-6 ALA 3 Ha NaLNuNTY
wuduld 0.7 Alaniy izadunamasuuns 1 waasin i
111 2 F9TH9 wazaINNTaNARNITwA I aunA 1.25
Aladesfdalus drudunistfutlanuninfingdanin
wannld 14 sz Taaiisiu Persson (2007) 9191
23 = d‘ o Y o dll o 6V a
Aradaninfazun Ul A uwrsesauiAnglaa
flasil CO, u@ﬂmq 20% "’ﬁ@LW'ﬂ’iﬁl’me’] 23 mg/Nm®
duay @mmﬂm 1 pm Hatiesndn 32 mg/Nm®
QANTLAUANNTY 1 Vol% Lavhinsd] CH, ®¥1nNnd1 92%

A lalasiaudalufusafiaglawn (H,9)

(2] dld a = 2 dl 1 R e a

WuRnanin e vsefan i Nelsvasd Hansauis
Tunsianseulanslari ANy N1799A41N19D
N lENaNa3s 1w naslifng a1 uelasan
(iron sponge bed) N1311 ldswazeeain Wukv
nsinliinudewmaniqaaeunsed launsoin
nauNn 1l 18 iasannTauanungnlunisiniy
damailitias lnadaamanaziduaiinuazyniau
o a o o A v 1 My v
FiangasuriiauanatnunauAuNn 1 ud i uan
v a o Al o a v 2 Ay
dufneudaidudunsadndion Aelgnanan
ANAUMIFAINIBN 1L ANBNINLAZANITDUNA LN
W Inul@an Aty Thirunavukkarasu et al. (2003)
$1897U 11 granular ferric hydroxide (GFH) Nuam
aMN419a<a"e ferric chloride I Ela‘% neutralization
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WAz precipitation A9l sodium hydroxide (NaOH) 1144
Anaznaulnanistumaes uazsin 1w afos
PUIUNIEAUTIAUGS GFH Fltlsznauae feric
oxihydroxide 78104 52-57% Imu’muﬂ ﬂ']’mﬁju
43-48% grain porosity 72-77% (Driehaus et al., 1998)
TneunATas GFH Rimnzaudwitlilunismses Ae
0.8-1.2 fiadiuAs wananni nn9l4 Fe(NO,), 180 n§
WAz NaOH 28 N ﬁqﬂﬁﬁ?mﬁuim‘f’] Wan 500
Hadams pH 8.0 azld Fe(OH), 50 N3 (Patzer, 1997)
AuLu (diatomaceous earth) i Wdmg Ay
AlEarnnissuonaestindasainlaeznay
1szneudag@ant Aunaindamingnte daidan
lugdlneznaniiuan 30-50% dRaidulszqay
RERE LRIt Fe(OH)a‘ﬁ'ﬁﬂima Wuuanléda
(Supasathitkul, 1986) 5 8 11 Tangtaweewipat et al.
2011b) TE WA WML UIUNTHANANTF N A9 11
nsgAduAnT H,S ‘ﬁlmafauﬁfm ferric hydroxide Wag
Wawngai1dafiag co, e fiudiunAailing
iganda 92% (Figure 1) faein19uanLA A ferric
hydroxide ilFannmsliSansanaesineiu fa fuwn
wasnse Wrsueudueesuan wudn naad
VssAnBnwAndnanaestile Wethiafianlaall
ldlugasiansasgadu (via) ATlAuEasnaiy (50, 75
L& 100 LIURILAS) Wudn HediiAauena 100
uR s aranseedy H.S Andviefifimuen 75
LAY 50 [IUALNAT AMTNATAL mm‘fu%’ﬁwmmmeﬁu
WULYIRATUNAENAWETNANS 4 m 491 A9 ﬂ@mgfm
NN LITILATI B TN LA T0anNAY
wisduann H.S 1Hinau 100% Ferin %91y fanans
paduilanududsn andulienniddinllgeeyia
)71 oxidation Lﬂ?ﬂlﬂwﬁffmmq@msﬁuiﬁnﬁu@:mmw
o (LﬂuLﬁmEﬁ”’wma) Wauldetnasiatiios aanu
gzaansianis i ldfeadenan useau wazldide
pirVisneiiin daunssdngensas CO, IHuunaulsd
fﬂmuﬁﬂﬂu column UIALEUEAUETNA 8 i
44 1.80 A9 mﬂumﬂmwﬂwwmmﬁmﬂuﬁ;m‘%mi
nfrmﬁw@\mmmﬁyﬂﬁﬁuﬁaﬁuﬁwmnﬁ'@m WAz
N1FUEN Cozaﬂﬂmﬂfﬁc’vﬁqamiw'mfﬁLﬂu@x@@ﬂm
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tenAluiaidln muﬁ'ﬂuﬂﬁumﬁq@ji:uuﬁqmﬁ N
Lt Ine 3/4 T delinegeusuRngdanm
fFannyagnaudg azganan CO, W 17.7% il
SN0 BRI IAN 74.5% 115 92.2%
'é”mmffmmmmmdwmmmm SFBING
(air fuel ratlo)‘VlL‘MN’] mwmmwmmlummumﬂ
m@maa‘vmmmmmu‘l,umwmﬂmuimmmuu
AWy 1451 WuAe u9aa1nie 14.5 nFuse
WAL 1 NFL dauANTEan N AL 10:1
(Ayade and Latey, 2016) Hatl ANGINIINITANHIUD
Tangtaweewipat et al. (2019) fisneandn n139ARA
POILASAIURIUNA 6.57.5 LIH1FMTUNAR
nazud i uazguiin 1WRnadanmiifaanadiaiu
CH, 63% 1 d9UAaa1NA 2-4 €U deilAngennia
il Irvan et al. (2017) fieNdn SRdIUIasNNA
AeRNTTaN NA ML LAReseud 1 AlaTAAIRenAR
nrzud i lE T unaan i 100 m6 S uu 5 uaen
FAwindy 451 lnadaniaslli 18 424.74 m sl
fianuGasen 3,898.5 pm WewBaudeuiunisld
ihuazlfennte 13 dou douBuinfng H,S
TR 19320 WA 1F T L e e s § il Andiasngd
500 ppm LL@Sﬂ’]ﬁ‘@;m‘xLﬁﬂﬂﬂﬂLﬁﬁl“Nﬂuﬁ faafidndan
209G CH, 5-15% (Mihic, 2004) ua¥ 12.6 £1.25-
21.0+2.06% (Tangtaweewipat et al., 2019)

Biogas plant

I
!

upgrading

! I

Tunsneasall Wiaungaeteseusd
AalaauilEAnaganndundsnunauny uan
nezug RN W g luannlfa3seansmsnsias
‘umLﬁ@uﬁqusluﬁmummimqmiﬁ wmﬁyu‘ﬁzg.q Wiy
TATNNIUANUNADS AUNDVNABILN [IWTARN LAY
quma*ﬁmmﬁyu'ﬁ'muuuimqmmmqmemmu
SunegLe Simdausdedaay Favia 2 wuwu@ﬂluﬂu
Variuang T 14 Imﬂmwmmmmumm@m
&n3 uarlfiviyadnsuananfingdonin i f9azilAng
Fanmwdeannnisldyedinluafabeu fainfed
wasldasnatandundsarunaunudiusy
isnseududanszud i Tnaazinnisn Baydiey
UAZLITZIRUANM NN Z AN TR IUN AL B NAAANTT 2NN
JoINEAINIA 4 38 99 BalsvRiuBunuAng H,S
rausugansasuazeudinimastud iunnineld
nazuad i uazAduanelaael] 14 win

o aa
AUnsaluazInng

INRATNSTISINANHITE
1BN1NITANEIA LN HATNIINUAY 4 T8
Tne 3 :1euan @’1WTFJ@ﬂﬂuﬁ”uﬁm\imiﬁmmﬁ”uﬁqq
LUUTATNNTNAULN AR ALNATINARNEN AIWIARN
daumed 4 ’agl:‘l?lliﬂi‘ﬂﬂ’]‘j“ﬁ BT gaulasainisvan

CBG (Compress

bio-methane gas)

Collecting tank

Use for farm engine

Use for cooking

Add pressure

Figure 1. H,S and CO, elimination and biogas utilization
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ms’lmm*nmmwmngaqnitﬂuwmmuwmmunamnszua‘lwﬂ'\

A
lugnduaadiasan TN AUNgLLLTATINNTUA9

LHATNLAL AN auey a9ndauldasaau
Imﬁﬁ”uﬁ' Uan (Laes) ﬁmwmmﬂivﬁuﬁw%@mﬁﬂ
muﬂma 1,200 LNRAT u@munmm 28 a9ANIALT eI
LLZ\]vﬁﬂ@ﬂ 11 mmmmsﬁm muwuwm (WHANUAL)
ummmmmmummmm@ﬁ 800 LNFT mmunm
494n 41 mmmmﬁnm WAL mzm 10 mmmmmm
mwmn'a‘m 4 afmmqmu mqmummm@mmvmmm
mmsnmmwmmnmqnu (Table 1)

mMeanvingALAsatEuA S UIMSHARNszA LA
AeazBannail (Figure 2)

- ﬂmmd:'“'awuﬁ?ﬁi%ﬁﬂsﬁqmwLﬂuwﬁqmmmu
Aralnauienisuannszualiin aunn 7.5 usedin
saaruiinli 3 Aladas

- GANANAETININUWATBINTA (mixer)
-ganseaninglalasaudalvisfiiselanin (H,S) Finann
Wasanatswndaufoaainlaasanlas Fe(OH),
1999 TunAeazgIHaNaWIA 15 x 60 x 60 LIUALIAT

- y1aea WAUUL LED 2100 9 536 /7191 133 viaen
- Amaiianszualnin auin 5 A

- UAHARRNTTININ A1UIU 4 Ua Haum 8, 12, 8+8
uaz 16 gNLNATNAS

Table 1. Type of animal and size of biogas digester of each participating farmer

No. Name-Surname Type of animal No. of animals  Size of biogas
(head) digester (mq)
1 Mr. Prasert Sutthiphanasawan Fattening pigs and sows 25 8+8
2 Miss Kulpreeya Oonwanarakkeeree Fattening pigs 12
3 Mr. Rija Wiangmanmek Fattening pigs 8
4 Mr. Arthorn Phimanthara Fattening pigs 35 16

ndaila-daufseenliieswus
dingadu |

dingadu

Figure 2. 3 kW biogas generator (A), hydrogen sulfide (H,S) filter (B), air and biogas mixer (C), electricity meter

(D), 9-watt LED bulb (E)
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nanasAnsdunan 9 mau seudng
WauNUANUS-naAN 2562 Taaiansiuiindays
yninenluguRaumNEal- Avnan iean 5 ke
idinsa 590 Gedailudiuou 591 fayaiiuiin
dsznavsosnniniigdaninlugdaenenias
udsugansasinglalasaudalng scazioan
naslinszualifn druauuan i 14
TanfRaumaunuuansdanInIuInedLafig
Fann AwAsrzdAAqN Ll 90991 (ANOVA)
AOULNUNINARDILUUGNAAD A (completely
randomized design) LAZUIAINNUANFNTLNINNGN
fqe Duncan’s new multiple range test mm%ﬁ'i:uif”s
1m & Steel and Torrie (1980) N5aN A UYU T2 1H U
P uanalaangdindasndeuazEsanld win

NANISANHILAZIANTOL

HANISAARILATRIEUA tAdaan 1l ald WA
naanliWuazmsldau

B nnsAnsalrtesens Aol
wazvaenliiaiia LED saunasvuuA9L AN
Anlaeafauaznainin ‘Lﬁmwmmmﬁi@ 918l
Tnasurumaen Wi msnsaudmsLusaze 4 ‘Hu'E]EI
nmmm@m@LL@W‘]E?mmmsﬁmmwm@mim Fall
fiuinensnssed 1 mﬂgﬂaqu‘lumummmmu
”ltv”]Lﬁyﬁmnﬁ;uumLmﬁuﬁ}‘iﬁmumu 25 5in fieienung
d13agUnenisANaNAunAft LAy
NLONARAITANINIUIA 8 §RUNATINATATUIU
21a (8+8 gnuiAfumg) lnasauviadsfinadanan
wnelaesen TNt lEAnsmvaes i fitinumues
LAZLRUTINUAN 1 ATELATY S1UIUIIN O MaaR Vi
Winu 81 §s finuinenanssed 2 Eg@yngﬂssqu
U 6 A9 AEBINNTENFAgUNINTA AN F U
NRVLLATIINYL NIUANARAITToA 1 NUUA 12
@JﬂmmﬁmmTﬁﬁquu@@m”LWﬁﬁﬁﬁﬁumuLmLL@:
Weutinuan 2 ATaUATY 41uauIIL 9 AR tie
Winfu 81485 fwnsnanssei 3 ﬁlﬁyﬂmﬂmu
U4 A7 FaeemnednFagLnansAuanLaedng
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uaz3 e vindenaningTanmana 8 gnuneriisms
W Ansaaenlninffinunuieauaziieutiiuan
1 ATAUATY ANUIUIIN 5 UaBA Wsawniy 45 3n6
wazinunumInsei 4 Bﬁlﬁyﬂqqﬂmuﬁﬁmu 35 61
Fogamnsdnizazinienisdn lnntenaafingdanin
TUIA 16 QRUATLNAS Rasaaenlriinfitinuauies
waziautinuan 2 A% Beu S1uaumn 14 naen
Y98N 126 FMA (Table 2 WAz Figure 3)

Bunuindlalasiaudalualufngdonw
ARINMRNTTan ANy agnIYLTAgeda
81M19471393UNN9NNIANANLIRTNA 16 §ILNATNAT
HiBuufnglalasaudalnd (H,S) visafialanin
mn‘ﬁ'qm A9 1,493.33 ppm N1nnAdefgdan1w
WA 12, 8+8 UAT 8 QNLNATNAT %qué’mmgmﬁﬂmu
LL@xfﬁﬂiLLﬁJWuﬁ:‘I?llvlﬁ5U'E1’11x1’1ﬁ‘1/1’]ﬂﬂ’1i‘%’1N@Nfﬁuﬂ%\ifm
UAZIMENL ANAAL a8 aT1TBAATY (1,493.33 vs.
894.00 vs. 836.67 vs. 755.00 ppm; P<0.01) TANTDY
awnsnantBunning H,S 1504 99.73-99.91% (Table 3)
ARAARBINLNITANE T Tangtaweewipat et al.
(2011b) FERAMUINITLAUNTHAR AN ana Y
nagedufing H.S fidudasusamaeindauias feric
hydroxide Ingsinlinageuiutendninadaninees
Lﬂwmmﬁi%squ@qﬂmiﬁuﬁ: 4N9YU UazaauNNIzN o
fanudng H,S 480, 1,773 uaz 3,509 ppm ANNAIAL
fevnlitinuianansiiia@audag ferric hydroxide
aunsnanly 97.3-99.3% Tusnusdivn lusnuAnin
HANTWT L6 LL@‘Vﬂ’hﬁ‘L%tJfaﬂmﬁﬂ anaald 78.0-74.0
UaT 69.4-49.9% mmmmu GNLLmﬂmNﬂu@mw
uﬂfmmmm (P<0.01) Luﬂmmmwwwmuwu
AINa19UII9adluia PVC #ifAanuena 50, 75
waz 100 LrufNAT Wudn Hilsz@nannlunisgady
A umuANLEfTeiadan Aa an H,S Ry
97.3-99.3, 99.0-99.8 L a ¥ 99.6-100% M 1 A AA U
Tmﬂﬂqm@meﬁuﬁﬁmmmq 100 WIURLNAT A1N1T0AR
H,S A1n 2,400 ppm w0 ppm Tuduusn wae 3 ppm
wdeliauuny 30 5u Taelnfanansasu duud
antinmanaafudsinnadis n1sd nenluassll
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nsldausddaginanfcafiundonuaziiveny  gnIgu wazunnzn WesangnausiuglAfuems

M ansiBunullsiv leeniznsnas i Tung AefdudllsAuningn e

Name and address

Farmer No. 1 (Mr. Prasert)
Moo 3, Mae Song sub-district,
Tha Song Yang district,

Tak province

Farmer No. 2 (Miss Kulpreeya)
Moo 15, Mae Song sub-district,
Tha Song Yang district,

Tak province

Farmer No. 3 (Mr. Rija)
Moo 8, Mae Song sub-district,
Tha Song Yang district,

Tak province

Farmer No. 4 (Mr. Arthorn)
Moo 10, Mae Sam Laep sub-district,
Sop Moei district,

Mae Hong Son province

Table 2. Number of household and electrical equipment of the participating farmers

Name No. of household ~ Amount of electricity installed Other electrical appliances
using electricity (9 Watt LED bulb)
(House) (Number) (Watts) TV Others
Mr. Prasert 2 9 81 - Charge batteries,
mobile phones
Miss Kulpreeya 3 9 81 - Charge batteries,
mobile phones
Mr. Rija 2 5 45 1 Charge batteries,
mobile phones
Mr. Arthorn 3 14 126 1 Charge batteries,
mobile phones
Total 10 37 333 2
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Fanunsldnszudlnnuazanlgdans
Sledssifiun9ld Ininannwaneiaeimes
TUg29MANRITENINIUAD UL U-RIUNAN 2562
wugn inwasnsnae A LA aTan e nuasadng
WiuaTBeulunainatany uazasauunnes
frvsuld funnaloanmad ane souvialnsdns
flodle T 2 e l¥RunsiAdEan Tnainuasnsiitaes
ANFINUIUNINUATHUBTUIA 16 QNUATLHES
VinszualdudazdulduiundnedeldadAny
(4.01 vs. 3.14 vs. 2.23 vs. 1.84 Fa2Tuasia5u; P<0.01
AINA1AL) wazdalnis i MW semauninngn
at19ldad1Aty (22.352 vs. 17.521 vs. 13.750 vs.
8,670 AlasArsatEew AuSIAL; P<0.01) wenanni
Faanunsnandn linaeid euliunnndngidlaue
ﬂ’aLﬁﬂvﬁ"aﬁ’5’luquﬁvﬁl'{ﬁyﬂﬂﬁ’aﬂﬂdﬁ@ﬂﬁﬂﬁﬁﬂﬁ’]ﬁfy
Anfag (130.83 vs. 111.34 vs. 96.31 vs. 76.63 LNG A
Fau ANEIFL: Table 3) NITiLIORNTIANNIUA 16
gnunafums Wiszaznanlunslinszualiinluu
ndnefidnndn Lﬁmmnﬂ@w’mlmg 16 gnu1An
was VyagneguideedanamnsdnGagldou I
HAauau 35 60 AeiyaauauNInuar A gy
aslnguziiduemstesgauisduinnittezun
Wwnuardanuaugnatiaandn Usnnnnisiiafing
AN NUBNANANAUETLANUIUAN WAL I ATBILIE
wiinudn Tinvesgnsuazaivnaf dndlEsuiing
Wiy Gesenndecfunisfneres Amaral ef al.

(2015) 918491191 BNIURIGTIN NN NARAN
yagnaaedlssizaugnansayuaiiinnanTaaEeuu
g = = Y v
qnaaeegn tsalaugnayu uazlsmaugnaguiiag
(0.970 vs. 0.865 vs. 0.474 vs. 0.326 m°N/kg volatile
solid; P<0.05 NNAIAL) AoutBRafinglinuainya
qnsviadilszinmiinediuianlisineiu (P>0.05) Tnadlen
TLN1I19 52.0-66.2% 99UV 9 Tangtaweewipat et al.
(2011a) 19189784791 LBRARATTININIUIA 5.0,
75uaz 10.0 gNUIATNAT 2BINHATNTUUN LT
@JQ@’WT‘]‘L?!']V];%L'Z\] <800, 800-1,000 Lkaz >1,000 LNBET
Tuannuasuaning WeleatanNnIzduAINgs
ANNTOHARATTIN N IF A NTUAINIUIATRILID
AaBENUWINGL 0.16, 0.37 Uay 0.41 gNUNARLNAS
et Il (P<0.05) AMNATIA L IUAINGIAINTTA L
UINZANUANFAIAY WU NITHARARITTININ
= ' o o A ) & v
Hifsunaulisineiu etiilesannludaafiudiayaaes
NNAUNITAUVANNGIH UAIUAALATG U N INE
al o ] o 1 dl o a I'e
ey lugaunisdszndna A Adaaniines
A o a | a
Wasuiumaldnfvasnisiindouginie
Azindn Useudin lfinauas 76.63-130.83 U @1wip)
A , M A = o vy
A ldgelu NellanaduwaznisAnenaieilla i
naas W uuulszusda viseuwuy LED A% Wi e
NARAAY 9 TR WYL TaReLWnAUTANNETNa 40-
60 Sniaasnaas A1 luasn as19lsnm wanannnig
o o o g P - s v
A TEIN NN 1T WT RN AR NFULAT R UFT LD

neRINIEaNIgn s lunaiaisen uaznissinmn

Table 3. Efficiency of filter and electricity usage of each household

Biogas size (m?)

[tem 8 5 818 16 P-value  SEM
Hydrogen sulfide gas (ppm)
Before passing through filter 755.00° 894.00°  836.67° 1493.33° <0.01 90.17
After passing through filter 1.67 2.00 0.67 3.33 0.26 0.47
Filter set efficiency (%) 99.78 99.73 99.91 99.78 0.70 0.04
Electricity consumption
Number of hours per day 1.84¢ 2.23° 3.14° 4.01° <0.01 0.22
Monthly consumption (kW) 8.670° 13.750° 17.521° 22.352° <0.01 1.32
Reducing electricity bill per month (Baht) * 76.63° 96.31°  111.34° 130.83° <0.01 5.34

*Means within a row with different superscripts differ significantly (P<0.05).
* Electricity price 3.77 Baht per unit + service charge of 38 Baht + 7% VAT
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Use of Marinade Solutions with Spices in Smoked Lamb Legs

and Tenderizers in Mutton Stew
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Abstract: Six fattening male wool sheep with the average age 14.6 + 1.9 months and weighed 37.1 £4.0 kg were
slaughtered. It was found that the percentage of carcass was 50.1%. The carcass which composed of neck
meat, shoulder meat, chest meat, legs, rib fillet, loin and hip meat was 38.8% of LW. When the visceral after
cleaning (12.7% LW) was included, the edible part was 51.5% LW. The processing of smoked lamb legs was
done by dividing 24 front and hind legs of sheep, with the average weight of 1.69 kg/leg, into 4 groups, each
with 6 replicates. They were marinated overnight with 4 different solutions, either no spice or with spice plus
different amount of other ingredients i.e. salt, sugar and sodium erythorbate (C,H,NaO,). After smoking for 6 hours
with sugar cane pulp, the tasting was done using 9-point hedonic scale on sensory evaluation by 56 persons. The
result revealed that the taster significantly preferred the lamb meat being marinated in the solution No. 3 which
contained spice, plus 25 g sodium erythorbate, 500 g salt and 1,250 g sugar (0.2, 4.0 and 10.1% of the solution,
respectively) to the other solutions (P<0.05). The degree of satisfaction was at slightly like with the score of
6.93 + 1.13%. The second preference was the marinade No. 4 which also contained spice but had higher salt

content (1,000 g or 7.8%). The processing of lamb stew was done by using 1.5 kg hip mutton being cut into 24
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small pieces and allotted to 3 groups, each with 3 replicates. They were mixed thoroughly with one of the 3
tenderizers. Group 1: with 50 g medium ripe pineapple, left for 15 min before discarding the pineapple. Group
2: with 1 spoonful baking soda, left for 1 hour. Group 3: with 1 spoonful commercial enzyme, left for 30 min. After
that, each mixture was subjected to stew cooking and then being evaluated using 9-point Hedonic scale as in
the case of smoke lamb legs. It was found that the marination with pineapple which contained Bromelain enzyme
and tasty juice gained significantly more favor than the other 2 ingredients (P<0.05). The satisfaction was at medium

level with the score of 7.20 + 1.24 which might be due to the unfamiliar of lamb products among most Thai.

Keywords: Lamb, marinade, tenderizer, smoked lamb leg, mutton stew

UNARSD: UNZIUNATH U TgURNuEaa 1L 6 0 Tlengade 14.6+ 1.9 iew Siwminga 37.1£4.0 Alaniu
et umas Tulefifuianieds (laimureasly) 50.1% sqlsenaudaadauann 38.8% LW 1Eud e
dlelua ileen 1 dudlan duazies uanifearinn Wesmiieslundednadaildminede 12.7% Lw ulia
dududauisudsanulBviniu 51.5% LW lumstiniledausnunsienmiuazamasldsuadilldlisiuam 24
a7 vuinedenas 169 Alaniu utseenidu 4 NaN NANAL 6 i Wil lduasldirieamna saaiad]
anstaevsin W inde thmauazinden@imesiun (C,H NaO,) sziusinaify 4 qas falliden Aols iy fevdn
dnifrnazilszanm 1.5 ans wanudaminne B lugiduiiniu wdnilsdasadibesu 6 9t s
NAAAUNTTN AU TN WN U sea ndulg (sensory evaluat|on) 58T 9- point hedonic scale Imﬂhmﬂi”mu
20U 56 AL maﬂmﬂgm Punzaupfugasimang 3 A mmw’lmmmmﬂ Hlnpenginesiunsey 25 niy
inde 500 nFuuazinmng 1250 N (0.2, 4.0 uaz 10.1% m@qmum pananiy) Jislnadiavngeulaasn
wnnfign egfluszst “seuidntien” (Azuu 6.93 + 1.13) gendngmaaw aseidsty (P<0. 05) snene g
4 wﬂuummwl@memﬁmummﬂu ustélszAninda 1,000 i (7.8%) mmummmmuml,m ”lm%m@@m
azlnn A1uan 1.5 Alandu suddud s ANNeR AN S 1w 24 T wiaiiesenidu 3 NN NANAT 3 1
sitaiagms (nda) trzanns 500 i i llwiniuanstantien sifeanstaalinilaa (enderizer) sinerius 3 il
aglidinfuileazinn Ae grsii 1 WdLlzsagniunans 50 n3u win 15 17l udauenileduzsaeen gsh 2
Wunfbien 1 dewlis win 1 4ol uazgmed 3 Vieulafmanadn 1 faulis win 30 wif il
ag WRINARRLNITTNGEAT 9-point hedonic scale [uAtAi LN INATY U9n]dn Eﬁm@uqmﬁﬁﬂﬁﬁ
dutzsatadionlnliustiaunasisamAvauesiBuadnieaanindilsansnnndngasunicieuazienlosd
msAnaeinalitiadnAny (P<0.05) Tmﬂﬁmﬁm@ﬂmmm@uizﬁu “Ununane” RANATWINGL 7.20 + 1.24

AdATY: Wraw astoemin anstoaliiieny 1unzsuadl agieuny

AN AWMU TATIN1IU A uH anTias (SACICT, 2019)

al
o

. vl o . o
awFugnuneainAneanangsaaulugiinliguau
P s & A ' L &y o , g 4 a
wneufauniaelunungs aaulunjinesls TawazarmuneduilawnziNenisuiing Inaaunsn
A o o o a o o 4 a2 o o & ' A
Wasnaw Unlidudagaunifinaunne 398 NAWNUNITUIE RN ZANNANU TN AN HTIAN
auungdou o uaznaniuindamnaandionts  Aeudnegeld Tnevallluusasdunzansnslignls

1998F0 1y ngunednruunsiinuiicafion  2a% (Asen) Tdlamaningnulaléigeiisienas 60.8
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(Chevarlsarakul, 1998) ma‘luﬂlmmummm@.mmv
mm@m’l‘mmnﬂ WNEFUNYN-A19N A AUNIN
nay LLﬂ”W’ﬂLLNWHﬁWIﬂNZ\]NZ\\ﬁl‘ﬂuLL@ mﬂmnm
mﬂmLm mmummuummLummvummuﬂﬁﬂ

QLB AN AN IINNINNNTHA AUAZ TSR AT
H@ﬁ’u‘ﬁlﬂﬁ (Figure 1)

Hounsiilsiutesas 157 fMlubennas
22.7 I uuna18951 49nzA (zinc) AdaendTuIzLIL
NHANTY dauineunaliiviedaiu dannessiy
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(Pornchalermpong and Rattanapanont, 2018)
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. . e o de A4 Y
Aunsegndunas Denszanalase@in 3 6) auiin
(fore leg) lAannisdamuiinnfnnszgnluniauen
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nfnatlszanns 114 3 2eapnundeTednszgneni
nazpndunal liRaliadeuiuiias uaz 8) Aa (neck)
Wududoui liannisdiaueaninunszgndaunasiany
NIEANAUNAY
d’j o s aa AiJ 1 aa
nisulagth e dndinanaids deudazas
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Slaughtering/ Processing/
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Figure 1. Wool sheep production
(Tangtaweewipat et al., 2019)
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Lamb carcass is divided into 8 parts

1. loin 5. shoulder

2. hind legs 6. fore legs

3. chump or hip 7. breast or chest
4. rackorrib 8. neck

Figure 2. Lamb carcass and its cuts
(National Bureau of Agricultural Commodity and Food Standards, 2006)

a

faunisudsgludaarnnsainuniinalilaams
= v ) % aa v dl
wsnanafiasnililgegnsioadtnng fin fe nen
1198 ¢14 new (Division of Livestock Extension and
Development, 2019)

nenin e dndi avuyusinlinanads

|wu N ndudulyes wsztindulysa e lmd
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fataaifinsaniaanaalil viranisldenlninig
AnefnTaagas il videnisliwnialaan (laiAe
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asuenlneenlafunandaliduile @uwmwmium@
mmm Vlﬂw,ufaummummu (velveting) u@nmnu
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ANIVANETTN U NS (NaCl) 9Tl saa AL uuay
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NaNO,) hay Tnenlumem (sodium nitrate, NaNO)
mumwlumimﬁmLLM@MN‘W Lavdaed
n9as AU I3 AUVIdaTWInAaaaRsLAL N
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W.A. 2547 "Lfvﬁﬁﬂwumﬁmmﬁ"mém&mmiﬁ‘l%lummi
15 13d1AY 125 waz 500 Raanfumenlaniy AMuaAL
(Santiparadorn, 2020) @n9Usznaunagdilm (PO4*)
daginlfideguiinliuaniu Wsiudamaes
(soy protein) L wanstqalun199906 Hamalis
281171191 MR ENEINe TR (sodium erythorbate,
C,H,NaO,) i 21398m 1N reduce A19 nitrte uAY

380

nitrate Wil nitric oxide @aiiiasaudaniy myoglobin
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Ao (Pornchalermpong and Rattanapanont 2020)
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1 L3R AT 8 AR AT R nAusad i
lnanend (Samaunkid, 2005) nsinfleunsdouan
nulsgifaadtanadu uazindouasinnuiuegl
Tagnisninduan nauasutianaesaulneg
anaflud nuuamn il lunafinafinaesuan s o
L‘f':ﬂmemagu@ﬁ%‘im\mﬁmmq ReanaLaues
AN BINITTeELTInA iesannauiallgey
§uﬂiwmu@mﬁfj@ﬂmﬁyﬂqdw IRTIFNANNADN
umﬂiwanmﬂ qmmjfr aeflun1Imaaeail
LW@mmmmﬂmummmuunm%m” WATgnT
ansvsnideasinnunsimunzan lunisdaeli
HARSTU LLﬂigﬂmmfj@Lmz fiflanunizinTusng
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Alandu aauandy undiunarigudidauas

o a o & o & 1 o [
W unanAugidAadnddeaslud nsudadng

wFsanniflaunzeunisindaanisl¥nanadin
‘M'@smﬂLLmu”L*”ﬂuﬁmLﬁuﬁqmﬁqﬁ 0-4 °C U0
3 5 drundausseenidududaudng * (National
Bureau of Agricultural Commodity and Food
Standards, 2006) u&aviniifedauanlusgduile
1unzanAdu waziedauazinninldinag el
et insaeeniu 2 nmmaaes fail

msnasasit 1 Anmganimanivanzan
’Lummﬂigﬂﬁ:@ﬁmmemfu

a;mﬁmﬁnmunx sznaufasasgaansin
(marinade) ldanuazlisauiuisane 1ef 4 gns
(Table 1) naN9A % @Jmﬁ' 1uaz 2404 AteamaA
lnagnsfl 2 3U3namuindaninndngnai 1
a?'mﬁ*ummﬁ' 3uaz 4ldiadaana Immmﬁ' 4
NLE?mmm@@mrmqmmm 3 W aunziienan 24 11
muummw’m” 1.69 ilan3u @mmwmm” 691
(6 %) mmumumuqum FRnnawreNtivEn
Ao araraindeuaziinialuiii 1dladnuas
(afiszyusiazgas) dadly puldiazanadiariu
Tunszau i lfnauien anas thdounasiwiae

iuils 1 Aufigaungidies aniunsesienninesn uia
v aadinluilea v luinsiideunsidiu
wianfaaWiimindinle Tae ¥ iminissanas
1.5 angsiaan udafivaungllugdudunan 1 Au
nounnluauna19gsuAduIuIn 1x1x 11809
udasuBnsmudasniuing 6 424 thaunzann
ANEINATY enagaumlszamdudasely

NINARRT 2: mz};mﬁmmmﬂumwﬁn
m’f':famiwnLLﬂ:’lﬁigm?’m?uﬁm@me

suieunsdouasinn 15 atansuduiy
BwidtameRAnS e 24 u wialu 3 nax 7 &z 500
nu uraznguuinAasanstostias viseastanin i

4 (tenderizer) NN ﬁTﬂﬁ”

zgmﬁl Tuinfcadutesagniiunana
50 n3u A idinduTiaasTnn winisls 15 17 ud
weniladutlzsnaen

zgmﬁ' 2w nEasiunfelen (McGarrett”
139Ma85 enuaudd anim) A uw 1 feuliy
s suioaring winiiels 1 4alua

gmefl 3uTngazeuladnianisén
(McCormick® 13¥vusinaainm Uszmalng anim)
S 1 Feulie s idinitassinn winiiald 30 wi

Table 1. Marinade solutions before injecting into the lamb legs prior to smoking

Ingredients Solution 1 Solution 2 Solution 3 Solution 4
Water (L)' 10 10 10 10
Sugar (g) 50 50 1,250 1,250
Salt (g) 250 750 500 1,000
Sodium nitrite (g) 50 50 50 50
Sodium erythorbate (g) 80 80 25 25
Sodium phosphate (g) - - 25 25
Soy protein (g) - - 125 125
Pepper powder (g) - - 125 125
Cooking Chinese liquor (g) - - 50 50
Anise (g) - - 125 125
Bay leaves (Q) - - 125 125
Total (kg) 10.43 10.93 12.40 12.90
"1L=1kg
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3

PAINNNTNATUAINTZEZ A N1 UA T
uda Wi lddszneuewsdsvinnan Tneiduneu
ANDUNNT AT

- Wlalszsunans due a11aw 25 N5 agdie
davian gy 250 N3N wegn udasnldudiafininly

Sl szsunanasie ldueanung 25 N5y
o a o = P A PR P
HANsTeIN 20 NFN AuMAad uan ldilaunsnwisanls
% d” ala A = = $% o
HAAULaLNNAWaf9 YiraUsyunnd 4-5 Ui WRasn
lavdiafusuiuvenluyNdauga

-1ld1191491 600 HAAAMT A9 luuN 2R N
wasuld 1 e ew antiuldlunszanuanuan 5 1
amm b s deulRe WBnenuln 20 Wie Fuiials 197

- Upesasineqamaitea gns 2 41191 5 Tau
Ry aeaNslom A NduauIu 170 N5y TaaNzIe
wa 53eulfic uinna Laeuliy inae 1 deulds
WATENTULLILGNIANIUIA 1 x 1 19 99U9U 250 NFN
Fulfoiuuuugnsinauia 1 x 1 189 A7u9u 250 N3y

1 o v + 1 % U a eI/
iy ulasusiasaglnaendn 2 49Tua
3 o dl v Qs o
amitaiagunei 5 L neseuymabzamdiia

NSNARAUNNLUSERMANKA
NIMARUNART e uNTINATY
uazanune [asn1sliAzLUBAINTAY 9-points

hedonic scale (Azuiw 1=Tigauuniiga auis
9=1aUNNT 4/, Peryam and Pilgrim, 1957) a ¢
M nagauaIuIu 56 AU Usznaufeng N[l
mafinelu ngaindenms uaiTnaial S uaw 15,
10 AT 31 378 AINAIAL NAFBLAUAN TN
3 nau saTRiedurda uaznspesiulnusan aHI
#AlFannisdszidutinuannaniaie (mean) LAY
FrziAtA N w9199 (analysis of variances)
AEUHUNITNARBILLUGNANY 0] (completely
randomized design) WALUIAINUANFANTENIWNNGH
Aqe Duncan's new multiple range test mu‘ﬁli‘xq%
Tl Steel et al. (1997) TisziuAniTestiy 95%

NANNSIAEUAZIANTDS

QNUNZINALT Hun1TguuE e 6 /1
deriundumas wudn filesdudanieas (laigaw
\aslu) 50.3% detlsznaudaadaumin A ane
ilalna Woen 1uth 9 wmds dudlan duazion uas
Weasinn windy 2.6,2.7,3.0,9.0,9.2,3.2, 32 a8y
6.0% LW (live weight) AMTNANAL T9N 38.8% LW
(Table 2) i as231AT a9 lUNAIE19 12.7% LW u&a
TudnRdoui W sz Taild 51.5% LW daudi 4

Table 2. Carcass composition of male fattening sheep (n = 6)

Mean + SD

Carcass percentage

Edible part (% LW)

Body carcass 38.8
Neck meat 2.6
Shoulder meat 2.7
Chest (breast meat) 3.0
Fore legs 9.0
Hind legs 9.2
Rib fillet (rack) 3.2
Loin 3.2
Hip meat (chump) 6.0

Visceral after cleaning 12.7

50.3+20

Inedible part (% LW)

Blood 2.7
Front ankle 1.6
Rear ankle 1.3
Head 7.0
Sex organ 1.3
Stomach and intestinal 14.5
food residue
Skin 14.6
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Kirton et al. (1999) m"l,mmmum mummnmq Hdau
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el 66.4% waznIzAN 12.7-16.9% | 14.4% Gaay
Fulddn 1nvesunsyuiidseandnediud lufuuay
nazgnludadoulndiaaeiu IneladuiiAudledy
wnndn lusnusiiifeuntlsrann 2 winvelasiu
UAZNIEANIINIL (66.4 vs. 33.5% MINAAL)

HANISNARRST 1 N1SNARAUNINL SR ARG
arunzanaTy
Mﬁqmniﬁ?um’umm:ﬁr:hummﬁn‘lum:
suafwilungn 6 Falueuda lanunssuaduiise
NN9AALLEN LazTaNITAIIRTH (Figure 3)
LanTNAGeLNNIlsra AN TaTaaiinnn
unZsnATud LLﬂa‘gﬂﬁf;m‘fWMﬁﬂﬁmﬁu 4 gms (Table 3)

(2
a o A
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mu‘l,mmuumqmauaﬂwm ﬂafmg
(appearance) mamu@m%m”wmmmmw 311N
ngn mmnmwmmmmmmw 1 agnliadATy
N19E0R (P<0.05) mmaﬂwm Fug (color) WL w
nageLiimnuTeLRTeTinI unzsuATUTivTRa
uunwnam”lummu’tummam (P>0.05) dau
amanwmmuﬂau (aroma) W31 mﬂmummam
7 3 uaz 4 smwmmmmﬂumumu N IANARAUA
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(AZLYY 5.34-5.95) Aald i n19 14 LaTaam e el

Figure 3. Smoked lamb legs ready for timming and tasting

Table 3. Sensory evaluation of smoked lamb leg meat by all taste panels (n=56)'

Marinade sol. 1 Marinade sol. 2 Marinade sol. 3 Marinade sol. 4 P - value
Appearance 5.84+1.35 6.32+1.21% 6.66+1.15° 6.21£1.26™ 0.007
Color 5.89+1.36 5.98+1.36 6.41+1.29 6.00+1.28 0.165
Aroma 5.34+1.61° 5.95+1.52° 6.71+1.20° 6.43+1.20% <0.001
Taste 5.75+1.49° 6.21+1.63% 6.88+1.38° 6.41+1.44% 0.001
Texture 6.14+1.38° 6.29+1.72% 6.79+1.42° 6.64+1.54" 0.042
Overall liking 5.70+1.37° 6.14+1.63% 6.93+1.13° 6.30+1.39" <0.001

ab,c

! Degree of liking; 0.9-1.8 =

"~ Mean in the same row with different superscripts differ significantly (P<0.05)
totally unlike; 1.9-2.7 = very unlike; 2.8-3.6 = medium unlike; 3.7-4.5 = slightly unlike; 4.6-5.7 = neutral;

5.5-6.3 = slightly like; 6.4-7.2 = medium like; 7.3-8.1 = very like and 8.2-9.0 = like most
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Figure 4. Mutton stew after 1 hour simmering (left) and the ready-made stew (right)

Table 4. Sensory evaluation of mutton stew by all taste panels (n=56)'

Marinated with Pineapple Baking soda Commercial enzyme P - value
Appearance 6.95+1.21 6.59+1.19 6.55+1.16 0.156
Color 6.91+1.20 6.70£1.13 6.66+1.16 0.470
Aroma 7.18+1.13° 6.96+1.22% 6.59+1.35" 0.041
Taste 7.07+1.40° 6.68+1.39™ 6.49+1.6° 0.045
Texture 6.91+1.25 6.75+1.35 6.39+1.61 0.143
Overall liking 7.20+1.24° 6.66+1.3" 6.30+1.66" 0.004

> Mean in the same row with different superscripts differ significantly (P<0.05)

! Degree of liking; 0.9-1.8 =

totally unlike; 1.9-2.7 = very unlike; 2.8-3.6 = medium unlike; 3.7-4.5 = slightly unlike; 4.6-5.7 = neutral;

5.5-6.3 = slightly like; 6.4-7.2 = medium like; 7.3-8.1 = very like and 8.2-9.0 = like most
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Abstract: This study summarizes the current knowledge of fish farmers regarding their strategies to cope with
Tilapia diseases. The study focuses on the river-based cage culture in Songkhram River. The data were
collected from 148 fish farmers using structured questionnaires. The study found that most fish farmers
struggled with fish disease problems in the past. The problems typically aggravated during April and June,
which were the transitioning period from summer to wet season. They believed that the diseases were mainly
caused by variation in water quality and weather. The common diseases were ectoparasite infestation and
bacterial infection. The common clinical sign that these farmers observed was exophthalmia. With their limited
knowledge of disease management, these farmers decided to remove infected fish from the cages, added
vitamins in the feed, and applied antibiotics. The preventive practices included direct observation, a regularly
cage cleaning, an application of vitamins, and stop fish activities during the disease outbreak period. However,
they did not know the actual causes of diseases. In order to better cope with the problems, it is recommended
that fish farmers should send the infected fish to the relevant agencies to diagnose the true causes of the

diseases so that they can suggest appropriate treatments.

Keywords: Fish disease, fish cage culture, Fish farmer management

Introduction fish farming households in the area. Unfortunately,

many fish farmers have suffered some damages and

Nile tilapia (Oreochromis niloticus) are losses from fish diseases. The diseases are typically
significant economic fish in Thailand. They are widely caused by wastewater, weather variation, parasite
cultured in all regions of the country because of their infestation, and bacterial infection (Belton et al.,

rapid growth, mild in taste and is inexpensive for the 2009; Imjai et al., 2016; Srisapoome et al., 2016). Fish

consumers. Cage-based aquaculture in rivers or other farmers have different management strategies for
public water bodies is popular than aquaculture in reducing risks. This study collected information on
ponds on private land. The river-base cage culture fish diseases and the management of fish farmers in
relatively provides higher potential fish yield. This the Songkhram River. The insights of their management
contributes to the higher economic benefits and better strategies will be useful for fish disease management
utilization of natural water resources. It also provides for tilapia cage culture in the future.

the opportunity for the landless people to be able to

access and engage in fish production (Lebel et al., Materials and Methods

2013). Besides, it requires less manpower for cage

movement and harvesting. It also needs a relatively The population of this study involves 235 fish
lower initial investment since the body of water has farmers in Sakon Nakhon and Nakhon Phanom
already existed. Freshwater cage culture in northeast provinces. These farmers reared fish in the floating
Thailand is well-known for high fish yield. In 2017, cages in Songkhram River and registered with the
there were a total of 1,519 freshwater fish farms with provincial fisheries office. The sample of this study is
a yield of 9,305 tons (Department of Fisheries, 2019). 148 fish farmers, determined by the formula of Taro
This generated a significant amount of income for Yamane (Yamane, 1970) using a simple random
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sampling. The study site was in five districts (Figure 1)
(Tha Uthen, Kham Ta Kla, Akat Amnuai, Si Songkhram
and Na Thom; n=74, 30, 25, 11, 8 farms, respectively). The
data were collected during April and December 2017.
This study collected data using a structured
questionnaire. It consists of both open-ended questions
and close-ended questions. Most questions covered
the Nile tilapia rearing data, causes of fish diseases,
the characteristic clinical signs of the diseases, and
the details of the treatment and prevention methods.
The daily air temperature and amount of rainfall data
in the studied areas in 2017 were received from
Sakon Nakhon and Nakhon Phanom Provincial
Meteorological Office. This study employs statistical
analysis and provides with descriptive statistics in

percentage and mean with standard deviation.

Results

Characteristics of the sampled fish farmers
A little bit more than half (54.7%) of the fish
farmers were male, with an average age of 49.1+11.5

years. Most of them (71.6%) received a primary

0eo0E

school diploma. Most of them (72.3%) had fish
farming business as their secondary source of income
in addition to rice farming. These farmers had on
average 8.4 +5.2 years of experience in fish cage
culture. Each of them owned 15.6 + 33.9 cages on
average. The most common cage size was 3x3x3 m
with the fish stocking density of 32 fish/m®. Fish fries
were obtained from the private hatcheries (95.1%)
with an average length of 5.48+2.3 cm. The length of

the rearing period was five months.

The weather data in the studied sites

The average air temperature in Sakon
Nakhon and Nakhon Phanom during January and
December 2017 was 26.5 °C. The highest average
air temperature was in April (33.8 °C), while the lowest
average air temperature was in December (16.6 °C)
(Figure 2). The average amount of rainfall in the
studied sites was highest (726.3 millimeters) in July
and lowest (0.5 milimeters) in January (Figure 3)
(Nakhon Phanom Provincial Meteorological Office,
2017; Sakon Nakhon Provincial
Office, 2017).

Meteorological
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Figure 1. Map showing the study areas
(modified from WWW-Thailand, 2017)
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Figure 2. Air temperature in the studied sites between January and December 2017

Akat Amnuai ...

900
800
700
600
500
400

Rainfall (mm)

300
200
100

0

Feb Mar

Jan

Apr

vere Kham Ta Kla = === Tha Uthen ..

May Jun

eee Si Songkhram = = Na Thom =@ risk probability

100
90
80
70
60
50
40
30
20
10
0

risk probability (%)

Jul Aug Sep Oct Nov Dec

Figure 3. Amount of rainfall in the studied sites and the risk probability of fish diseases

Fish diseases data

Most farmers (92.6%) had faced fish disease
problems in 2017. They reported that the risk of fish
diseases was high in May (54.7%), June (52.7%) and
April (49.3%). These periods are the transitioning
period from summer to wet season (Figure 3). After
fish were transferred to the floating cages around
82.2 £40.1 days on average, they got diseases. The
average number of fish that died from the disease

infection was 90.3 + 197.1 fish/cage on average.

390

Most fish farmers (98.0%) believed that
the sources of the fish diseases were from the
new water column in the river, unsuitable water
quality, chemicals from agriculture, disease
outbreaks, and weather variables (Figure 4). Most of
them thought that fish diseases were caused by
(66.9%),
bacterial infection (52.0%), fungi infection (33.8%),

and virus infection (12.2%).

ectoparasite  infestation

followed by
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The prominent clinical signs observed by
fish farmers were exophthalmia (97.3%), abnormal
behaviors such as swimming erratically or loss of
appetite, petechial hemorrhage, swelling, a lesion on
the skin, abnormal gill colour, and fin rot (Figure 5). In
addition, some farmers found an appearance of
cotton wool on the body of the fish. This was caused
by fungi infection.

Regarding the treatment and management
strategies, most farmers removed infected fish from
the cages (98.6%), added vitamins in the feed,
reduced the feed, applied some antibiotics, treated

with potassium permanganate (KMnO,) and salt, and

MNew water column

Poor water quality
Chemicals from agriculture
Disease outbreaks
Weather variability

High temperature

Drought

Low quality fry

20

a

Figure 4. Perceived causes of fish diseases (n=148)

Exophthalmia
Abnormal swimming
Eat less feed
Petechial hemorrhage
Swollen

Lesion on skin

Abnormal gill color

reduced stocking density (Figure 6). Herbs were also
used for treatment as a substitution for antibiotics
(39.9%). The traditional herbs included ginger,
galangal, kaffir lime, lime, papaya, banana, garlic and
shallot. Some farmers might use only one type of herb,
while some might use a combination of those herbs.

In terms of preventive practices, most

farmers used direct observation (97.3%), regularly
(92.6%),
(95.3%), and stopped rearing fish during disease
outbreak periods (52.7%). Moreover, the dead fish
were buried (79.7%), processed to food (69.6%) and
turn into fertilizer (48%).

cleaned the cages applied vitamins

60

40

percentage

Fnot

k=1

20

40 60 80 100

percentage

Figure 5. Clinical signs observed by fish farmers (n=148)
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Remove infected fish
Added vitamins in feed
Reduce feed

Apply antibiotic

Treat with KMnO4
Apply salt

Reduce stocking density

Provide aeration

(=]

20

Figure 6. Treatment and management strategies (n=148)

Discussion

The inability to control water quality puts
river-based cage culture at high risk. The disease
outbreak in river-based cage culture is one risk that
fish farmers cannot avoid (Rico et al., 2014). Many fish
farmers faced with fish disease problems. It was difficult
for them to diagnose the cause of the diseases
themselves and they decided not to send infected
fish to the Department of Fisheries or specialized
agencies to diagnose. This was the reason why they
never knew the true causes of the diseases.

Most farmers suffered some losses from the
fish diseases from April to June which was the
transitioning period from summer to wet season.
During these periods, water parameters changed
rapidly due to the new water column from rainfall.
Consequently, this abrupt change damaged fish
stocks in the floating cages (Srisapoome et al., 2016).
The weather variations also affected water quality
in the river. The affected water temperature, pH and
dissolved oxygen (DO). These factors increased fish
stress and eventually caused diseases (Hamed et al.,
2018; Srisapoome et al., 2016; Svobodova et al.,
2017). In addition, high flows in the wet season might
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push a fish against the net cage edges that caused
lesions on fish skin and wound infection (Chitmanat et al.,
2016). Similar results were observed by Baleta et al.
(2019), who reported that primary causes of fish
mortality in Reservoir
temperature (91.25%) and water quality (83.75%).

The change in water quality was a disadvantage for

Magat were fluctuating

fish cage culture in the river because farmers were
unable to manage water parameters in the river. This
was different from the fish culture in the earthen
ponds that farmers could control or manage water
quality in their ponds. Therefore, farmers, stakeholders
and the government must be aware and find the
effective procedures to solve this problem.

The clinical signs of fish diseases from
ectoparasite observed by the farmers included
abnormal swimming and the observable external
parasites on fish gill or fish skin. The ectoparasite
attached to fish skin was the cause of lesion and led
2016;
2016; Thongbamrung and

to bacterial infection (Chitmanat et al.,
Srisapoome ef al.,
Lertsuthichawan, 2014). The type of ectoparasite that
was commonly found in fish cage culture is
Trichodina spp. It was a very small protozoan that

heavily infested on the gill and body surface.
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Infected fish swam erratically, rubbed their body with
the cage net, and lost their appetite. Trichodina spp.
also caused a high mortality rate in fish fries
(Chitmanat et al., 2016). In addition, ectoparasites
that can infest in Nile tilapia are Epistylis sp.,
Icthyophthirus spp., monogenea (Cichlidogyrus sp.),
Argulus sp., and Alitropus sp. (Chitmanat et al.,
2016; Srisapoome et al., 2016; Sriwongpuk, 2009a).

The most common clinical signs of bacterial
infection observed by farmers were bulging eyes,
swirling swimming, skin hemorrhage, swelling, a
lesion on the body, abnormal gill colour and fin rot.
However, since farmers did not send the infected fish
to diagnose, they could not identify the type of
bacteria that caused the disease. Bacteria that
typically cause disease outbreak in Nile tilapia are
Streptococcus sp., Flavobacterium columnare and
Aeromonas hydrophila.

The notable clinical signs of Streptococcus
infection include spinning swimming or no balance
swimming, darker or lighter body colour, exophthalmia,
swollen abdomen, hemorrhage in an organ such as
mouth, operculum, eye, fin and body (Chitmanat et al.,
2016; National Bureau of Agricultural Commodity and
Food Standards, 2010; 2009b;

Thanomsit and Saowakoon, 2017). The mortality rate

Sriwongpuk,

resulted from streptococcosis is high when the water
temperature is higher than 35 °C (Kayansamruaj et al.,
2014; Mian et al., 2009).

Flavobacterium columnare causes acute
and chronic infection in fish. The clinical signs of the
columnaris disease are gill damage, gill inflammation,
gill rot, lesion of body, fade skin colour, hemorrhage
fin and fin rot. Some infected fish were found with the
inflamed oral mucosa, caused by canker. This is
known as the “cotton wool disease” or “mouth fungus”
(Bernardet and Bowman, 2006; Pongnumpai and

Chitmanat, 2017). The columnaris disease outbreaks
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are usually more severe when water temperature
increases (Pulkkinen et al., 2010). Water quality is
one of the main factors of outbreaks. Columnaris
disease usually occurs when water temperature and
other water parameters change rapidly after the
rainfall. Decostere et al. (1999) reported that the
amount of Flavobacterium columnare in fish gill was
higher when organic matter and nitrite in the water
were high.

Another bacterial disease is Aeromonas
hydrophila. The clinical signs of infected fish are
hemorrhagic septicemia, lethargy, loss of appetite,
fin erosion, swollen abdominal and intestinal
hemorrhage (Chitmanat, 2013). The environmental
changes such as a low dissolved oxygen level, an
increase of ammonia and nitrite, and an increase of
water temperature lead to more outbreaks of
A. hydrophila (Hamed et al., 2018).

For treatment and management strategies
of fish diseases, most farmers removed infected fish
out of the cages, mixed vitamins in the feed, reduced
feeding and used antibiotics. A study of antibiotics
and chemical uses in river-based cage culture in
Thailand found that

antibiotics and chemicals, but farmers still had

most fish farmers used
incorrect knowledge and less understanding about
antibiotics and chemical uses (Rico et al., 2014;
Srisapoome et al., 2016). Farmers learned to treat
the fish diseases by themselves, but they did not
know the types of antibiotics that they used. This may
be because there was a lack of advice from
government officials. Consequently, the treatments
might not be appropriate for the diseases, leading to
the ineffective of the treatments and eventually led to
drug resistance in aquatic animals (Chitmanat et al.,
2016; Khoi et al., 2008). Moreover, antibiotic residues
also found inside fish and sediments around the

floating cage area. This would affect the environment
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and the consumers in the long run (Rico et al., 2014).
Therefore, the antibiotic uses for fish treatment are
the important issues that all stakeholders should pay
attention to ensure sustainable fish farming and

consumer safety.

Conclusion

The study of tilapia disease management in
floating cage culture in the Songkhram River found
that the farmers had incorrect knowledge and
understanding about disease management. Instead
of treating the diseases by themselves, these farmers
should send the infected fish to the government
agencies or specialized units to diagnose the true
causes of the diseases. This would allow them to be
able to apply appropriate treatments for different
types of bacteria. In addition, the fish farmer also
confronted with the variations in water quality which
they had no control over. Consequently, these
farmers monitored fish regularly, reduced fish stocking
density during the outbreak seasons and added

vitamins in the feed to reduce the risk of damage.
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Concentrated Bioproduct to Control Brown Planthopper
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Abstract: The objective of this work was to develop the effective formulations of Metarhizium anisopliae
(NU-048) concentrated bioproduct preserved in accelerated condition at high temperature (35 °C) to control
brown planthopper. The bioproduct were prepared using the mixture of wheat flour, sand and maltose as the
base and added with 10 different nitrogen sources: monosodium glutamate, L-glutamine, L-asparagine
monohydrate, L-alanine, L-cysteine, L-leucine, L-arginine, casein, potassium nitrate and urea in each
formulation. All products were kept at 35 °C for 6 weeks, the germination ability of fungal conidia was determined
every week and their growth abilities in growth medium and efficacy to control brown planthopper were
evaluated at 6 weeks. The results found that the germination ability of M. anisopliae conidia in all formulas was
varied on nitrogen sources and shelf life. The highest germination rate and growth on growth medium was found
from the formula that added L-arginine at 33% with the highest amount of conidia formation on growth medium
at the concentration of 2.1x10" conidia/g after 14 days of incubation. The highest mortality rate of brown plant
hopper at 93-100% was found on the formulas that added L-arginine and monosodium glutamate at 4 days

after application with LT, at 2.45 and 2.40 days, respectively.

Keywords: Entomopathogenic fungi, Metarhizium anisopliae, concentrated bioproduct, nitrogen sources
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Table 1. The germination rate of Metarhizium anisopliae (NU 048) in various concentrated products mixed

with different sources of nitrogen after storing at 35 °C from 0 to 6 weeks

Nitrogen sources in

Germination rate of conidia (%)

formulas weeks 0 weeks1 weeks2 weeks3 weeks4 weeks5 weeks 6
Monosodium glutamate 100° 100° 100° 76.7% 55.7° 14° 13.7°
L-glutamine 100° 100° 92.3" 78.7° 77.7° 25¢ 27.7%
L-alanine 100° 100° 99%° 59° 48.3° M7 28"
L-arginine 100 100 79.7° 61% 37.7 30.3% 33°
L-asparagine monohydrate ~ 99.3% 98%° 93.3° 64° 50° 30.7% 26°
L-leucine 100° 100° 100° 76.3% 69.7° 29.7° 17.3
L-cysteine 100° 99.3% 99.3*  88.7° 23.3° 34.3° 9o
Casein 100° 100° 100° 79.3° 41.3° 42.7° 28.7
Urea 98.3% 95° 73.3°  26° 14 5.7° 0"
Potassium nitrate 90" 60° 76.7° 50' 18.3" 15° 19
Control 96.7° 96.6° 64.7° 74.7° 7 7 19

Means within column followed by the same letter are not significantly different (P<0.05)

nMseanfisesay 92.3-100 nquiiaasdsznaufag
L-arginine, ﬁljﬁﬂ LA potassium nitrate Hdmaniseen
Ttz 73.3-79.7

‘1715“’ 821981 3 4UA1Y ARTIAINIANTAY
Tnilieide faﬂwmwamv 26.0-88.7 ‘Emﬂﬂmmm
@mmmi\mﬂmﬂmmmmwﬁm@mﬂm?\mﬂmﬂmv
747 A8 N f@q 34‘1/1 Fdqunan monosodium glutamate,
L-glutamine, L-leucine, L-cysteine LLAZ casein Adm9
mi\mﬂ@ﬂium\w@ﬂm 76.3-88.7 nawm\immﬁ
nsenAN mmwm e ﬂ@uwumuwm L-alanine,
L-arginine, L-asparagine monohydrate, €| By potassium
nitrate HdmsNsvenatiludasdenas 26.0-64.0

fisveizinan 4 dlanif §asAdnNIanaeq
il e e agludaatenay 14.0-77.7 gandn
Avpueuiaiignmmsserasas 7.0 atneiiiud ey
meadn Tnnansnsadangslliiidu 2 nqu fe nquiis
@9UNAN L-glutamine WA L-eucine N{ N fanq
A @ monosodium glutamate, L-alanine, L-arginine,
L-asparagine monohydrate LLlagcasein ﬂ@:mﬁlmu R
L-cysteine, glﬁf;l WAz potassium nitrate {8RIIN99EN
UBIULA @xmiuﬁ"ém A% 69.7-77.7,37.7-55.7 AT
14.0-23.3 PNAAL

N3zeizinan 5 §UA1Y FMINIAITNIBNTDY
laflmeLTEas aﬂ'luﬁﬁqq’é@m 57427Tmm@'u

'
aa o

'mmmﬂmm@ﬂmm’]mm‘ummuﬂ ZERURERGIY
Téeuaz 7.0 Usvneudiag 3 NaN NENUIN An ﬂ@gm‘wu
A9UN@NUA L -alanine, L-arginine, L-asparagine
monohydrate, L-leucine, L-cysteine e casein Admen
nasanaglutgas fauay 30.3-427 nquiidas Ae
L-glutamine, monosodium glutamate LA L potassium
nitrate 14 591N1990n0g ludafaaay 14.0-25.0
daudnFuiiddounanaesy Boddnanisseniasay
5.7 rﬁ'mdf]g\imu@u

ﬁa”ﬂ 21987 6 AU 8RIIAIINIDNUDY
TAflFeida @ﬂlum\ﬁ?ﬂﬂ@” 0.0-33.0 Tmﬂﬂ@u‘wu
'ammmm@ﬂmmmmfmﬂmauamwma\mﬂw
auar 1.0Uszneufag 3nqN NgNWIN A
ﬂ@ju‘ﬁﬁdwmmu L-glutamine, L -alanine, L-arginine,
L-asparagine monohydrate LAY casein Admsnisean
atjlutadsenaz 26.0-33.0 nguiaas A2 monosodium
glutamate, L-leucine LAz L-cysteine N8MIN1398N
ot ludadanay 9.0-17.3 dausnFuiddaunanaes
838 UaY potassium nitrate HEMIIN1I9BNTREAL
0.0-1.0 13JLLmr1r;iNmn§W;uQu
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ﬁnmmem?mmmﬁwam M. anisopliae 14615U
AN mnumu 6241]&1’11;1 LL@““IIEI’]EI‘LIWJ@G]LW’I“‘
defumidema 6 da 7 mmmu
35 avAramed asnaadludan iz Unls 14 §u
wudn anuaulailipaasnyuudanmnzlauansnaiuy
a8 19T TEN19aR A F1FUNT N dounan Ty
L-arginine §n171436) 1091 8318 A 2.1 x 10"
TR erenFudaning s89aaNIAe AFuTinay
L-glutamine, L-alanine, L-asparagine monohydrate,
casein, monosodium glutamate, L-leucine, L-cysteine
WU 9.9x10%, 9.6 x 10°, 6.6 x 10°, 4.2 x 10°, 3.5 x 10°,
1.4x10° waz 0.9 x 10° Iatlinasianinaesiannie
AVNGIAY dAuAFUT AN potassium nitrate Wl
06x 10° Iatlinasaninaasdanmiz ldunnsing
mﬂfiqmuqu fiww 0.4 x 10° Tntimasianiudanmne
’Lusumz‘ﬁ'ﬁﬁuﬁmmgﬁﬂﬂwuimﬁﬁmm (Table 2)

nagaulssAnsnnidasdan M. anisopliae
AFuANe 9 uawRUTNEIT 35 asAraldea
W 6 Al Aunaenstlandiinma
HanimmaaaulILEnsaanidasidan
M. anisopliae mmﬂmmmLWﬁ”m\muﬂmwaﬂm”‘Emm
Fvimna wumfammmimwmLwaﬂmwimmmm@
Wl s 1 Sundaiu@a andulusiuiuay

casein ldwunsnne LL[ﬁifé“mwmimaLﬁmgﬁuﬂﬂﬁa
salies e luiufl 3 ndwiude 60 mneveq
waenszlapdtinna quibenas 50 e lusiuiil
AYUNAN casein HAQNEA Ta8aT 73.3 AMNALLANTL
‘17{51 A2UNANUDY L-glutamine, L-alanine, L-arginine,
monosodium glutamate, L-asparagine monohydrate
WA potassmm nitrate WU%BYA 66.7-70.0 quum 4
NRINUT WU9N mﬂm?ummmm?mm'ﬂuwm
ﬂiuimmmmm@mmwmmmu TnefnuRnUs s
mimmmLW@ﬂmv‘Emmammmmm@ﬂm 90 Ag
mauwumummu L-arginine, monosodium glutamate
ua casein Zaaaz 100, 93.3 uaz 93.3 ANNAAL AU
Fn3uay X wuet ludasienas 66. 7-80.0 Slmuw 5-7
VRIUE WL AN IANeTRaNAENIETARFTNANa
faﬂ‘lumqmﬂmifaﬂ@v 90 Tl memqmmmm aniu
@mvm L-cysteine FnUsAINIANTeaNAENsInn
Frimatenas 86.67 lusudt 5 Lmvmmmﬂummy
100 uiud 67 luiiga adelsfimu ifleduan
svea TN A RNESataz 50 (LT,) 7 4 Sundd
wudewwin nnansuiiEnadnanslulasauluian
wazden LT, aelugag 2.40-2.97 Tu e fufid
AMUNANURY monosodium glutamate LAY L-arginine
ﬁﬁw‘i‘wqmﬁ' 240 +0.7 4AY 245+ 0.0 T4 ATNAIAY
(Table 3)

Table 2. The amount of conidia of Metarhizium anisopliae (NU 048) from concentrated products cultured on

rice media for 14 days

Nitrogen sources in formulas

The amount of conidia (no./g of growth media)

Monosodium glutamate
L-glutamine

L-alanine

L-arginine
L-asparagine monohydrate
L-leucine

L-cysteine

Casein

Potassium nitrate

Urea

Control

35x10°°
9.9x10°*
9.6x10°*
2.1x10"?
6.6x10°%*
1.4x10%°
0.9x10°™
42x10%°
0.6x10°°
0
0.4 x10%°

Means within column followed by the same letter are not significantly different (P<0.05)

402



NMSNRAIUNANS LTI UNRATD Metarhizium anisopliae (WU 048)

& o &
ﬂ’JUFlNLW@EIﬂS%Iﬂ AFUIRNA

Table 3. Percent mortality of brown planthopper on 1-7 days after applicating various formulas of Metarhizium
anisopliae (NU 048) and LT, at 4 days after application

Nitrogen Percent mortality of brown planthopper LT SE
+
sources in ] %
1 DAA 2DAA  3DAA  4DAA  5DAA  6DAA  7DAA  at4 DAA
formulas
Monosodium ab2 ab b ab a a a
tarmat 13.33 33.33 66.67 93.33*° 100.00* 100.00°  100.0 240+0.7
glutamate
L-glutamine 16.67° 30.00°  70.00®  76.67°° 100.00° 100.00° 100.0° 251+0.3
L-alanine 10.00®  36.67° 70.00° 7667  96.67" 100.00°  100.0° 257+0.3
L-arginine 3.33° 30.00°  70.00® 100.00° 100.00° 100.00°  100.0° 245+0.0
L—asparagine ab C b b ab a a
et 6.67 26.67 66.67 80.00 96.67" 100.00°  100.0 272+06
mononydrate
L-leucine 10.00°  33.33*° 4667°  70.00°  90.00° 100.00°  100.0° 295+0.6
L-cysteine 10.00°  3667°  4667°  6667°  86.67° 100.00° 100.0° 297+0.3
Casein 0.00° 33.33* 7333 93.33"° 100.00° 100.00° 100.0° 252+0.3
Potassium " . b b . . .
ot 6.67 36.67 66.67 80.00° 100.00* 100.00°  100.0 258+0.6
nitrate
Control 1333  1333° 2667 6333° 967" 9667° 100.0° 320+0.3

k Day after application

# Means within column followed by the same letter are not significantly different (P<0.05)
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daqiTu nsldansdafmeiainid e
ﬁﬁﬁ\uﬂuﬁﬁwLLa:mmfumn'ﬁ'zgmlwmmﬂizmﬁ
wazidesiifllsz@ninanlunisaauaudngie
mmﬁuﬁluﬂqﬂ%uwmﬁufu wazWaunduans
Fafnurislugaaswindes unznansusinsenld
atissiaifias athalafmudanarmaiiinguaslu
HART D59 7] 1 faauuansnsluniuaiia
m@qmﬂﬁuﬁ:ﬁy@m@mmn (Popoonsak et al., 2005)
ilesanmanyresdenineillfesnmsasenns
nand1Any 2ngn Ae Arfuen uay lulnsiau
HENANT A BIN1TAINT UL LMD ST NNz aY
(Burge, 1988; Daoust et al., 1983; Onofre et al., 2001)
Tnanfides113 89 M. anisopliae 193 1y 17 U 1
Piannfiguugil 25 asdnaaidea (Atiathom, 1992;
Bunsak et al., 2015)
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TudauTeadariden M. anisopliae (11 048)
1w wudn AudwinedagdluanswiiidAnaninly
ISR TAnTeademden M. anisopliae
(11 048) 1599 2.6 x10° Tallinasiadiadans naalé
ANNGUUN 25 B9AEAT A WL 6 Lhaw Tnedl
Nefluan IR Tl 3R VB NN 898N (Sribunme et
al, 2018) NMIWAINAINQFITANNALVUALBLYFEIHY
Felinmailuesfdszneundn idesannnsiad
AUANTTRIY wazuinlidesnsranasia uazsnm
AT 151 (Bukhari et al, 2011; Sribunme et al.
2018) waznnslFuilgaliif guasidlndAeeiy
Buviedhnuiniigaianuls fimna uaznsnaziily
visaanslii ulnsiauatinsine o nlideuazazaan
ﬁian’]iﬂnggmmm”mmimummmﬁﬁuﬁqﬁ”mw
uniu Tneludausesunaspnnfuauiu wleand
fnuaTAT e iesnanTige (Popoonsak et al.,
2006; Rudin et al., 1990; Sribunme, 2017) Lﬁ‘ﬂ\?@ 1N
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Hlurmenslulawmsn dssnufeuas 70
Tnaansulamsnndluuleana un aanie waglas
wlaglas ulniay wavdanig damunyiy

naEs iR ulnIeEad lnanss (Naivikul, 1989 ) il

uileand aunsninAudTEInreeda i 0.2x10°
Tnflinesialianans ﬁﬂm‘mﬁ 25 mmmmﬁm WU 6
R (Snbunme 2017) mfﬂu’]miumﬂfm’] M. anisopliae
(11 048) AfluT A ARANTL M98 uasiAnaealng
wiannunisdFuaninassniafiuinunlieg lu
ANNLINTEALR NN 35 B9ANTALTE §9NINTEAL
o & a a a A =
MaesasnyAulnlnf Ae 20-25 avAntaldaa
#a19zeN6a1N38N19289 Schiossman et al. (2015)
Wa1uiu 6 4Uadf wudn Anaguusesia Talline
28913297 M. anisopliae (N1 048) 11N 111N A
@NAAAUVRBINENTEAY 7 uazilavenaddan iy
15latline 0.4 x10° Tatiipesianiy And il ey
\T931 M. anisopliae (W1 048) Tuaun3adngh 25
B9ANLTAITAA WL 6 LAaL 199 Sribunme et al. (2018)
= Aaa a a 5 a a
ganup NN Auedlatiine 26x10° TalliAtsie
adang Weseeasding Tu 7 4u 15 Taflee 8.8x10°
Tnllihasiaflindans
e 4o o .
atinglafnin Wainarsiiduunasang
d‘ = o [ % o o a
Tulmsiay el unumdAnylunsdanszdilamu
uaz nealaAfanuavqaumsd (Karot, 1996) avlu
AFLiamanyuan TR eNdnsnseniNTuNANTY
¥ o o A a = a

anBusn RN wunadonumm uazey e Any
nssanaasiafipawindunisldifiuanslulngiau
Wasanqaursdusavatind mauainisnlunnsld
lulnsiauuananeiu uadaauisoasn i n
Tuamsnd uinsauluglaesansefiuvizd unsaiia
arnnsoiasry A lueusni lulmsiaulugilaeg
mmuwm (Iskandarov et al., 2006) AINNANNINARES
a9 @ ea uu 048 iludes Fuafineuauesie
anslulasiaulugiansdurisduinndnasafiunad
TnaunaslulnsauduvidiadunsaezdTulnase
ananissanuazansniaasnyludagwnzunnsinglil
AulaltaAI09T09108 9NN AINNANNTANHINLLY
ANFUNNAN L-arginine WUERIINITIBNUAZE AT
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mm‘%mﬂur’fa@LWﬁ:@;qzﬁmﬁﬁlqmmé’mﬁu $ENNUTR
Piwtamai et al. (2014) Anudn L-arginine 10 1LY
lulnsauiiinanszfuninsilalid sresd e
‘17{ ﬁ‘?‘llzg A Campbell et al. (1978) 18411 I1N9LF |
n9pesily 1Tl L-alanine lu awnsmandmiLides
Beauveria bassiana An1gia3ty hazas1alasunn
?izgm wilunisAneninudn Lalanine inase
nnea3etatine lussAugaduiuuLe Lﬂuﬁ']ﬁmm
{10 L- arg|n|ne Iumiﬂﬂw'}uwmﬂ Iﬂ’]‘iﬂ.l‘l/l HNAN
L-asparagine uuTﬂ TiAguaa L°IJ 231 M. an/so,o//ae
(1% 048) sty uazaieatladifigendn AnFunias
L-glutamine AAAARANNILITILNIULDY Piwtamai et al.
(2014) Wud1 NNTRNNTARSE Y THA L-asparagine
dan waryuazas It eliAndnnsiFa L-glutamine

Tugouanslilsiiu Ae casein i fuase
nnseenaeslailifed 6 dnnef windu 28.7 Tl
FasasalallmeldAndansudinay asparagine
?ﬁumm}iwmmwmmmm Buston and Basu (1948)
AlgvinnsAneumasiulnsiay 4 180 EuA sodium
nitrate, ammonium sulphate, asparagine Wa e casein
wugn deniinnsainelailid el Anaaluamnsnd
asparagine 38404941 A8 casein AU TANINADT S
Tulnsauilusfilssnetiu ansamsmagey e
potassium nitrate ¥ ﬂfuﬁlwumm?fymmﬁ”mwu,ﬁ
mestinalailiteee luszAusnfign usanansaun 1
dlegenslutanmng dausnuiinaug deduden
ldgnnnsnaselailine i denafeeiusneeuaeg
Chantar (2014) AN1LI47 mm@ﬁﬁgﬁ‘mﬂuﬁmm@u
ARuavnli o Fistuling hepatica li@un o3ty
wazaselailitelly widng Suduundeeslulnnaud
Unadlaitesnmn e NN (Popoonsak et al,
2005)

nainaslulnsauludan i edinainlii
Fam M. anisopliae (N1 048) A1N1T0AILILANTAN
Tunrsdivinanmaanszindiinnalégedu
(LT, =2.40-2.97 Fu) wAnA19an il ld nanans
Tulmsiau (LT,,=3.20 Ju) 119 0.23-0.8 i TaensuRia
AMUNANUB monosodium glutamate LAY L-arginine
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HAA1GAN 2.40+0.7 UAE 2.45+0.0 51 AINANAL
4 - 5 .
Fafluldlufdn1afaaduaan1smagaau e
Sribunme et al. (2018) WL Tas@en M. anisopliae
(11 048) aNsan 1 limasnszinndunnianig
Sasiar 50 M lusrazinaneas g 2.07-3.08 1

GE
NIW A UNRNFUT A o o 21T 8 31
M. anisopliae (N1 048) Taa 14 uil9a1d neeuay
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184 L-arginine 18791A21van104lATline4agn Ae
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Abstract: China has a long history in cultivating grape, and grape cultivated area also has been sharply
increased in recent years. Deqgin county is a newly developed grape growing area, which has unique plateau
natural conditions and Tibetan cultural environment. In order to have optimal grape production that comply with
the agricultural development policy of this area, it is necessary to study the adoption and factors related to the
adoption of the Tibetan farmers in this county. The target population consisted of 2,200 grape farmers in the
county and 338 samples were selected by simple random sampling technique. The questionnaire with reliability
tested (Cronbach’s alpha=0.938) is used for the data collection, and the data were analyzed by using the
statistic program of social science research. The results of the research showed that Tibetan farmers in Deqin
county have high adoption in “Land and soil select”, “Planting techniques”, “The method of built grape shelves”,
“Spring management techniques”, “Fertilizer techniques”, “Irrigation techniques”, and “Harvest techniques”.
The study also found age, experience of being out town, household income, proportion income from grape,
education, labor force number in a household, and satisfaction on service of technician, were directly affected to

the Tibetan farmers’ adoption.

Keywords: Grape cultivation, adoption, grape technology, Tibetan farmers, Yunnan

Introduction of agriculture development; such as poor transportation

and backward agricultural infrastructure. People in this

Cultivation of grape had been started in county make a living by planting corn, wheat, and rice.
China since thousands of years ago, and the area of For many vyears, the rural economy is fall behind
grape cultivation has been increased sharply in Yunnan Province’s average (Degin county, Government

recent years (Zhao, 2014). According to statistics of Operational Report, 2015).

the ministry of agriculture, since 2011, China's fresh Chinese experts have found that the Jinsha
grape production has been the world's largest and and Lancang Rivers valley in Degin county is
by the end of 2015, China's grape cultivation area suitable for grape cultivation because of its weather,
was 1,960,000 acre. Degin county is located in the temperature, rainfall, sunshine duration, and water
northwest of Yunnan Province which belongs to quality (He, 2012). In addition, the wine from this
Diging Tibetan Autonomous Prefecture. This county is the best quality wine in China, even in
prefecture is the only Tibetan autonomous prefecture world. With these reasons, since 2001, Deqgin county
in Yunnan Province, which locates in the middle of government has begun to promote grape cultivation
the Hengduan Mountains and bordered by the Tibet in the area by allocating a large amount of funds and
Autonomous Region in the northwest and Sichuan formulating and implementing grape extension policy
Province in the northeast. Diging Prefecture is the for the area. For the result, after ten years of
upper reaches of the Salween, Mekong and Jinsha extension, the government can expand grape
Rivers. There are three counties in this prefecture: cultivation areas. In 2015, there was about 2,277
Shangri-La City, Degin county, and Weixi Lisu acre of grape plantation. However, the government
Autonomous County (See Figure 1). Although agriculture still needs to expand more grape area and also has
is important in this county, there are many limitations future policy for the grape extension of the area.
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Deqin
Shangri-la

Weixi

Villages surveyed

Figure 1. Location of Deqin county, Yunnan Province, P.R. China

Source: Ju, 2013. pp. 21

Since the grape extension system has been
implemented in the area, there is no evaluation of the
effectiveness of the extension system including
farmers’ grape cultivation technology adoption. With
this reason, to realize farmers’ grape adoption and
factors related to the adoption are very important for
Deqgin government. Many researchers have tried to
explain technology adoption in relation to personal
characteristics and endowments, imperfect information,
risk, uncertainty, institutional constraints, input
availability, and infrastructure (Feder et al.1985;
Foster and Rosenzweig 1995; Rogers, 2003). If the
Deqin government has realized some factors related
to the grape cultivation technology adoption of
Tibetan farmers, they can be able to improve
efficiency and effectiveness of the services on grape

extension system.

Materials and Methods

Locale of the study

The research was conducted in two towns
named Benzilan and Yunling of Degin county.
Benzilan Town is located in the southeastern of the
county, on the side of the Jinsha River. There are five

administrative villages (named as Benzilan, Dari,
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Yeri, Shusong and Duotong) with a total area of

1245 sg.km. Yunling Town is located in the
southwest of Deqin county and the Lancang River
which runs across the whole area from north to
south. There were four villages (named Sinon,
Xidang, Hongpo, and Guonan) in Yunling, and there
were three villages (named Benzilan, Dari, and Yeri)
in Benzilan, together with the total area of 942 sqg.km.
The two towns were selected based on three
reasons. First, the areas are suitable for grape
cultivation. Both of them are located in the valley of
Jinsha River and Lancang River. Benzilan Town is on
the side of the Jinsha River, and Lancang River runs
Second, both

Benzilan and Yunling are typical Tibetan towns

across Yunling Township area.

where 96% and 97% of their populations are Tibetan
ethic groups, and Tibetan traditional culture was well
preserved. Third, Benzilan is located along an
important commercial and tourism route from ancient
times to present. It is famous for the tourism
resources including Meili Snow Mountain, Baimang
Snow Mountain, and Jinsha River Grand Canyon.
Tourists can easily visit grape orchard and purchase
grape fruits. Yunling is the largest grape planting
area, and it is an earliest grape adoption township of

the county.
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Data collection

The Tibetan farmers who already cultivated
grape in Degin county were the study subjects.
According to the 2017 statistics of Degin county
Agricultural Bureau, there were about 2,200 Tibetan
grape farmers in the county, and these farmers were
the target population. The actual sample size of the
338 farmers was calculated by using Taro Yamane
formula with 95% confidence level. The simple
random sampling method was used to select the
samples scattered in the above seven villages in

both target towns.

Research tool

This study employed a questionnaire as a
research tool. The questionnaire was consisted of
two parts. The first part was about socio-economic
background and information of grape cultivation of
the farmers (e.g. gender, age, education, year of
cultivated grape, vineyard size, experience being a
village leader, experience of being out of town,
household income, proportion income from grape,
education, labor force number in a household, grape
orchard distance, major transportation, frequency of
guidance provided by technician, and satisfaction on
service of technicians). The second part is a list of
questions about grape cultivation technology
adoption of the farmers. A 3-point scale question was
used to determine the level of farmers’ adoption; all
the time (3), sometimes (2), never (1). Details of
grape cultivation technology included land and soail
selection, soil improvement, excavated depth and
space of line and row of a grape tree, method of built
grape shelve, bud picking, pruning, binding,
bagging, weeding, fertilization, pest control, irrigation
and harvesting.

To ensure the quality and feasibility of the

questionnaire, the research tools were checked with
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its validity by 5 experts from both academic institutions
(Maejo University, Yunnan Agricultural University,
and Degin Extension Center). The reliability of the
questionnaire was checked by a try out survey of 30
Tibetan farmers in a town nearby the research site
(named Yanmen Town). The questionnaire’s reliability
test with Cronbach's Alpha is 0.938, which mean the
questionnaire was qualified to be used for collecting
data (Kline, 2000).

Results and Discussion

Grape Cultivation Technology Adoption of Tibetan
Farmers

The study found that there were almost the
same numbers of male and female Tibetan grape
farmers (50.1% and 49.9% respectively). More than
one-third of them (34.9%) were in the age of 51+
Almost half of the farmers (42%) had 7-9 years of
experience in grape cultivation and 47% of them had
vineyard size of less than 1 mu. (1 mu=0.165 acre).
It was also showed almost two third of them (74.3%)
had no experience of work or study out of town. The
questionnaire indicated that 34.6% Tibetan grape
farmers’ gross household income were above 50,000
Yuan (about 7,400 US dollar, and there were 47% of
them whose income from grape were 20-40%. It also
showed that more than three quarters (75.4%) of
their education were less than 6 years, and half of
the farmers (52.1%) have 3-4 fulltime labor forces in
their household. The data also indicated that more
than half of the orchards (60.9%) were 1-3 kilometers
from the village’ grape selling point and more than
half of them (66.3%) mainly transported their grape
products by a truck. In addition, more than half of the
farmers (52.1%) considered that the government
extension workers could provide knowledge of grape

whenever they needed. Aimost half of them (44.4%)
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indicated that the government extension workers
performed good efficiency at work. Focusing on
grape cultivation technology adoption. There are
10 issues that the farmers adopted. Those were
land and soil select, planting techniques, method of
built grape shelves, spring management techniques,
autumn  management

techniques,  weeding

techniques, fertilizer techniques, pest control,

irrigating techniques, and harvesting techniques.
By applying
the criteria for

the Weight Mean Score
(WMS)
level of adoption are 2.3334-3=High adoption;
1.6667-2.3333=Medium adoption; 1-1.6666=Low

adoption. It was found that in overall the farmers had

method, interpreting  the

high adoption of grape cultivation technology. The

details are shown in Table 1.

When considering in the details, it was found
that the farmers had high adoption on building grape
shelve technology, whereas the lowest adoption was

autumn grape management technology.

Factors affected the grape cultivation technology of
the Tibetan farmers in Deqgin county

Using regression analysis to analyze
factors that affected grape cultivation technology
adoption of the Tibetan farmers, it was found that
age, experience of being out of town, household
income, proportion income from grapes, education,
labor force number in a household, and satisfaction
on service of technicians were significantly affected
the Tibetan farmers’ adoption. The result of analysis

was shown in Table 2.

Table 1. Level of grape cultivation technology adoption of Tibetan farmers in Degin county
Grape technology WMS S.D. Level of adoption
Land and soil selection 2.6435 0.4963 High
Planting technology 2.5769 0.5300 High
The method of building grape shelves 2.8245 0.3833 High
Spring management techniques 2.3898 0.5505 High
Autumn management techniques 2.1183 0.7847 Moderate
Weeding techniques 2.2968 0.6991 Moderate
Fertilizer techniques 2.5310 0.6471 High
Pest control 2.2544 0.7821 Moderate
Irrigating techniques 2.6420 0.4801 High
Harvesting techniques 25128 0.5222 High
Total 24790 0.5875 High
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Table 2. Factors affecting the grape technology adoption of the Tibetan farmers in Degin county

Independent Unstandardized Standardized Significant level
Variable coefficients coefficients
Beta Beta (Sig) P
Constant 0.804 - 0.000
X, Gender 0.302 0.205 0.520
X, Age 0.701 0.668 0.000*
X, Year of cultivated grape 0.208 0.167 0.120
X, Vineyard size -0.308 -0.265 0.342
X, Experience being a village leader 0.872 0.747 0.400
X Experience of being out of town 0.901 0.884 0.000*
X, Household income 0.898 0.806 0.000*
X Proportion income from grape 0.623 0.600 0.000*
Xy Education 0.728 0.725 0.000*
X, Labor force number in a household 0.703 0.690 0.000*
X,, Grape orchard distance 0.209 0.130 0177
X,,Major transportation -0.442 -0.208 0.068
X,, Satisfaction on service of technicians 0.696 0.598 0.000*
F Sig
R = 0.585° R Square = 0.342 113.822 0.000°

*Significant difference at (P<0.05)

The results of Table 2 showed the relationship
of X, gender, X, age, X, years of cultivated grape, X,
vineyard size, X, experience of being a village leader,
X, experience of being out of town, X, household
income, X, proportion income from grape, X,
education, X, labor force number in a household X,
grape orchard distance, X,, major transportation and
X,, satisfaction on service of technicians, all together
explained Y with statistical significance (R=0.585,
P<0.05). The relationship of variable group can
explain variation of Y at 34.20 % (R220.342, P<0.05).
The regression model can be written as follows:

Unstandardized

Y = 0.804 + 0.302X, + 0.701X, + 0.208X, —
0.308X, + 0.872X, + 0.901X, + 0.898X, + 0.623X, +
0.728X, + 0.703X,, + 0.209X,, - 0.442X,, + 0.696X,
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And Standardized:

Y = 0.205X, + 0.668X, + 0.167X, — 0.265X,
+ 0.747X, + 0.884X, + 0.806X, + 0.600X; + 0.725X,
+0.690X,, + 0.130X,, - 0.208X,,+ 0.598X,

Among the 13 variables, there were 7
variables that were significantly related to the
adoption. Those were age, experience of being out
of town, household income, proportion income from
grape, education, labor force number in a household,
and satisfaction on service of technicians. It was
found that household income is the highest, whereas
the proportion income from grape is the lowest
significantly related to the adoption. Discussion on
the results were as follow;

Age-Literature review has shown that age

negatively effect on the adoption because of veteran
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farmers believe in their own experience (Mauceri et al.,
2005). Younger farmers are more likely to accept
new technologies and have a stronger willingness for
trying new technologies (Alexander and Van Mellor,
2005). In Degin county, the government made a
great effort in grape extension from 2005 to 2012.
Therefore, Tibetan farmers who had started planting
grapes during this period had gained several good
technical trainings and many onsite guidance
(He, 2012). They also were strong laborers involved
in agricultural production during this period of times.
At present, also these farmers are on their 60s years
old, still they are skilled laborers in grape cultivation
since they are well trained, and have gained lot of
knowledge and experiences on grape planting.

Experience of being out of town-In recent
years, the Chinese government has speed up both
infrastructure construction and public services in
northwest Yunnan region. Therefore, Deqgin county is
rapidly exchanging with external development. Many
local Deqin residents had migrated out of the two
research towns to either Shangri-La City, Kunming,
or even other cities outside Yunnan for their better
education and jobs. The experience of going out for
work has a significant impact on farmers' technology
adoption behavior (Shi and Wang, 2013). With this
reason, these farmers have higher level of
acceptance of grape planting technology than the
farmers who were never been moved out of the
towns.

Household income-A key determinant of
the adoption of a new technology is the net gained
from adoption of the farmers (Foster and Rosenzweig,
1995). It also indicated that the high cost of agricultural
technology has been found to be a constraint to
technology adoption. Compared to the traditional
crops, grape usually requires high investments for

vine yard establishment. Farmers with higher
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household incomes had a higher adoption rate of
grape techniques

Proportion income from grape-The higher
dependency on technology, the higher adoption in the
technology (Wei et al., 2015). The higher proportion of
income from grape planting in a household income,
the higher the rate of technology adoption. This is
because these farmers are high dependent on
grapes, and they hope to increase their incomes by
adopting standard grape planting techniques.

Education-Ajewole (2010) found that the
level of education has a positive and significant
influences on adoption of the technology. A study by
Rahm and Huffman (1984), who studied the role of
human capital and factors that affected the adoption
of reduced tillage in corn production, had found that
farmers’ education and experiences play a crucial
role in enhancing the efficiency of the adoption.
Education level of a farmer increases his ability of
obtain and use information of grape cultivate
technology. Therefore, education of Tibetan farmer in
Deqgin county has a positive influence on their
decision of grape cultivate technology adoption.

Labor force number in a household-A larger
household have more capacity to meet labor
requirement during introduction of new technologies
(Mignouna et al., 2011). The labor demands of a new
technology have to match with the labor availability
of the household. The cultivation of grapes requires
more labor than traditional crops. Lacking of labor
and ineffective management has negative impact on
grape harvesting.

Satisfaction on service of technicians-This
study had shown that availability of extension service
plays a key role in Tibetan Farmers adoption in Degin
county. If farmers can always get information of
technician about the new techniques of viticulture

and the benefits they bring, it will facilitate the flow of
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technology from innovators to farmers. In fact, the
influence of extension agents can counter balance
the negative effect of lacking formal education
in the overall decision to adopt some technologies
(Yaron et al., 1992).

To enhance the Tibetan farmers’ grape
technology adoption in  Deqin

county, some

recommendations were made for the central
government, Yunnan provincial government, and
also Degin local government as follow;

1. Further strengthen education and
agricultural training for the farmers. This study had
found that frequency of guidance provided by
technicians is highly affected the adoption. Thus, it is
necessary for the Degin government to maintain or
increase and also improve quality of agricultural
extension services. At the same time, it is important
to increase the training of agriculture technology.
Low educated farmers who were main labor forces in
the area insisted that training course should be
launched to the farmers continuously. In addition,
local government should take advantage of the
specific plan named “Yunnan Province on Further
Strengthening the Counterpart Assistance to Diging
Prefecture” which is aimed to strengthen
counterparts’ support mechanism of "Three District,
Three County" and "Three City, Three County". In this
plan, cooperation between the Deqin government
and agricultural  research  departments and
universities in these cities will be promoted in order
to transfer appropriate agricultural technologies to
farmers in the area.

2. Both

government should motivate and assess the public

Yunnan and Deqgin local
agricultural technology extension systems in the
county. As an important public service undertaking,
be

separated from the strong support of finance and

agricultural  technology extension  cannot
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techniques at all levels. Local governments should
make full use of supporting policies of the central
government on the development of Tibetan areas. All
related organization such as Deqin county
Agriculture Bureau for Agricultural Development
Projects in Tibetan, The Agriculture Department of
Yunnan Province, and The Science and Technology
Department of Yunnan Province should effectively
collaborate to provide sufficient budget, human
resources, and technologies to the farmers. For
example, an active communication via mobile
phone, network, and other ways to improve the
efficiency of agricultural technology. At the same
time, improve the performance appraisal mechanism
of agricultural technicians, with the actual workload
and work performance to farmers as the main
assessment indicators, objectively and truthfully
evaluate the performance of agricultural technicians,
and disclose them to the public, accept public

supervision.

Conclusion

In summary, the Tibetan farmers in Degin
county has high level of adoption in grape cultivation
technology. This is because grape cultivation in this
area is very intensive. Tibetan farmers had very
limited land size. Because of geographical limitation
where majority of the area is high slope mountainous
area, there are only narrow pieces of land along the
Jinsha and Lancang Rivers valley that are suitable
for grape cultivation. Also, Tibetan farmers are
naturally calm and patient, they usually devoted
their labor for taking a good care of their grape.
Remarkably, there were 7 factors (age, experience of
being out of town, household income, proportion
income from grape, education, labor force number in

a household, and satisfaction on service of technicians)
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significantly affected the Tibetan farmers’ adoption.
Hence, Degin government should develop young
farmers in the county on both of their formal
education and grape experiences so they can be not
only experience good grape farmers but also be
labor force in rural Degin development. In the same
time, Deqgin government should continuously and
constantly develop effective and productive
potentiality in grape extension to their technicians.
So, these technicians will be important key persons

in grape cultivation development in the county.
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