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Efficacies and Natural Enemy Effects of Some Insecticides for Controlling Rice
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Abstract: Unmanned aerial vehicle (UAV) or drone has been used in agriculture with great efficiency and play
a major role in precision agriculture. The objective of this research was to examine the effectiveness
of insecticides against rice thrips and their effects on natural enemies in the outbreak rice fields using UAV
spraying during the dry and wet seasons of 2021 in Suphan Buri and Chiang Rai provinces. The randomized
complete block was used, and the recommended application rate of 3 liters of water per rai was sprayed
over the rice plants at a level of 2 meters using the agricultural drone model AGRAS 16 and DJI MG-1P.
The results showed that the efficiency of most pesticides were 79.12 to 97.36 percent in controlling rice
thrips after 14-day spraying interval. When controlling rice thrips, the efficiency and effect of insecticides
were considered from the percentage of rice leaf damage, the average number of infected plants per plant,

effectiveness, diversity of natural enemies, Shannon-Wiener diversity index, and cost of rice thrips
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insecticides used per rai were conducted. When sprayed with unmanned aerial vehicles on 1 rai of paddy
fields, carbaryl 85% WP at the rate of 40 grams per 3 liters of water and dinotefuran 10% WP at the rate of
20 grams per 3 liters of water were suitable to recommend to farmers and contract sprayers to choose for

effective prevention.
Keywords: Rice, thrips, unmanned aerial vehicles (drones), insecticides, efficacy
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wanauanaelWludnalagldainidenuliauiu (nsu)

n91 25,937 19 (Plant Protection Promotion and Soil-
Fertilizer Management Division, 2023) W 4 ANgIu
mﬂ%’msﬂmﬁuﬁﬁmmeﬁiﬂgﬂﬁmmwﬁﬂﬁm
N3 1w nsldanstesiunidnunaslignaiin Tign
FRTILATTA9987 $9ND99TN13 1 Aouiluilads
ﬁﬁ@‘lﬁlﬁmma‘i:mmgmm (Sriratanasak, 2010)
u@nmm?fumimmma‘ﬂmﬁuﬁﬁmﬁmgﬁwmmﬁm
Tuasnaden TneldAnendanisaananstlosiunndn
dngia fuareniagiunrisvteaanautlssAnanin
IANATUFAZIUA (Srijuntra and Punyawattoe, 2023)
anseenanaldifiadngisaiiananudiuniy
(resistance) ﬂi:mmﬁmgﬁmLﬂmmmwﬁu%u
N1081999A1591aIN19 1 a9 TR UANR ALNAS
Lﬁmmﬁ:mmﬁu (resurgence) PTAN199LUIATA
wnasAngRERi A NE Ay sususes (secondary
pest outbreak) WAETN8qAA1TT 24T UNITALNAY
AdluszuufnAinensaraf s unseAa LA
Ananings dndiln LL@:E@ﬁ%ﬁmﬁﬁﬂizImﬁﬁhﬂ
(Vungsilabutr, 2002)
n1glfinalulagennideulfaudy
(unmanned aerial vehicle, UAV) wIalnsy (drone)
gnihanldlunianisinemsednand1eans iiegann
Hisz@nsnanlunisvinaugs eaniasuliaudy
181 Wuansle 100-200 19631 NALNULINIUAY
1& 10-20 Ay taanfadaineasnsiiiosainan
NIdNTALATgAANATTTNU katiaarTunanAng
falaat1qudugTnariuiaed Wuniaaenlu
ANNIZINAUA UL YR YAl inERINTUAS
U5dnaiinensiimalulagnisiuan saaa a1
g ulFAUT UL NINAUNUAITATWUATULLLAN
(lost Filho et al., 2020; Kim et al., 2018; Li et al.,
2019; Parmar et al,, 2021; Song et al., 2020;
Subramanian et al., 2021) 111 N19N tebuconazole
50% + trifloxystrobin 25 % WG A28a1n1 6811
I¥Auduin1sANAN91898 22481 TURAUT 19
wazftsr@ansninlunistdeeiunidnlsaudnsng
AU AUARAN TN LI N AT I TN UA 2
LASRI U UAN T AN VA LLuuLLiqﬁuﬁwqq
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(Punyawattoe et al., 2019) Wa¥N19INU tricyclazole
LAz isoprothiolane Aaaani1AawlfAudud
ﬁ'nfa?q'ﬂ‘umm’m@wmmema‘lﬁmimim’”lmmnﬁm
AUNITNUAIL LTI UAY (Takham et al., 2022)
d“mqﬂ?xmﬂ’mwmﬁﬁﬂiﬁlﬂﬁﬂmﬂizam%mw
segarslasRundanaelnuazaansznuse
AYTNNAINNAIEIBIARFTITNTIF LUUITI9910
nsldenmAenulinudimiugns WesimunAuuein
WAZLUININNITAIUUANIRTFIUAS Ida N e
IFAudunuansatinelidsz@nnan gnaes Uaansd
wazANAITUNI9aIY Wun1sdenduiuinwns
wuvusue Unldgniswmunszuunisinems
adalmlaasilszina

d a
aUnsaluazlaanng

1. Anfunslundaauninunisszuna
wiadlszdAnisezuinrainasiniasy iy
\WAsHgia Ae WuAdLANde 1-3 dasiasfy Tudia
sraznarvsenuludiadauninndnfesas 20
2184191311 30 FUNAINIIL I1UNUNNINARDY
kUL randomized complete block q4 %ﬁ AUIA
uilpadas 10x20 lWAT 3¥84N 10 AT Lilad
81 15 TUNAININU pufluntafindasinenansg
gnautand daudngnesniys gauidia
w.e. 2564 UgndnaWugunus i 1 Wudae
an1AgulfAudy §14 AGRAS T16 iaanuuLWA
A1UIN 8 W2 WATUUAIINEATNT B1LNBNIU
Fandadeeane gauitl w.e.2564 Ugndraiug
dutlmas 1 WusozenAeuliaudl $1 DI MG-
1P ¥92ALLUNA [ UY 4 99 e1n1AaulFaudy
‘1/;1,:\‘1 2 g;'u namlag Shenzhen DJI Sciences and
Technologies Ltd. a1819u§gtsza1auau Tneld
anateafuf AN asTineaInsluiuiteuld
8MTLUZUNEI9981N (Table 1) WaztNAL (99373
AYLIAN) fanisldein 3 ansdenud 14 Tunuans
atliedudafiszdu 2 1ms ANAEnT109
Punyawattoe (2021)
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wanauanaelWludnalagldainidenuliauiu (nsu)

2. Anw1dsrdnsninresdnsilesiunian

wagTlannnsldennmenslinudumsans
2.1 A3aatuuNaIRaai s 9quiiulng

M99 quiluAud1qulatas 40 AU wazmInaiy
Nnlum s dunueNys ussazinaaInTauLlad
50 \TUAIAT U wuwae Iluaztlssifiunnsyinans
gaanaelnl TnaldAzuu (grade) s¥ALNT9NINANY
saanaeln Aansanaindauluaenaeddudig
praaduneuldarsdesiunanunaaiuinan 149u
wazvasanldanstfasiuniqanuuaiiunai 3 7
uaz 14 Su udaduanmnfenas (%) saslodniign
yinane fall

0 = linunisnane

1= ganluusngion 1/3 Tesuily

3= AU 1 uae 2 s 1/3— 1/2 Tasiiily

5 = el 1, 2 uay 3 3w 1/2 Tl

7 = ludhaynlushunsluuasidmaes

9 = Fudnadieauiemeniaulas
Sermemsliiiigninens = s A g rvheex 100

saludnaianan

2.2 AU S IUNA TN A se
FULAZARIIANNNLAsMN a9 lUT (Faaay) WIND
FATEiRaN9aD A WianflauAeds dae
A% Duncan’s multiple range test (DMRT) fazsu
Ao uasay 95 1aldAnunilsrAndnan
I09ans1TaaiuiN T LA NadisLaLae I eLL
ANTUANANAUNSADRA (heterogeneity) LTeILifiewL
132ANTNINLRIANTUARSTRA AINITN17209
Henderson — Tilton (Henderson and Tilton, 1955) (A)
nadisunae Irlieumuanslifianuwansnaiy
N9&0A (homogeneous) iFaiLiAeULlss@ninnees
a1TuAazIiin MTNATNI197289 Abbott's formula
(Abbott, 1925) (B)

nin Co before teatment * n in T after treatment
Corrected %= (1- )* 100

(A) nin Co after teatment * n in T after treatment

nin T after treatment
Corrected %= (1- —)* 10
nin T Co treatment t
(B)

Tagl n=auauinaeln T=n3suAafiniuans

aeriumanuNay Co = N9TNADAILAN (Wwfﬂﬂa'”u)

2.3 ANWIALINUAINUAURIAF DTN 1A
ZER LY LLNMTMM?HL@%@@mmm D-Vac
ullaeay 59 9AAY 1x1 AT WUTTEUNAINTEL
udad 50 wusiwas nauldanstasiunianuuaaiy
a1 194 wazuasannldansfesiunidnuuaaitu
A1 7 WAy 14 Ju inusaadsLNaslulleanaga s
At uFeeay 70 et uunaiauazTuAIL
unadAmgiIquarAngassuaimnialindaes
4a33A FINTBN9LR Chaiwong et al. (2011) Taia
FiaLarUTuILNAIEINITLATIET LT (%)
mmﬁmgﬁﬁmﬂﬁﬁ@mﬂmmmmﬁma‘tﬂ?ﬂuLﬁ&m
Fuwlaailaildans udafausyiunnuilusunse
ARARFEINTIA229419 A UNITALNAIAN
PANLNEUT Oomen et al. (2001) WaziLFausIUFTH
AR NMANENNITE AN LR BN AN ST AT AN
i, Shannon-Wiener index (Burikham, 1981; Ruay-
aree, 2002; Chaiwong et al.,, 2011) 289usaLNTINID

syAUANNT USRI AaARIaITNTALRIENT
TRrTUNAALUAY

<25 = Tidudunse (harmless)

25-50 = SURTEILANTRY (slightly harmless)
50-75 =aunELNLNAN (moderately hammless)
> 75 = UMENIN (very harmful)
Shannon-Wiener index (H)
H=-2 (pi) (log, pi)
H=s1dmaruua1ntdnaed Shannon-Wiener
(Shannon-Wiener diversity index)
pi = §AINAIUTENIV1II UINRITTARTTAT |

AasnuauAeTTAnTinLR A
a s
NANITVNANBAILASINITTY

1. Use@visnnresanstiastunidmmasnannnisld
anAEWIFALTUN AT
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1.1 WaanNEAINIAIMIAGNITNT NauNY
ANINUNINANY (FR8a% 4.75-14.32) LAZAIUIY
WAl (3.79-10.07 AaAAUW) LANAINAUAENS
ATud1ATY MAINUANT 3 JU WUNIIAALANFN
fuedefTad1 Ay wdaafiwu carbosulfan 20%
EC ua ¥ thiacloprid 24% SC An1391a18amA A
gnLdu carbaryl 85% WP, dinotefuran 10% WP WLag
thiacloprid 24% SC fN13¥NAMELANE uAndsHL
819 7 waz 14 fu ynnasuiafinuansfimsinanauaz
'ﬁmqmwgﬂmmmLmumﬂrﬁmﬁumjwﬁﬁﬂﬁﬁﬁm
(Table 2) Use@NBNIWNAINUAT 3 TU Faeaz 35.50
- 5514 WANAIWUANT 7 LAy 14 Ju sz@nsnan
WnTunnnasuds lae carbosulfan 20% EC §
UsrAnBnIngagm faeaz 96.01 LAY 97.36 ANANAL
(Table 2)

1.2 WlaanNBAINTIIVTALTE9INE ABUNU
ANTWLNN9VINANE (Faaas 7.59-35.55) LATAIUIL
wae ol (3.1-12.9 A2ABAN) WANFAIINUAE N
Tlad1ATY MAIWLANTNLINNIINANELANANNTWALN
dadnAty wasnuans 3 4u n1sinanaanas antdu
carbosulfan 20 % EC finnsvinanefiniu uazanad
PRINUANT 7 WAL 14 314 (Table 3) WULAENALAUIY
ae g g s TS U uuAn A9 Tuatng
TldnAny MAIUANT 3 U TduauaRaILAzIRAEY
NAINUANT 7 FU WANAINUANT 14 TU WLATUIU
AaRAY (0.13-0.97 FFDFL) T2 047 carbosulfan
20% EC H41uauanadat asiaiiiad (Table 3)
s AvEANTEIUENT 3 TU leAeFataz 80 BNy
malathion 83% EC wa ¥ carbaryl 85% WP &
ﬂ@zz’%w%quqﬁqm \adnfanaz 90 wAndINLATs
14 3% dinotefuran 10% WP H1lsz@nsnangeqn
Wwinfiu $eeay 97.03 (Table 3)

nnsldannideulFaudunuanslaaniy
Sndmnan s 2 anud wudn naaNuaNT 14 51
miﬂmﬁuﬁﬁmLW%ﬁlequiumﬁﬂizaw%mWIu
m@muqmwgﬂwqﬁﬁ (5a81ay 79.12-97.36) ainyiu
47 imidacloprid 70% WG {ilsz@nin1wiias
fauaz 60.34 %\‘1 imidacloprid, dinotefuran wae
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thiacloprid Lﬂumamjuﬁiﬂmﬂﬁu@m’@@nqv@f
Taadsunisvinanaefisuansesiaialadauagiia
Aladfinlaenisduuuuuaedu dn1sldasne
ﬂf?’]\‘mwLL@zLLwéum'ﬂmn%mluI@n 1#5unnsan
neideuninngn 120 Useind Ndse@nsnanlu
n1stfaeiun1dmusaIaInaniinga (Simon-Delso
et al., 2015) mmm@”mﬂmimmumwLL@ i
wa:rmmum:m LL@”@WQL@HQ@ﬂ@QﬁuN (Tang et al.,

2017) ansnguillefilafinessiilss@nininlunis-
muqmwgﬂi‘*/\ll,mﬂrﬁmﬁu 21ALNAAN A MUY
apsanaTleafuindauuas i nasesyansainly
mimuqmwﬁ”ﬂiw aanAaasiL Ding et al. (2018)
21897431 N19AgNLNART19 AR e thiamethoxam,
clothianidin ua s imidacloprid H1lsz@nTn1ngs
1un’1@mmmw§ﬂh\l°ﬁ’wiwm naannaLUgn enidu
acetamiprid, mtenpyram dinotefuran La ¥ thiacloprid
uﬂavmmﬁmwmﬂumimmuLwaﬂivxlmq‘iwm‘l,umm
q@iau ETN Byrne et al. (2007) $72NNUI1 thiamethoxam,
clothianidin Lha¥ imidacloprid 14190 muamwgﬁ
1‘1/\|@qum‘l:miﬁﬁLﬁlﬂwmmu‘lummwﬁmﬂﬁﬁmi
WAz Shan et al. (2012) WU91 2AUANNIDUN R8RS
thiamethoxam Wae acetamiprid AAAIBBULALEH
Fusemadereanasinaanlsneiuan Frankiniela
occidentalis Pergande gendnanslunguilleiilafiu
@Hmmm‘ﬂuj Annaau (mtenpyram imidacloprid
A thiacloprid) ‘L'wﬂmx‘w carbosulfan Wag carbaryl
ugnsnguAFLINmM malathion uae triazophos L
ansnquessunluneains 'a'aﬂqw%rlfmmﬂuﬁqﬂu&q
mvinaureseultieinaladuieamelss vin 1o
N3AI09815A01/526 M 1RANTSENENe AN LA
dszamn g auaziianiniiuly auinldiunaamnng
'm3‘1;”\1fm\mzjmjfaﬂiﬂumiﬂmﬁuﬁﬂﬁmLLumﬂ@:u
Lﬁf]%@ﬂqw%rﬂ%q (broad spectrum) vlaniinazld
atiNqunsuans luaN1nngn 120 Bie (Ware, 2000)
Tnaianiz carbaryl AlfFuaauflanuniign
L‘ﬁmmnLﬂuﬁwﬁﬁ&i@ﬁmﬂgﬁqqnﬁfmuu fAnriedan
Tudawandendu uazansnasunaunadng el
peiN9NL3EANTNMNINNIT 160 TR (Ware, 2001)
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WWANANTUIIANYBIAN IR UAIT ALNA S
719513 wign thiacloprid 24% SC uaz carbaryl

g

85% WP Lﬂuma‘mﬁmmmm (Table 1) WE Y9
thiacloprid WA ¥ malathion tTua1 39 a¢ Tuilny
m@muquiiﬂ‘?ﬁmLﬂumﬁ]“rﬂmfmﬂwﬁqmu
ya9se:15ve (endocrine disruptors) (Cobelli and
Wangsomboondee, 2019) Ias triazophos Wuans
HasiurndausamnelsfiAnnsnadia (resurgence)
ﬁijW?;/ﬂﬂ‘izIﬂmﬁﬁ’lmmbluu’l"ff’]f; (Vungsilabutr,
2002) ﬁ\‘iﬁ/u carbaryl 85% WP wag dinotefuran 10%
WP Aaflugnsmaidennaunuansiagesiio
2. AYINNAINUATLTBNARIEITNTIAAINNT I BINA
andl3audtmuansasiuindama g
2.1 waunemINIRINIAGNIIT AN
W (relative abundant) 184AMNIFTINTNG AAUNUANT
WuARZsIINTNF 3 dusl 1 Hymenoptera, Diptera
WAz Odonata UAIWUANTWLARNIBITNTR 5 SUAL
Ievun Hemiptera, Hymenoptera, Araneae, Diptera Lag
Coleoptera ﬂﬁuﬁdﬁ‘ﬁ'v@umwmmﬂ?mmﬁ“mgﬁﬁwmﬁ
ﬁLﬂuﬁTfJﬁmzﬁuLLmﬁu NANUNANLIE LATARIEIINTA
ﬁLﬂuﬂ@imLmuLﬁﬂu ‘lwum:ﬁ?‘iﬂajmw'gﬂ UATHIY NAN
LNIYN Wasngu FoefFunonfingu (Table 4)
Lﬁ'aLﬂ?‘ﬂmﬁﬂm:oﬁ”‘ummLﬂuﬁumwrﬁi@ﬁmgﬁiimﬁ
L9 ﬂiiﬁ%ﬁlvﬁumﬂﬂLﬂuﬁummwifaﬁmgﬁﬁwmﬁ
(-22.6-19.6) ANNSUAIATTAITNNANNUAE YD
Shannon-Wiener W11TL 0 MAINWANS 14 414 9)NN338IT
ﬁWummmmm’ﬁmuqu udASDANUINIRALAY
SN nuARgo9uT AT AT N 0us ﬁqﬁﬁfﬁﬁmw
PANUALARY Shannon-Wiener (H') qummu LJJ@JJ
mmumumwuﬂummumeul,mmmwmmmm‘m
NNINTLAELBILTUIUARFEITNTNR MUFAsT ARG
(Pansawang et al., 2017) %4 Ueno (2012) 91897U°0
Lmeqﬂguwmmmqﬂﬁﬂmmuma NaRd19
gl Tmﬂmwvmﬂmmsﬂ@\mum@mme‘mqmﬁ
N34 (broad spectrum) LarANalunnsld dena
neenulpapssAeauINtiaLazanszdnaninlunig
ﬁﬁqwumﬂqﬁmgﬁa‘imﬁﬁmmﬁué’w RNS LR
WAINUAIETBIARNFITNTIR TUund198n489 99D
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a

21§ nsten (arthropod) THABY 7] 111 uNaINTLE

'
a

HAMINAT wazhuastuinNatsaniulutinauidia
anad (Afifah and Sugiono, 2020; Chaigarun et al.,
2011; Hladik et al., 2018; Ngin et al., 2017; Ruay-aree,
2002; Singh et al., 2020)

2.2 wlasnumIngdmdndesse AN
VRIANIEITNTNR NAUNURNITNUAMIEIINTR
3dumu lAun Hymenoptera, Hemiptera Wae
Coleoptera UAINURITNUANIEITNTR 6 SUAL
Teun Hymenoptera, Araneae Odonata, Diptera,
Orthoptera was Coleoptera (Table 4) ﬂ?’a‘ua%ﬁqu
mmmﬂ?mmﬁmgﬁﬁumﬁﬁ'LﬂuLLmuLﬁﬂu uaTAng
ﬁﬁumﬁﬁ'Lﬂuﬁqﬁﬁﬂdmwgmmvmu WATNGNAN
Tuauy mﬁmmimmw Lﬂummﬂmu SR
ﬂ@uu,umﬂ'a nANLNAITY LL@“’ﬂZ\m'Nﬁi‘ﬁﬁlﬂLLmuN
Funauiiuiy (Table 4) deuRaufausyAunan
dudunmesiedngassneim na7AB 7w thiacloprid
24% SC Hdunsedantiaasadngsssuand (34.3)
A2AAAEITL Alam and Das (2020) $1897197 LHSHH
meﬂ’l Lycosa pseudoannu/ata WAL m\‘i Ophionea
indica ﬁmﬁﬁmmwmmmmqm@ﬂm Tnnd
mmamﬁu1m@mmamwuﬂmmmummﬂmmi‘
1 Fusiariiedfie 7 U mMusasTiuAnAnetl donmdes
AU Zeng et al. (2010) 218474791 UAINU thiacloprid
48% SC 9m31 45-63 ﬂﬁ*uma‘@@ﬂqw%rmt,amlm' lu
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Pre-treatment 3 days after spray 5 days after spray
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Shannon-Wiener diversity index (H)
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Figure 1. Shannon-Wiener diversity index (H) of natural enemies in rice fields Chiang Rai province, wet season 2021
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Effects of Merchant Grain Beetle (Oryzaephilus mercator (Fauvel)) Infestation and

Mass Rearing in 4 Kernel Characteristics of Cashew Nut Seeds
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Abstract: The merchant grain beetle (Oryzaephilus mercator (Fauvel)) is an insect infesting cashew kernels
(Anacardium occidentale (L.)). The merchant grain beetle (MGB) is a pest in storage that greatly damages
the cashew vyield after harvest. The objectives of this research were to study the growth period of the MGB
and to compare the increase in numbers of MGB when cultured on commercial cashew seed types. From
the data collection, it was found that there were 4 types of commercial seeds: whole seeds, split seeds,
broken seeds and ground seeds. When rearing the merchant grain beetle (MGB), the period of growth from
the egg to adult was 29.14 + 3.09 days and when rearing 50 insects in ground cashew kernels in all 4 types
by inoculating them for a period of 3 months. The number of MGB in the ground and broken kernels
increased to 4,775.50 and 4,789.11 individuals, while the number of insects in spilt kernels and full kernels
was 2,883.61 and 2,650.44 individuals, respectively. which were 9,451.00, 9,478.22, 5,667.22 and 5,200.88
%, respectively. In 3 months, the highest number of MGB was 6,745.58 individuals, followed by 3,324.00
and 1,254.42 individuals which grew in 2 months and 1 month, respectively. The rate of increasing from the
initial 50 MGB in month 1, 2 and 3 were 2,408.84, 6,548.00 and 13,391.16 %, respectively. The result showed
that merchant grain beetles can directly infest all types of cashew kernels as the primary insect pest of

cashew nuts.

Keywords: merchant grain beetle, damage, galangal essential oil, cashew nut, proliferation
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vilnanaludssmanasinnsdeaanlddadszina WinanadadulyundAny esannuuasanunm
Awnalull w.a. 2565 YadAnnsdenan 57.37 411 wwsaenewugladny M liddszansiinaueng
11 (Department of International Trade Promotion, 990159 IngfalAndtunzianag iRaang1N1sain
2023) aeinlaAnN TUNITUIBNINARLNAAN TN Autnndiunazsanaedudn (germ) SoyNavse
a & dll % = ] o < o = d‘ o 2 aallo/ 1
Funrumine I ludssinauTentsdeean dnwy waasyNtulsanwiunninls wanainiidslaas
Toyunasdivinaszesunas §aduldvianiaifin arsdpuadfinanaunn lunansinesing q 1 liae
ARRLNLAZANUNTHALNAIRINIAUAATNTUIW  naTnszAueInttRuRdInasaliyyungunInes
wnlisies 8.vin1lan a.9ashnd wuuadvinane Ju3lna (Jakubas-Zawalska et al., 2016) BNV
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ganalfiinmnTun1elunan nadenaliiia@a
16 P linanAuaTlignnsafusnevzaanyie
18 afr9aqnuidavia liunnensnsuazignuinae
guawiuatranin lnafniuniinisdneiqe
v o 4 o .

AudaAnanaesnasiwdea v flin1saanaa 1wl
ludnq@17 (Visarathanonth et al., 2005) luda 44
(Helenara et al., 2007) wazluinan (Kousar et al.,
2020) ati1913ARAN 1891UATANEIA1UTAANEN
uarnIsinauaInaesnaaiuldan Iug luludn
nradraiunusdludssinalnadeldiiaane Aady

=2 Y 2 Ao P Aa

NM9ANEHIANNAINT RN svasiie Anwn9asTie
uarnIsinauaInaesnaaiuldan Iug luludn

wzsasiinnaus e W lddeyanugundudlsslomnd

amduaruaunidpnaatuaen ug) lumdnuzaog
Hunnusisialilluauian

d a
AUnsaluazianng

1. MsiuAlet LN IaINIFIUN AT NTULINY
wialnsag a.v1lan a.anshng

Fuiuniefl AaRaguruthumielides
8.711a1 A.gAIRAT TTUINAURD LUHIEU W.A. 2565
Wi LN LA 19U AR NUNAIA T AN LN AT
utiaiiy 5 q9m Aa 1. UTIUIININAAUAIAIN
2. u3nnlfzAnuenauaman 3.U3mlszgniadi
WoIARLNAR 4.UFI0UINNAATANITANUNEY 5.4
AAUAIARUENIUIALLER IFULNAIFIaE TNy

VUNA AN 5 90 dnunTidesLjiRnsuve 14

AYLNINTAY NINIAALENLAZTUNNTRATAIUNAS
2. n9aganazaangatulInlszinsnannu

\aaelun)

tifatnenanudet g ‘ﬁlﬂzﬂu@aﬂ"lu
HARNAUTINAAN NI ANNIUFULLLNAAWAN LNAR
YULATAIN UFIUABIANAUNINNAAN NI
W o anufaguautituialisey o.vinlan
@.ﬂqmﬁm’mL?;mé’qmuﬁmmaiwﬁuwmm’mu
F3n1sfidfuilgeaniiaes Keatmaneerat et al.
(2011) ﬂzﬁ@ﬂmmﬁm‘fﬁ'@ﬂlmmixmﬁqLﬁm“mi’ﬁmu
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300 Aausumaziwd asluan 16 aaud NEnITaNY

[ v

t T duzIuNm 0.5 [URLNAT WATFATLgAEEN
419119 WelEennAdremaneluaan ldindn
nrdRuwrwsuuule U3 150 nfu Wiaan
AEUNA "LﬂL?:meuﬂdmwmmﬁmmm 20 AR9
(31x49.5x19.1 wjuﬁmm) ‘wu'mm ANYLNAD
(NaCl) wmumm’]muauwmﬁw 75 (lasigus
LIV ERGEN aangadlitnduaneditinistasiuun
LL@:LLM@Nﬁmgﬁluﬁﬂﬂmmuiwdwm@mnu?:m
Tunaananiuguazansla wWunan 3 9u A
HRrunsesauiiaiuitesaunn 2.5 uaz 0.5
foALuns [iesouLe NG AN T RN s LAZsA
Lﬁm”wmmmﬁmﬁl@ﬂmg daaeldiAasuaiazl
219900ANAABAAT 11T 1d19N1938U YinTsuanga
Fnseeen thrmaaiiinisz vl wuew fnud
m@\‘immﬂwﬁ@ﬁiua&imem@“mmmqﬁuwmﬁlﬂ
‘Aesia waziindunanfudeslunjfuil 2 vnas
aenadusiie e anasan1smaaes

3. ﬂ’]‘iﬁﬂ1:!’1‘&‘32I$L’J’é]’1ﬂ’1‘j‘lﬂ?‘n&l‘ll’ﬂdu’ﬂﬂﬁulﬁl@ﬂ
T lulnRanz s uwIus

¥nnsAnEeasTinaesieaiuaes lug)
muﬁ%msﬁﬂﬁﬁﬂ@qmﬁ%mm Srikam et al. (2014)
nelFaninsesilfiming fgumgfiiads 26.84 +
2.33 aaA AT ANNTUANNE 78.18 £ 2.59
Lﬂfai’l,%um’TmmfmﬁQLﬁuiﬂmmu@mﬁuLﬁ'@ﬂium
AU 200 69 ldasluaaniva 8 @@usﬁ’ﬁmﬁﬁmﬁm
PNNTAITANNIUA UTH0U 1 49U 4 283290 Uaas
Wunasaale 1 94 udadainldseuuanldaanann
LATHNA AN U TNNIUFTN AT UNTITUIA 335
um T%WﬁuL?jﬂiﬂm@mﬁmﬁlaﬂlwmmﬂ 19U ﬂ-i’ﬂmu 5
e ldasllunaaswanasinlaaunm 1 @ﬂwnwmm
wanuANsIuIY 1 ndutladnldatin ¥ken 6 91
u"m@'mwmmﬂmnu”l,ﬂumwmmmnwmuqm
ANTUANTMET 75 e fidud Tnadarsazane
éuﬁwmisnLﬁ?;mﬂ@@imlﬂuﬁqmuqumw%u N
nsdunauaziiuiindayaniediadnanaesnaniy
deelnnfluszezld yueu wazdnud aunsziady
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4. nMsANENMIIANAIUINTRINaAN WA LTy
lunaanzainaiuwiug

ALIUNIANEHINIFANAINUIULDIND AN
o L mm A e
wee gy AadENsLFLL9RNAE1es Keatmaneerat
et al. (2011) TnadssuanWdes Iunjsvasfafa
JHRIUIU 50 A9 LULANZINA WL9aTHaTRA 16
aaud NUITUNAANTHIANNIUAAIUIY 150 NN
thaaaluagnianzgidusananauiadutAuenang
0.5 luANAT wa Mazunralaialddunssune
27NA waatnv9s s ldfaldlunaeanangfnuunn
20 AR (31x49.5% 19.1 LIURANAT) NHATazANAD
4 X e o od e oo
(NaCl) NAUANANNTUANANEN 75 Llafidusim
grung) v ananaesliuudurnaniinisdasiunm
uazunadAngaudn llsunouseudnaniaimiziass
Wnuszesinan 3 1A81 ANMUELNINARBILLL 4 x 3
factorial in CRD fann3naastas 641 H 2 adt ady
N1 1AUNANHUNAANTNNTANNIUG AR ARG
e [~3 o [~3 1 [ dl £ 1
WAATN WRAYN waviantlu tTaded 2 1o seeisinan
WABALFNE 1, 2 KAY 3 AU NINITATIRTUANUIU
LNAITZEZANANTEAINILALIANANINUA LAY
AATTHNANNADA LaATAATITiA N w3991
(analysis of variance) WAz T LI ELANNLANFAILE
ANLBA% FRERT least significant difference (LSD)

HANITNARRAY

1. nMeiiudayaansuziNa ANz RN NIuA
AINANHUSNNNTAT 1 IEUNAYNTULTIUNIA

lnsias a.vian 2.905AAT WATUNAIARS

AINNIBAUTDYALNAANTHMANNIUH 1
Fanunaguauinuiia lnfes a.vinlan a.qasaed
WU LNAAN NI TUNAUATIT N1 79 Wi e T
Favnn 4 §nwods Ae (1) WAALAN (Full kernels) AB
HAnwUzANANYID] 2BUNAR 100 % WARATLA
ldwunisunniin (2) LnAAdn (Split kernels) Ag
HANHUTAMTNANYI[I2NAR 50 % LNAN
wiaEnaanannf (3) WaMWN (Broken kernels) A
HANHUEAINANYIfTDIULNAARIUIU 25 %
TINALNAANN Y4 LNAA LAY (4) Wanli (Ground
kernels) Aa HANWMEAIINANYID[IBILNEAR
Yeandn 25 % Fuld Tnapawlianysafreaindn
ANALAANIINIZUIUNTINER (Figure 1) lAELNAR
Nzaa RN N UL AT AN U N AR T EZ19aIN13
AnudnY Ae LNAANTHNTNNIWTNAAATLAYTE
wEaLAN a1unsnanenanaldmai luansindn
nzdaBunudEn wanwn wazdw analadindn
ANAIAL TT0g 2 LAe

Figure 2. Four characteristics of commercial cashew nuts, A=Full kernels, B=Split kernels, C=Broken kernels,

D=Ground kernels
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mﬂﬁuﬁfmf;mmeﬁ'%mﬁwmuﬁm
winlides a.v11dan a. @mamﬁwmmmmﬁm
Oryzaeph//us mercator M?ﬂmamﬁum@ﬂﬁm ﬁﬁ\m
dnwusRuananaiussil 0. mercator Haunmgnsa
819 2.5 Hadns dounidansuzlassafiaiu
Awdaueay Syusaundniledeufuneaiy
‘et O. surinamensis \i 213 8T B usi 1 umils
284A WL O. mercator mﬂuﬁ?’ummﬁﬁumﬁm

FANANUNLAL (gnasT) Lo 1Faunaudy O.
, _ X doad A o
surinamensis (§NAT) TINWUNLALNAN (Figure 2)
anannaiaes luiesdjimnas ldaes
4 A e« - .
naanuaen I NaAa A AN AN NN UG
Wna1iniadas 4.36 £ 1.49 41 srazuuauldingn
18.75 + 1.30 71 i sxaIinus 11980 6.18 +2.99 Su A4
Wawnduaafude naaWuaas Iundaus svezla
aunaadNdalfnaade 29.14 + 3.09 314 (Figured)

is Of mercater

Figure 2 Sawtoothed grain beetle (Oryzaephilus surinamensis (L.))(A1) infested on milled rice compared with

the merchant grain beetle (Oryzaephilus mercator (Fauvel))(A2) collected from cashew kernels at

Ban Hat Kai Toy Community Enterprise, Tha Pla District, Uttaradit Province. The projection under

compound eye of O. surinamensis is broad and blint (B1), while in the O. mercator, it is narrow and

more protruding (B2). (Joyce, 2008)

6.18 £ 2.99
(3-16) days

100 % survived

Days from egg to adult:

29.14+ 3.09 days

4.36 £ 1.49

(3-6) days

Larva

18.75 £ 1.30

(18-21) days

N
a

Figure 3. Life cycle of merchant grain beetle (Oryzaephilus mercator (Fauvel)) cultured with ground cashew
nut under 26.84+2.33 °C and 78.18 + 2.59 %RH.
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2. Mmainduanaawmanvwaaelnaluasn
NEHUWANNIUR

TunnsmaaesiiflunnsAnsnsfinduy
m@\m@mv'\fm?ifaﬂ’LuaﬂuLuﬁmmmqﬁuwmm’ﬁﬂwmx
sing o iiluszezinan 3 iheu fladuf 1 veadnm
WAANTNITNNIUG TR WAALAN WAATN LRR
Wn uaziuantlu Juavin 1 mmﬁuﬁ@m@?ﬁy@uim
uansntueeneliad1Atyn1eaiia (P<0.05) (Table
1) WaaNzNANN WA AN Uz INAA UL ZINAA
umn suanunaeRE TN TugIqARD 4.775.50
UAT 4,789.11 FiY MINANAL TR4AINIABINAATNUAL
WEALEN SuauiinuAe 2,883.61 WA 2,650.44 fn
ANNANAL (Table 1) E AN TN WAL AT
Besilavnnaifiuinm 3 Reufiniafindureaen
FudeeuAnFiud LS uiavsiin dednnsls
LA FNAUT 50 fa Ao wunisnTuresuacly
AR ANTY 9,451 % wifaviniinnsiiady
9,478 % WARENTNINTY 566722 % ua 1Wan
Fudnnafisdu 5.200.88 %

ladef 2 szazina SN wUAIwIUNan
Wuaae g Inainduuansteiueseliadn Ay
N19407 (P < 0.05) 1aTn1slduNad3uAUN 50 6a
Wadnisiusneiuszazioal 3 1hau LuadLi
Bunldgegn sesasundusiuauunaslugog
Wwaud 2uaz 11Rew JA1RALLNAY 6,745.58,
3,324.00 UAaT 1,254.42 Ay ATNANAL (Table 1)
oo S A a a
AERIINIIANNLAAUN 1, LAAUN 2 WAz LADUN 3
WINAL 2,408.84 % , 6,546.00 % WAz 13,391.16 %
ATNANAL

annasAnUfdniuseesadandn 2
ady Ae gluuLmAnsaniuszazaa AL
wudn Uduiigaes 2 Jads SnasianisiiuEunm
naaNwaae lunjuanssat19iiad Aynieans
(P<0.05) (Table 1)

~ - o N

nisAneUTuINanNuaas Tun) wudn
wanNzaFunusilaiuineszazinan 3 naw
= = \ a  a
HfFunnumeniuaesnigagn uazasnsnRsELn
AMNANUINENEY 50 AatnFualaDg 13,391.16

Table1. Number of merchant grain beetle, Oryzaephilus mercator, cultured by cashew nuts in 1 to 3 months

in four characteristics of cashew kernels

Number of Oryzaephilus mercator Number of
Characteristics of cashew kernels Storage period (Months)" insects by

1 5 3 characters?
Full kernels 609.00 ° 2277.83°  5064.50™ 2,650.44°
Split kernels 904.50 ° 2,513.17 ° 5,233.17 ° 2,883.61°
Broken kernels 1518.67%° 443633  8412.33° 4,789.11 "
Ground kernel 1,985.50 ° 4,068.67 ° 8,272.33° 477550 "
Average number of insects by 1,254.42° 3,324.00" 6,745.58"

storage period3/

F-test Characteristics of cashew nuts

F-test Storage period

F-test Characteristics of cashew nuts x Storage period

Means in same row and column followed by the different lowercase letters are significantly different by LSD (P < 0.05).

*Means in same column followed by the different uppercase letters are significantly different by LSD (P < 0.05).

*Means in same row followed by the different uppercase letters are significantly different by LSD (P < 0.05).
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ilafidus sa9aanLNaIaNITDLIRTIULALTR LAY LN Wiy tAuTala AanusuLNasNINfga (Figure 5)
ﬂ?mnﬂ,m 6,548.00 uaz 2,408.84 wlafidus lumay TIRAINITALSNEINUNAR 3 L ABUNINH LN AT
72 18z 1 ANAFY ElefanInaNngnEIIER nane waanansuenunistuleuaeamesdn

wudn wsinuazidatu saaiuidesaunsn ATen uazdduraIuaUNINgN AL

Figure 5. Four characteristics of cashew kernels infested with 50 individuals of Oryzaephilus mercator
within 3 months
Month 1; Full kernels (a) Split kernels (b) Broken kernel s (¢) Ground kernels (d)
Month 2; Full kernels (e) Split kernels (f) Broken kernels (g) Ground kernels (h)
Month 3; Full kernels (i) Split kernels (j) Broken kernels (k) Ground kernels (1)
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Jq150i

nsAnEszaznaInsasyiiuineuen

Wudaa lng) 0. mercator TuluAnNzHI9RNNIUGT

panmsrasldaulessasaaiiuds luanin
el JuRnasAouanivguu)iuazAI NTY
sz 26 asAgaLTaa way 78 ilafidusl wudn
di g .
naanuaes I Naesssudnnsdasfiuniusilu
lfszazinanisiasyuiaviauun 29.14+3.09 Ju
WieUeuRUNNIMAaeIT84 Visarathanonth (2002)
5 4 oA .
mﬂammmﬂumfaﬂumwamiﬁﬂmmﬂmmu
Xylocoris flavipes (Reuter) Wanisdeaiunadn
wugn neaWuaee lugMasyuudadauaiy
a3 anszezlifsrazanualdinanatlutag 25-
35 Ju WANA9aIN NanWulaes O. surinamensis
g a % = =
inasasgyludloansdnuenl 1 Aszaviaan
WwanyiAuTmsausiszaslalerzazifudaldinaade
19.81+1.65 U (Keatmaneerat et al., 2011) YI9NaA
Wuaey waznaafwaenlugjdnduunasdngi
arnyluedanzdiuaanidaaunile lnaunuimaana
Wudngaasnaniuaas lugiarudAn luie
Unduuinndn sy (Rees, 2004) Taaidvinana
INAANTHITNNIUF T2AAILAZNAANT IS Nualwat
et al. (2005) MniFaufiaumNd1 Aty I8N n
dl ] [~3 o al ] ¥ o ¥
Wwaelvn Usziduntsinaanudanialadlavale
unnidnaasuanananadlluindn uanaduiinalu
nisdutdauannnisiunazdutnaaequuas
B = o v o dl
WrsuifauduniaidivinatssesuaaWulane
. = o !
0. surinamensis AN L TUSTYNTNINNIN T
We11in3d1 (Rees, 2004) wanannil 4293za1981n19
WwiyiulnresuanWulaes Tawuleasyie Nika
et al. (2020) $71ENNUIN TLUTNUAUTDINDANWLADE)

dl d’l £ 2 % & L < v '8 s
wWarae i 419187 wiladunfiasl iwandaunsiae

wn wilednalng wag wand1aInain ldiaan 20.3,
19.2,18.3, 16.6 WAZ17.2 34 ANAAL WANFNNAL
ANTANHUDY Govindaraj et al. (2014) WU 4aA
Hudesfagdaadaaas Tdanlunisiasoyauls
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Jusiszeldaudesafinde lfinaniane 34.45 £ 1.73
1

e Bee

AINTNLANANITANTHARIUITH WA D
srziauaznaEsiuinTeeniuAey Al
Beckel et al. (2007) 31841437 NeAuLARLTNANE
daduaasulfanias uazunastaudinane
wEadanannTUateNNNgn

AITNATNITDlUNITIAT Y LAL IR LAY
wengugresunaiflunannanAInInLaz T
18987117 81MTUTNNFNN 7] dINARANITWRAWN
waTnNITatETanlusTaAa881 (Papachristos et al.,
2015) uazvinldFaindodenydafiiatu (Jalal
et al., 2009) Lmenﬁwﬁﬁmuﬂi‘m’m? (Athanassiou
et al., 2016) nanwdesduunasdmgialunguria
AunEuanNINAR (external feeder) WTANANULNAR
fafuspvialdfuanudamnaegieundaann
NTLUIUNINAR (Hotling et al., 2014; Throne et al.,
2003) Tnednenizessiyie i wiafuilidses
WANYTaIaEINANY Lmzmﬁm‘ﬁ'qﬂum Hunumlunig
Wiiiuinresneniudasluniadunguunasd
PALAANUNNEUBNINEAR (Haines, 1991) aanRAa3
funiInaaesinuduNdaRildneuzinuazly
L‘vmWzmslumﬂﬁluﬂ?mmmmmmﬁul,?v"@ﬂslm;
NINNIUURAFNLAZINGATN

mnmilﬁuimmmmﬂuﬁ'@ﬂ‘lm&i 50 6in
ansnsafinsunndlaie 609 fa Tu 1 1Hew anani
TunwsnszanalunfanaNaaNTUa9 R NWI WA
p2929m157 AgAs iR NEN A ALINNI9 AN IR
mmmmqLuﬁmL'Wlazamm@ﬂmﬁ@ﬂumaﬁgﬁmm’mm
wanNzNeinnus Tnadnfudagsausninanas
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mmﬁuﬁm‘lmﬁﬁmﬁqmuﬁmmmqﬁu
waustly Hsvalafemfudeldinanieds 29.14 +
3.09 U unavarnisosAuinlusafndy uas
s w S ANzt U N U AN A RS
wazAAUUIAANIN LNAATNUAZINAALAN AINHA
N1INARBILAAS TGN u@mﬁmﬁl@ﬂm&immm
wiggtAuInlamsuasasluindausdaaBunius
LazEinsunsnIzaneinsLIuegne a5 lunAn
FldFUAMMREMIEANNNIZUINN A AN Aa LA
Weaszaziaan 3 e ulULNAAANHIUZAINEI
finsindsunnneniudes g fe 13,391.16
e fiFus uaznisLfintFunn 6,548.00 wlasidus
TuReud 2 vlifiugnanstuwanianistaesurngs
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TulsfiunauiinnsunsnszanagnipgAaIunasy

LANA1ITDINDY

Athanassiou, C.G., N.G. Kavallieratos and M.C.
Boukouvala. 2016. Population growth of
the khapra beetle, Trogoderma granarium
Everts (Coleoptera: Dermestidae) on
different commodities. Journal of Stored
Products Research 69: 72-77.

Awadalla, H.S., R.N.C. Guedes and A.S. Hashem.

2021. Feeding and egg-laying preferences of

the sawtoothed grain beetle Oryzaephilus

surinamensis: Beyond cereals and cereal
products. of Stored Products

Research 93:101841, doi: 10.1016/j.jspr.

2021.101841.

HD.S., L

Rearing

Journal

2007.
Oryzaephilus

Beckel, Lorini and S. Lazzari.

method  of
surinamensis (L.) (Coleoptera, Silvanidae)

on various wheat grain granulometry.

233

Revista Brasileira de Entomologia 51(4):
501-505.

Department of International Trade Promotion. 2023.
India accelerates cashew production to
meet demand

(Online). Available: https://ditp.go.th/ditp_

web61/article_sub_view.php?filename=co

ntents_attach/844890/844890.pdf&title=8

44890&cate=413&d=0 (January 11,

2023). (in Thai)

R., S. Mohankumar, B. Rajasekaran

domestic and global

Govindaraj,
and S. Mohan. 2014. Biology of the
sawtoothed grain beetle, Oryzaephilus
surinamensis (Linnaeus) on different

stored products and its host associated

128-135.

Proceedings of 11" International Working

genetic variability. pp. In:
Conference on Stored Product Protection,
Department of Agriculture, Bangkok.

Hagstrum, D.W and B. Subramanyam. 2009.
Stored-Product

International, Inc, St. Paul, Minnesota. 509 p.

Insect Resource. AACC

Haines, C.P. 1991. Insect and Arachnids of Tropical
Stored Products: Their

Identification - A Training Manual. 2" ed.

Biology and

Natural Resources Institute, Chatham.
246p.

Helenara, D.S.B, I. Lorini and S.M.N. Lazzari. 2007.
Rearing method of Oryzaephilus surinamensis
(L.) (Coleoptera, Silvanidae) on various
wheat grain granulometry. Revista Brasileira
de Entomologia 51(4): 501-505.

S., B. Haberlag, M. Tamm, J. Collatz, P.
Mack, J.L.M. Steidle, M. Vences and S.

Schulz. 2014. Identification and synthesis

Hotling,

of macrolide pheromones of the grain

beetle Oryzaephilus surinamensis and the



M5ATINEAST 40(2): 225 - 235 (2567)

frog Spinomantis aglavei. Chemistry - A
European Journal 20(11): 3183-3191.
Jakubas-Zawalska, J., Asman M., Klty§ M. and
Solarz K. 2016. Prevalence of sensitization
to extracts from particular life stages of the
saw-toothed grain beetle (Oryzaephilus
surinamensis) in citizens of selected
suburban areas of Southern Poland.
Journal of Stored Products Research 69:
252-256.
Jalali, M.A, L. Tirry and P. De Clercq. 2009. Effects
of food and temperature on development,
fecundity and life-table parameters of
Adalia bijpunctata (Coleoptera: Coccinellidae).
Journal of Applied Entomology 133(8):
615-625.
Gross. 2008.

Mercator-Merchant Grain Beetle. (Online).

Joyce Species  Oryzaephilus
Available: https://bugguide.net/node/view/
183015 (October 28, 2023).

Keatmaneerat, S. 2011. Biology of sawtoothed
grain beetle Oryzaephilus surinamensis
(Linnaeus) and its control efficacy using
ozone in milled rice. M.S. Thesis. Chiang
Mai University, Chiang Mai. 34 p. (in Thai)

Keatmaneerat, S., Y. Chanbang and J. Kulsarin.
2011. Biology of sawtoothed grain beetle
(Oryzaephilus surinamensis L.) and its
control efficacy using ozone in milled
rice. Journal of Agriculture 27(2): 145-153.
(in Thai)

Kousar, T., Memon Z. N., Sahito H.A., Mangrio W.M.,
Jatoi F.AA. and Shah Z.H.. 2021. Biology,
morphology and varietal distribution of saw-
toothed  grain  beetle, Oryzaephilus

surinamensis (L) on date palm dry and semi-

dry dates at district:Khairpur, Sindh-Pakistan.

Pure and Applied Biology 10(3):539-548.

234

Kumar, R. 2017. Insect Pests of Stored Grain:

Biology, Behavior, and Management

Strategies. Apple Academic Press,
Waretown, New Jersey. 394 p.

Nualwat, K., P. Visarathanonth, B. Chankaewmanee,

K.

Pengkum, J. Tongpan. 2005. Insect pest of

J. Uraichuen, R. Kengkanpanich,
paddy rice and their control. Postharvest

and Processing Research and

Development Division. Department of
Agriculture. Bangkok. 80p. (in Thai)

Papachristos, D.P., |. Katsarou, A. Michaelakis and
N.E. Papanikolaou. 2015.

different species of aphid prey on the

Influence of

immature survival and development of four
species of aphidophagous coccinellids
(Coleoptera: Coccinellidae).
Journal of Entomology 112(3): 440-445.
Rees, D. 2004. Insects of Stored Products. CSIRO
Publishing, Collingwood, Victoria. 181 p.
Srikam, C., Y. Chanbang and N. Krittigamas. 2014.

Use of radio frequency for controlling

European

sawtoothed grain beetle (Oryzaephilus
surinamensis) in milled rice cv. Khao Dawk
Mali 105. Journal of Agriculture 30(3):
253-262. (in Thai)

J.E., D.C. Doehlert and M.S. McMullen.

2003. Susceptibility of commercial oat

Throne,

cultivars to Cryptolestes pusillus and
Oryzaephilus surinamensis. Journal of
Stored Products Research 39(2): 213-223.
Visarathanonth, V. 2002.The use of Xylocoris
flavipes (Reuter) to control merchant grain
mercator L. in

beetle, Oryzaephilus

peanut. Postharvest and Processing

Research and Development Division,
Department of Agriculture, Bangkok. 67 p.

(in Thai)



NAUBINSLEINYINANELAEMSLAEdL AN I UIvIBINa AR UL Ra e lun]

TULHAANTHIANNIUG 4 ANHuL

Visarathanonth, V., K. Nualwat, B. Chankaewmanee,
J. Uraichuen, R. Kengkanpanich, K. Pengkum,
J. Tongpan, D. Suthisut, L. Romyen and P.
Noochanapai. 2005. Insect pests found in
agricultural  products and their control.
Postharvest and Processing Research and
Development  Division, Department  of
Agriculture, Bangkok. 150 p. (in Thai)

235






HavBsgUunNgesialalipadas i laidanii

(%4 =

nunasnszlandudinna

74

anwnalsa

Effects of High Temperature on Conidia of Potential Metarhizium anisopliae
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Abstract: Metarhizium anisopliae is a soil-dwelling fungus that infects various insects and commonly uses as
a bioinsecticides worldwide. Previously, the total of 16 isolates of potential M. anisopliae, the highest
efficiency causing 100% brown planthopper (BPH) Nilaparvata lugens (Stal) mortality within 6 days
of exposure, composed of PB-01, PB-02, PB-10, PB-19, PB-28, PB-47, PB-51, PB-71, PB-75, PB-76, PB-95,
PB-101, PB-114, PB-117, PB-123 and PB-125 was isolated from forest soils in Phetchabun province.
The selection of heat tolerant conidia was carried out. The conidia of each isolate were preserved in organic
soil under the temperature at 40, 45 and 50 °C for 21 days. The surviving conidia were evaluated by the
number of the growing colonies on PDA media at 7, 14 and 21 days after preservation. The result showed
that conidia of most fungal isolates under preserved conditions could survive and form growing colonies on
PDA. However, the number of growing colonies was significantly different and declined continuously when
temperature and time of preservation were increased. The conidia of two isolates PB-02 and PB-75
significantly survived under the highest stress condition at 50 °C for 21 days with the highest number of
colonies at 3.8 x10* and 3.9x10° CFU/mI.

Keywords: high temperature, Metarhizium anisopliae, brown planthopper
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TuAuBwiIilguund 40, 45 uaz 50 asAnaifas uszazinauu 21 Fu viniammaseulaiiieiisen
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3091 M. anisopliae \lwiTasnRAnn- et al, 2006) wazwiteludadanianianinid
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(analysis of variance, ANOVA) maﬁwuqu‘in‘t@ﬁfgﬂ-
91 M. anisopliae ¥ 16 Talmian udsannyianiaAy
5ﬂ1&ﬁﬁ?yﬂ 21981 7, 14 uaz 21 U wazidFauiiey
ANLAA ﬂTn g 3% Duncan s multiple, range test
(DMRT) 3% nunmmmuu 95% mnuummi-
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AR nIzAnERATaA NS ALTE wazLedaw
wunnsafelatiihedimeadudugauiionnans
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wusruulalatiuiniigaludas 3.6-16.6x10° taladl
faladans uazauaulatatiiuualduanaseg
Tug99 26-14.7x10" uaz 0.9-9.4x10* Tatallse
anans Lﬁ"aizﬁu'qmnqﬁmmmﬂﬁui‘”nmLﬁ'u%u
lu 45 uaz 50 avAnTaLEad naua1y Tned
UUUNANITLAUSNE 40 B9ALTALT A da9
M. anisopliae laldian PB-28, PB-19 La¢ PB-75
Wuﬁﬁmuininﬁmnﬁqnﬁ 16.5x10°%, 16.6x10* ua
14.3x10" talatlsialanans L:’i‘lmxﬁuqmmﬁ@ﬁu
\u 45 asALmaiiea wu PB-19 uaz PB-75 #anunu
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Uaaans (Figure 1, Table 1)

50°C

Figure 1. Conidium production of 16 Metarhizium anisopliae isolated on the PDA media after 7 days of

preservation in organic soil at the temperatures of 40 (A), 45 (B) and 50 (C) degrees Celsius.
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Table 1. The number of colonies from 16 Metarhizium anisopliae isolated on the PDA media after 7 days

of preservation in organic soil at the temperatures of 40, 45 and 50 degrees Celsius.

Number of colonies (CFUx10*)/ml/Temperatures ("C)

Isolate
40 45 50
PB-01 13.3%° 4.3 0.9°
PB-02 10.5%¢ 9.1%° 8.5%
PB-10 12.6%° 8.0%° 6.3%°%
PB-19 16.6° 14.7° 7.5%°
PB-28 16.5° 7.8%° 7.5%°
PB-47 7.6™ 5.5 4,07
PB-51 6.3 5.3% 3.2
PB-71 7.8™ 6.8 5.6%%
PB-75 14.3% 10.8% 9.4°
PB-76 19,120 7.5%¢ 6.4%°
PB-95 12.6%° 8.4%° 5.6%%
PB-101 10.3%¢ 5.3 5.3%
PB-114 10.4%>¢ 3.8 3.1
PB-117 7.0% 4.0 3.0°
PB-123 7.5% 3.5 2.7°
PB-125 3.6° 2.6° 1.9°
P-value 0.01 0.04 0.02
CV (%) 47.05 67.44 66.31

**Means within a column with different letters are significantly different (P < 0.05).

fiszazinan 14 5u lafiAgre91d091
M. anisopliae wmmnmlumumwmvmmmunu
v 16 laTman mmLﬂuiﬂiauuumma‘mmmmﬁ
165 wazianeuelalall nnsnszanasda waznis-
waguwlasdnuaulaladiivlilufidni i iy
fleztizinan 7 9u %@ﬁﬁﬁmuimiaﬁwumn‘ﬁ'zﬁmluﬂﬁqq
1.8-13.5x10° Inlailsefiadans fignunfinaifiu
$nen 40 asradaa wariuudlinanadlulugag
1.0-8.7x10° uaz 0.8-6.4x10* lalafisafianans
Lﬁ'm:ﬁmmuqﬁmmmil,ﬁuﬁ‘”ﬂ‘i:mLﬁu%ul,flu 45 uaz
50 S9ATALTHA ATNATAL Tmﬂ?{izéfmmmﬁmi
AUFnET 40 asAnaaidag wusnuaulalafiaes
{3091 M. anisopliae lalgian PB-75 uaz PB-28
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Lmzﬁfqmuqﬁmﬂﬁu?ﬂmqq 50 R9ANLTALT YA
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ﬁﬂuquiﬂiﬂﬂmﬁm 6.4x10* uaz 4.7x10* Tnlailsie
LaRaRg (Flgure 2, Table 2)
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ViaL@ed LmeﬂmﬁnmwmwuLﬂu 50 A4 AN
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Figure 2. Conidium production of 16 Metarhizium anisopliae isolated on the PDA media after 14 days of

preservation in organic soil at the temperatures of 40 (A), 45 (B) and 50 (C) degrees Celsius.

Table 2. The number of colonies from 16 Metarhizium anisopliae isolated on the PDA media after 14 days

of preservation in organic soil at the temperatures of 40, 45 and 50 degrees Celsius.

Number of colonies (CFUx10*)/ml/Temperatures (°C)

Isolate
40 45 50
PB-01 3.5 1.0° 0.8°
PB-02 8.5%°% 7.7° 4.7°
PB-10 2.5 2.0 1.8°%
PB-19 1.8° 1.7°% 1.5%
PB-28 11.2% 4.8%° 2.3%
PB-47 3.3 1.3% 0.9°
PB-51 1.9 1.7°% 1.6%
PB-71 5.5%% 4.6% 3.1°
PB-75 13.5° 8.7° 6.4°
PB-76 9.7%° 2.3% 1.4%
PB-95 8.0°¢ 6.3° 1.4%
PB-101 6.77% 2.0 1.2%
PB-114 5.7%% 3.3% 1.7%
PB-117 5.6™% 3.1% 2.5%
PB-123 5.1%% 2.8% 2.4%
PB-125 2.0 2.1% 1.6%
P-value 0.00 0.00 0.00
CV (%) 64.04 75.62 70.71

> Means within a column with different letters are significantly different (P<0.05).
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lalgian PB-125 ldwunisiasyaeslalaiuuavng
Y X ad o e .
eL@a PDA TaTatiniasulansuy nnenszanesa
wazninilasuudasaruaulalatiiduld ludidnig
WweanuNIzazioan 7 uaz 14 Ju vsllanuaulalail
wunnfgalugag 0.2-8.6x10° InlatldeNadans
NguuRNInfuinEIN 40 eeAgaLTea wazH
unaltdnanasegludas 0.1-5.7x10* uaz 0.0-3.9x

10" Tnlatisladiadans Lﬁ@i:ﬁuqmmﬁmmmﬂﬁu
Sneiaduilu 45 uaz 50 asAniTaiTaa ANsAL
viail letmianveaideniinustuaulalaiigegatunn
FTAURUUNN AB PB-75 uay PB-02 Tnufiszsu
aruniige 50 asdaiFua wosuaulatail gegei
3.9x10° uaz 3.8x10* Inlallsefiadans (Figure 3,

Table 3)

Figure 3. Conidia production of 16 Metarhizium anisopliae isolated on the PDA media after 21 days of

preservation in organic soil at the temperatures of 40 (A), 45 (B) and 50 (C) degrees Celsius.

Table 3. The number of colonies from 16 Metarhizium anisopliae isolated on the PDA media after 21 days
of preservation in organic soil at the temperatures of 40, 45 and 50 degrees Celsius.

Number of colonies (CFUx10*)/ml/Temperatures ("C)

Isolate

40 45 50
PB-01 0.8 0.8™ 0.2°
PB-02 8.4° 5.7° 3.8°
PB-10 0.7%¢ 0.7% 0.1
PB-19 0.5™¢ 0.5 0.2°
PB-28 2.1 0.5% 0.2°
PB-47 0.5% 0.4% 0.1
PB-51 0.2° 0.1° 0.1
PB-71 1.3%¢ 0.5" 0.2°
PB-75 8.6° 4 .4° 3.9°
PB-76 2.0™ 1.0 0.2%¢
PB-95 1.9%¢ 1.3 0.3°

PB-101 2.1 0.6™ 0.1

PB-114 2.0 0.6™ 0.3°

PB-117 2.3° 1.4° 0.2>¢

PB-123 0.6™¢ 0.5> 0.1

PB-125 0.5% 0.3% 0.0°

P-value 0.00 0.00 0.00

CV (%) 121.91 143.67 199.71

2P Means within a column with different letters are significantly different (P<0.05).
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Abstract: The objectives of this research were to study reproductive problems in cattle farming and to
increase the pregnancy rate in postpartum beef cattle of farmers in the sustainable cattle farming community
enterprise network, Si Sa Ket Province, using a fixed-time artificial insemination technique. This research
was divided into two experiments as follow: Experiment 1, The survey on reproductive problems encountered
in the beef cattle herds of farmers, by interviews of 100 beef farmers with 450 beef cattles, using descriptive
statistics, on reproductive problems affecting the production of beef cattle in the beef cattle herd of farmers.
Experiment 2, 26 crossbred Bos taurus and 170 crossbred B. indicus beef cattle (>20 months old) were
used to increase the pregnancy rate in postpartum cattle herd using fixed-time artificial insemination
technique. Cows were in good health, no reproductive disorders, and had a complete ovary through
examination of the reproductive system by rectal palpation and ultrasonography. Cows were synchronized
estrus and fixed-time artificial insemination with P-sync protocol. At the time of fixed-time artificial
insemination, cows were divided into 4 group according to follicle size: <4.9 mm, 5.0-7.9 mm, 8.0-10.9 mm,
11.0-13.9 mm, and > 14 mm in diameter. The mean and percentage were analyzed in a Lee-squared style
using the mixed follicle size. In pregnancy rate percentage of all pregnant cattle as a reproductive index, it
was found that cows with a follicle diameter of 11.0 - 13.9 mm had a higher pregnancy rate than beef cows
with a follicle diameter of 8.0-10.9 mm (P<0.05).

Keywords: Pregnancy rate, beef cattle, follicle size, fixed-time artificial insemination, cows
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Figure 1. Fixed-time artificial insemination program by P-sync
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Table 1. Percentage cattle reproductive problems
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URANAABAQN (Pattrajinda, 2014)

N15NARAIN 2 N5 EENATUIAENITAINUALIAN
panisnlaliialunisiiaans InsAInaslugls
TAtlaaadn#AsnsaNITAIgIUNALAalALLD
981U AANIRATASLNY
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Cow reproductive problems N =178 Percentage
Endometritis 19 10.67
Cows do not show heat 67 37.64
Difficult to breed 59 33.14
Ovarian cyst 17 9.56
Incomplete ovaries 16 8.99
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Table 2. Size of follicle diameter in fixed time artificial insemination on pregnancy rate in cows

Cows Follicle diameter size (mm.)
P-value
N =196 <4.9 5.0-7.9 8.0-10.9 11.0-13.9 > 14
Number cattle (N) - 1 37 127 31
Percentage of pregnancy - 0.00£0.01° 45.95+8.63° 78.74+5.98° 70.97+4.20° 0.021

*® values in columns with different letters differ significantly (P<0.05)
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Effects of Lingzhi (Ganoderma Ilucidum) Extract and Red Holy Basil Powder
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Abstract: Production performance, egg quality, antioxidant activity and egg yolk fatty acid composition
improvement by black soldier fly larvae with lingzhi extract or red holy basil powder in diet were conducted
in a total of 144 Hy-Line Brown at 30 week-old. The hens were randomly divided into 3 groups with
4 replicates and 12 laying hens per replicate in a completely randomized design. Group 1; The control diet.
Group 2 and 3; The 1.00% black soldier fly larvae diet supplemented by lingzhi extract 0.01% (BSFL) or
red holy basil powder 0.50% (BSFR) respectively. The experiment was conducted for 12 weeks. The result
showed that egg production performance, egg quality, egg yolk antioxidant concentration and the egg yolk
fatty acids in overall of all groups had no significantly different (P>0.05), except the red/green value (a*)
of BSFL group was higher than CON and BSFR groups (P<0.01). The omega 6 of BSFL group was lower
than that of CON and BSFR groups. Therefore, the using of the black soldier fly larvae with lingzhi extract
or red holy basil powder supplementation in diet had no adverse effect on egg production performance, egg
quality, antioxidant activity and saturated and unsaturated fatty acids and the black soldier fly larvae with

lingzhi extract supplementation can increase the egg yolk red/green value (a*) and decrease the omega 6.

Keywords: black soldier fly larvae, lingzhi, red holy basil, fatty acid, antioxidants
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uAnsinai Tnagasemsiia 3 graiusanailysiu
17 % wisauii sz laaed 2,800 Alaunneise
Alansuwindu wazlnouzdu iy dely uaaidoy
uazWeanaialdlselondls HiFunlndiAseiu
dautlsznaunaranirn1elnTuzaeauuasiuane
wazaamaaes uandlily Table 1

Table 1. Ingredients and nutrient composition of Black soldier fly larvae and experiment diets

Control (T1)

The black soldier fly with
additive groups (T2 or T3)

Ingredients (%)

Corn 58.29 60.00
Rice bran 7.10 5.91
Full fat soybean (>30% CP) 2.47 2.40
Soybean meal (>44% CP) 18.97 18.69
Meat meal (50% CP) 3.47 3.00
Limestone Flour 4.80 3.50
Limestone 2.53 3.90
Dicalcium phosphate (14% P) 1.77 1.00
Salt 0.20 0.20
Premix’ 0.25 0.25
Methionine 0.15 0.15
Black soldier fly larvae 0.00 1.00
Lingzhi extract or red holy basil 0.00 0.01 or 0.50
Calculated chemical composition (% dry matter basis)
Protein 17.00 17.05
Fiber 3.86 3.81
Ether extract 4.42 4.60
Calcium 3.52 3.40
Available phosphorus 0.58 0.50
Metabolizable energy (kcal/kg) 2,816.20 2,876.29

'Premix = Mono Mix 201 1.00 kg. include vitamin A 5.60 MIU, vitamin D 1.12 MIU, vitamin E 2,400 MIU, vitamin K 0.40 g.,

vitamin B1 0.40 g., vitamin B2 1.20 g., vitamin B6 0.80 g., vitamin B12 0.008 mg., pantothenic acid 1.80 g., probiotic

0.006 g., nicotinic acid 8.00 g., choline chloride 120 g., folic acid 0.20 g., copper 2.00 g., manganese 47.00 g.
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AAIMNARDILALUHNUNITNARDY

Tdlnlaaaugtalal usaasl (Hy-Line
Brown) 1% 30 AUm19 A1l 144 69 919UNWANS
nAaadLuUgNaNy Il (completely randomized
design) uivaaniiu 3 ngunAaes NgUNAABIAY
4 41 98z 12 6 T la5unisayd@ liantunis
Aeauas1ddnTian? MACUCO42A/2565 naa
328219 NNINARE AN RENISATAT 115 - 120
n5/FAL wazlinegnafud mm@uﬂumm 12
meu finslsfuaa 16 Falua @mmmmw 33.75 C
ANATURINS 74.75 % uasiReeuLL Rt aae
T I UNN 2RI RIUARZE LA 26 A119NAT
TnefiudinnelulseFowila 0.50 A3 9IRS/
Lmzﬁuﬁﬂ@iamaﬂ@jmﬂu@n 1.67 ANTINLNAT/FY
o1 Tsadeuiiiletios Anuzdmadnansuazinalulad
WINeAaudls Sandmide o
nsdsziuanssamwnisuan aunwla was
ATANUAYYNDATT

tuinsruala uaziwinldlinndu waz
iHensudilansiiufinBunnen ity e Auan
iwlefiuuananld uiwinldieds Usunnennis
fif mezﬁmmWim?]'ﬁummﬂﬂuﬁwﬁﬂwnn
dun9f dounnunanlavinnasguifiusnediglaln
FALlAY 24 $2Tus F1a2 5 Wod 393 20 Hossia
ngu et lddiaasiguninlann 2 dland
Tnefuiininminligasiaiestenanes fadae
waan'ld (%Light) FaeiATeadanirasfiaud
(Technical Services and Supplies Ltd., England)
3 qn lawn Wsnasulny Asanans uazaduumnan
gaanaeld Tananuudsreaidaanliudionsu
fhusesiadld Tneldiasesinriaouudadaanls
(Robotmation Co., Ltd., Japan) T7aA218 11118
Lﬂﬁfaniﬂjé’wm%ﬁ%m@iuimﬁmﬁ(I\/Iitutoyo
Co. Ltd., Japan) A vnAeas Sadlduad
(score) e ldWanaudueelsd (Roche yolk color
fan) daAa1und1slainag Augelaiung uazAanNge
19917 Tnel e fiiuandiles oA w N Aol
WA (yolk index) MNABV8Y Funk (1948) wazANaen
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#m (Haugh unit) A1N25994 Eisen et al. (1962)
Lﬁ'@muqmmwmmmmiqumumamﬂ*ﬂﬁmn
391 18z 3 e g9 9 Wessiangn Tnelddaunedly
WANER Lﬁ'@"immwﬂ?mmmaﬁmwga%mg WAT
mmmmiﬂumiﬁuézmw@%m: DPPH lulduns
InesnuLlagannisaed Nulla-ong et al. (2022)
nsaszingaludiululaung

Mﬁqéummawmmﬁ’m’]ilﬁuﬁamjw
launssugn taeifiuenizlduassugnainngs
NAR8IazT 150 - 200 Nfu dedipszyiidraninig
el 1iFn1s annfuLTnIsAsade uAMAINLAL
NIMIFIURARSUI unaneduulld teeldisnns
?Jmmxﬁmmhﬁummmmﬂm AOAC (2016)
N53ATSUTRNAN AR

AAnzAtA Ll U 9auLLL one way
analysis of variance (one-way ANOVA) AIMH kK1
nMInAfeILLLgNaNYsnl wazilFauieuag N
WANGN9TENINNNGNNAABIAEFD Duncan’s new
multiple range test A1A2N3LE BITUT 95% Tneld
Ttlsunsndiagy IBM SPSS Statistics

NANITANBILAZIANTOE

ANTTONMNWNSHRARAZ AN

N3 I RA LN ATUANATINA LN LA HENT
ANPLAANAURD UTBHINZINIIUANAABATLYZLIAN
naaad 12 dua1if uauanaldly Table 2 Usng
31 1Bannuevn U nanARlE wazsnsnnsLAs
mmuﬂuuwuﬂiuLmnmqmnnqumuqmmq
Adad1Aynivatinananismaaad (P> 0.05)
FaganA&aaiL Ruhnke et al. (2018) fieaudnnig
I nueuunasiuagatninduluen i lla i
Waananle 13u1ne1vnsfing uasensnnslasy
g sl A (P>0.05) Wiwpeaiu Nulla-
ong et al. (2022) A2 N RN LN LA
uazuuuiilalug)luanunslnld lluasenandnl
LL@‘L”é/lﬁ]i‘ﬁﬂﬁﬁ‘Lﬂﬁlﬂu'ﬂ’lﬁﬁiLﬂuﬁ’mﬁ/ﬂw (P>0.05)



M5ATNEAT 40(2): 261 - 273 (2567)

Table 2. Effects of black soldier fly larvae with lingzhi (Ganoderma lucidum) extract or red holy basil powder

supplementation in laying hen diet on egg performance and egg quality

Groups Control BSFL BSFR SEM P-value
Egg production (%) 60.81 59.70 59.08 1.45 0.90
Feed intake (g/day) 111.38 111.13 111.36 0.33 0.95
Feed conversion ratio 2.85 2.91 2.94 0.06 0.83
Egg weight (g) 59.38 59.15 59.69 0.53 0.93
Shell color 15.91 18.44 15.58 0.64 0.13
Shell strength (kg/cm?) 4.71 4.83 4.68 0.07 0.43
Shell thickness (mm) 0.39 0.40 0.39 <0.01 0.33
Yolk color 8.40 8.70 8.70 0.06 0.07
Yolk index 0.47 0.47 0.46 <0.01 0.15
Haugh unit 102.63 102.66 103.42 0.34 0.62
L 59.44 59.05 59.11 0.16 0.59
a 4.98° 5.49° 5.23° 0.07 <0.01
b 37.35 37.29 37.69 0.24 0.79

*"° Means within the same row with different letters are significantly different (P<0.05); BSFL = 1.00% black soldier fly larvae

with lingzhi extract 0.01%; BSFR = 1.00% black soldier fly larvae with red holy basil 0.50%; SEM = standard error of the mean

d9u Ogbe et al. (2009) $121UIN NTLETNANTAN
WiAMALARILAL 0.20 0.10 kAT 0.05% luaiunsln
T lugq9ieae9n1315uaan Ananiliiiuinga
do X - v . 4

MANTY wandnle wazdnIniadasuaiuisdu
urndnldfauadeldadnAynieata uwalu
A19ANHIATITNNT I EUUD UL AT UAN LA LEINANT
ANAWIANALAR 0.01% IHHNARDANIIDNINAILAR
¥ o U o @ = | a Ve
dninla Asndereadaentd Rueaddsnte dad
lakna AR L* WazAE b* (P>0.05) antdud lauma
299ng 1A M uuauLNasiuaIasaniuasanaia
NAUAD VIDTINAUNINZINIILAY (BSFL 1138 BSFR)
HuunTduidundanguacunn Geaanndaeiuan

o A oA ~ . | e o

ANLTUALATOAWHS (a*) MWL NauR Iduueu
LNAITUANEFINAURIATALAAYAUAD NANR a*
494NINGNAILAN UaznguiildnuauLNaIiuaie
FANALRNNZLNGILAN (P<0.05) WEINFINAL Maneewan
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et al. (2022) P13l nuaLLNAITUAEATZAY 1.00 %
Tuaruislald anunsainpananle Winidnla
wazdfulgedmanindasuenunsduuininla
wsildansnsnifulgenmuninlels usaanndesi
Kirubakaran (2021) eI n19dINlunTINg
Tuamslnla liinasanmuniwlalaasan (P>0.05)
W IR LA AN NAY (P<0.05) 1iaaainly
= v a Al ea .
panena s ansldasinnaalsiasniduansa
o A e e d . o -
TR T UTNT N34 AT sinaareeig Laztile
walsiueamiuansliddunazinaaslung ualsd
wazdndmziaueaiin HanatiFlunissuaseyys
472 WUANIFIAUUDITIAIRNULD WATHHNARANIT-
al 1 a ol a
azana19dluliung Tnaualsiiues dlgmuaniis
azanelalulasiu war g ladudusandn gz as
Tuwldung 1% @ L waaduaw (Niyomdecha and
Khongsen, 2013; Banik et al., 2018) uananilidin
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wauAedafuunasans 19 A nanansdly
AEANUNITUNINNNE HAMEDasHINNINAdaAsnzyl
wasifluinstudannden (Shrivastava et al., 2017;
Kejariwal et al., 2022) Yegenoglu et al. (2011) 718911
31 @nsarinfavaudefianalueniues Sansuus
unlsiiu 0.465 mg/g uazlalatly 0.067 mg/g T9@ns
feaesaiinduansid Ieuudualsfuduasngs
ualsfiuensladuuazans doulalatufluans
IAuns dudumnlinguiliaiuansatafiavauie
uaznzinawasiA lduaadundinguad A
ATNAINITALUNITAIUAUYADATE WALNSTA
lagululaung

s ldvueuLNasidane faNiunITLasy
A19aipIAUALAE WTRRINZING LA TugaIa Tl
lasiail3uiuaesanssiuayyadase nauanald
1 Table 3 natls1ng)31 ansiueyyasaszluldung
anasnguiaiusauiuansaiaianauded
wualdunanndanguaatay uaznguiildvuau
LNAITUANETINALNINZLNGILAY (P=0.05) Wail
Aadunan1annlunimanesn et ldus
e (514 Ag A wazlu) annailansaen
qnaldiaane Tnadsunmansdiuayyadasslu
WARZAIUIRIRUN LN ILASHUTHN LN AT Y
mmmfﬁmdﬂoﬁ“‘uqmaﬁfslumiﬁmméuuﬂﬁm:mnmn
lddee laun Tu man a16u Lazdanan ANANAL
(Hakkim et al,, 2007) wanseALNguTAlduuau
LuATUAN NN LA NN AR AvAUAe R &
waldunanndnguatuAu feaanndaaiy Secc
et al. (2018) finudnnislduueuLLaeiuanaaia

dsunaununindaimdesiueamaslily ¥ialk
USnnnuansualsiuoas g Lawsiy LaziusLa-
Tsululdupeunnndnnguanua Geansfananndl
Vi3 lunnaduanTeyyadass uaz Liu et al. (2020)
sp91udn nasldatefreainnaudeiiszsu 0.10
0.20 uaz 0.50% luausldiile SLLIRIESTRIER
angsnnINNITEsALe AvnaInsn Uiy
BUNABATY mema‘ﬁwmmmqﬁﬁuﬁummim‘ﬂﬂ
(p<0.05) Vatlanaifnannifianauaedansszney
FuadnuInDe 13,991.10 mg/100 g WAZA1TIATIAD-
Auaadu1nie 769.1 mg/100 g Feansfanann
fanasTiluntsdueysyadasy wenanidedians
nguunlsiiuans wazlaladuiliduansldduaz
AMANLTR lWNIFAWANI81 AR AT U (Yegenoglu
et al., 2011; Kolniak-Ostek et al., 2022) ua
dlesaindnsinidudndfilaseainen uaz
WRuNseFteuLeneananawilngduds v
IWhileudlifuamssaniainisazanansfiu
auyadaszuteinifiululdiielignliaiunsa
vl s laTaesiuseld uazunnidu Geans
FrueuyadassRananRazane i lulofuieiuds
wululduaaiingu (Zhu et at., 2021) Aqifluimg 1
woanssuauyadasyluliunslunguiieuanaiio
vauRe i Wannnannguau
Tudouzefunansaladululdunssiugn
(Table 4) U31ng31 nslduueuiuasiuaesaniy
NIFLASHANTANTALTANAUAD TINNINELNT LAY
(BSFL %32 BSFR) vl T unnunaalasiuian
S CDUEIT.C (Saturated fatty acid) wazlidusm

Table 3. Effects of black soldier fly larvae with lingzhi (Ganoderma lucidum) extract or red holy basil powder

supplementation in laying hen diet on antioxidant activity and on egg yolk

Groups Control BSFL BSFR SEM P-value
Antioxidant (umol eqi./g sample) 0.11 0.13 0.10 1.75 0.05
DPPH radical-scavenging active (%) 38.06 43.28 33.60 0.01 0.16

BSFL = 1.00% black soldier fly larvae with lingzhi extract 0.01%; BSFR = 1.00% black soldier fly larvae with red holy basil

0.50%; SEM = standard error of the mean
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Effects of Garlic, Oregano, and Artichoke Blend Extract on Feed Digestibility
and Growth Performance of Pacific White Shrimp (Litopenaeus vannamei)
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Abstract: The study assessed the effectiveness of an herbal extract blend containing garlic 15 %, oregano
10%, and artichoke 5% in enhancing the protein and carbohydrate digestibility of Pacific white shrimp fed.
The results showed that Pacific white shrimp fed with herb extract blend supplemented at levels of 0.05,
0.15, and 0.25% significantly had higher carbohydrate digestibility than control diet (P<0.05). In addition,
total reducing sugar of herb extract blend was greater than that of control. Furthermore, the study evaluated
the effects of herb extract blend on the growth performance of Pacific white shrimp in a feeding experiment.
Four diet treatments were tested with different concentrations of the herb extract blend were 0, 0.05, 0.15
and 0.25 %. Results showed that the herb extract blend significantly improved the shrimp growth
performance (P<0.05) regarding final weight, specific growth rate, average daily gain, and protein efficiency
ratio. Supplementation of the herb extract blend at least 0.05% in shrimp diets has the potential to enhance

shrimp fed digestibility and improved growth performance of Pacific white shrimp.

Keywords: Pacific white shrimp, herb extract blend, in vitro digestibility, growth performance
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Table 1. Composition of the experimental feed

Ingredient (kg) T1(Control) T2 T3 T4
Fish meal 15.00 15.00 15.00 15.00
Soybean meal 37.50 37.50 37.50 37.50
Wheat flour 20.45 20.40 20.30 20.20
Raw rice bran 9.00 9.00 9.00 9.00
Squid liver powder 5.00 5.00 5.00 5.00
Poultry meat 5.00 5.00 5.00 5.00
Fish oil and lecithin 2.40 2.40 2.40 2.40
Vitamin-mineral premix 5.65 5.65 5.65 5.65
Herb extract blend - 0.05 0.15 0.25
Total 100.00 100.00 100.00 100.00
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lrlaauasdnAinsganauuasi 590 urluiuns
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gastnmaTitneilduanlssansnndalduns
A flulamsniAnyinuliunouinena (NFusa 100
NSNFAIBLNN)
ngAnEIMsALin
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Welgh
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= (avg. final weight —avg. initial weight)/ number of days
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maEulRawIe (Specific growth rate); SGR (%/day)
=100 x (In final weight — In initial weight)/ number of
days
ﬁmmmil,mmff‘:@ (Feed conversion ratio); FCR = feed
intake / [final body weight (g) — initial body weight (g)]
A/91N1998M (Survival rate); %SR = 100 x (final shrimp
number / initial shrimp number)
NSIATIEWRANIEDAALRAE

HANNTANEN WAz AL 919U
(analysis of variance) ULNN LAEn (one way ANOVA)
m’mLLNuﬂ’]iwm@’auL‘]_mzium@'am (completely
randomized design) wazAmsefdTauiauAan
LLmnmwmmL%ﬂuumvmmmwmm Imil')ﬁ
Duncan’s multiple range test ‘In‘a‘ ALAINN Lmﬂmu

95 1lafidus muABaaY Steel and Torrie (1980)
NANISANEN

uaansayulnsanAanisdaslarasaimsluias
Ufjinnns
avnaen1auanun i e anulnesan
fisef 0, 0.05,0.15 Lz 0.25 1lafidus t1un
daetasldfiouladainniafiuainisaesdsang
uan1sAnenseias laaeelilsfiu (Table 2) wuqn
niaigsnansanaayulnesonlulfuim 0.05-0.25
wefidusl danalinislanisesTsmuitazaneninld
Laznnslaesnsnasiluintuldunninile ey

fugunst i nansainayulinesan a9ldflnanm
wensinat 1l g1 ATYNNaDE (P>0.05) wananni
nsnaaauniseealaresasiulansaluaiung
Aananansarnayulwssanlulfunn 0.05-0.25
wWasidus (Table 3) Wudn Nsiasuasanngyulng
muifinnisdandsentianainad uealng nalaa
uazunulua qq%u%\iﬁmmLLmnrfiwaﬂ"mﬁﬁﬁaf’wﬁcy
Sanaadn (P<0.01) Lmzﬂf]iﬂmﬂd@ﬂwﬂmqﬁu
fpauuaneneadeliladAtyn19ais (P<0.05)
dlewfanfensuemnsilifldunanaasansarin
ananulngsm
uasiamMsasBUlaTaen Il
n3ANEINIsEIHANTAT AR AN WINgIIN
TuszAumg luanunsfudsefadungn 28 §u
pan1sAnEInaiuTnvesis nudinisiuinues
ﬁ\imq‘ﬁ'L?i”mﬁwm‘wwm?mmmﬁmmu’l,wwmLﬁ@
A

WeuiufanldfuensasunutiuE A Ruane 19y

q

o a

at NATAATYEN9ATH (P<0.01) feiaeasae

7

auInHaan nayulnINan 0.05,0.15 uaz 0.25

a

Wefdud fnniAulafndnfeiliaaedaaaimng
pauiAw SAonuuansineust el id A oyBaneadia
(P<0.01) TagAA1TUNANN ‘ﬁwﬁmﬁqmﬁw s
ity sasmsivlndmne saanaivia
WAUAR LazERNsuANIEE AnMaAnEEleszAL
mam’?mzmu”lwammﬁﬁyuﬁqﬁmmﬁu‘fmﬁu%umu
PO UIR IR TA mﬂgu"twsmuﬁﬁu%u (Table 4)
Taanisldansafnayulnssaniinonududuses

Table 2. In vitro digestibility of protein in shrimp feed supplemental herb extract blend

Protein digestibility (g/100 g sample)

Treatments Amino acid Soluble protein
Shrimp feed (SF) without herb extracts (control) 1.72+0.52 9.57+0.12
SF + herb extracts 0.05% 1.731£0.22 10.04+0.59
SF + herb extracts 0.15% 1.831£0.15 10.94+£1.43
SF + herb extracts 0.25% 1.83+0.24 11.46+0.64
P-value 0.948™ 0.088™

"™ Not significant
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Table 3. In vitro digestibility of carbohydrate in shrimp feed supplemental herb extract blend

Carbohydrate digestibility (g/100 g sample)

Treatments Total Maltose Xylose Glucose Mannose
reducing
sugar
SF without herb extracts (control) ~ 17.23+1.43°  645+0.18°  4.24+0.72° 479+030°  1.75+0.29
SF + herb extracts 0.05% 26.00£123°  7.66+0.70° 843+048" 6.36+£0.62° 3.55+04°
SF + herb extracts 0.15% 2582+2.11°  7.70+0.06° 7.97+224° 6.36+0.04° 3.79+0.19°
SF + herb extracts 0.25% 26.12£1.10°  7.77£0.36° 8.07x156" 6.41£0.10° 3.87+0.25
P-value 0.000 0.011 0.022 0.001 0.000
The average values with the letters *“®in the same column indicate a significant difference (P<0.05)
Table 4. Growth performance of white shrimp fed a blended of herbal extracts for 28 days
Growth performance Treatments P-value
0% (Control) 0.05% 0.15% 0.25%
Initial weight (g) 1.46+0.03 1.46+0.02 1.46+0.02 1.46x0.03  0.997™
Final weight (g) 4.15+0.19" 4.68+0.29° 4.80£0.29° 4.91£0.34° 0.003
Percent weight gain (%) 18456+14.75°  21991£2144°  22805+17.11° 23654+2664°  0.005
Specific growth ratio (%-day™) 3.73£0.19°  4.15+0.24° 4.24+0.19° 4.32+0.29°  0.004
Average daily gain (geday) 0.10+0.01° 0.11£0.01° 0.12+0.01° 0.12+0.01*  0.004
Feed conversion ratio 1.51£0.07°  1.16+0.07° 1.14+0.05° 1.10£0.11°  0.000
Survival rate (%) 87.2+4.38 95.2+4.38 93.6+6.69 93.6+3.58 0.086™

The average values with the letters * *in the same row indicate a highly significant difference (P<0.01)

" Not significant

0.05-0.25 wafidus AnsiiulnlnaiAeaiu Tugdau
2898R 5170 Lﬁ'm:ﬁumim‘%ummﬁmmﬂmmu
FNTunudn sRsnteseatacnuuAnAN9atng
laifidadnArynneadia (P>0.05) faths NsLE3 AN
Ay WIngaauiaTiy 0.05% f4 0.25% flualk
tse@nanwnnstiesnisldsylamianmsaauuas
fafinadulaietu
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= a a
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(Irianto et al., 2015 ; Kasornchandra et al., 2005

Mariappan et al., 2023; Shalaby et al., 2006) Tags
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Abstract: This study aimed to investigate the development of boiled quail eggs using 9 Thai herbs, consisting
of ginger, galangal, lemongrass, red shallot, onion, holy basil, kitchen mint, and turmeric, based on different
methods of herbal extraction. A completely randomized design experiment was performed. The experiments
were divided into 4 groups. Each group had 200 eggs with 2 replications. The 1% experimental group was
the control group for boiled quail eggs (CON), the 2 experimental group was the group for boiled qualil
eggs in 9 Thai herbs based on infusion extraction method (INF), the 3" experimental group was the group
for boiled quail eggs in 9 Thai herbs based on digestion extraction method (DIG), and the 4" experimental
group was the group for boiled quail eggs in 9 Thai herbs based on decoction extraction method (DEC).
The experimental results indicated that chemical characteristics, i.e. protein, fat, moisture and energy were
different without a statistical significance (P>0.05), but carbohydrate, cholesterol, ash, color, total phenolic,
and antioxidant were different with a statistical significance (P<0.05). The 4" experimental group (DEC) had
higher cholesterol, total phenolic, and antioxidant contents than other experimental groups. Hardness,
gumminess, chewiness were different without a statistical difference (P> 0.05) but adhesiveness was
different with a statistical significance (P<0.05). Adhesiveness in the 3" experimental group (DIG) was higher
than in other experimental groups. The experimental results in sensory quality indicated that characteristics
of hardness, flavor, and overall preference were different without a statistical significance (P>0.05) but color,

mouthfeel and odor were different with a statistical significance (P<0.05) in the 1* experimental group (CON).
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Figure 1

Physical characteristics of quail eggs stewed with Thai herbs (A) quail eggs boiled (CON),

(B) quail eggs boiled with Thai herbs from extraction process by infusion method (INF),

(C) quail eggs boiled with Thai herbs from extraction process by digestion method (DIG),

(D) quail eggs boiled with Thai herbs from extraction process by decoction method (DEC)

Table 1 Quantitation analysis of Thai herbs from the extraction process in different cooking method

Quantitation INF

DIG DEC

Initial (9) 4,500 (100%)

Thai Herbs juice (g) 3,350 (74.44%)
Thai herbs waste (g)

Loss (Q)

1,023.70 (22.75%)
126.30 (2.90%)

4,500 (100%) 4,500 (100%)

2,700 (60%) 2,550 (56.67%)
1,065.70 (23.68%) 1,052.60 (23.39%)

734.30 (16.32%) 897.40 (19.94%)

*Note: INF (quail eggs boiled with Thai herbs from extraction process by infusion method), DIG (quail eggs boiled with Thai

herbs from extraction process by digestion method) and DEC (quail eggs boiled with Thai herbs from extraction process by

decoction method)
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Lﬂ?llfau‘ﬁ'ﬂﬂum@qﬁfmgﬂmmnu?mmﬁ'ﬁmmLiﬂ‘*ﬂ’u
gaanunnEwE e AenEull FeF AT A -
dinduresindes Taanisunsndnaesansiingla
Andunies y funisqeyderinnneluldesng
Aauandau denalsBunaslasusassintuizon
Aosuuenues LA (Laokuldilok et al., 2022) uag
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nisanaayulnslnadaanisduldasdsznay
Huedngeiige Seansilszneriluedn Samasniiinng
nranniunsneey deanadenanalasediig
gaelusaululdune Inaluldunedaunanaun
HEUNIALAN 7 WWINITANLENNBATT AINNIIANEN
189 Oloyede (2005) WU3N aﬂﬂ%\mmm"ﬂﬂdwumfﬂ@:
faurulisfu 3andn lipoproteins Tng lipoproteins
Usznaudrsununatsiiiludialisaniin (?’JNV:{/\‘I
triglyceride wa < cholesteryl ester) ‘131'&1 faailaen
WealnaRATiuL9T dreneiaainesaadass uaviae
apolipoprotein uldsmuiaamylasiy (Wikipedia
contributors, 2023) Lﬁl'ﬂ apolipoprotein W@eanIn
denarialTnininelaaineseadasy inlings
nInAaeil 4 DEC HiFunupaladInsaagendn
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Table 2 Physio-chemical characteristics of quail eggs with Thai herbs in different cooking method

Quail eggs CON INF DIG DEC
Protein (g/100g)™ 11.57 £ 1.41 11.51 £1.42 11.50 £ 1.41 11.94 £ 1.41
Fat (g/100g)™ 11.59 £ 0.74 11.77 £ 0.48 11.26 £ 0.01 11.80 £ 0.45
Carbohydrate (g/100g) 1.54 +0.05° 1.33+0.04° 1.28 + 0.00° 1.18 + 0.00°
Moisture (9/100g)™ 73.04 + 1.41 72.74 +1.41 73.41+0.71 72.39+1.41
Calories (Kcal/100g)™ 157.77 £ 1.54 157.10 £ 1.43 155.50 + 1.43 158.75+ 1.43

Cholesterol (mg/100g)
Ash (g/100g)
Color
L*

a

b*

Total phenolics (mg GAE/g)

Antioxidant (mg Trolox
equivalent/q)

517.44 +1.42°

0.81+0.01°

83.81 + 2.16°
-261+1.31°
6.30 = 1.68°

3.41+0.20°

1.72 +0.02°

507.20 + 3.11°

1.01 £0.01°

65.80 + 3.02°
-6.94 + 1.50°
64.88 + 3.24°

25.83+1.13°

30.37 +2.88°

515.72 + 1.44°

1.04 £ 0.01°

66.34 + 3.20°
-7.75 £ 0.59°
60.07 £2.11°

21.83 +0.39°

23.48 +1.13°

533.86 + 2.16°

1.01 £ 0.01°

60.62 + 3.00°
-3.87 +0.73°
54.03 + 3.11°

31.89 + 0.86"

41.02 +0.17°

*Note: CON (Control), INF (quail eggs boiled with Thai herbs from extraction process by infusion method), DIG (quail eggs

boiled with Thai herbs from extraction process by digestion method) and DEC (quail eggs boiled with Thai herbs from

extraction process by decoction method)

Mean + standard deviation with different letters within the same row are significantly different at P < 0.05

ns (not significant) = mean + standard deviation within the same row are insignificantly different at P > 0.05

Figure 2 Quail eggs soak in stewed with Thai herbs (A) quail eggs boiled (CON),

(B) quail eggs boiled with Thai herbs from extraction process by infusion method (INF),

(C) quail eggs boiled with Thai herbs from extraction process by digestion method (DIG),

(D) quail eggs boiled with Thai herbs from extraction process by decoction method (DEC)

293



M5A1TNEAT 40(2): 287 - 300 (2567)

ngun1Imanasau uazlunszuaunisliaanaienu
fuaslng ¥nldqoyduansdsznen tdud dinna
Twesfiazanzinld 1 nsaueanesin uaz
ansilsznevituen denased AuastAlunislmi
UATAINANYIIURILTAR (Arias-Rico et al., 2020)
nsanasresanfiulamsalungunismaassd 2,
3uay 4 Lﬁmﬂ?ﬂmﬁﬂuﬁundumuqm ilegann
Aslulamse dszneusan saparsueu lalasiau
wazeandiau nuldvaly u dhana uils aglag
Tnataiau iludy deluitadanflulansmily
dautlsznen ieldpanufeuiingeluiusz
Vl,a‘immugﬂﬁmmﬁﬂﬁiuLaqmmfm%wifa
Aunylansandantnedasy Waulsasnassouay
azaneinlg (Sampao, 2020) vinlurlanzanesinly
anmislirnuiengs uazdauansiueaniilaseaing
Wuﬁmﬂim@umﬂmm@mum 1 ‘Em@ﬂmﬂﬂmu
ﬂuuuiamaﬂm (OH-group) Taatirmasiinfing
mnmmiu‘lﬁuL@Q@mmmaﬂim@uWu@aﬂ Aa nglag
(Glucose) WATWLNIFIINFNUIZUINNETUTzNaL
Huedndaaiues vileassznaufluedniuansiu
fagnsdsznauiluedn ﬁmﬁfﬁﬁwﬁmmﬂ@%m:
LL@Ziﬂ@‘ﬂuWﬂ\‘iT@WJ‘ﬁla’m’]ﬁ‘ﬂLﬁflﬂﬂﬂﬁ‘Lﬁﬁﬂﬁ?ﬁ‘Eﬂ
aanTindu veslasiu uasTy L@ﬂ@%‘u"] paEnTT Wazmas
1&11@imw,mﬂum'amw@mammLm (Srisawat, 2012)
fatiuansilszney phenolics Assaniuinmaiidy
a19sueandindu denalitiunuanslulameely
n@;umiwm@mﬁ' 4 DEC ﬁ@ﬁnfjmzjummmm%uj

ﬂ?mmﬁﬂumﬁumswmmﬁ' 2 INF
n@;umiwmmﬁ' 3DIG Lmzﬂq;\lmmmmﬁl 4 DEC
laiumnansasneldadnAtynieadia (P>0.05) usiile
Liﬁ'ﬂmﬁﬂuﬁm@jmm?mmmﬁ 1 CON uANFNaeeing
HildAyneada (P<0.05) Tnaynngunimaans
Tsunnsilgesannainae 1% taginae sznausae
lodien feraz 40 uazmanlsfiasaz 60 dvlungw
nsmeaesd 2, 3 uax 4 Wuldunnszmduaning
e 9 1fin ayuwlnsusazafiadlodoney iy

doutsrneau Wiy 39 13 Faansu/100 n5u pzlaf

6 NAANTN/100 NFN UaNLAY 12 NAaaNTN/100 NH
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nanlun 11 Ja8nFu/100 nFu NLing) 4 Aaanu/
100 NFN @LTeunid 31 Haansu/100 NN UAay
1 AaANFN/100 NFu (calforlife, 2023) FafuAadana
ﬁi@ﬁmmﬁwﬁlﬁmmLermrfi’Nrmedeiumu@m
Aunguldunnsznisiuayulng

A L* iiludAnAf uad19 danatludas
60.60 114 83.81 emsluﬂ@mmimmm\m 1 CON 19
M’mmwmm, A1 a* AthuenANuddequay
Auns agllutag -2.61 D4 -7.75 ﬂz\\'ummmmﬁ
2 INF meaumimmw 3 DIG Iummﬁmﬂua
mmmmmmmmmun@umammmu WAZAN
AuLludwaes b ﬂ@umimmmw 2 INF 1%An
pradudindesgeiign lnardlundazngs
NNINARBANAANINATAYAMADY (curcumin) AN
a0 wprafiugy 59AdmnALaE9 (chlorophyll) aanly
NTNZA NTINTY ATITUNY WATTNATANALAY 109 Uay
‘Lsi’]l:m (anthocyanin) AaMNNAN LAY mﬂmy' ﬁLﬁﬂ
annseandinduresarsngunediueaifleslu
Waayulng (Shoji 2007) wnsndxidliTuladanaasin
WA L* a* uaz b* uansneiu Ingannuanismaaed
WU ﬂ@:mwmamﬁ 2 INF A1 a* (Armanudlug
\BeAund) uaz b* (ArANLuAinaeq) ganding
ma‘wmmﬁluj Haeannnssadinislfacuieuls
denasesendngansdluasuinsingn o aia e
WranauMeasnssu uazdu Inannsduliidues
ayulwsiidanadimnn desannaaelsiladline
sanufen e ldiunanufeulaawiluile Inaw
(pheophytin) 111 M@ el aauiudidansiinia
(Phonchalermphong & Rattanapanon n.d.)

Burniuednuaza1sinueandndy a9
launnszmiduayulnsing 9 linfaanssudsnig
AFPTILANFANGTIL HANTNARBINLIN WANFNSaENaT]
HudAtynneans (P<0.05) %an@:umiwmmﬁ' 4
DEC f13unndluedn uaziFunnuanssueendindis
Qqndﬁn@:umimmmﬁlu ‘Emn@:umim@mﬁ 2 INF
uaz NguNIIMAaesd 3 DIG lumsldgmuugisn
mezmmmz%u”lummﬁmuuiwﬁ?q 9 1A AR
WBunuansiuednuazanssnueeninduilaandn
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o v % d‘ % %
N1saNAAILNI9AN LHe9aN NzuaunIsliAuia
livnaanisaadaeslasaaiafiguardounas
199U1A1891ATA FegneesaataAiunaniou
iAnn1sasuutlaslaseainearsngnai
dl o ¥ v v o o 1
ndudaulinateidulasaairalugteynudfng
wiani1gsanAaiuAnlaseafisayiusuasans
woneARTeangenIsTanInlaNINI (Potisate &
Wutthinithisanand., 2021) AAAARBINUNITANHIUDY
Settharaksa et al. (2012) NAn#1a1sUsznaLWUe@N
vanunlungayulnsiidudounanaaaaTaauny
gusurinAanaenlianiuFeunsvauguugi 100

= = N a A a
paALTAEeE N1TH1uansuaanuINNINNg NN
121 a3Angai@ad lunnszasiaan wiludouaes
UFnnouanssiueendiadu wudn Ngoungi 121
a9A AT A HUFN a8 ueand IaduNINng
Pgnumni 100 a9 aaLEaa Lay Tomaino et al.

% aa g
(2005) Anwn@NENaIB9ANNTUABONEAILELYA
BaszuazasriLlszneumainiiveniufimensziean
PRBINALNETA WL Nz ansfueenTuedug
lusziupnaeud 120 esAaiFes Weidauiud
3YAU 80 UAY 100 @A LTALTEA
AN INLU AN

HANT9ILA AN WIHeANAATa 1N
nsznsuayulnglneg 9 48ia Aounssudsnisann
anulnsumanenaiu (Table 2) Wud AAINWEY
A8 ATLAAILINGIAATIAATUITUININITNARLY
O U
vdnileduda wiseeuldiunispeaAfuen (Wu
et al., 2017) aniTAnstianiziunteluiiaaung
wareileANaINNsnTevesAlsznanluiiiaainng
lun1ssuns@aanInaInnIInaAafges (Gupta
et al., 2007) ANNTWANFINTDNNAULAAIDANAIINL
d‘ o 1 dl < dl IS @ Y S o
fvinliannstudeadiataouudsiasusinasan
Banie Aunieluguanaanaugiunsnnaulsaed

dﬂl v A dl d’l A o 1
pnuLREala Ae useildlunsihravsaunaetig

o = o 1 da e
aunseiudagy nedudaetnanldnenisnane
Hardness Cohesiveness Wae Springiness (Civille &
Szczesniak 1973) wansingad1ellddad1Arynns
405 (P>0.05) WAAINITNIZAA AD uRAaald b

nsRaidaLladuiaaanandacing videayld
AUAN NI 109/ 29N UAT AN TN RATE
Anduauninuuedefesldusameiadaaanann
T PRI R R G RN PR Cx I P TR Gy
L AUA0 TN LR AT LN RS NN TLAEN
uAnA19eE 19 Nl g1ATYNI9ata (P<0.05) Falu
mﬁmmim@wﬁ' 4 DEC NuwaltiuAraanuuds uaz
m”m'm‘l,wmﬁTfa‘wﬁ*@mﬁumﬂﬂfifm@iuma‘wmmﬁlu
egann m'mLiuﬂi’ummﬁmguvl,mmm@ﬁifa@mmw
[Heduraredliznaannnisaeninuuteaslings
nasialnseainelilsfy (Kaewmanee et al., 2013)
wiliiganasiennadiluens (Table 1) gLty
ffmmnﬂ?mmﬁﬂﬁqnﬁmmx (Bond water) uannu
Bunasinagsy defunashfiangeanuiuiiees-
uAndanaralnsaadie uslidenamadTuao
mm%u (Thanonkaew & Ruangklay, 2016) \W31e
Wlafnnsqoydedianani wazdsinuinaiiues
fifed lufgayulnedenasafianisanazneunay
mailaeulaslassainetiesiy (Siebert et al., 1996)
TnemaaWuea (polyphenol) lnanslunguansilsznen
Auaa (phenolic compounds) ﬁ@;m‘imm%’ww
wRiduaaumuuelsuain (aromatic ring) AflRau
wylamsanda (hydroxyl group) ﬁiquﬁumjumﬂm’
a4l1lsAn NH-CO Faifluanslsnanaeslaseaing
11/3R1 Uaz -OH, -NH 48z -COOH @nunsaauiuiuss
lalnsiaudnuinsradlasasialianu fufulnsaing
TlsAufemnuniud (Zhou et al., 2018) LaziN"3g
n3Ana981Aty Shikimic acid luitayulnglne
wuan WlumsznwunsaTANA (Ratanadachanakin,
2015) %qﬁi@ﬁuﬁwﬁmfimm%ﬁﬁﬂ@wL%wiaﬁ’u
TusAumaneriiaiefinuoasu iy iedesdas
nand ESEM wunisgausanuiilu granular ana
59907229 INANUeA YT NTATARN wazlUshu
(Xue et al. 2022) v lan ez deduiaredlaun
mmmuuiwmﬂﬁmmmmiﬂ ABAARBITLNG-
NAABITDI Xue et al. (2022) ANHIANHLNILAN
manwn lassaieqaniauarinseadaluanaaasl
gmanmsdnsuasTlarnseaalisiiu wdn nax
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nnaaesildruas Elarndaafinannuudusees
laalianadugenalidaa iy uas
ma‘ﬂa‘zﬂfauﬁzﬁ']ﬁmmﬂum A2 IWanuea (Chen
et al., 2015; Hou et al., 2009) fuadeniafiniuae
TsAufiazanatinldluldanadenasalnseainaas
gasTisAuipausu UL (Zhou e al, 2019)
AN U TERNANAE
AUNINNSLlszamdndaasldunnsen
Fuanulnslng 9 1iia Fardinisaaiuansinay
(Table 4) WUI1 ANNLTS S8R LazANTaLine TN
umnsineaegldidudAtynieaia (P>0.05) wsl
snwuzdaang (8) AnufAnauzndu uazndu
uansngad19ldag1Aynieais (P<0.05) Tae
anwmrauzdeng (A) sesldunnszniayulnsine
9 %4iim ﬁamgmﬂ’mmﬁuﬁu (curcuminoids) Wa e
Aqzq aanlunzna wsznn (chlorophyll) FaRv04
Tdunnsemanulnsmnuassaealaniudmans
Uud389 ANMNTNLAZERUIBIALANANNATNATNNT
arin Inegnaseu iazuuudnumzdang @) laun
m:mmjummmm‘ﬁ' 1 CON g4nINNguNIINAAEY
7l 2,3 uaz 4 iesangnemadulfivgua Flidu
wauazudanai winanilsaunenlunguldun

nszmasulnsannsaiai 338 wudn dnadew
Iiazuundneuzlsng @) ﬂ@'mmimmm‘ﬁ' 2 INF,
NGuNNIMAREST 3 DIG umnsireainglifiiad Ay
N194DA (P>0.05) Lmeiuﬁ'VLé’mLLuuﬁﬂﬂ‘ﬁ'zﬁmiﬁm
mjuma‘mmm‘ﬁl 4 DEC (P<0.05) fiaaann1ssiu
Wuasnisannayulnslaaldaaiufougedanalii
UFuAnudniuesdnnn aenndesiuAld a*
La b* (Table 2) T,mmmﬁ“mﬁmuuiwsrﬁ’wmﬁm
DEC d4aamanisaasiaasnaalsias ynldldun
nrzmfidduandeuiudidainna (Figure 1)
Lﬁmﬂ?mmﬁﬂuﬁuﬁ%ﬁ'uﬂ ARNFANTIUZNAW uAY
nau gnaasuliny LLuun@umawmmm 1 CON 44
mm@um@m@m@u aann ngNNIIMAaeslaun
ﬂianmumguiwm 3 NquNNIMARDY An1stiaNIy
ﬁumﬂuﬁ@mmmﬂuﬂdwn@iumsmm@fam’ﬁ' 1 CON
(Table 3) 'ffi\‘iﬁﬂﬁﬁmmmuﬁm@famm“lumﬂﬁ?m
Winanna avnlaseairslsivlaanafivuausiui
Ay nfﬁlum@muﬂwa‘ﬁ'Ltﬁ@”ivﬁummmummu,m'm
yanaldviniu Tmﬂmuiumiumm@umuuim
iflesannnauusaivlyl uAsasnAuaznisten iy
Tausondnaasuliazunuuansieiuatnglld
URIANATYUNNADE (P>0.05)

Table 3 Texture properties of quail eggs with Thai herbs in different cooking method

Quail eggs CON INF DIG DEC
Hardness (g) ™ 6.33 £ 1.41 6.51 £ 1.01 6.82 +1.60 741 +204
Adhesiveness (g.sec) 0.05 +0.02° 0.08 + 0.03% 0.29 + 0.24° 0.20 +0.17%
Cohesiveness ™ 0.43 +0.10 0.36 + 0.02 0.35+0.03 0.37 +0.08
Gumminess ™ 2.68 +0.23 2.38 +0.41 2.35+0.49 2.72+0.75
Chewiness " 0.02 +0.00 0.02 +0.00 0.01 +0.00 0.02 + 0.00

*Note: CON (Control), INF (quail eggs boiled with Thai herbs from extraction process by infusion method), DIG (quail eggs

boiled with Thai herbs from extraction process by digestion method) and DEC (quail eggs boiled with Thai herbs from

extraction process by decoction method)

Mean + standard deviation with different letters within the same row are significantly different at P < 0.05

ns (not significant) =
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mean + standard deviation within the same row are insignificantly different at P > 0.05
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Table 4 Sensory of quail eggs with Thai herbs in different cooking method

Quail eggs CON INF DIG DEC
Appearance
Color 7.71+1.70° 6.00 + 2.38° 6.12 +2.31° 4.43 +2.34°
Body and Texture
Hardness ™ 7.02 +1.65 6.21 + 2.07 6.55a + 1.73 6.27 +1.78
Mouthfeel 7.33+1.76° 6.00 + 2.49° 5.90 +2.13° 6.02 + 1.90°
Odor 6.38 + 2.19° 5.21+2.62° 5.31 + 2.64%° 5.93 + 2.25%
Flavor "™ 7.02+1.94 6.07 + 2.50 6.33+2.13 6.24 +2.10
Overall ™ 6.90 + 1.92 5.93 +2.48 6.09 + 2.38 5.97 +2.05

*Note: CON (Control), INF (quail eggs boiled with Thai herbs from extraction process by infusion method), DIG (quail eggs

boiled with Thai herbs from extraction process by digestion method) and DEC (quail eggs boiled with Thai herbs from

extraction process by decoction method)

Mean + standard deviation with different letters within the same row are significantly different at P < 0.05

ns (not significant) = mean + standard deviation within the same row are insignificantly different at P > 0.05

G
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NITUIUNIIRAAAIEABNT7T9 (INF) uazn135u (DIG)
wifiBunnifluednuazansdueeniindugefign
Toelddnasasand uazmaugaulnasan nald
unnsznisuayulnsneddinuduednuay
ANTFNUBBNT AT ﬁﬁqﬂuﬁ;mmmwmmﬁu’ﬂm
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\ndafiassnaniARequn AUl vieTzae
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N19YNANHIDITRTAR Uaaiunzide asiunisiin
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s e ludy
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Effects of Fertilizer Rates and Watering on Growth of Sakura (Prunus serrulata)
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Abstract: Sakura (Prunus serrulata) is an important perennial plant in Japan. Currently, Thailand has imported
Sakura trees for planting in the highlands to promote agrotourism. However, the basic information on Sakura
cultivation in Thailand was limited. The objective of this research was to study the fertilizer rates and watering
on the growth and physiological changes of cherry blossoms. The experimental design was factorial in
CRD with 4x3 factorial treatments, 5 replications using one year old of plant as plant material. First factor 1
was, four watering frequency i.e., 1) every day 2) every 2 days 3) every 4 days and 4) once a week. Each
plant was supplied with 1 liter of water per time. Second factor was three fertilization rates i.e.,1) no fertilizer
2) 5 g of 15-15-15 (N-P,O-K,0) /pot and 3) 10 g of 15-15-15 (N-P,0-K,0) /pot. Plant height (cm), number of
branches per plant, branch length (cm), photosynthetic rate (umol m*s™), stomatal conductance (mol m?s™),
and transpiration rate (mmol m?s”) were measured. The results showed that in 4 months after starting
treatment, fertilizer rates and watering frequency did not affect growth of Sakura in terms of plant height,
number of branches per plant and branch length and there was no interaction between factors. In case of
physiological changes, the result found that watering once a week gave the highest of transpiration rate at
1.99 mmol m?s™. In addition, interaction between factors was found on stomatal conductance and

transpiration rates.

Keywords: Sakura, fertilizer rates, watering
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Figure 1. Effect of watering on height of plant at the beginning to the end of the experiment
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Figure 2. Effect of fertilizer on height of plant at the beginning to the end of the experiment

Table 1. Effect of watering on plant height, branch length and number of branches in 4 months after treatments

Watering Plant height (cm.) Branch length (cm.) Number of branches
Everyday 112.53 34.57 6.80
Every 2 days 123.31 37.57 8.06
Every 4 days 103.83 31.53 6.00
Once a week 111.32 31.81 7.53
LSD, s ns ns ns

ns; not significantly different (P > 0.05)

Table 2. Effect of fertilizer rates on plant height, branch length and number of branches in 4 months after treatments

Fertilizer rate Plant height (cm.) Branch length (cm.) Number of branches

0 g/ pot 108.63 30.20 6.75
5g/pot 119.68 34.43 7.85
10 g/ pot 109.93 36.97 6.70
LSD, s ns ns ns

ns; not significantly different (P > 0.05)
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Table 3. Interaction of watering and fertilizer rates on plant height, branch length and number of branches

in 4 months after treatments

Watering Fertilizer rate Plant height Branch length Number of
(g / pot) (cm) (cm) branches
0g 104.20 37.44 4.60
Everyday 59 109.64 29.23 8.00
1049 123.76 37.04 7.80
0g 116.00 32.03 7.00
Every 2 days 59 127.36 41.60 8.20
1049 126.56 39.08 9.00
0g 98.52 24.81 6.40
Every 4 days 59 115.82 36.24 5.80
1049 97.16 33.53 5.80
0g 92.24 26.52 6.20
Once a week 59 125.90 30.66 9.40
1049 115.82 38.26 7.00
LSD ns ns ns

0.05

ns; not significantly different (P > 0.05)

Table 4. Effect of watering on photosynthetic rate, stomatal conductance and transpiration rate in 4 months
after treatments

. Photosynthetic rate Stomatal conductance Transpiration rate
Watering 2_-1 2.1 2 -1
(umol m™“s™) (mol m“s™) (mmol m“s™)
Everyday 2.48 0.07 1.29b
Every 2 days 2.69 0.07 1.52b
Every 4 days 2.61 0.06 1.53b
Once a week 3.07 0.08 1.99a
LSD ns ns *

0.05

Means in same column followed by the different letters are significantly different by LSD (P < 0.05, *)
ns; not significantly different (P > 0.05)

Table 5. Effect of fertilizer rates on photosynthetic rate, stomatal conductance and transpiration rate in 4 months
after treatments

» Photosynthetic rate Stomatal conductance Transpiration rate
Fertilizer rate 2 2 2
(umol m™s™) (mol m™“s™) (mmol m™s™)
0 g/ pot 2.80 0.06 1.51
59/ pot 2.64 0.07 1.44
10 g/ pot 2.69 0.08 1.80
LSD ns ns ns

0.05

ns; not significantly different (P > 0.05)
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Interaction of watering and fertilizer rates on photosynthetic rate, stomatal conductance and

transpiration rates in 4 months after treatments

Fertilizer rate

Photosynthetic rate

Stomatal conductance  Transpiration rate

Watering (g / pot) (umol m?s™) (mol m?s™) (mmol m?s™)
0g 2.16 0.04c 1.17¢c
Everyday 549 2.75 0.05bc 1.48bc
10g 2.51 0.07bc 1.21c
0g 2.72 0.04c 1.12¢c
Every 2 days 549 2.82 0.07bc 1.42bc
109 2.52 0.11a 2.01ab
0g 2.34 0.04c 1.13c
Every 4 days 549 2.52 0.08ab 1.38ab
10g 2.95 0.09ab 2.09ab
0g 2.46 0.05bc 1.43bc
Once a week 5g 3.36 0.08ab 2.31a
10g 3.39 0.10a 2.53a
LSD ns * *

0.05

Means in same column followed by the different letters are significantly different by LSD (P < 0.05, *)

ns; not significantly different (P > 0.05)
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Appropriate Fertilizer Rate for Strawberry cv. Pharatchatan 80
Production on Highland, Chiang Mai Province
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Abstract: This study aimed to determine the appropriate fertilizer rate for strawberry cv. Pharatchatan 80
grown in highland areas. The experiment was conducted in a strawberry field at Fang district, Chiang Mai
province. The experimental design was a randomized complete block design with four replications and four
fertilizer managements. The fertilizer rates were estimated by 1) recommended fertilizer rate for strawberry
cultivation; (F-RS, N=68.48 P,0,=185.09 and K,0=120.57 kg/rai) 2) primary nutrients requirements (F-NR,
N=25.02 P,0,=8.25 and K,0=41.89 kg/rai) 3) site-specific nutrient management; SSNM (N=25.02 kg/rai)
and no fertilizer application as the control treatment. The results showed that all fertilizer application
treatments were not significantly different in plant growth (plant height and canopy width) and nutrient
concentration in the shoot, yield, and fruit quality (fruit weight, titratable acidity (TA), total soluble solid (TSS),
ascorbic acid). However, fertilization by treatment 3 (SSNM) gave the highest average yield of 3,015.90
kg/rai, fruit weight 8.53 g/fruit, titratable acidity (TA) 1.14%, total soluble solid (TSS) 11.49 °Brix and ascorbic
acid content 1.72 mg/100 g. This study's results suggested growing strawberries in soil containing a high
level of available phosphorous (329 mg/kg) and exchangeable potassium (574 mg/kg) which both nutrients
were sufficient for the strawberry’s requirement. Therefore, nitrogen fertilization at 25.02 kg/rai was a

reasonable rate for highland strawberry cv. Pharatchatan 80 cultivation.

Keywords: Appropriate fertilizer rate, strawberry cv. Pharatchatan 80
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wuwuﬂuﬂgu A lunsilgnamsediuess (recommended
fertilizer rate for strawberry cultivation, F-RS) (N=
68.48, P,0,=185.09 uaz K,0=120.57 nn./13) 2)
dtjelusnanfilsziuainaanudesnissneims
NANUR9ARNTTILBTT (primary nutrients requirements,
F-NR) (N=25.02, P,0,=8.25 waz K,0=41.89 nn./13)
3) laijalnelsviiugnsinisilsainaanusiednissns
mmw@“ﬂmm@msm‘m@ﬁuazﬂ?mmmﬂmmf‘ﬁ'
Hutlsslomilufu viauuuianzasanziud (site-
specific nutrient management, SSNM) (N=25.02
nn./19) uaz 4) ldlalailunssudtaauau (control)
mﬂzﬁ'ﬂmu_iﬂ@'ﬁ"wm 12 A1 MADATLEZIIANNS-
gn L?lEJSLZQ'ﬂ%;\‘iLLﬁ‘ﬂLﬁ‘ﬂ@ﬁlﬁ‘ﬂ’fLU‘ﬂﬁ@’lq 15 TUNAY
ﬂzg.ﬂLL@m%qmﬁwLﬁﬂmmm‘mﬂﬁmﬂ 180 Funaq
Ugn Tneldtlenn - 15 94 3sn1sldilouteandu 2
seey Ae 1) luszasWmuin1eansunazlu (15 uay
30 Funaadgn) ldilenedulnalsailoninunsign

waz 2) lusrezaanaaniasa sl ALNLLANAR (45
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79 180 Junasilgn) Wilenteszuuimen Tnanaw
flapndnsnniuunluusaznssndd (fananis

o ' aa v v o v %I
weniuluwaaznssndg) wazldnwiandunisldun
= + o |+
Teszeziaa, nenile uardnsnislaiy uandldlu
Table 1

N19U9IHUAYINABINIIE1ABIMINANTEN
ansadiuafnidassulintunisneunismaaed
Tnavinnieguiiusuansadiuass aauau 10 6 aan
wuitlgn 2 Wun Usznavldson 1) duansadiuess
4 o X de s -

aunwANIeg luiunndiAssan linEmnIans
819119 Inenisuansadivefniunies lussazifiy
a a I~ o ¥ & =
NENANAR (4 hiaundsilgn) uay 2) suansadiuess
28UNEATNIIUADI TN HATHAIIE19T19 TIAY
ansadiuesiag luscazrnauasnaen (1 heaundsilgn)

! v s = £ g o a =
Wudn Auansadiuads 1 siu Alinandnads 500
n./eu dnnegald sananuistulnsiauanua 2.58
n./6u WeanaiaawIn 0.37 n./e uazinunaides
A1u9u 3.60 N/ vizaAndululnsay 25.02 nn./ls
Waaneia 3.59 nn./13 wre 8.25nn.P,0/15 uaz
Twunadian 34.91 nn./13 vive 41.89 nn.K,0/13 691
o g = ° o o !+
sananaasgninldivumdudnsinislaijamns

o daad :
N93:38% 2 Tuaniei nendah 3 Falunnsldilauuy
LANZAURNIZNUN (SSNM) Rarsaudnsnislad]e
AMNAINABINIITINDINTVBNARTDTILOST LAY
Ysnnaussemsfiidulsyloailumu acldiiesily
lulnsianat1ainaaludnsn 25.02 nn./13 viall
wegann Weanefandudsslamilufn (329 1n./

nn.) wastnunadaunuandaswlalum (574 1n./
nn.) agluszauiigeunn tasnasanisgnld
Ya9gnTadluasT

nmsiiutiufindaya: Tuiinnisasoydule
nea1FuLaslu (vegetative stage) fiszezinan 30,
45,60, 75 uay 90 Tunaseeilgn (days after
transplanting; DAT) TA8N199AAINEIUBIA 51U
(plant height) fifmmnﬁuauﬁﬂuﬁzgﬁqm ATAINN-
N319UINTINH (canopy width) guiivsaainagaL
witlamy (Fluwaslusias) fiazeivannman 60 TUMAs
fhelgn WliRiessianududusisanmsuaniag
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Table 1. Application time, fertilizer grade and fertilizer rate in F-RS, F-NR and SSNM treatments

Fertilizer grade

Fertilizer rate, N : P,O, : K,O (kg/rai)

etal., 1974), W@Zﬁwfammumm (Suwanwong, 2001)
uaztnunaFaasianan (Kalra, 1998) ‘uummuun
mmmm@m@m@mmLumwnnmummem
anuilasianuafausFu iR (3 LABUNAS
¥ a 'S a

geilgn) uardimanziauuninnanan Usenaulyl
Aagl 1) AdNdudusine i suanlunaansad-

o aa a e = o ' A a

wass Asn1samnsiiduimeanuludiuimilani)
2) UNMINNAZALRALADNA 3) VWIAVRILARA TS -
W57 4) ARLENKNANARANNINTAGATRSLLATT
(Maitrawattana, 2014) 5) U3n1unsaviansaii nmnesm
16 (titratable acidity, TA) (AOAC, 2000) 6) U3n104
yasudanazanslasaeiin (total soluble solid, TSS)
TnaldiATe4 digital refractometer 7) NsALRAABTLIN
(Ranganna, 1986)

NISAATIERTRYANNEATA: N15IATIZT
Tayanivans dayganiiuiuinliiiundiasied

A2N-U171 99U analysis of variance (ANOVA) Lag
BT eUAN L LAN AT VIN9AN 1A TN 771A R
n1snaaedlnedd least significant difference
(LSD) A sxfuAanNITesTy 95% daalilsunsy

Statistix version 8.0

317

DAT
F-RS F-NR SSNM F-RS F-NR SSNM

15 15-15-15 46-0-0: 18-46-0 : 0-0-60 46-0-0 224 :5.14:2.68 1.39:046:2.33 1.39:0:0
30 15-15-15 46-0-0: 18-46-0 : 0-0-60 46-0-0 2.24 :5.15:2.69 1.40:0.46:2.33 140:0:0
45 12-24-12 46-0-0: 18-46-0 : 0-0-60 46-0-0 6.00:27.60:7.20 1.39:046:2.33 1.39:0:0
60 12-24-12 46-0-0: 18-46-0 : 0-0-60 46-0-0 6.00:27.60:7.20 1.40:0.46:2.33 140:0:0
75 13-13-21 13-0-46:0-52-34 : 15-0-0 15-0-0 6.50:14.95:1260 2.78:0.91:4.65 278:0:0
90 13-13-21 13-0-46:0-52-34: 15-0-0 15-0-0 6.50:14.95:12.60 2.78:0.92:4.66 278:0:0
105 13-13-21 13-0-46:0-52-34: 15-0-0 15-0-0 6.50:14.95:12.60 2.78:0.91:4.65 278:0:0
120 13-13-21 13-0-46:0-52-34:15-0-0 15-0-0 6.50:14.95:12.60 2.78:0.92:4.66 278:0:0
135 13-13-21 13-0-46:0-52-34: 15-0-0 15-0-0 6.50:14.95:12.60 2.78:0.91:4.65 278:0:0
150 13-13-21 13-0-46:0-52-34:15-0-0 15-0-0 6.50:14.95:12.60 2.78:0.92:4.66 278:0:0
165 13-13-21 13-0-46:0-52-34: 15-0-0 15-0-0 6.50:14.95:12.60 1.38:0.46:2.32 1.38:0:0
180 13-13-21 13-0-46:0-52-34:15-0-0 15-0-0 6.50:14.95:12.60 1.38:0.46:2.32 138:0:0

uA1eLue DAT = Days after transplanting

'f?maww’mﬂ?mmiuimmuﬁwum (Novozamsky NANISANEN

nswasaLiula: andasya (Table 2) Wudn
wasangatlgnansadiuesild 30 3w nslad]emniw
N293/38 F-NR Spnnguiadngegn 17.62 2. ifiaow
WANFNeBEi TN AT 9a DA TUNTINAT F-RS Faf]
m’ngamalﬂ 16.98 3. Usiuansi 9ot W idATNIg
ARATUNIINAE SSNM uaznanismuau AifAugs
L@ﬁlmgﬂuﬁw 15.76-16.08 7. 7171z 45 uaz 60 Tu
NNNIINAT A ANUANFNaiuet T Tad 1 ATyni
anm Immﬁmwzﬁqmﬁ'ﬂaﬁﬂwﬁw 17.48-18.46 LAY
18.36-20.77 131, ANNANGL uAZIzeE 75 uaz 90 51
nesudd 1-3flAsnguadeliuandnefuetied
g AN NanA Imﬂﬁmw@qmﬁﬂmﬂwﬁw 23.52-
24.38 WAZ 24.28-25.68 T3, ATNAFL LilaLauTy
nenizAaLIAN SeflAnuguiaie 21.42 waz 20.98 T,
FANANAL ANMFLANNNT 1NN Wi T nsseiznng
wityidiuln nesaid 1-3 Tdanalilianundameenu
upnsAtsiuaeeldadAyneada Inadaaundng
nganueg ludag 21.14-21.95,29.81-30.86, 32.36-
34.50, 32.86-35.11 WAY 34.40-37.47 1. ANNAIAL
Lﬁ’mﬁﬁ‘]_lﬁ/‘]_lﬂﬁ‘ﬁ‘ﬁﬁ%‘ﬂ@‘]_l@u (Table 3)


https://www.google.com/search?client=firefox-b-d&q=titratable+acidity&spell=1&sa=X&ved=2ahUKEwiJgOLIxuXpAhVA7HMBHb0_CpoQkeECKAB6BAgRECk
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Table 2. Effect of fertilizer management on plant height of strawberry cv. Pharatchatan 80

30 DAT 45 DAT 60 DAT 75 DAT 90 DAT
Treatment
Plant height (cm)
1. F-RS 16.98 *° 18.46 20.63 24.38° 25.68°
2. F-NR 17.82° 18.25 19.96 23.52% 24.28 %
3. SSNM 16.08 ° 17.52 20.77 24.36° 24.39 *
4. Control 15.76 ° 17.48 18.46 21.42° 20.98°
F-test s * ns ns * 1.68
CV (%) 6.46 8.79 8.06 6.13 9.94

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

5% probability level, ns= non-significant

Table 3. Effect of fertilizer management on canopy width of strawberry cv. Pharatchatan 80

30 DAT 45 DAT 60 DAT 75 DAT 90 DAT
Treatment
Canopy width (cm)

1. F-RS 21.14 % 29.81° 32.36° 32.86° 36.56 *°
2. F-NR 21.95° 30.02° 34.50° 35.11° 37.47°
3. SSNM 21.43% 30.86 ° 34.00° 34.07° 34.40%°
4. Control 18.82° 24.75° 29.04° 28.58° 31.32°
F-test (0.05) ¥ ¥ ¥ ¥ ¥

CV (%) 9.24 10.48 577 5.63 9.77

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

5% probability level, ns= non-significant

ANLITNTUEIRARIUIS: NANNIANEIAIIN
Winduaessinermisuanludowmilanu (Table 4)
wud1 nnaldilamaunaandan 1-3 ldenalinanu-
dudululnsiauuanstesiuegrelidadAnynneaia
fiAnaglutng 2.31-2.45% Sanaaidah 2 auidudu
Tulnsiaugandinssudsaruanet e liiad1Anynis
anan A dndululnsauies 2.00% dausu
Aududuneanafauaziwunaldon wuan
NNNg9uas A uuAnsteiuattelidAtynig

atd lnadanududuneanefawazTnunadonly
dquntionuasludag 0.31-0.33 uaz 2.54-2.73%
FNAIAL

1530 UAEAM LT NTUARISIARINNS
NANTUNANAR: mmmma‘”l@'ﬂﬂﬁumnﬁmﬁum
FnnniazA NN Iu189917 81N TN TURANER
(Table 5) Wuq mﬂzﬂ'ﬂﬁiumn&iwﬁunﬁﬁ% 1-3
Tldanaliffunuuananiesansadiuaszuansneiu
atalad1Aynieanis Tnadnandanag ludag
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Table 4. Effect of fertilizer management on nutrient concentration in shoot at 60 DAT

N P K
Treatment
Percentage (%)
1. F-RS 2.39% 0.33 2.73
2. F-NR 2.45° 0.31 2.63
3. SSNM 2.31% 0.31 2.54
4. Control 2.09° 0.33 2.57
F-test s * ns ns
CV (%) 8.86 6.74 6.00

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

5% probability level, ns= non-significant

Table 5. Effect of fertilizer management on yield and nutrient concentrations in fruit of strawberry cv. Pharatchatan 80

Yield N P K
Treatment
(kg/rai) Percentage (%)
1.F-RS 2,967.00 ° 1.10° 0.23° 1.98°
2. F-NR 2,957.70 ° 1.03° 0.21° 1.82°
3. SSNM 3,015.90 ° 1.01° 0.21° 1.86°
4. Control 809.50 ° 0.87° 0.20° 1.65°
F-test ;o5 * * * *
CV (%) 4.37 5.80 2.84 5.53

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

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

2,957.70 - 3,015.90 Nn./13 usflnanAA4IN91N39833
AauAnatneilTod Aynieadnnliuandnies
809.50 nn./13 d1uFuaanuidudusngeiuis
Tulnsauuazwunadan wudn nasldilavnnessds
LiflaauuansinamaiudnAtynneadn dedieuiy
nesudsAoNAN tnaipoiuidudusinennis
Tulnsianuaz Inuna@asaludag 1.01-1.10% uay
1.82-1.98% A1NaNAL TudauaasnnNidudusg
ausnaanada wudn mﬂafﬂﬂ‘luﬁmﬁﬁmnﬁwﬁu
A iAo udndusnatmsneanadalunasiieii
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aeldsdAtyn19ada Tnanasudd F-RS dAanu
dinduressinamsesnasageqn 0.23%
AMNWHARAR: HaT29NTl4TlETANsng
AusiannnIwEaNEn wudn nsldilalunssnds 1-3
Tidanaliliunnunananansadiuasaing 1 (16-24
n./ua), IN3A 2 (13-15 N./HA), 1N9A 3 (10-12 N./UA),
W3R 4 (7-9 N/HA) WATANLATA LANFANNAWEN9H
WadnAyn19ada Tnaansadiuasdines 1 3N
m@mammﬁlmq‘lwﬁm 459.26 - 516.44 nn /13 \n9m
2452.45 - 484.72 nn./l3 \n3m 3 467.08 - 498.73
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nn./l3 1N9A 4 522.46 - 546.92 ANLNTA 990.60 -
1025.20 nn./l$ (Table 6) warnudn nslailalu
n93133 1- 3 lidanaliminuaaniadssena
ARINNINY LAZAINNUNTAIHALAN AT UBLNSE
WA ATYN9ANS (Table 7) Taafinminuaaniads
g l1UT99 8.53 - 9.16 N. AUNTINUATAIINIUITBY
mmaﬁlﬂ@ﬂﬂuﬁw 24.50 - 26.39 NN. kAT 23.00 -
24.81 13, AMNAIAU WeLANFI9aeiNTugN AN

aa o

wANGNge e g1 ATYN19a iR LNIINAT SSNM
waznssNatANAN Tnanssuds F-NR dponuenn
\RALIBINAARIBTILATTAIAAT 29.79 NN, UATEINL
a 1 aa [ Yo

andnnesuiinaaes lddenalililTuinineg

v
g

Fanuainmanld (TA), unnesuiefiazanenin
16 (TSS) waziFuNinIALaaAasin wANFA1NALetNa
Wlpd1Atyn19ans Inadaneglugog 1.13-1.14%,
11.47-11.67 0Bl’ix LAy 58.65-64.16 4n./100 n.

ADANUNITNATAIUAN A1UFUAIINEIITBINA
AMTRTLLUBTT WU NFINAD F-RS LAY F-NR HAIN-

Table 6. Effect of fertilizer management on fruit size of strawberry cv. Pharatchatan 80

ANNANAL

Grade 1 Grade 2 Grade 3 Grade 4 Under grade
Treatment

(kg/rai) (kg/rai) (kg/rai) (kg/rai) (kg/rai)
1.F-RS 459.26 ° 452.45° 498.73° 535.46 ° 1021.10°
2.F-NR 459.83° 463.16 ° 497.21° 546.92 ° 990.60 *
3. SSNM 516.44 ° 484.72° 467.08 ° 522.46 ° 1025.20 °
4. Control 26.66 " 53.67 ° 44.48 ° 195.44 ° 489.30 °
F-test o oq) * * * * *
CV (%) 16.56 10.88 8.27 11.7 6.48

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

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

Table 7. Effect of fertilizer management on fruit weight, fruit width, fruit length, fruit thickness, titratable

acidity (TA), total soluble solid (TSS) and Ascorbic acid of strawberry cv. Pharatchatan 80

Fruit Fruit Fruit Fruit Ascorbic
TA TSS
Treatment weight width length thickness o acid
. (%) (Brix)
(g/fruit) (mm) (mm) (mm) (mg/100g)
1. F-RS 9.16° 25.84 27.51% 23.97 1.14 11.47 59.09
2.F-NR 8.63 % 26.39 29.79° 24.81 1.13 11.54 62.82
3. SSNM 8.53 % 2517 26.89° 23.00 1.14 11.49 64.16
4. Control 7.46° 24.50 25.83° 23.11 1.14 11.67 58.65
F-test ;o5 * ns * ns ns ns ns
CV (%) 19.11 11.31 12.49 11.00 6.04 14.73 28.63

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

5% probability level (*), ns= non-significant
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AuuAIuNIsannisile: Aunuanis
AmFun1snanansadiuafTRugNIzIN NI 80
(Table 8) mma‘a‘uﬁ%mmmmﬁmmﬂﬂﬁLLmrwm
fu dmsunisdgnassediueds 116 unnsinaiuly
ATNTHA $1AN meﬂ?mmﬂﬂﬁiﬂuum:mmﬁ%
Tnasuazidunuansldlu Table 7 fanudn dunu

Table 8. Cost of fertilizer in each treatment

mﬁmm?ﬂﬂmmafﬁ?ﬁ%ﬁmwmm’l&i (F-RS) HFunu
49407 11,665.18 Ln/ls sasaemAenssialadalu
fé“mm?iﬂiuﬁmfmmwﬁmmamqmmm@“ﬂmm
ansadiuess (F-NR) Tdiunu 5,533.67 un/ls uas
ma‘uﬁ%%ﬂmmummqquzﬁuﬁ (SSFM) ldfFiun
2.704.40 U/ls Ferfaeindanssaida F-RS 544,31 i

Fertilizer Fertilizer's
Fertilizer o Fertilizer used Total fertilizer's cost
Treatment price cost
grade

(Baht/50 kg) (kg/rai) (Baht/ria) (Baht/rai)

1. F-RS 15-15-15 880 29.84 525.18 11,665.18
12-24-12 1,410 100.00 2,820.00
13-13-21 1,040 400.00 8,320.00

2. F-NR 46-0-0 680 15.44 209.98 5,533.67
18-46-0 1,000 1.92 38.40
0-0-60 760 19.20 291.84
13-0-46 1,050 124.80 5,241.60
0-52-34 1,375 10.56 580.80
15-0-0 (25) 490 29.92 586.43

3. SSFM 46-0-0 680 16.21 220.46 2,704.40
15-0-0 (25) 490 108.06 2,117.98

4. Control -

Note: 'October 2018 fertilizer prices
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Jq150i

=2 | I+ [ % dl
ann1gAnwInudn naslaileludmnen
uaneinaiulungsnas 1-3 lddenaldnisasoyiiuls
2994698 5LUD5T (ANTNGILAZAINNNFTIINTINN)
uANFANeuee1 N g ATynIeada wazaliiiiudn
Paunnlulnsauiiintudana il aiugauazaiy
ndnamssnaasansadiuafiNauRotLla e Uiy
nesuAsAaLAN WasanlulnsiauiunuimdnAtysie
NITLAUNI TN LN LB ATNLAZNN LAY AL IR NT
va A o~ ) A o o
nslasululnsiauludiunuiiieanedoavu i
wuily (LA Ndenasanisdainsnefuasaaai
(Bassi et al., 2018, Torres-Olivar et al., 2014) AAAARD
AUN19AN®IU89 Changotra et al. (2017) WL31
1+ ada v d’lj all
nsldilannnssndsdanalinaugauasiunluaes
& o= 1 aa 1 1+ aa
ansadiuasiuanndinesnadsiildile (nssuds
pauAN) ae1ldad AtynivaiAnaznisla sy
TulpsaululFunaninauinlipongeaesansad
WaFTIANTIW A nnIsAnEILane lF i ng-
wiiulnuesansadiuastldnauauassaliun
Waanasauarinunaldan T9aenAaeanuAdIIN-
v % o =
dinduressinannsneanesanaznunadanly
doumilefureanssnds ldiousiliuansneiueeng
AdudrAnynivadfleiaudunssuisaunu
Wasannaun M lunnsAnedBueanasanid
tselaail 329 un./nn.(Aatdulsuruneanasa
102.64 nn./19) wazinwndideuivanilasuls 574
wn./nn. (Aadulwunai@an 179.01 nn./19) dedl
Ysnnmuane1misdnesluseAuge (Homeck et al.
2011) @nusndaniasssngainisliiieane
ANUFUAIMNABINITURIANTATLUATT LA TIR7N
NN3AN®1U84 Lieten and Misotten (1993) Wu4A
ansadiua N linanan 9.51 Aw/ls fesn1ssnn
amstulngian 20 nn /13 Weanesa 6.40 nn.P,0./
15 uaz nunaiden 30.40 nn.K,0/l¢
gufuannudnduaessifevsuanludou
o = . . 4
witeAu nudn nsld luinsuludFunnunnawle
n77uAE 1-3 deraliAoududululnsiauludgau
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A a o & 4d o o aal 1%
WIBAUINNTIWHBLNILTLNITNADAILAN ADAARDY
AU Yadav et al. (2016) wudn n1sldlulnsianly
snnuninaunlaainuuasd]oiafivzadludurse
asua B ululnsaululuansadiuasigans
nesuAsAcuAuN (1dldiy) adnsdiludrAgymneadsa

= d’lﬂ/ d’l Y @ U v v o
ann1sAnEdgeTliiiudiaududunaana s
uarwunadanludowuilanu lunauauassa
Bunueanafauay Inuna@anivuau 1Hagan
a = A o a_ o YY)
AUNUTNI IS RBM I EINE BnViaAanmLd Ny
wasvlaanaiauarinunaiianniinaeilidnatlu
srAUMMNNzaNdIvTUanTadiuass atd19lsfinu

% 9 aa v o ) o A
AudduluinsauRdn el AaINasz AL
wnzananes eszauulhaauivnzase g
2.5-3.5% (Department of Industry and Investment, 2010)
TudquaesdFuininanannudn nasldils
aa ] rva ;A a U 1 =
n99NaT 1-3 ANl UTu nnaNARgandae1el
Had1Atyn1eadin Weisuiunssudsaounu
dansendsldlalinananaglutaq 2,957.70 -
3,015.90 nn./1§ 138 305.04 — 311.05 /61 gan31
NITNATAILAN 3.65 - 3.73 Wi uaneliitiudanigld
flafiaoruandulunisiinuananansediuess
st lsimuldnuAuuanaesErdeanssun s nld
fle1 (393035 1-3) Ineanieenedslunssudsn 3 7
lausilalulnsauiitu nan1s@nunaliiiugd
Tulnsaulunuldiieswasanausasnisresansad-
= A o 1+ c o=l R
wad? Wadnislailalulasau ansadiuasaag
navauassianisldile Maludunisasyiiuinuas
oA . oy e amd s
Hands atnelsfiniunssnasn 1 nldilalulnsiau
68.48 Nn./l3 T9gandnasndsh 2 uaz 3 39ldludnan
25.02 Nn./13 WARANANAALATADININYDINAKAR
TlumnsneiuadeldadAynieans aliiduan
ansnisldilelulasiauludne 25.02 nn./ls 1w
Weaswaduiunisgnansadiuass (A useenis
5198117 lulagian =20 nn./l4, Lieten and Misotten,
1993) T9ADAARAIALHATAIAINNLTNTUTID
Tulnsiaulugaumileny (2.31 - 2.45%) NluuAnsng
Auad1aldadiAnyn19atfsendnenssndsn 1-3
uarfaanmaednuANIdNTusInaIMIuan uNa
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finudn nnalddlanssaids 1-3 lldanaldanudadu
299571881917 (Wl TAUlUNG (1.01-1.10%) WANFNY
fustnailfadndynieadiile o udunssuds
paunu TaaAraududululnsiausinga 0.87%
waruenanil efiansundiauifeunanan
309N 970AB T 2 uaz 3 dneldilelulnsiau
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Effects of Different Fertilizer Managements on Growth, Quality and Yield of
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Abstract: This research aimed to evaluate the effects of various fertilizer management on growth, yield
and quality of arabica coffee crops cultivated in highland regions. The research was conducted at two
sites: Khun Chang Khian Highland Research and Training Center (site A), Muang district and Nong Hoi
Highland Agricultural Research, Mae Rim district, Chiang Mai province. The experimental design followed
a randomized complete block design (RCBD) with three replications and comprising four fertilizer
management methods. These methods were: 1) conventional chemical fertilizer application according to
local agricultural practices (Nitrogen 54.00 grams per plant, Phosphorus 54.00 grams per plant and
Potassium 54.00 grams per plant), 2) compost fertilizer application (3.00 kilograms per plant), 3) chemical
fertilizer application based on site-specific fertilizer management by nutrient requirements of coffee and soil
fertility (Nitrogen 49.98 grams per plant) and 4) control (no fertilizer application). The results demonstrated
that fertilizer application treatments (treatments 1-3) did not have a significant impact on plant height, canopy
width, stem diameter, primary nutrients in leaves, quantity and quality of arabica coffee yields. However,
method 3, fertilize management (Nitrogen 49.98 grams per tree), showed tendency to promote better growth
and yield compared to the other methods on both study sites. The arabica coffee grown at two different
locations had an average height of 236.67 and 252.84 centimeters, while average fresh fruits weight was
1.75 and 1.49 grams/fruit and average diameter through the center of the fruit was 14.55 and 13.14
centimeters, average total acidity obtained was 0.16 and 0.13%, and the average yield was 8.38 and 6.36
kilograms/plant, respectively, two sites location Khun Chang Khian Highland Research and Training Center

(site A) and Nong Hoi Highland Agricultural Research in the Mae Rim district of Chiang Mai province.

Keywords: Nutrient management, caffeine, green beans
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design: RCBD) a114914 3 41 Usznaudasnssudanis
VARed 4 Nesss Wi 1) ldilenad ANNERITINSAINS
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ﬁﬂmﬂﬁummuﬁuﬁ (common fertilization rate for coffee,
CFR) Inalailelulnsiau 54 nfu/du Waanesa 54
NN/FTU LLZ\IVIWLW]ZQL"]’JEIN 54 NFU/AL ‘Erﬂﬂ‘hﬂmﬂumim
15-15-15 utivldasaaziyin 7 AU 3 a¥a paae
120 nFu/du (85.32 Atansu/ls) luRewu nangiax,
Aonan uaziueneu 2) ladledue (compost fertiizer,
CP) uanlnemun i AuuaAsWINWNT @R B UTE - TN
AuRAY aBauaslnausunIainEasuN ey A
nemIAnans ivnanendedsdlud Tuenm 3.0 Alansa
g Saeilamaind llunsAnmadsdl fanaondy
nTA-A19 6.51 ANN13UN WA 1.5 AT T LuWE/umS
Buriudng 26.30 wesiiust Tulasiawiommn (total N)

Table1. Chemical properties of Initial soil

132 wafiSusl Waanasaravmn (P,0,) 1.96 laFimus
LA @ e (K,0) 245 wlafifus 3) (Table 2)
‘Lm’ﬂﬂLﬂﬁ‘l,uﬁ“mmﬁﬂi:Lﬁu@qﬂmmﬁmmiﬁmmmi
NANTBINUNUATAIING ANANL 0IFY (site-specific
fertilizer managements, SSFM) ¥ ﬂidﬂﬂiucﬂﬁl EIC R
49.98 nFu/siu Tneldilenafiingm 21-0-0 dmsunisld
ﬂﬂmmﬁw‘i“ﬁﬁ' 2 waz 3 utldie anuau 3 A%
lusztznanieaiunsnidan 1 luds 50, 30 uaz 20
Lﬂfaaﬂ%um‘rﬂm\iﬂ?mmﬂﬂﬁﬁﬁwm ANa1AL tne
naldilemnnasnia (nesndsd 1-3) Teldiauuilee
TAUAUAN LLu'JW;ﬂU (ring spot application) Las 4)
nassRsALAN (control) lilale

Analytical value

Properties
Khun Chang Khian Nong Hoi
pH 5.53 6.49
Electrical conductivity (uS /cm) 15.30 22.55
Organic matter (%). 4.08 4.54
Available phosphorus (mg/kg) 29.58 12217
Exchangeable potassium (mg/kg) 147.57 298.74
Exchangeable calcium(mg/kg) 427.87 1552.87
Exchangeable magnesium (mg/kg) 43.79 115.02

Table2. Compost fertilizer properties

Properties

Analytical value

pH

Electrical conductivity (dS /cm)
Organic matter (%).

Total Nitrogen (%)

Total Phosphorus (%)

Total Potassium (%)

6.51
1.5
26.30
1.32
1.96
2.45
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TUABRAUIAN NN ALAINITRIF 1
nu anndurinnistiunndayanisiasayiaulamis
anFu (vegetative phase) Tneinnsgudmmdnuganium

a o o A a = a
ax3110n1 (Tranntansuwiileauaunstanaluneng
N14n) AINNF1NIINN (TAAINTBULTBAITDULDA
J Y R .
Mnaguannsunilsldgadnsunils Inauuadn
RLAANWLDUNINUINAIDIN) LAZTUIALFWEIY
AUENA1989AFUW N9zeziaan 30, 60 waz 90 44
WAIAAWGNTN (day after pruning: DAP) LasnIN19-
quifivsineengly (lug 4-6 duaindanefv) Nsvey
90 SUNAIFALAINY LNBUINTLATIEWANN TN T 1
sap@suaniuluniunezening laun dinnn
Tulnsiausianun (total N) (Novozamsky et al., 1974)
Turnunaanasaviavum (total P) (Suwanwong,
2001) waz3unnuinunaidauianna (total K)
(Kalra, 1998)

AINITALNANAANILNEZINTNT (HANTLN

=l A o o K
wia39, coffee cherry) TwAausuIAN TunnUTNI
nanannNILW annuuLdenantwiaantiy 2 @91
AYUUINTIINITENNAKARAIUIY 100 Na LNBNINNS
Thaunana (HvinuauazidueuAuEnan) uaaas

W ldAseiilSunnissemisudn (Aa3Asedl

ueaiunsiaseiluly) dauft 2 dnldudnd
#19n1un (green bean) Tnedaitlen (wet process)
(Angkasith and Warrit, 2004; Clarke and Macrae,
1985) tiie) WITRAUNINNANER Tnedinssitaunm
nanviaua R Inmesldaasnzanniumn (titratable acidity:
TA) (Association of Official Analytical Chemists, 2000)
LL@‘“‘]E‘JM(LL?W%W@LL (caffeine contents) 1u@’1‘3‘ﬂ’1l,l,‘1/\|'1/1
NS AR R s Teg Korsamphan (2011) Toer s Y
Tnsunmnadaeamananssnuzgs (high performance
liquid chromatograph; HPLC,éﬁ@ Shimadzu g'u LC-
20A) PNNAFN13989 Minamisawa et al. (2004)

AZVLRYANNAT A IAEBVARNTIATIET

AULLLI91U39U (analysis of variance, ANOVA) Taelld
T1/sunsa Statistix 8.0 WALIUTHLRLUAINNUANFN
AlRA89n3I0RENAAelALAR least significant
difference (LSD) iasFuAIEesT 95 Wefifus
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NANISANHILAZIANTD]

mswasayLaule
HANNTANEY Wudn Nanniidauasguel
Hnousuinemsigeaudaaaulinia (site A)
nsdanisilesis 4 nssuAtlidenaliinaugeaes
AununuAnsnsed 19l Tud Aty (Table 3) fszaz
nan 30 Fundainusiena Taaduntundaaugeed
U949 195.08-200.17 1aufiums at1elsfiniu
Nezaiz 60 uAT 90 SUMAIFAWFNTY WUF1 N13dANNT
flanunssndsh 1-3 denalifuniunianiugs
ql d?/ ' a o o0 o dll o o +
Winaueteiied Ay Welsauiunisdnnieile
I . . e
AINNIINIEN 4 Tnennsdnnisilaninnssnaan 3
ganalisun uniANganInign 228.17 uaz
236.67 WUALNAT AINFUAINNINNTINHUATIAY
HuAueNaneasi wuda Asvey 30, 60 uay 90 Ju
WAIARUGTY N199An3Tlenis 4 n99und Tlaanal
AMNNTINTINNUAZ AU WA N AT RIFUN U
unnsisaeineiliedAny Tnasuniundaaiundnanas
Wueglugae 158.52-167.45, 162.04-167.75 kA<
163.03-171.12 lUURLNAT AINAIAL UAzHdUNY
Autna1easueslutag 21.52-23.27, 23.10-24.76
UAT 24.14-25.74 HARNAT ATNAIAL
AINNANIIANEINNIAANI9T] e uanFnaiY
: - - N 24 o
pantsiasnytAuinessununluiungan1tineme
Ngauuasmae wiud1 Rszezionn 30 TunAIFALsaN
n199AN191jaa 4 n9sudt ludinaliaangeues
Aun L uans1sa19ldag Aty (Table 4) Taasu
nawndAougeatlutgog 121.92-221.62 imuRINmS
aeelsfinnn Nszey 60 LAy 90 TUNAIA ALY
' o + Qddl ! PR
U3 N199ANT9TlamunsINaah 3 denalisuniun
HANGINNTQA 246.28 WAY 252.84 LTURLNAT
, A v o g = ,
wiupg WAL IR ARTRNa UsIN AU 19
wanlini (site A) drusumonundnmeannuazidu
HUALENANA6 WUFY Nszay 30, 60 uaz 90 U
WAIN9AALGINTS N99AN9TJais 4 nsnds ludana
A undransannuazidunugugnan e
¥ ! 1 a o o 1% v =
Funiununnstget1aldadAny Tnaduniund
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Table 3. Effects of different fertilizer managements on plant height, plant canopy and stem diameter of

arabica coffee at Khun Chang Khian Highland Research and Training Center

Plant height (cm) Plant canopy (cm) Stem diameter (mm)
Treatment
DAP 60 DAP 90 DAP 30 DAP 60 DAP 90 DAP 30 DAP 60 DAP 90 DAP

CFR 200.17 224.75a 231.92ab  160.00 162.33 164.00 22.51 23.85 24.47
CP 198.67 219.50ab 230.78ab 16745 167.75 171.12 22.00 23.71 24.43
SSFM 197.92 22817 a 236.67 a 162.67 163.66 167.61 23.27 24.76 25.74
Control ~ 195.08 207.22b 21822b 158.52 162.04 163.03 21.52 23.10 2414
F-test y05, NS * * ns ns ns ns ns ns
CV (%) 4.93 4.88 3.96 3.55 4.47 3.75 6.06 8.94 4.82

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) test
at 5% probability level, ns = non-significant, DAP = day after pruning
CFR = common fertilization rate for coffee

CP = compost fertilizer

SSFM = site-specific fertilizer managements

Table 4. Effects of different fertilizer managements on plant height, plant canopy and stem diameter of

arabica coffee at Nong Hoi Highland Agricultural Research

Plant height (cm) Plant canopy (cm) Stem diameter (mm)
Treatment
0 DAP 60 DAP 90 DAP 30 DAP 60 DAP 90 DAP 30 DAP 60 DAP 90 DAP

CFR 221.62 221.74 b 238.41 ab 202.75 206.38 211.71 31.47 32.31 32.89
CP 215.62 219.89 b 236.42 ab 204.08 208.77 212.00 31.42 32.28 32.54
SSFM 121.92 246.28 a 252.84 a 203.50 207.03 211.99 31.78 32.44 33.22
Control 209.83 214.41Db 21991 Db 20045 20532 210.58 30.27 31.30 32.25
F-test jo5y NS * * ns ns ns ns ns ns
CV (%) 10.56 4.66 7.70 1.65 1.18 1.71 3.72 2.38 2.20

Means in each column followed by different letters indicate significant difference using least significant difference (LSD) test
at 5% probability level, ns = non-significant, DAP = day after pruning

CFR = common fertilization rate for coffee

CP = compost fertilizer

SSFM = site-specific fertilizer managements

AINNdensanNetlugag 200.45-204.08, 205.32- @fmm@miﬁﬂmmﬁmmiﬂﬂﬁmmmu
208.77 WA 210.58-212.00 LIURLNAT ATNAIAL dusunnanannuezaintluuiianniidauaz
waziidurinuguenaaasiueg ludag 30.27-31.78, muﬂ“ﬁﬂﬂmm mwmwmmwﬁwmﬂuimm (site A)
31.30-32.44 UAY 32.25-33.22 NAAINAT ATNATAL LL@wwummumwmmwu@weﬁ nwudn Asldile
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Tunssnds 1-3 lddenalinasiadgivinges
nunezs1dnn (ANNG) uanFA1gaeeliadnAny
g Binadlulasauifidudenalimaom-
QQ’H@QH’]LLW’ﬂzﬁ‘ﬁﬁﬂ’]LﬁN%uLﬁ@Lﬁ?;l‘]_lﬁ/i_lﬂ?iﬂa%
AILAN iesannlulnsiauiiunuindrdoysenis-
L%‘mmuimmqmmumm m‘lwmamwiu‘lm
memmwumlu wazFriiuiaaly (LAY wmmn
ot mmam‘l‘w‘wmm IEIURERSIGERE WuaaLia
zgwu (Torres-Olivar et al., 2014) mmﬂmaﬂm_«r’]
189 Kraitong et al. (2015) WLI1N199ANT51
a1sresn N lstasiInnAINTlsTivANNg AN
anysnfrasAnuasiTNNssnas v liaaunda
NINH UATIUNAIOLFURAHUEING WY BTy
HANTSANEIUDY Pomnoi (1994) wuan flelulmnsiau
slaanaiaunzaangnduaresnaniafinawedu
HugueinanasiuatinalidAtynieana
mnm@miﬁﬂmmﬁﬂmiﬂmﬁLLmnﬁmrTu
m"amwLﬁ’u%’uﬁ’mmmwﬁﬂiulumLw\lsluﬁyuﬁ
anniiideuay ﬁuﬁiﬁnﬂmmmwmmmmum\nmuii
Ut (site A) LL@“wummmwLﬂwmiwmuumu@ﬂ
(Table 5) Wuan mi@mmaﬂqﬂm 4 n93xds luidena
Warududuainaimisuanluluntununnsng
aeaiTdn Ay 17 2 Wi Teeluitiianifisauas
Audfnavsuinenafigeyudiadaulindi (site A)
Tunrudfiauidudululansiau Weaweda was
Twunaidean aeflutas 2.13-2.24, 0.14-0.16 uaz
1.73-1.90 wWesidus muans uazluitufiaon i
LﬂwmﬁqwummﬂumLLWﬁmwﬁuiTu"LuTmmu
Waanesa uazinunadesluluniunesludeg 2.17-
2.28,0.14-0.15 uaz 1.90-1.98 wlafidius muafw
azdiulddnnisdanisilana 2 Nuitlidanaldonn
arsuan uluuwansneiu agnglsfinumnnududu
yaaluingian ﬁ’mag'lui:ﬁ’uﬁw (2.20-2.28 \Wasidius)
s:ﬁuﬁ'mmmmmiu‘ﬂm‘mulu‘lumLW\IM?@Q
ndn 2.7 Wafidus adnelsfnu luwueinisana
ulnstanluluniunluiuiinaaes Tuaned
Waanasa (0.14-0.16 1afidus) warinunaide s
(1.78-1.98 Llafidus) @ﬂlmw’fuﬁmmmmﬁmm
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TaefFauisuaouidudunessisnainisnalu
‘l:umLLW‘?{%mmw"lﬁﬁummmgmmmmammi
wdnluluniunlag Clifford and Wilson (1985) aid
praifiasannaudanugauanysalreudiegesng
msldi]elifinasapnududuansinamnsuaniy
11 G9ganA&aaiy Winston ef al. (1992) WU91
nsbidjelulnsiauludns 0-14.38 Alaniu/eu 13l
nasaliuinaNdnduaasluinsaululy dou
nsldilaneamnuazqasinilidnasanisazas
Iutasanlulufisrezaaiiondaiduiu
TN UAZAINWHAKER

mmiﬁﬂmwudwmﬁmmaﬂﬂﬁLLmr]m"m
ﬁuﬁi@ﬂ?mmm AHLiNdus e M Inanlu
nauAn fianniidtuas ﬂum"’ﬂﬂfamumwmmwu
gradaulinii (site A) uazan1Binunsfigaues
el (Table 6) NUAT N195AN9T]MNNITAART 3
asralinmunersdniifEunousanan (anunisess)
qefign 8.38 AlanFu/fu uar 6.36 Alaniu/du
ANNAN AL %QLmeﬁ\iﬁmﬁﬁdﬁﬁiﬂdﬂﬂ (N393A37
4) ag1efiagn Ay TnanesaAaT 4 denalifniund
UBununandARTign (4.60 Alansu/fu uwaz 4.69
Alanfu/su) drusuponududusiseiisudn wudn
nadanieilamunaandsd 3 denaliarnadudu
1u‘£mmu‘l,umr1’nl,w's3\1‘17{z§m (2.23 uaz 2.09 \asidus)
Taefinanuansneet g Ay iunssuasd 4
fafponududululnsiausniign (1.96 uaz 1.89
wWeafidus) dusuainuiduduneanasanay
Tnunaiden wudnnnsdansileia 4 nesaida laidana
Ao us1581119890 819 TUHARAKAN G
aeeTtladAny Inananundanududuneanasa
ag/ 1199 0.14-0.15 UaY 0.14-0.16 afidus uazll
ArHLd NI uInun AT s aelutas 1.51-1.60 uay
1.79-1.83 wedidus

AIMFUAUNIWNANAR WL uflufiaonil
%TﬁLLm@uﬂ"ﬂn@ms\lmwmﬁ@‘muﬁwL?{ﬂuiéuﬁﬁ
(site A) mﬁmmiﬂﬁﬁumnm\ﬁuﬁi 4 n33:79 Tdana
Tuaniun (m@mm@@@ﬁ)ﬁﬁmﬁﬂm waZLA Y
HuAunaINaunns1saei el TadAny (Table 7)
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Table 5. Effects of different fertilizer managements on nutrient concentration of leaf at 90 days after pruning

at two locations

Khun Chang Khian

Nong Hoi

Treatment Nutrient concentration (% Total) Nutrient concentration (% Total)
N P K N P K
CFR 2.23 0.16 1.79 2.22 0.15 1.97
CP 2.20 0.15 1.78 2.19 0.15 1.95
SSFM 2.24 0.14 1.90 2.28 0.15 1.98
Control 213 0.14 1.73 217 0.14 1.90
F-test ;o ns ns ns ns ns ns
CV (%) 7.30 9.05 7.82 6.64 6.61 9.06

ns = non-significant

CFR = common fertilization rate for coffee

CP = compost fertilizer

SSFM = site-specific fertilizer managements

Table 6. Effects of different fertilizer managements on yield and nutrient concentration in green bean of

arabica coffee at two locations

Khun Chang Khian

Nong Hoi

Treatment Yield Nutrient concentration (% Total) Yield Nutrient concentration (% Total)
(kg/plant) N P K (kg/plant) N P K
CFR 7.28 a 2.04 b 0.14 1.54 589ab  2.05ab 0.16 1.82
CP 6.88ab 2.01b 0.14 1.53 4.97 bc 1.91 bc 0.16 1.81
SSFM 8.38a 2.23a 0.15 1.60 6.36 a 2.09a 0.16 1.83
Control 4.60b 1.96 b 0.14 1.51 4.69c 1.89¢c 0.14 1.79
F-test .05 * * ns ns * * ns ns
CV (%) 17.86 3.19 3.79 4.64 12.51 4.92 8.72 7.61

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

at 5% probability level, ns = non-significant

CFR = common fertilization rate for coffee

CP = compost fertilizer
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Table 7. Effects of different fertilizer managements on weight and diameter of coffee cherry and titrable

acidity (TA) and caffeine content in roasted coffee bean of arabica coffee at two locations

Khun Chang Khian Nong Hoi
Fresh fruit coffee Fresh fruit coffee
Roasted coffee Roasted coffee
cherry cherry
Treatment
Caffeine Caffeine
Weight Diameter TA Weight Diamete TA
content content
(g/fruit) (mm) (%) (g/fruit) r(mm) (%)
(mg/g) (mg/g)
CFR 1.72 14.55 0.15 11.57 b 1.46 12.91 0.13 10.20 b
CP 1.68 14.54 0.14 11.53 b 1.42 12.86 0.13 10.12b
SSFM 1.75 14.55 0.16 12.25a 1.49 13.14 0.13 11.29 a
Control 1.64 14.50 0.14 11.53 b 1.41 11.82 0.12 9.62c
F-test g ns ns ns * ns ns ns *
CV (%) 11.17 0.22 9.07 1.89 9.53 11.46 5.28 0.68

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

at 5% probability level, ns = non-significant
CFR = common fertilization rate for coffee

CP = compost fertilizer

SSFM = site-specific fertilizer managements

Tnanan undunminug aglutgoe 1.64-1.72 nFu/ua
uaziduruguenanaads aglugng 14.50-14.55
Hadwwns anfulsuiunsanauua i lmnsals
Tunzarniun wudn n13dan19tlenia 4 neaxis lias
nalinzainiudflsununsaisunalninen Ly
unnsinaeeliudAny Tnanzainundlsuam
naavisunad lnmes leag luga 0.14-0.16 wasidust
dl = =X a 1
WaanrunafFunsaiannanluaisniun wuan
o + Al A . v P
n194aN191]aaunsINasN 3 denaliansniuni
B NEUgINgA 12.25 FAANTH/NTH TUansing
aeinelidATyiuNIsdANs]umungsnda i 1, 2 uay
4 FOUN UM ADNTINEAITgaLBes WU3N NIdpnItly
ANNNIINATN 1-4 Teldanalinaniun (aniuniiass)
Huaminua uluguednatana wazilFuininag
o = Y ] P A
wannaf lmnsnladlunzainiunuansses 198
dednAty Taeranundunminga duduguenansmg
waziFununsaianuan nnealalunzainiuvlag
w99 1.41-1.49 nFu/ua 11.82-13.14 HARINAT LAY

335

0.12-0.13 e fidus muansy auiuFanaunmay
Tugnsnawn wuadn mﬁmm?ﬂﬂmummﬁdﬁﬁ 3 dana
IansnuwnilsannimuEugeiign (11.20 Sadns
N34) UAzNIsHARR 4 danalsiansn il Banauenmiay
ﬁ@ﬁrﬁlq A (9.62 HAANTH/NTN)
TuganaestBunnHanan U LTa0 T34
LAy ﬂuﬁr;lﬂfamuLm:rmmmmumw,mwvl,wm site
A) LL@kuwmmumwmwmuu@wm wuqn ngla
ﬂﬂmimw 1-3 danalfnrunezandniidFuncy
nanARRNTue T d ATy e Feuiieufy
NITABTAILAN ANUANIANENT Widiuin nasladle
mumwﬁ%wumﬁmdLﬂWﬂzﬁuﬁ (SSFM) Huua ol
Iﬁm@mﬁmmﬂndwmw%’ﬁmmmwmmﬁﬂuﬂﬁu‘”ﬁ
T (CFR) uazldiFunuijailaandnnesnds
YAILNHATNG ﬁwm?ﬁ'qmiﬂiwﬁmﬁunummﬁm
thuanladnlulnsiauiiuesdlsznaudrAnyaas
aAnILN Lﬂuumﬂﬁugm‘m‘ﬁﬂ@ﬁu nsATaAAEN
paalsflad uazdautlsznaudunidau uasdadu
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avAlsznaudAyrasszuuaulsdiasiunuan
drAylunszuaunI s U Lo AT U e a luis
lulmsiandafusaramuanislinanan a1 Central
Coffee Research Institute (2000) 312471149 NN A-
Tn A luanan (naies3) 6,000 Alaniu/ls
asni19a16 lulmsian (N) 13 Alansn/ls, Weanesa
(P,0,) 2.3 ATansu/13 waziwunaidon (K,0,)
15 Alansu/ls uazannnnsANENAEE Wdiudantun
azsndnlimeuduasAadiuiuaanesanas
Tnunaidey waiiilesanauildlunisdnund
Uurulaanesauarinunaidoniiqe nasldile
Weanafauarinunadanasllunuaadunisldie
Aawldes sinlidindununisnaninglidiy
Tuaniznnsldilamanasuda ssEM delade lulnsan
Wasafiamae danusnldnananniunazeniinn
43¢0 FaaesiuRinnan Ae 8.36 Alaniu/du uas
6.36 Alaniu/iu mna1ay Tudaumnanidnduain
@ sndnlunans 2 Auil wudn n1s9mn9ile
n730a3 1-3 dvnalfaanuidudululnaauluna
wanAnead e uiTedAny efleuiunssnds
AYLAN Imamﬁmmsﬂﬂmmiiu%%ﬁ 3 49K
Waormdudululnsiaugegn (2.23 uaz 2.09
wafidus) aannfaaiunisAnE1184 de Lima et al.
(2016) LA Bote et al. (2018) ﬂ?mmmmiu‘lﬁmmu
AR eaneazdoudaLa3un AN U8 IHANAR
esandaslRsiusna e lusaulnldaTy

amiunstszifiudmnanislailonunssuds
SSFM 1w ﬂs:Lﬁumnﬂ?mmmammiﬁ'mLw\l
aziinmgeunlfuazazanlunames Jedmeauin
1 Alanfuaesuaas® Annsazanlulngiau 6.83 niu
WaaWasa 0.26 nfu wazinunaidan 3.73 niu
(Korsamphan, 2014) uaz n1s@ nen i Fail Wlszanoy
nsnanAnTeanuezssinT I Ranuau 5 Alansusu
fartunaslddelulnsnan Weanesa uainunadas
Taifaenan 34, 1.3 uaz 3.73 nfu/mu muasu Tuane

aulununigniiiBununeanasanidulss Toaed

wartwunadannuaniasuldgs aslaiinnsldils
Wasnasauazinumaden laijalulnanauiessnniben
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Tugnan 49.98 nfupy Fadlus mmﬁmmlmﬂﬂﬂvl,u‘llmmu
vedauienagadedieldi]elulnnauadll iy
Wi N9TLANE N1IYNFTI WAZNNTITLNE (Santasup,
2013) WATAINNANIIANHINLIIN1TAANT9T]eIAH
n37:33 SSFM nuaysdn A NaNAR (NaLTasT)
Qaﬁqm%mmﬁuﬁ (8.38 Nlaniu/ru Iuﬁyu‘ﬁlquﬂ‘
Hnavsy mwaﬁ@;muﬁw Aendlswii uaz 6.36 Alansay
fou luituianiinemsiigamames) Gaimegald
ulasian (Bannmanan x Bunadulnnaufiazasly
NANARAA 1 NlansN) NnazanluNanaminiy 57
WA% 43 N$H/F1 AINAN AL TeaanadeslndiAeariy
ﬂwiﬂazt.ﬁuﬂ“mawmﬂm’ﬂﬂu‘lﬁmmﬂum%ﬂﬁ
zﬁ’wi”ummmwN@mﬁmlumim@m‘ﬁuﬁ
annfiddauny ﬂua"ﬁﬂ@mmmwsmwuwmﬂu
131117 (site A) Lmkummumwiwmuumma
W1 mmmmiﬂqﬂﬂﬁmw 1-3 laigenalvinmin
ANKA TUIANANAS (MUHIBAUENANT) LaznIn
vanualninnld (TA) uAnFn9aeediadn Ay
Sauiunssiaenuay lnaflaluges 1.68-1.75
NTN/NA 14.54-14.55 NaALNAT 0.14-0.16 Liafidus
ATNATAL WA 1.42-1.49 NTu/Na 12.86-12.91
adtuns uaz 0.13 wafidust muasu annisAne
‘%’lﬁl,ﬁudﬂmimﬂzﬁ'ﬂﬂmmﬁuﬁ%uwmszLfawq:
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Effects of Organic Matter Levels on Soil Organic Carbon Fractions, Nutrient Uptake,
and Growth and Development of Sweet Corn (Zea mays var. rugosa)
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Abstract: Organic matter (OM) is an organic compound that contains mainly organic carbon which is
composed of labile and recalcitrant organic carbon. Soil organic carbon plays a significant role in sail
properties improvement, increasing soil fertility and productivity. Therefore, the effects of organic matter
levels on soil properties, soil organic carbon fractions, nutrient uptake, and growth of sweet corn in a pot
were studied. Soil sample with low organic matter was collected and adjusted soil organic matter at different
levels with cow manure (2, 3, and 4% OM) at 5 replications in a completely randomized design. Increasing
soil organic matter levels resulted in a decrease in soil bulk density. In contrast, field capacity, soil pH, total
nitrogen, available phosphorus, extractable potassium, calcium, and magnesium, very labile and labile
fraction of organic carbon in the soil, nutrient uptake, and growth of sweet corn were increased as compared
to the control treatment. Therefore, the result indicated that increasing organic matter in soil not only
promoted sweet corn’s growth rate, but also improved soil properties, increasing labile soil organic carbon

fraction and enhancing plant nutrients level.

Keyword: Soil organic carbon fraction, soil organic matter, nutrient uptake, sweet corn
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W) duduguenaasulneldinefitaades
(fﬁ“mmwmmmumu@mu 5cm) uaz uumuquiu
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anAIULRIIIN A5 uazly memvl,ﬂfaumqmuqu

Table 1. Soil chemical properties before planting

70 asraaieg Wemhuinuiiredning uaz
Arsvifiunainens i lulnsiau weanefa
Tnunaideon uaaEay wazusniiauionns luiis
(Onthong and Poonpakee, 2017)
N5 TaNANINEDA

nmeaaudeyan1eans Inasirdeyagd
AIFURLBUNIY duTRTeAU nnsasALTe Las
Fuun199a 14a158 9 328999 T0e W13Aeed
AN T1U991 one-way ANOVA wazilda sy
ANHUANFNIZUINNTALNUS #2835 Duncan's
multiple range test (DMRT) fiszsunnuidesiufifos
AL 95

NANITANE

HANI5ILASITUANTRIRIAUNAULAZNAdLgN
AT WANINY

LanNAReLANT AT L 09Aw WU Al
anwidunsa ﬂ?mm@uﬁﬁmﬂuﬁu@ﬂmwﬁuﬁi"ﬁ
Lmeﬂ?mmmmmmwaﬂ@ﬂummfmm (Table 1)

Lu@aummwmm wudndlefinsy sy
BunTadnglufu denalifiudac unuiuiu
TAINAARS mmqmw%mmmﬁuﬁu (Table 2)
AnAauTunIa -satesdy Pinadulnsiausianun
Weoanesafifudsyloaed nunaion waaide
LazuniFesiaialdifindy agnefhiedrAonig
@05 (Table 3)

Parameters Value
Soil pH (soil: water, 1:5) 4.81
EC (dS m™) (soil: water, 1:5) 0.10
Soil orgnaic matter (%) 1.25
Total N (g kg™ 0.84
Available P (mg kg™) 3.67
Extractable K (mg kg™ 30.58
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Table 2. Effects of soil organic matter levels on soil physical properties

Bulk density’ Field water capacity’
Treatment 3

(gcm™) (Yow/w)
Control 1.43a 26.81b
2 %0OM 1.41a 26.21b
3 %0OM 1.31b 31.38a
4 %0OM 1.28b 31.15a

F-test ** *4

C.V.(%) 1.44 2.58

"Means within the same column followed by different letters showed significantly different treatments by the DMRT test

** = significant at P < 0.01

siAsuaudunsdluaulgndninanau

NANNINARBINLIIN Lﬁ@Lﬁui:ﬁUEuﬁﬂmeq
TuRuda i@ used| mq’LuﬁuLﬁm'ﬁfu (Table 3)
LL@zgﬂm{u'au%um?ﬂiwi@:gﬂLﬁu%uaﬂwﬁm |y
Toenamnz F1 uaz F2 ust F4 Auwnltiuanas (Table 4)
maasaAulnrasdlnanu

NANNINARBINLIIN Lﬁmﬁmzﬁuﬁuﬁﬂf‘fmq
TR URINA AN SR L IAN A UR T ULAZIINTEN
mﬁwmmmmmu (Figure 1) uanannidnatnavau
uu’muﬂm wazimdnufeesly :n uazadu
meu@ﬂ'wuﬁﬂmﬁﬂ; Sedeuiunsniailiba
fuvisedng Tnaewivsviuguvisedng hufesay 3 8
uliugagn (Table 5)

uananinsifiagz AuBunTEIngluAuy
danasianaugarastialnanouliadradnian
AARATTEZINAINIINAASY 8 dUla duduidurinu
Auenanszesdfu uazdiuanly wuds iedis
szAuAwRTAguAudwa R s bR uetng
fuludary Wedautunandsdlifiudundadag
(Figure 2)
AN NTULAz NS AR LT8R B NS
Turnalwananu

NANNINARBINLIFN mﬂﬁmw'fu%um?ﬂf?mq
Tupu M Tanududusasuingau Weanasa uaz
Tnunaidesugdausing - resdntwamanulaiunnsinaiu
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T W ANT L LaTnU91 AN NI UIBILARLTEIN
uazuNN @ s NIuat el T d 1 Atyneatic anidu
AN T RawAaiEe g LA Fu N wensnei Tae
WUANNENTUIRIBART s NLaznTT N g2 19
sINNNNge musall uazansil FNNAAU (Figure 3)
PO v a A o a o

AN WanszaLBwEedRn uAugaa i Banmns
aald 61T N T vt WHTEA1ATYN A A
Trannsgaldlulnsiau neanass Twunadan uay
wunidenlugaulunazansuninngngausn sy

al o £% 1 1 [ .
waadenluly 910 wazanswldunnsnefiy (Figure 4)
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Table 3. Effects of soil organic matter levels on soil chemical properties

pH' EC' oM TotalN"  Available P’ Extractable cation' (mg kg™)
Treatment p p “ p
(soil:water,1:5)  (dSm’) (gkg) (kg™ (mgkg) K Ca Mg
Control 4.86¢ 0.26a 7.15d 0.84c 54.27d 17.95b  89.81d 19.23d
2 %0OM 5.15b 0.12b  12.90c 0.91c 100.15¢ 2441a  229.29c 63.12c
3 %0OM 5.54a 0.13b  17.91b 1.15b 139.40b 22.85a 335.76b  105.28b
4 %0OM 5.63a 0.18b  22.99a 1.43a 214.47a 39.89a 491.85a 191.40a
F_test kk sk *k sk sk sk sk sk
CV.(%) 14.75 8.91 8.86 4.99 10.87 15.69 23.73 11.91

'Means within the same column followed by different letters showed significantly different treatments by the DMRT test

** = significant at P < 0.01

Table 4. Effects of soil organic matter levels on soil organic matter and organic carbon fractions

TOC' Fractions (g kg™)
Treatment p ] ] ] ]

(gkg) F1 F2 F3 F4
Control 10.61d 2.09d 2.06c 0.69b 5.77a
2 %0OM 13.68c 4.52¢ 2.97bc 1.37ab 4.82ab
3 %0OM 16.59b 7.03b 3.36ab 1.32ab 4.88ab
4 %OM 18.45a 9.09a 4.25a 2.04a 3.07b
F-test . . . sk x
C.V.(%) 8.08 10.74 6.65 10.59 8.95

'Means within the same column followed by different letters showed significantly different treatments by the DMRT test
** = significant at P < 0.01

F1 = very labile; F2 = lablie; F3 = less labile; F4 = recalcitrant

Figure 1. Effects of soil organic matter levels on growth of stem (a) and root (b) of sweet corn (8 week old)
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Table 5. Effects of soil organic matter levels on sweet corn biomass (g/pot)

Leaf (g/pot) Root (g/pot) Stem (g/pot) Total (g/pot)

Treatment ] ] p p ] ; ; ;

Fresh Dry Fresh Dry Fresh Dry Fresh Dry
Control 2358b  3.07b 10.42b 0.76b 19.07b 1.14b 53.07b 4.97b
2% OM 90.28a  15.85a 64.70a 7.84a 152.69a 17.27a 307.67a  40.96a
3% OM 106.53a 18.37a 58.91a 5.90a 171.27a  18.76a 336.70a  43.00a
4% OM 104.79a 18.12a 57.94a 5.92a 166.47a  16.68a 329.21a  40.73a
F_test kok kk skk kk kk kk kk kk
C.V.(%) 10.32 10.83 1110  13.48 11.89 12.85 10.95 11.54

"Means within the same column followed by different letters showed significantly different treatments by the DMRT test

** = significant at P < 0.01

b) % 1
= 20 4 aa aa é
€ 2 a
E a4
- 15 4 =]
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E 10 4 —
0 —
5 =
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3
0
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©
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Figure 2. Effects of organic matter levels on plant height (a) stem diameter (b) and leaf number (c) of sweet
corn at 4-, 6- and 8- week old

Different letters showed significantly different treatments by the DMRT test
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Figure 3. Effects of soil organic matter levels on nitrogen (a), phosphorus (b) potassium (c), calcium (d) and
magnesium (e) concentration in sweet corn

Different letters showed significantly different treatments by the DMRT test, "™ Not significant
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Figure 4. Effects of soil organic matter levels on nitrogen (a), phosphorus (b) potassium (c), calcium (d) and
magnesium (e) uptake of sweet corn

Different letters showed significantly different treatments by the DMRT test
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Abstract: Kratom is a medicinal plant that has been cultivated in Thailand for a long time. Cultivation under
crop production standard can enhance crop quantity and quality. It is essential to pay attention from
the land preparation to appropriate post-harvest management process. The purpose of this research was
to study the effects of leaf positions on the quantity and quality of kratom leaf yield under organic agricultural
standards (OAS) and good agricultural practices (GAP). The 2™ 3" 4" and 5" leaf positions were collected
from both crop standards. The results demonstrated that the leaves from OAS gave average dry weight,
leaf area, and leaf green value (a*) higher than those of the GAP. For the leaf positions, the 2”d, Srd, and 4"
positions of leaf had no difference fresh weight, dry weight, and leaf area. The comparison of 8 and 10-
month-old kratom yields after transplanting under OAS and GAP standards was done. The results revealed
that 8-month-old kratom of OAS gave higher average number of leaves, fresh weight, and dry weight than
those of GAP. Regarding mitragynine content, the result showed no statistical difference between the two

crop standards.

Keywords: Kratom, leaf positions, mitragynine, organic agriculture, good agricultural practices

355
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5A19NAT 40(2): 355 - 365 (2567)

undnga: nezvemdufrayulnafidnislgnanetrsenauuludlssmalng mamnzdgnitsnnglfunnsgiu
mqma‘mﬁmﬂummﬁﬁmﬂm'qmﬁiﬂﬂ?‘mmmmmmwmmms@m Fesniludeslinanudrdnysaus
nswesaLaslgn AABAAUNNTAANSUAINTA LA RIMIN ZaN mu’i@”ﬂﬁ%qﬁf’fmnﬂixmrﬁﬁlfaﬁﬂmmmm
pwnieg luselTunuay ﬂmm‘wmmmcmmlumm@umﬂ‘lmma‘m%ﬂ@ﬂwmmmmmmumwm@umﬂ
LL&,N’]lﬂﬁ‘ﬁ’]%ﬂ’]ﬁ‘ﬂ{]ﬁﬂ%%ﬂﬂﬂﬂb‘mi%ﬂ (GAP) Tmmmum@mmim 2,3,4 U85 mmmmﬂmm 20MI3 U
mﬂmmﬂ‘m WL9N ’menu;ﬂmﬂ@mJﬂmﬁmmwm@umﬂwwunLmaLmﬂ Nufluieas LL@”mmﬂJmsLu
lde (a%) g9N9d1NIMIgIU GAP g mFusiunidagly wuda ﬂ‘lw 2 fhfsunaninminanuazinminuiseas
LL@‘kuﬂuLfmﬂuLmnmqmmmmnumlﬂm 3uay 4 mmmmﬂ?ﬂuwmumm@mimwmmﬂlmmmﬁm
\NERIBUYTE UAZNIRIFIU GAP LN@W‘HH?JVI@N@’]EI 8 uaz 10 WABU mqmﬁﬂ@ﬂ WL9N Wmmm@mﬂ@ﬂmm
NIMTFIUNEATEUNTHRNY 8 LRaY IWanuauluieds muuﬂmLL@vmuumLmLfa@ﬂmmqmmﬂmﬂ@nmm
NIMITIU GAP mmuﬂ?mmmﬂmmwi&uuummmmmmmﬁnuvl,ummmLLMﬂm\mummnm

AAEIATY: WInIzyian mmmm“lu lunslafiy inemsdungel m?ﬂgummamimwmﬁﬁ

AU nsdfuanieniainsasluszAuainasialyl (Zhang

et al, 2021) nnawnzignivansevianlulszinalne

nevviesdufigayuinsnfonideifasman  linudrfded uuaenizaesuinsgiunisinag

e sumantiasthnn sy leminemaunneg  dgndusuienszvien Tnaannzdeyanisdainis

(Kruegel and Grundmann, 2018) s ndansean  MiAssdesiuyiuiunananluszaziazaiumis
Sd o o \ oA = = < v 1 =
gnendrdnlunguueaniassd Ae lunsilalin wesluiawnsoifiviieslsd neuwiilieednaeu
(Farkas et al., 2022) HasnAMYAIAY HgnEn1e  nemeasudinsizdanstszneuilues uazltlsiu
wndaingnnainnIngaeanainislan nasdniay arnlunzi@ewma wudn Aunsaluaindiuuu
weude sy (Wungsintaweekul, 2019) Tneane ganusnanmldsiunazansdsznauuealaunn
fansdrdryaiianils fa 7- laasendlananlaily  fiqailledfieududumieBu q (Yuet al., 2023)
umslunguueannaasing luiliunoules & uqm AadunisAns A ndudounilalunisadicesd
nsufdanguusendnlunalatuuaznesiu Wna  awfiiesdunisudnianszvien Tnaddngszase
lunisusamiannisiandinisldnesilu daduans  ieAnenasesd g lunazengaasivansyyian
nnaliiinenisianiin (Assanangkomnchai et al.,  siatEuiauazAuNINTBINaNAANElENSWIzLgn
2020) atelefinan luednianssviengndnegy  AINNIATIMINEATEUNTH LAY GAP an R
Tudydananinaesdszinalne agldliuvas naidTauauBununanansansasNnszyian
A ' a a L A :I/ dl <« !
wnzdgniansevienluidanaaiasd wraulegy ansieaesitlaslgnuinsgiu iveidudsyloniun
' v o =g = o > a A \ oA
atnagnaes v lildddayaifeadunianizdgn  inemnsuazdilssnaunisnanianssvianndnnnw
waznansgIunIsHanlulszinalng nnsenszdy el

wrnszvienliannsninunldlss Teminennsunne’
waziAINa N TuluEann ol saND
nsdeaananstlsyneldiiy FRINN1TAILANNTHAR
mm“lmﬁuiﬂmummmuma‘t,wmﬂ@m‘vmuﬂiwmﬂ
LL@wLﬂuwumusLumﬂwmﬂ@nmmuuqmqmmﬁm

356



HAUBIFIUNUIA LLULAZNIATFIUMSINELgNsa
USNUUAZAMINIBIRARAANTNSEYIAN

L4 aa
AUnsaluarianng

1. MsANMELIMIA lLUAzsNATTIUMSINZLgN
ABLFNUUAZAUMNURINANA R LUNTNSEViaN
AunInanedlaaguiiuAaatngly
nezvianent 8 thaundsdnetlgn aanuilasilgn
ﬁﬂﬁﬂﬁmmmmgm GAP (l@nnsfusequnnsgin
GAP u89) warinwnsaunssd (agluszudnvae
apnzide ) ImmﬁummamdimmﬁqLﬁmﬁ”u
’Luﬁmmmvjﬁ 2,3, 4 4az 5 (Huanneg luuugaiiug
7 1) AenALNA LAl uAN LTS mn&uﬁuﬁﬂ
mumnwmmwmifmmmaﬂu Tneinnsdasinmiin
an vminusi wasituily dusumdaesly (A1 L*
a* b* uax h°) asagevlaeldirsedsnd (colorimeter:
%2 KONICA Minolla 14 CR 400) aniuhet
lunnnesudadiseitinanlunailafiu daeds
High performance liquid chromatography (HPLC)
NNUNUNIINARBILULAUAANADR (split-plot
design) Tngl main-plot & 2 33AU ARNIMIFIUNLAT
Aundel LAZNIMTTIU GAP luda1a89 sub-plot
f 4 9550 Ao Alusiumied 2,3, 4 uaz 5 Fariu
N1INAA8IUITNBLAYY 8 NTTNAT NTINITAL 5
$1 Fasreiinanu s uitss fuAau1E esly
99 uaz 95% laaldlilsungs Rversion 2.14.0 uas
uBenfieudnieanlngda Duncan's multiple range
test (DMRT)
2. MsdFauiguNANANTINTRINTNTEViaN
anuiasgnagldunasgruinensaunstduas
mmﬁ'\umsﬂgummqm'a‘mﬂmswm (GAP)
FfiunnsmaneslaelAUnARARTIUTes
Nansevian (‘llmﬂmum\mmml,mm@“lw 3 1lusulil)
21¢ 8 uar 10 1heu guifiunanananulastlgniv
nsvvian 2 JUUUL AR NEATBUNTHLATNIATFIU
GAP Tiunnuaziiudayataetiuanuauly vwinan
AT TN LT 109 H AN AR TN TAMLA AN
feteludinmsiitBunaslanaladiu fqeds HPLC
WA LANA19TesARAs AR test
fszsunnui@esiu 09 uay 95% s=ving 2 NIATFIU

357

nszlgn wAaTNIAIFIUN 591 91 Az 1 AU
Tae/ldl1lsunsu R version 2.14.0

NANISANHILAZIANTD]

1. uaradiumialuiaznnsgIungiwizilan
ARLENIUULAZ AN NI BINANAR LUNTNSEVIAN

AINNITANE msm%ﬂ@nﬁmmm@mw
NIMTFIUNHATBUNTHUATNINTTIU GAP i
LHILAY wuﬂma@ﬂLLmnmwmmnmmw
uﬂmmym (P<0.01) memsmmmumqlu

R N A & 4
wudn glud 2 Whiwdnas dminuds wazivunly
LaAE 6.09 NFH 1.87 NFU WAL 210.60 AT NLTURLHNAT
pINaIAL ldunnsnameatadenTauiauiueg Ly
7 3 uay 4 usgandnetnaladAtydanieais
(P <0.01) Weaulauiauiuglun 5 atslsfiniu
WeRansundjduiugrendnennnsgaunisinzign
wazAnwueg lu wudn ldfdfdniusszudnaiu
(Table 1 waZ Table 2) HIA19AINNITIVILINUUD
Yanpisitkun et al. (2019) ANBIANIILTINNILAY
mLmumlwmemmummuﬂ@ﬁmmmmq
dugruuazassinenzesluniunistasi wudn
pawnueglui 5 2aeniunlstdadinnaaeaulu
anINNa1euay Aunluedsgagn 112.34 A1379
Lsnumum meﬂunum‘luauj wamuu@nm
viail m@LummmﬂmumLLavmmmmemmqnu
nsaguulameaisananesludaunnieiy

& v a A A
yananni N1 lafudTuiuaeRieananay
WNNZANeNagINafan17 AL ULl aIN19463II NeN

v, oA e o N
wedluldiduhaniu Asdenaliilusiumisi 2 deag)
UUgALAZ FILAININNgARNANITNN1TAILATI TN

4 4 d 4 da X ¥
wazinunlugegn iaiuinluisaulsunaumin
anuaziInUiIRINgauMILLRERTY

=2 1 al 1 1
ANNNNTANEANA LU L* (AMAITNAINY), a*
A A dl 1 a A
(ARTe9-und Te7 -a LaRIAN RLTe0 LAY +a LaRd
" o Ca¥ A o 4 o
ANAWAY), b* (ANAUNRU-1UAR4 1aefl -b wanaAnZ@un
R way +b uaneA1ALMAeY) uay h° (AyNaa9E)
1aeianszien wudn lunsevenidgnanuninsgiu



M5A19NAT 40(2): 355 - 365 (2567)

Table 1. Effects of leaf positions and crop production standards on leaf fresh and dry weight of kratom after

transplanting for 8 months

Leaf fresh weight (g) Leaf dry weight (g)
Leaf positions  Crop production standards Average Crop production standards Average
(sub-plot) (main plot) (Leaf positions) (main plot) (Leaf positions)
GAP Organic GAP Organic
2 508+1.14 7.10+£1.60 6.09 £ 1.68A 1.55+£0.29 220+0.46 1.87 £0.50A
3 448+045 573+1.46 511+121AB 144+011 1.73+040 1.59+0.32AB
4 452+0.68 552+0.39 5.02+0.74AB 1.50+£0.20 1.78+0.11 1.64+0.21A
5 3.66+0.85 3.97+0.72 3.81+0.76B 1.23+026 1.21+0.28 1.22+0.25B
Average
(Standards) 444 +0.91 558+ 1.56 1.43+0.24B 1.73+048A
Standards (ST) ns o
Leaf positions (LP) o o
STxLP ns ns
C.V. (%) Standards 26.28 12.85
C.V. (%) Leaf positions 19.65 19.86

Mean value + Standard deviation (n = 5), ns = not significant; ** = significant at P < 0.01

Means within the same row or column followed by different letters are significantly different using DMRT

Table 2. Effects of leaf positions and crop production standards on leaf area of kratom after transplanting
for 8 months

Leaf area (cm?)

Leaf positions ) i Average
Crop production standards (main plot)
(sub-plot) : (Leaf positions)
GAP Organic
2 170.65 + 29.96 250.60 +41.49 210.60 * 54.22A
3 151.69 + 14.05 204.82 +48.42 178.30 + 43.75AB
4 162.30 + 20.11 209.66 + 27.80 186.00 + 33.86AB
5 126.54 + 24.20 144.69 + 54.62 135.60 + 40.96B
Average
152.80 + 26.99B 202.40 + 56.13A
(Production Standards)
Standards *
Leaf positions >
Standards * Leaf position ns
C.V. (%) Standards 13.84
C.V. (%) Leaf positions 21.98

Mean value + Standard deviation (n = 5), ns = not significant; ** = significant at P < 0.01

Means within the same row or column followed by different letters are significantly different using DMRT.

358



HAUBIFIUNUIA LLULAZNIATFIUMSINELgNsa
USNUUAZAMINIBIRARAANTNSEYIAN

GAP fifn L* 9844 luiads 35.99 laluansineiy
mmmumwﬁuﬁﬁ(% 71) ilafansin AU
AU WU ﬂi‘mn 2 §ifn L 1a@e 36.25 49N91aENaN
Jud Aty (P<0.01) meiﬂmmunumluw 4
(34.33) usliifAauunnsinaneadfdle fiaufy
ﬁi’umuq@iuﬁ 3uaz 5 (L* 1ady 35.47 uaz 35.34
AINANAY) atelsfinin Ujduiugeendnennsgiu
nsmnzdgnuazAuiteglu wudn ﬁT'}Lmﬂqv-ﬂm?i 2
AINNIATFIU GAP 1A L* 199y 37.15 laifipanu
LmnﬁmmmﬁﬁLa'j"mﬁﬂuﬁuﬁ%mm@ﬂuﬁ 3uar5
(L* 36.39) AMNuATFNU GAP WAGINIAT L* 28990
AluainuInsgIuNEREursat1e i g Aynig
#0R (P<0. 05)

\WafiaTunAn a* wuda "lum?”wamﬂ@ﬂ
FAINNIATFIUNEATEUNTE AN a* mm@lmam -
11.62 §4N910IMTFIU GAP (-14.31) aenelign Ay
(P <0.05) Lﬁ@ﬁmimw‘mmmdiu NUG1 AN a*
defiuun i Lﬁmg\ﬁ%ummﬁmmiq@iu Tnedlui
4 FAATuaiady -12.34 gendnethaltadAoyde
(P<0.01) flanFennfensugluf 2 (-13.72) usllaid]
mmumm&hqmmﬁ&ﬁ'@u_l?ﬂmﬁﬂuﬁuﬁﬂLLmiwflu
7 3 U8y 5 (a* LaAe -13.01 WAY -12.8 AMNAIAL)
Lij"aﬁmimqﬂf]zﬁ”uﬁuﬁiwdwu’]mg’mﬂ’qu:ﬂ@p
wazanumdglu wudn TRUduiusszudneiu
anerAsdavesluiulddn sumiduf sty
asnalianuidanaesluanas

@9UAN b* Wuin ‘Lunizviﬂu‘ﬁ'ﬂqﬂmm
NIMTFIU GAP HA1 b* mm@'im@?{ﬂ 19.34
ldumnsnefuAn b Mﬂum:vi@uﬁ'ﬂqﬂmw
NIRTFIUNLATBUNTE (16.31) efiansnnsumis
Alu wudn glufi 2 S b adle 19.82 gendnatined
ﬂﬂﬁﬂﬁmﬁlq (P <0.01) Lﬁ’ﬂLﬂ?‘ﬂULﬁﬂuﬁ/ﬂﬂ'IU‘ﬁl
4 unz 5 (16.28 uaz 17.18 muansL) wsllufinanu-
mem\a‘vmmammewunummmumium 3
(18.00) Lmemﬂmuﬂ{]muwuﬁizmNmmgm
nisnzgnuazaiwuiieg L

zi’wa*uﬂ'wmmﬁ (h°) WU91 N9
wzilgnuansgau GAP I he m@mj’LULaﬁﬁ 126.6

359

89A laiuansnaiuan h°°n@\11uﬂizvifamﬁﬂqﬂmw
mmﬁmmwm%uﬁﬂ’mz&e ANAN) flafiansaun
AR b wuan @J"luﬁ 4 §l6in he iy 127.3 2amn
Qand%ﬂuﬁ 2 (124.8 29A) @ﬂwﬁﬁmﬁﬁﬁméq (P<
0.01) LLﬁiVLJJLLﬁlﬂEI"]\mV‘LI@:I‘Uﬁ 3 1Az 5 as9lsAnna
Lﬁfaﬁmamqﬂﬁzﬁ“uﬁuﬁimdwmmﬁmma‘m’]zﬂ@.ﬂ
wazsnwudeglu wudn TdRUjduiudszndneiu
mm‘wLLﬂmﬂ@uﬂﬁuﬁTﬁLmﬂﬂuﬁzﬁqmﬁ@mﬁ‘u@ﬂu
(Table 3) Geduidedlud 2 eflanylusingaiien
ANATN (LY) uazAn@imiaed (b* Hauduuan) g9
fign uazArAaruidan (a* fanduaurngn)
A8AAKRITLNN991891UTY Yin ef al. (2022) 7
aerudnlufifidndidaanngeaziliiuimans
paalsflad auay bqenas sanldiealdmnsinns
GEREATITN LL@VﬁmmmaLﬂmﬂmmmﬂ’m‘l‘umﬁ’ffm
dufi wazuenannil diulden u1magulunig
LWWVﬂ@ﬂwmmmauiumm@m@mmmmw AN
Ru-11A99 wazAyNa

AINN1IANET WU TUﬂ?ZVi@Nﬁﬂ@]ﬂMWN
NIATgINEATBUNTY WUTuuanslunenlatiu
WAt 1.65% %ﬁsimwiwﬁummﬁm GAP (1.41%)
Lfi@ﬁmmmmmumﬂﬁhwmﬁ‘hLmu'a@"l,u WL
Tunagvienmssdusiedlufl 2 SuFunnanslune
Tafiu 1.72% Tinansnefuswmiegluf 4, 3 uay
5 defBunnuanslunalaiiu 153, 1.51 uaz 1.37%
AINANAL Lﬁ@ﬁmimﬂﬂﬁﬁuﬁuﬁ‘iwdwmmg’m
naswmnzgnuazsiuwnieglu wudn HUfdniug
FENINNiU Tmﬂ'lumzvi@mqﬂﬁmmiq@:‘lu‘ﬁ' 3
annnisnnzdgnanelininsgIunERsBunse
I anaanslanslatlugeiign 1.86% uwansinema
@ﬁﬁ@ﬂwﬁﬁmﬁ’ﬁﬁméq (P<0.01) WewSeuiey
fugluf 5 AINNNTUYNANNNIATIUNHATEUYTE
(1.14%) LL@:@'IU‘?}I 3arnnasiwazdgnana s
NIMTFIU GAP (1.15%) (Table 4) Fesanndad
AUN1TI189TULAY Wu et al. (2022) ANHINATD
sunidsluazareiugaasaliuesiseifuums
A=@NANT total phenolic content (TPC) WL AWML
Tunuldifunniens TPC 7 121.85 Sadnfusanin



M5A19NAT 40(2): 355 - 365 (2567)

Table 3. Effects of leaf positions and crop production standards on leaf color of kratom after transplanting

for 8 months

Leaf color + SD

Crop production standards (main plot)

Leaf positions

L* Average a*
(sub plot) g Average
. (Leaf .
GAP Organic » GAP Organic (Leaf positions)
positions)
2 37.15+ 1.58a 35.37+3.66bc  36.26+2.82A -15.56+1.16 -11.89+2.59 -13.72+2.70B
3 36.39+1.70ab  34.55+2.19c 35.47+2.09AB -14.3+£1.31 -11.7181.74 -13.01+£1.99AB
4 34.02+1.42¢c 34.64+2.60c 34.33+2.00B -13.15+0.87 -11.53+1.60 -12.34+1.49A
5 36.39+1.70ab  34.29+3.02c 35.34+2.71AB -14.25+1.11 -11.35+£1.99 -12.8+2.15AB
Average
35.99+1.90 34.71+£2.71 -14.31+1.35B -11.62+1.86A
(Production Standards)
Standards (ST) ns *
Leaf positions (LP) * *
ST x LP * ns
C.V. (%) Standards 12.31 15.72
C.V. (%) Leaf positions 3.1 6.23

Leaf color + SD

Crop production standards (main plot)

Leaf positions

b* Average h°
(sub plot) g Average
) (Leaf ) -
GAP Organic - GAP Organic (Leaf positions)
positions)
2 22.07+2.93 17.57+4.74 19.82+4.41A 125.25+2.45 124.37+1.86 124.8+2.10B
3 19.92+3.19 16.10+£2.89 18.00+3.50AB 125.89+2.01 126.19+1.56 126+1.56AB
4 16.7+1.84 15.87+3.08 16.28+2.43B 128.34+1.95 126.26+1.85 127.3+2.10A
5 18.68+3.01 15.69+3.87 17.18+3.63B 126.94+2.19 125.43+£1.01 126.2+1.79AB
Average
19.34+3.25 16.31+3.49 126.6+2.32 125.6+1.60
(Production Standards)
Standards (ST) ns ns
Leaf positions (LP) ** **
STx LP ns ns
C.V. (%) Standards 26.81 2.24
C.V. (%) Leaf positions 9.81 0.92

Mean value + Standard deviation (n=5)
ns = not significant; * = significant at P < 0.05; ** = significant at P < 0.01
Means within the same row or column followed by different capital letters are significantly different using DMRT.

Means within the same row and column under each category followed by different lowercase letters are significantly different using DMRT.
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Figure 1. Characteristics of kratom leaves from different crop production standards (ST) and leaf positions (LP)

after transplanting for 8 months. OAS; organic agricultural standards, GAP; good agricultural practices

Table 4. Effects of leaf positions and crop production standards on mitragynine of kratom after transplanting

for 8 months

Mitragynine (%) + SD

Leaf positions ) ) Average
Crop production standards (main plot) -
(sub-plot) (Leaf positions)
GAP Organic
2 1.62 +0.77ab 1.81 +£0.72ab 1.72+0.71
3 1.15+0.33b 1.86 + 0.59a 1.51+0.59
4 1.27 £ 0.49ab 1.80 £0.77ab 1.53+0.68
5 1.61 +0.42ab 1.14 £ 0.41b 1.37£0.46
Average
(Production Standards) 1.41+£0.53 1.65+0.66
Standards (ST) ns
Leaf positions (LP) ns
STxLP *
C.V. (%) Standards 73.08
C.V. (%) Leaf positions 30.45

Mean value + Standard deviation (n=5)
ns = not significant; * = significant at P < 0.05

Means within the same column and row followed by different letters are significantly different using DMRT.
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