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Streptomyces cavourensis BUU135

Enzyme Production and Antifungal Activity of

Antagonistic Bacterium Streptomyces cavourensis BUU135

afnnn yulieu'” e wawdan' Tadu Aleas’ uaz NgR AITRIUITANS
Apinya Bunkhean'?, Witawat Jangiam', Yothin Teethaisong” and Marut Tangwattanachuleeporn®

"@1913AINTINTANIN ADUETAINITHANARS WNINENAEIYIN 4. TALT 20131
1B/oengineering Program, Faculty of Engineering, Burapha University, Chon Buri 20131, Thailand
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*Medical Sciences Program, Faculty of Allied Health Sciences, Burapha University, Chon Buri 20131, Thailand
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Abstract: Streptomyces spp. can produce an excellent source of secondary metabolites including antibiotics.
This study aimed to evaluate Streptomyces cavourensis BUU135’s extracellular enzyme production and its
anti-fungal activities using a dual culture assay. The S. cavourensis BUU135 was found capable of
phosphate solubilizing and producing cellulase, amylase, urease, chitinase, protease, catalase and
siderophore. Furthermore, S. cavourensis showed anti fungal activity against Phytophthora palmivora,
Fusarium decemcellulare and Lasiodiplodia theobromae (percent of inhibitions of 44.3, 41.5 and 61.1,
respectively). These results indicate that S. cavourensis is a great producer of secondary metabolites that
act on other microorganisms especially fungi, exercising its role as biological control. S. cavourensis can

effectively control various soilborne fungal diseases of plants.

Keywords: Streptomyces cavourensis, extracellular metabolites, anti-phytopathogenic fungal activity
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UNAREa: Streptomyces spp. mmmmﬁmma‘mme"l,@m’wﬁﬂnﬁm zanslfiaurnataain ullg
']mﬂﬂi‘”ﬂdﬂ‘ﬂmmiﬂﬂﬁﬂum\m LW@%ﬂﬂﬂUﬂ']ﬁNmN’]m‘ﬂm Streptomyces cavourensis BUU135 lunns-
WAR extracellular enzyme LL@vﬂivLuuﬂ's’mmN%‘ﬂumi‘f;li_l‘f;ldLﬂ@'g"] AMNEANTTANEINUIN S. cavourensis
mmmmmaﬂamﬂm wazudsaulaiiaagies azluna giea ladwa lUsiiea uaniaa uazlanaslsnas
1 u@ﬂq’mu S. cavourensis mmmmﬂumma‘mm"ﬂmLm@?’maia‘mwm T Phytophthora palmivora,
Fusarium decemcellulare Wa¢ Lasiodiplodia theobromae (ﬂ’]iﬂ‘]_lm 443,415 uaz 61.1 e sidus
PNNENALY) ANHANNTANE AN TLNT AN S. cavourensis Lﬂuqﬂ”mﬁmm?mLmu'avl,@m’vlﬁﬂqﬁﬁmﬂqm%rm'@
qaurdrinay lheansdendiduetned e linlunsldileruaunlsafirluauldaanmans

¥ ¥
o |

AMRATY: Streptomyces cavourensis asunLelasnARgueniad qMsdutvTanelsA

A1 Fuanldannanaesdueyis (Cinnamomum cassia
Presl) ‘luﬂi”mmqmmu favminaadasiunisuan
WUATIFUNGN Streptomyces spp. HAIIN- mswuqmﬂummimmmmu,umnLaﬂu,@ Faald
Ay luniniduguanaisdjious donlug)d 2% bafilomycin D, nonactic acid, prelactone B Lag
AMANTRAAILANNITIATEY mﬂwﬁum?ﬂ‘mﬁmﬁlu 5,11-epoxy-10-cadinanol & m3usneanunsAnslu
atnglsfienu Streptomyces UAAzAIERUEA NN lszmAlng Tangwattanachuleepom et al. (2021) 16
dupmeanszney arsmunuelad waseuln®  Ansnendainan 1e9 S. cavourensis BUU13S
AlageaFrantaallavainuane (Hwang et al., wenlgannauluiui aaunalianseu FudnAUNL3
2014; Quinn et al., 2020) nalnnisvneuaesans-  Uszndlng wudn Aduiifeatessenisuanans-
@ﬂﬂqwéﬂﬂuﬁﬂ?zﬁw%mwﬁﬁmﬁ“uﬂ@ﬂiﬂ (Lacey  UfTaue ¥l nebramycin 5' sy
and Rutledge, 2022; Le et al., 2021) SarueniAded] mmmﬂmmwmmmiu
Streptomyces spp. Hilsz@ninmlunsld  nasafrveuladfesngduanisad (extracellular
AauANTsANT gunsodudaniseentendulonssy  enzyme) uarAa N A N1InluNTE NI B9
mﬂfaﬂ%@mﬁaimﬁm (Pacios-Michelena et al., 2021) (antifungal activity) To Phytophthora palmivora,
wmm‘fuﬁlﬂ%ﬂﬁﬂﬂwmm?q nuNU An7aina Fusarium decemcellular Wa < Lasiodiplodia theobromae
ales anunsndamseaitud uazudaldumasnnguen 984139 S. cavourensis BUU135 Aiuanldannainlu
wawdnanidearvnlsafialda (Ghanemetal,  Muilaaunalfianiou Smindunyd dszmalne
2022) T Streptomyces Wt earawufiaaail  nisAnenluafsidanunsnaduayunisdaiden
UszAvinmdudademielsafigldunnndt 3alln  areugsesgauwnidduing Aflanadalunis-
(Kaur et al., 2019) wazdiuwnaananansymne i 4519419 extracellular enzyme LATAINITNAILAN
(secondary metabolites) ﬁz@wﬁm a7 eyl Fidana mivﬁtymmL%mﬂﬁ@ﬁ'wﬁmww awmuly

Tineawmeglugliazanainld sieafraeulad  wanduailasiuiendalsafianienisineasld
vingLad Aaanaulilsfiiaa usu (Gonzalez et al., Tuaunam

2022) e lanny Streptomyces cavourensis 185y

nsAnsatAuiandlalng (genome sequence) R

Nguyen et al. (2018) L8191 S. cavourensis YBQ59
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Streptomyces cavourensis BUU135

L4 aa
adnsaluazinnis

msmsﬂuL%qauvnsﬂﬂgﬁnmmwﬁmﬁna‘isﬂ
Talatlu3gviueai@e S. cavourensis
BUU135 (Tangwattanachuleeporn et al., 2021) o1
N132ATIEHANNATAMITAIAAT NUNTNENAE
o PP v
Yann asuenliainan luiuingaounaldiunfau
Fandnaunys waziinlunsesuuueng International
Streptomyces Project medium no. 2 (ISP2) ﬁ'ﬂqmuﬂmﬁ
28 aaAmai A Wusveznan 7 44 newdn ldnm
AuantiAlunnsairvenlad uazarnainisnly
n1sdudenisaiyaaslsaigsialy (Singh et al,
2006)
O - T
wasaaunulunisanmnaded laun P,

palmivora, F. decemcellulare W8 L. theobromae

delffumanayiassdainAsanITANan S

nuanenaaysnn lnsuenldainlsasnuinlauii
1999384 B NBUNSY AanTRTTea AntuReN
L%‘y@ 71U%UB1UNT potato dextrose agar (PDA) RN
sraiziaan 7 U neutn lvinnisAnen

AnEAnugnnsalumsazananaging
ﬁﬁ%uiu"uml}%’a S. cavourensis BUU135 '17‘1'
1ANZA9El cork borer LAWNUALENATT 0.6 LHUWFLNAT
2989 UBINNT Pikovsakaya’'s agar (PVA) @ﬁﬂ&u
iiliinfigningi 28 asraaifus Uniduszaziaa
7-14 94 w1n S. cavourensis ATN1TNALALANT-
afluvsenaamld azwy clear zone saulaladlf
L‘-%fam?rm; PIENUNANIINARDLILTIU positive WaZWIN
laiwu clear zone PaanuNaLy negative AHUNNg
NAFALATIL 3 57 (Pragya et al., 2012)

Ansanuansalumsasiseulaldiragiad
i uduiidnnaaieyaes S. cavourensis
BUU135 Gaianzéae cork borer WunuAugnang
0.6 WIURLNAT 319A9LUBINT carboxy methyl
cellulose agar (CMC) @ﬁﬂ&uﬁﬂﬂﬁmﬁﬂquﬁ 28

pIANTALT A Ui ussezinan 7-14 1 n198una ld
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Congo red visualization method TReRTUNANS-
arane Congo red Liudu 1 Haansiu Hotnd
Us1AanniTe 1 TadART AN TUNEARITAZANE
Congo red asuuRantina msiiiaan fignund
28 agAIALTed WK 15 WIT 819Aa8dnTazANY
NaCl a1 M w1 15w U?Lqm‘ﬁ'vmgim
gndesasne azliFfAR Congo red uazilsnng
clear zone 9184 UHAN TN AAA U 1T U positive
wazunludny clear zone s189 1uNaLly negative
FTUNINARALAUIY 3 91 (Pragya et al., 2012)

AnmAanugnsalumsassaulaiazluas

o

UNTUFUNANI71aT Y289 S. cavourensis
=

BUU135 @9ia1zmael cork borer LUHIUAWENA
0.6 LEUFLNAT 119A9LUANUNT starch agar 'ﬂ’migfu
illniigumngd 28 asAsaiden Wuszazioan
7-14 du nnsafraauladazluaadaunmlaann
clear zone sauTaladiflananansazanalelefu
T1E9NUNANIINAdaULdW positive kazyanldwy
clear zone :auHALTlW negative ANTiLNINAGAL

a7uqu 3 41 (Kafilzadeh and Dehdari, 2015)

AnmAnusansalumsasaulalssias
UNTuduninisiaseyae S. cavourensis
BUU135 @41a1@ael cork borer LlAWNUAUENAT
0.6 IURLNAT 119AILUBIUNT urea base agar NAN
v % & @ & Z’/ o 1 dl =
urea Wudu 40 wefiFus aandunlidunguugi
28 asAIadaa Wusrazan 7-14 Ju AuaINnIn
d’l ¥ e o v
weeimalunisafraeulidyiea daunnldann
A o = =
nsnlasudaasermsain@du il wiauy sreeu
nantsnadauiu positive LazUINAU0901UNT
= a )
Tin1sasuudas snaarunatilu negative
ANHUNIINAGALAIUIY 3 E1 (Morou-Bermudez
and Burne, 2000)

AnmanuaNisalunsassaulallafius

o

UNTuiuninisasyaes S. cavourensis

=

BUU135 @411 /28l cork borer LAUE11AUETNAN
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0.6 LWUALNAT 31989LUANIT GYM Streptomyces
medium LAY colloidal chitin 1 1 e F1Eu uay
bromocresol purple 0.015 tafidus ArmaNLy
NTA-ANNUBIBNNTWNAL 4.7 mﬂﬁuﬁm‘ﬁlfqmuqﬁ
28 eAmaldag Tl Aannugs Wuszazinan
7-14 fu mnidesnansnsenlaiuldazilmngading
saulalall P19 UKANITNAGALLTY positive LAY
mnFaesamnslifinsulasuutas Mesusadly
negative ALHUNNIMAGALIANUIU 3 A (Agrawal and
Kotasthane, 2012)

Anmanuaansalunsasaauladllsfies

i uduiiiinsaieyees S. cavourensis
BUU135 @a1a1z&ael cork borer dutinuguenans
0.6 EURALNAT MNAILURINNT skim milk agar mn&u
ﬁm‘ﬁ'qmuqﬁ 28 asAaaTaa lufllmAanuas
fusazioan 7 - 14 51 vinideanunsndestisiiy
Iazilsng clear zone saulalall sna9uNaANNs-
naaauLdu positive LA 110l Wy clear zone
912191UHALTIW negative ANLTIUNNINARBLANUIU 3
%’1 (Alnahdi, 2012)

Anmanuannsalunisasraauldiuanias

%mlﬁ%@ S. cavourensis BUU135 UUa1119
ISP2 fiaeinATiA cross streak mnﬁuﬂu‘ﬁ'qmuqﬁ
28 naAmaldad uszeziaan 48 §2lu4 vean
a7azane H,0, Wudu 3 wefifud uanidaidl
ANATNTa I uNTHA e Ul LARNIAE WUIN
fasufaiaduiui sraaunanimaganiily
positive wazvniAnstsngreInesuia seeu
uatili negative ANHUNIINAGRLAIUIU 3 i
(Manullang and Chuang, 2020)

fAnmanuansalunsaseaslanaslsnas
ﬁﬁ%uiuﬁﬁﬂ’lim?mmm S. cavourensis
BUU135 daianzéat cork borer iuruAuenan
0.6 LHUFLNAT 219A9LUA1UNT Chrome Azurol S
(CAS) agarmnﬁuﬁﬂﬂﬁuﬁlfqmuqﬁ 28 AYAN-
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wadad lundsAannuas iussesingn 7 - 14 94
&~ [ s a

PnIeinIsas19anslanasisnes aziiia clear zone
al a a

AduuTinseuinlail ;e unanimagaauiu
positive LaTN LWL clear zone A4 F189TUNA
1114 negative ALTIKNNIMAGALANUIY 3 D1 (Sultana
et al., 2021)

ﬁmsnmmmmsﬂumeé’ugqnqeLq§mm@qL%'aﬂ
P. palmivora, F. decemcellulare Wag L. theobromae

ﬁm:mLLmTﬁu’Lum@ffm}\m”nm?‘zymmL%@m
AelsARa8AT dual culture U1ONM3IALAITE PDA
Ta8i1n1353 0138 S. cavourensis BUU135 a4ty
M09 SN IR NTBLINAN 2 ITUR AT
ﬁnlﬂﬁmﬁ@mmﬁ 30 asmmaiea usrazioan
7 5w a9 S. cavourensis BUU135 §n131§ua
LATNARNANTRIATY aniuld cork borer lukY
AUENANY 0.6 lIURINAT FHALTII0L hyphal tip
m@ﬁL%’ﬂi"] P. palmivora, F. decemcellulare Wa% L.
theobromae At 7 5 aniurihauuinidules
4BNATUTBIINAY Yneanaeunaniusze e 2
UR LIRS ﬁﬂiﬂﬂu?{@muﬂﬁ 25 mmmm%@
L‘flmm 181 7 JU gAAILAN ﬂ@ mmummm@m
umwﬁmwuummi PDA 1yin114 mmiwmm
191 3 Luﬂﬂ;mmu@umm FNANENTIAEN
@0 Asinnsinaunaiailedalaiiaeaiesnalsn
Wamuanlefifudnieduds (Ghanem et al.,
2022)

NANISANHIUAZIANGT DL

AINHANITANHIAIINAINITOLDS
S. cavourensis BUU135 lun1sazatanaainm
Heedu fuszazingn 14 44 13104 clear zone 781
Taladli L%‘ﬂlﬂ?ﬂ_lw (Table 1, Figure 1a) \{unannann
minaﬂqﬁﬁ'ﬁqw%rl,ﬂuﬂm%uw?ﬂr (organic acid)
AR 7 811 NTARANTIAN (oxalic acid) NTANIAN
(malic acid) n?anglatin (gluconic acid) NsATATN
(citric acid) NsATATHA (succinic acid) waziawslasl
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Streptomyces cavourensis BUU135

NaanN1ma (phosphatase) W WAK danaliiin
nawdsuglefuvidneamatadugitliazanarin
WoglugllauasTnluiudneamn (HPO, uaz
H,PO,) fiftTanunsanadal\F1¢ (Pradhan et al.
2017)

gusunismeaaunisaisienlaliaagias
WU U?Lqmimm@u%\u%ﬂ S. cavourensis BUU135
PULLATYLUBIMNT CMC agar Lﬁ'@ﬁu‘ﬁ'@qmﬁqﬁ
28 aaAaaLTea unan 7 3w 1sing) clear zone
Lﬁ@mfmmur}’fw Congo red visualization method
(Table 1, Figure 1b) Safinannmsadraienlmslizagag
sonltFaawlaaf Au °| Vi1 B-1,4-endoglucanase,
cellobiohydrolase kaz B-glucosidase ﬁﬁlﬁL%@QT@a
anilaeulidumihmanglag s (Wilson, 2009)

anntulgAneAnugInnsaluntsaing
wuloderlueg iWuszazingn 7 41 aanmadanns-
daaganaulentaansazatalelanu wudi dnns-
Us1n7294 clear zone Liinnulnasavlalall (Table 1,
Figure 1c) mzmumiﬂ@mlﬁﬂﬁmuL@q@ﬁlﬁnm
Wuandnaiduiinanglaa Welfideansnsn
Pl Fa5andsauuimas e (Nimisha et al., 2019)

FeAnEnAuaNnsnlunsaisieslmsl-
s3eanyudn @e S. cavourensis BUU135 41170
1lAeuAU93819T urea base agar‘ﬁllﬁm urea (AN
40 wefidus Widludaunld nneluszazioan 72
Falag Tm%m@qmmm:ﬁluLﬂ%ﬁlﬂmﬂuﬁwmm
vsnuseulalail @um:ﬁ”mmmﬂuamum%ﬂum
meluszazinainisuy 7 34 (Table 1, Figure 1d)

AmnnasAnEIAUAaNT R lun19aing
extracellular enzyme L1141 # a7 nstienaans
waglaa nistasantaulsaauladerluigg
uaznsudneulodeiioa asnasesasIudaE g
Sheik et al. (2020) qﬁlx‘iﬁﬂ‘]ﬂ’] S. cavourensis DW102
WranimagaLfanaLfuLansamLe

YANaNT N1INARDLANNENNATD lUN -
sanenlmaflaf el osdu nudn emnadeade
wlatnandmanseauludsios InaFuanntizion
saulalafiaunseiailudsinaiataman (Table 1,
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Figure 1e) #aAARRNNALNNUINEURY Lee et al. (2012)
9781191 S. cavourensis SY224 @TNNIDNAR lytic
enzymes @17 lagua liu1nnan 5 glinselanans
meluszazionn 9 9u Tmﬁmmﬁmqmm’luﬁﬁ 3
dle1ae913 0lua111s modified nutrient (MN) LR &
0.1 wefdusflafiu uanani Malviya et al. (2018)
31881491 S. cavourensis NEAS ViLLﬂﬂVLéJ@’mﬁu‘ﬁl
ulaginemsfinisen i lsaeuaa lssmaa-
we dn1suaneuladlafiiuagega 0.138 + 0.006
Tulnsniudeiadans Wealdeslue1vnsfin Ao
Wiy 6 uazguund 50 a9ANTALTA Fatewlmal-
1mmumﬂuﬁwwuwmm‘lu S. cavourensis
NEA5 mq‘wﬁﬂummfmimm@qm@mn@‘im 219
Rhizoctonia solani wae Cladosporium sp. & 1laanns
ladwfunedmesAnuuinlusssnand soudadly
asrtlsznaumanlulaseai sl rageeid

nagauANaniTalunnsaiaeulal-
Tilsfilaa wudn Eielaes S, cavourensis BUU135 a4
LUAINT skim milk agar Wuszaziaan 14 du 1An
clear zone L3nnslnasaulalail (Table 1, Figure 1f)
LaRsRIAINENnTeTe lunsensaan eililsy
faaanndesiiAdtaes Siikun and Thaochan (2018)
seuinueniluiedasuou 8 lelnan dauenld
AMNAULTUTALTINFUNT TN M AN A B ZIVA -
wATuNT anavialun Sandnacaan lawn
PSUAc001, PSUAc009, PSUAcO 14 ,PSUAcC0 15,
PSUAc016, PSUAc017, PSUAc032 Lay PSUAc034
ganunrnaFraeultdllsfeaniealuszazingl 7 94
Tnafidsatinisafraenlalagsendng 2.06 - 3.42
wazdusunismageueuloduaniiag ienee
ansazaelalnsiauileseanlasasuulnlativea
S. cavourensis BUU135 W1i41 1A AN 048101/ 1
usiudi (Table 1, Figure 1g) PENTRPSI R A1 COF Pty
ArugunslunaneulnluAnea Tadanadad
FUn13AN®12989 Sheik et al. (2020) $18197U90
S. cavourensis DW102 ‘17‘1|LLE nleannfAuaalssng
fgAensudadmnuanin undneulsduanias
TR
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Table 1. Test of extracellular enzyme production by Streptomyces cavourensis BUU135

Test Substrate Production
Phosphate solubilization Tricalcium phosphate Positive
Cellulase Cellulose Positive
Amylase Starch Positive
Urease Urea Positive
Chitinase Chitin Positive
Protease Casein Positive
Catalase Hydrogen peroxide Positive
Siderophore Ferric iron Positive

Figure 1. Extracellular enzymes production of active Streptomyces cavourensis BUU135, (a) Clear zone of
phosphate solubilization on Pikovskaya' s agar plates, (b) Cellulolytic activity on CMC agar plates,
(c) Activity of the extra-cellular Ol-amylase enzyme on starch agar plate, (d) Urease expression,
(e) Chitinolytic activity on GYM Streptomyces medium + colloidal chitin 1 % + bromocresol purple
0.015 %, (f) Proteolytic exhibit clear halos zone around the colonies, (g) Degrade hydrogen

peroxide into water and hydrogen creating bubbles, (h) The appearance of orange clear zones on

CAS agar suggests the activity of siderophore production

sanlAn1sAnEAuaNTRlun19a5
anslrneslsvas wudn usnnlagsendudui
ﬁﬂ’]ﬂ‘w?ﬂ_ﬂm S. cavourensis BUU135 LuUa %19
CAS agar 398 A1 Fu wWaswduddu nnely
528121981 7 31 (Table 1, Figure 1h) daAARAIN L
NNTAN18 Yodpanan and Thapanapongworakul
(2019) W19 Fanenitudadaeuln sy
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UfiInfsieimas Phytophthora nicotianae Nuwen s
ANNUAUgNIE1998 81nauiane Samdnid el
arnnsnailanedlsnedldduaeaiu tne
d” a A e a rd‘ a & 4 db
deqdunsdlindinanarslaineflsnasingni
o K <3 a @ v !

arn13nsudasismaniugsanafinn 4 i anan
deawelsaie vinliimenalsa liauisndvinans
P Py

Wl
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Streptomyces cavourensis BUU135

AnsaNtiF lunisasisasiunue ladvse
wulriainainesnguanaas s a1auaiie
dsznnsuilediinlide S. cavourensis BUU135
amnmnendaagludeuandensialan a1fi v
117112 1a (Shrivastava et al., 2015) Nuflgrada
HMNE NI (Su et al, 2013) Auluiuiinninens
mm"l,ﬂmwuwmumﬂmmimmmmmum WA
Auflinensaun3d (Siddharth ef al, 2020) wia
LLﬁﬂi:VﬁﬁuwﬂuﬁﬁLﬁﬂmﬂ‘iiwqummuﬂﬁu

(Kaaniche et al., 2020) FapuantFmanENszTam

AanisdaasunInasyrasi i uns 198 Aatiu
& L= Yo = a a
18 S. cavourensis AIAVFIFIUNTIANHIZRNBAIN
Tunnsdugadasnalsaiasiall
Ausunanisdnenlssananinlunigsusia
NNLA30YLTRT P. palmivora, F. decemcellulare
WAY L. theobromae A28138 dual culture UUAIUT
PDA dnunsndsziliuiun lindsz@naninlunisdu
&” a 4 d’j £ U d‘ 1 . =
m@ﬂgﬂﬂmummuim HINWUIN S. cavourensis N

weafiiusinngtues P. palmivora Winiu 44.3 iwlaFidust

(Figure 2a, b) Wan1n1snadeuni1sdueamalte
F. decemcellulare Hilaidusnissiugawindy 41.5
wesidus (Figure 2¢, d) wae S. cavourensis N

wefifusnisduda L. theobromae AR 61.1
wlafidus (Figure 2e, 1) %qﬁm@ﬁ%um’m?ﬁu&qqqqm
Taeldfnnsdudatuszuinadulagesdesnelsa
LL@‘:L%@ S. cavourensis BUU135 Tagl Gottlieb (1967)
VLmﬂmQ')’] S. cavourensis mmmmmmaﬂgmuv
m@fm flavensomycin & 145U L EINI1TLAT Y WA
Fas1 Taeldpanaduduifias 5-100 Tulasniuse
fiaAans Froes ef al. (2012) 21a97udawlesid
Streptomyces m%w“fuﬁuﬁqw%fﬂ@mmwﬁq Iaa
‘llﬂ\‘il,%‘ﬂi"‘l (cell wall degrading enzyms) 81% B-1,3-
glucanase k@ chitinase danaldiduly L%’a':"mﬂ
8RE YINIBUATELAIAY f««mvl,ummmmimm'a”l,m
Lummﬁiﬂimmwmmmm@ummmm Af
chitins Wa¥ glucans uaNaINd nnsAnHITe9
Tanatip and Kunasakdakul (2017) w191 wm’%@-
wersludedaeulnlnsdlalaian DUC2, CINVI,
FRA19, CINc1 lLay POL2 danalifidulareide
Phytophthora cactorum fdnwnurialon dou
aredulausunes Aadniaannisadraenlod
B-glucanase Midandsgniauanisad dviawlasl

penanrannsneasaananguAndiluasAlsznay
gaseiamasimesnalsale

Figure 2. Dual culture between Streptomyces cavourensis BUU135 and plant pathogens, (a) Phytophthora

palmivora (control), (b) S. cavourensis antagonistic to P. palmivora, (c) Fusarium decemcellulare
(control), (d) S. cavourensis antagonistic to F. decemcellulare, (e) Lasiodiplodia theobromae (control),
(f) S. cavourensis antagonistic to L. theobromae
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lun1suam extracellular enzyme 81N 9 8 1A
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Effects of Brown Seaweed Extract in Combination with

Foliar Fertilizer on Growth of Chinese Kale
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Abstract: The aim of this research was to study the effect of brown seaweed extract in combination with foliar
fertilizer on the growth of Chinese kale. The pot experiment was conducted using CRD, consisting of
8 treatments with 3 replications. The treatments were as followed: T1, water (control); T2, foliar fertilizer of
15-15-15 at 1 %); T3, seaweed extract at 1 %; T4, seaweed extract at 2 %; T5, seaweed extract at 3 %;
T6, seaweed extract at 1% + foliar fertilizer of 15-15-15 at 1%; T7, seaweed extract at 2% + foliar fertilizer of
15-15-15 at 1% and; T8, seaweed extract at 3 % + foliar fertilizer of 15-15-15 at 1 %. The height, stem
circumference, leaf greenness and leaf number were measured at 38, 45 and 52 days after transplanting
(DAT). The fresh weight, dry weight and concentration of N, P and K of Chinese kale were collected
at harvest (53 DAT). The result showed that spraying of brown seaweed extract at 2 % + foliar fertilizer of
15-15-15 at 1% (T7) showed both trend and significant effect on the growth and weight of Chinese kale over
the other treatments (P<0.05). These results suggested that brown seaweed extract could be used as a plant
stimulant for the growth of Chinese kale. The appropriate rate for Chinese kale production was to spray brown

seaweed extract at 2% and foliar fertilizer of 15-15-15 at 1 %.

Keywords: Brown seaweed extract, Chinese kale, Foliar fertilizer
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Figure 1. Brown seaweed (sargassum sp.)
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HANNITLATI LA N NI URI817 819N T

2998115 1enzia gl nauianulFunalulasiay
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wazSunnitnunaiden 7.82 wefidusd Tuanied
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Usunnululnsiauviady 0.06 wasidus Taww
UTnrunaanesa wasnudTuininunaday
Winriu 0.57 wafidust (Table 1)
AANFUN19AIIELTN R ANT U ATY
2998 M1e LA lugleauiis wulsunnieendudasy
3.486 ppm JuansRansataa s ez an LRI
aanTudasylutFunauAeudnann windu 0.016 ppm
(Table 1)
anmmaseiied sz unazeansaia
mm‘wwu@ﬁﬁﬁm@éqmﬁuﬂﬂmﬂum'@mm?r:y—
wulnaesdnazinlunszans wudn AIINEITeY
andungaang liiauuansd1amneana acladle
uansdayanan1maaed at19lsinIn ALINgIT8Y
pzilugaeiifAed1ded ludasninugelnfives
Pzt TwnizinsnasyAn s unu A
uAnFsetinaTi g AT MeAR RSN 9 BT Aall
LAUSALNAIAY
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(Table 2) aginalsAm1umu9n Lﬁ@ﬁuﬂxﬁqﬁmq 45
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FuardifliiduseauaanfunInndIn1snumqe
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NLABMTN 1 LAY 2 Lﬂmﬂ%um’(nﬁmﬁdﬁﬁ 1,2,3
uaz 4) et dud1Agynieaia (P < 0.05) waziile
funzinient 52 U n1snuasannauiaNzLa
8791 2 wlefidus sanduilenilugns 15-15-15
(n3330337 7) ¥ R unzi fidusensdndusnnna
NNTNUAILANTATAGININLNZLATAT) 1, 2 LAY 1
wafidusl dauruilamnslugns 15 - 15 - 15 (N99838
73,4 uay 6) ateldud Aty eaia (P < 0.05)
WANITNUANTANAAININENZLAB AT 2 Lﬂfawnum
fqunuilanialugns 15-15-15 (N353AR7 7) i
lavinlFiduseuisanAuaeafuAzEIuANFAI9ann
msldiinulan (nssaad 1) (P > 0.05)
AT L
ﬂﬂ?WH@W?@ﬁﬁ@ﬁMfﬁﬂW&’L@aﬁ’][5]’1@’5[51?’1
FN9 ] WENeE R s wazniswusaniuilanigly
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Table 1. Nutrient concentrations and free IAA of brown seaweed powder and extract
Seaweed type Total N (%) Total P (%) Total K (%) Free IAA (ppm)
Brown seaweed powder 0.91 0.11 7.82 3.486
Brown seaweed extract 0.06 - 0.57 0.016
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Table 2. Stem circumference and leaf greenness of Chinese kale at 38, 45 and 52 days after transplanting

Treatment Stem circumference (cm) Leaf greenness (SPAD value)
38 DAT 45 DAT 52 DAT 38 DAT 45 DAT 52 DAT

1) Control 1.26 1.68 ¢ 2.78 abcd 58.7 51.2 51.5cd
2) 15-15-15at 1% 1.25 1.78 bc 3.10 abc 64.0 67.8 57.1 abc
3) SWE at 1% 1.20 1.71c 2.36 d 44.4 48.2 50.3 d
4) SWE at 2% 1.20 1.53¢c 2.53 cd 63.7 46.7 51.8 bed
5) SWE at 3% 1.23 1.91abc 2.78 abcd 51.7 61.2 50.7 d
6) SWE at 1% + 15-15-15at 1%  1.26 2.01 abc  2.70 bcd 62.5 54.3 57.5 ab
7) SWE at 2% + 15-15-15at 1%  1.33 241 a 3.40a 77.9 64.3 59.4 a
8) SWE at 3% + 15-15-15at 1%  1.25 226ab  3.30ab 56.8 68.3 56.6 abc
F-test ns * * ns ns *
CV (%) 5.8 14.6 12.2 26.1 26.4 5.7

Means in each column followed by different lower-case letters indicate significant differences using Duncan’s multiple range

test (DMRT) at 5 % probability level
ns = non-significant

' Significant at 0.05 probability level
SWE = Seaweed extract

auauly

NN UATATAGIMIIE AR uAAA
gn9619 ) iesetIvRLarn I uaNA ULy
n19lugns 15-15-15 wudn Fupzinfideny 38
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uaz 3 lefifus saunuienielugns 15-15-15
(N23103371 1,2, 3, 7 waz 8) vl duasirilenuau
TuNINNIINITNUAIERITANTAGIUTIENZLAB AN
1 wadfidus sauriuijenelugas 15-15-15 (N99335

D

7 6) agalla g1 Atyn9anA (P < 0.05) (Table 3)

dlesunsiiieny 45 fu nasudhilan fenndly
gM7 15-15-15 A194NARINIILNLLAT AT 1 LAL
3 1afidus UAZANTANARIUINLNZIABAIN 1, 2 AL
3 ulefidusl sonnuilannelugns 15-15-15 (N9983
711.2.3,5,6,7 uaz 8) N lHuAZIN TS uauly
NINNINITNUAILATATARININENELAB RN 2
Wi ud (N23nA3h 4) at 9N Ta g1 Ay N19adA
(P <0.05) dladun

v =

ziNHaNe 52 JU N1INUANTAN A
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a1udensiagnan 2 wae 3 wefidud sauduils
n19lugms 15-15-15 (mm%’%ﬁ 7 way 8) N1 MiAY
Azt auanluNINNINNNINUA N d1 IR RE1INe
nasnIn 1,2 uaz 3 wWeslus (nssudad 3, 4
uaz 5) aeialiad1ATUN19ania (P < 0.05) LANIINL
ANIANAANUTLNZIAERIN 2 Wae 3 tasidus Taniu
flamnslugas 15-15-15 (n77si27 7 uaz 8) i laivh
PsunwluaesdunstiiuanseaInnsldunilan
(N993337 1) (P> 0.05)
dninanuazimiinu
N1INUATEANAAINTILUNLIAB AT 2
wasidust sauiudlenislugns 15-15-15 (n39513D
@ 7) Fnlsiduasinfliminaaunndniawugae
SERInS fannalugns 15-15-15 ansannavdig
NziA 1, 2 uae 3 iafifus uazansanaaniansia
1 uaz 3 wefidusd faniuian1elugns 15-15-15
(N974A3T 1,2, 3, 4,5, 6 UL 8) aenaldadAynig
@0/ (P<0.05) (Table 3)
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Table 3. Leaf number of Chinese kale at 38, 45 and 52 days after transplanting and fresh weight and dry

weight of Chinese kale at 53 days after transplanting

Leaf number Fresh weight Dry weight
Treatment (g/pot) (g/pot)
38 DAT 45 DAT 52 DAT 53 DAT

1) Control 6.6 a 9.3a 10.8 abc 4390 b 524 b
2)15-15-15at 1% 6.6a 9.3a 11.3ab 50.78 b 5.86 b
3) SWE at 1% 6.3a 8.6a 98¢ 30.03 b 3.98b
4) SWE at 2% 6.0 ab 6.5b 10.0 be 30.12b 411b
5) SWE at 3% 6.1 ab 8.3a 95¢c 39.36 b 497b
6) SWE at 1% + 15-15-15 at 1% 55b 8.3a 10.5 abc 39.34 b 4.95b
7) SWE at 2% + 15-15-15 at 1% 6.6a 9.3a 11.8a 73.35a 8.29 a
8) SWE at 3% + 15-15-15 at 1% 6.6a 9.3a 11.6a 51.63 b 6.28 ab
F-test x * x x x
CV (%) 6.8 11.9 7.3 24.8 225

Means in each column followed by different lower-case letters indicate significant differences using Duncan’s multiple range

test (DMRT) at 5 % probability level
Significant at 0.05 probability level
SWE = Seaweed extract

NN UAITEAARINTIENTLAE AT 2
wesidust saurutlamislugms 15-15-15 (n99uiad
7) VAL T TN uiennnndanisiugas
wnilan flannalugns 15-15-15 a19annannsig
new 1, 2 wae 3 afidus wazansannanuing
neia tilafidus sanduianilugns 15-15-15
(ﬂiiﬁ"ﬁ‘ﬁ 1,2,3, 4,5 uaz 6) ag1eflladAnynig
@0F (P < 0.05) (Table 3)

Buuaaddulnsau nadnasa uazlwunaidan
TunuaAzin

nsnuileail waza1sannaINIIENELa
a1, 2 uas auwlefidusl faniuilenislugmns
15-15-15 (N930ART 2, 6, 7 uay 8) i@ uazingl
Funnaeslulnsiauannndtnisriugassinnlan a1z
ANPAMIENZA 1, 2 waz 3 asidus (m‘@ﬁ?j‘ﬁ' 1,3,
4 uaz 5) aeiaNuagNATUNNSEnA (P < 0.05) (Table 4)
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NITNUAITANARIUTIENELAT AT 2
waefidusl sanfuilenielugns 15-15-15 (n9anis
7 7) S Waiazin Wduash B un e ana 4
mnﬁ'qm el lsuansngaInnIsnug e a1 sain
armdnenzadnsn Tilefidus sandudeniely
4ms 15-15-15 (N$71737 6) (P > 0.05) 7898947
Aan1snusoeilanialugas 15-15-15 (N93u7s
7l 2) uaznisudazansatna s anzia s
3 ulefidusl sanniuilanielugns 15-15-15 (N99833
@ 8) ANuAEN2sNARIE Unildn ansarnanuing
NZA 1,2 WAz 3 Lﬂ@iﬁfﬁum’(ﬂﬁuﬁ%ﬁ 1,3, 4 WAz 5)
(Table 4)

nsHUANsARAATMIENZIAR AN RS AT
509 o Wileat R esnazn s usaniuenigly
4n3 15-15-15 lldenasaFurnnunaiianaes
Funziiien 53 5 (P > 0.05) (Table 4)
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Table 4. Nutrient concentrations of Chinese kale at 53 days after transplanting

Treatment %Total N %Total P %Total K

1) Control 3.15b 0.35¢c 4.97
2) 15-15-15 at 1% 4.39a 0.63 b 4.87
3) SWE at 1% 2.85b 0.38c 4.37
4) SWE at 2% 3.04 b 0.35¢c 4.69
5) SWE at 3% 3.27b 045c 5.20
6) SWE at 1%+ 15-15-15) at 1% 4.06 a 0.75 ab 4.63
7) SWE at 2%+ 15-15-15 at 1% 4.34 a 0.77 a 4.95
8) SWE at 3% + 15-15-15 at 1% 4.37 a 0.63 b 4.65
F-test * * ns

CV (%) 7.6 13.4 9.7

Means in each column followed by different lower-case letters indicate significant differences using Duncan’s multiple range

test (DMRT) at 5 % probability level
ns = non-significant
’ Significant at 0.05 probability level

SWE = Seaweed extract

a L4
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Effects of Bypass Protein-Fat Mixed Product Supplementation on Feed Intake,

Nutrient Digestibility, Milk Production, and Milk Composition in Lactating Dairy Cows
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Abstract: The objective of this study was to evaluate the effects of bypass protein-fat mixed product (BPFP)
supplementation on feed intake, nutrient digestibility, milk production and milk composition in dairy cows.
The experiment was arranged in a 4 x 4 Latin square design. There were 4 periods and each period lasted
for 21 days. Four crossbred Holstein Friesian cows with initial weight of 537.56 + 3.19 kg and 80.0 + 12.40
days in milk were assigned to receive one of four total mixed ration (TMR) diets that varied by 4 levels of
BPFP supplementation at 0, 150, 300 and 450 g/day. The TMR was composed of concentrated ingredients
to roughage (rice straw) at ratio of 60:40. The TMR contained 16.0% CP and 2.7 Mcal ME/kgDM. Animals
were top-dressed with concentrate (21% CP) at a rate of 2 kg/hd/day. The results reveal that the BPFP
supplementation had no effect (P> 0.05) on daily intake of dry matter (DM) (calculated as kg DM, %BW,
and g/kgWO'75) and other nutrients such as organic matter (OM), neutral detergent fiber (NDF) intake
(kgDM/d). However, as BPFP levels increased, crude protein (CP) and ether extract (EE) intake showed
trends for increased linearly (P<0.05), while acid detergent fiber (ADF) intake decreased linearly (P<0.05).
When BPFP was added, the apparent digestibility of DM (P= 0.08), organic matter (OM) (P = 0.07), and CP
(P = 0.09) increased linearly, while ADF digestibility linearly decreased (P = 0.08). Milk yield and milk
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composition did not differ significantly (P> 0.05) among dietary treatments. Based on the results of this
experiment, it was concluded that BPFP supplementation at any level had no effect on milk production or

milk composition in lactating dairy cows.
Keywords: Bypass fat-protein, digestibility, milk yield, milk composition, dairy cows

unARta: ffmqﬂa‘mm‘m\imﬁﬁm%\iﬁ dedsmifiunaresnsaiundnsueinanldsiuwazlailuaiiu
padFununisiuld nsdelfaastnauy ﬂmmﬁmmz@mmwﬁmmmiﬁum Tneldlaungnuaniuglaaalsd
WaFen AT Buduieds 537.56 + 3.19 Alansu S uausui I Buduieds 80 + 12.40 51 S119u
4 Fin ANNURBNNINARBIULL 4 x 4 ARFaanFu winnmaaasaaniiy 4 svae Tnalszaznimaassay 21
Fu wazrnsduiilaualdfugnsannsuandfaiaiunansusiuan i sfiuuazlaiulvatinu (bypass
protein-fat mixed product, BPFP) AUANFNGTL 4 220 Aa 0, 150, 300 WAz 450 nFnsadu InagnIaiulsnas
ddanngmafiszaiullsiiu 16 wefifus uaznasauiilddsslandld 2.7 wnzunaeisedlaniudngui
Tnafdndiuszndneanmistureamisuenuwingy 60:40 wazldWrsdnaduinasreseunsuay wasi
2791394 (1shu 21 wWasidus) 2 Alaniudadifadi Nan1mMARaINLIN MMaiNTEFUNAR AT AL s
wazlasulvaciwlifinaseFunnnsiuldlumieilaniudaguisressadu Bunmmsiuldsermings
Bannunsiuldaedmingamunuedn uaz lnauzau WWun sunsedng uanideleiliazaneluasand
1unang (neutral detergent fiber, NDF) aginglsinia AN U RARA TN I s unazlusuluasnu
fAnFununsivldaestismuuay i fafady (P <0.05) uitiuiaunivldaedeleiliazanely
ansvlaniilunaa (acid detergent fiber, ADF) fiA1aA84 (P <0.05) uananni fualiduualiunisifiniy
Wwdunssresnisteyldresinguis ( P =0.08) Tsmu (P = 0.07) uazladiu (P = 0.09) anuziinnssies s
saqfiele ADF anaaifludunss (P =0.08) Wednisiadunaniuainanlisiuuaz lafulnariu nrsiady
sanfnTnanTsualasinasiulitinase FunnmananinuLuazesAlsznatinu (P > 0.05) kg
veamsinelussiilagldinnslduandusinanlsiuuasladulnasinu lunssatddsuanssnusenanan
vhusuavasrtlsznetning lulaui s

AdA: ladu-ldsfuluaninu nnstesld nandnuiue asAlsznauiug Tauw
AN ANUARINIINTUzINe danAR i UL DINAKAR

druiulauunlinanangelaoianizludaunsn
s W uananununaaalaun lulszmalng 1090131 UN (early lactation) 137 TAu s la §u

P~ Y  a £ o o = o | , o \
Huualduiingeau dszneuduniaiginlauis NAINUAINDIUNT LU N IN DA DA HARINTR
WA Induslawiunsind sz @nsnan HANTENUABANTIINNAINNITNANUIUN WAL
ansnanlnsndulilfennislunaneelnungadans agAlsnauus (ldunazllsfuunuy) A9Ra9m
WurunAudTuninivuaramuaiwaau - windsuiazllsfunazanldunldinenisuas
(Department of Livestock Development, 2020) 11 141U (Phonkert, 2017) Imﬁﬁ@ﬂﬁuiﬁﬁu{mmm
=2 = v ‘ﬂl v a a o 1 a 1 a
g dalaunlulszmalna uudldunaz liuanan nsuanlrdulnanvuarldsiulvaciuasulu
X4, . J v A s . “
A9udedanalaamnsesananasunlasaes a1m19du e lilaunatunsnteauazgadu il

142



a a s o - s 1 1 a kg
narasnaasunannusnanllsiuuazlasiuluarudalEunumsivlea

nssaglaraddntus nandnuazasplsznavrasinunlulalvun

W lalagmnsa Tunsdin391ana99 Y AdTLa N sy
Tuasuslaia lilaFunasanugeay atnlsfinns
o o d’l d’lj Vo dl a o 1

windndiagaeasla fuainnsnalasdiuganusdn
Tosiulilindeuitiale inldiqaunsedidnlliannzau
ausaslidanunsasdes’ls (Wachirapakom, 2017)
e Yw e d oo o . . .

patiulasiungsnasaasas lugtl sedladuluaniu
(by-pass fat) Nakai (2013) $18197491 nnsiasa lusiu
MAKIY ANNITDIANLTNIUUIUN wraIAlsznaLl
Uundniailasuudaadnias wanannil Piamphon
et al. (2009) ¥naiadladulna i CLA i
aaFlaEna LN LN aun TR BN N ARE AU
waz CLA Tulasiuunsnag Hantai et al. (2020) Wu30

Anasn s uluacinuan TN sz iy 3 wesidust

lldsnansenusanisdenldluvaennnaasuay
SadenaliilTunaeavisnuilds o llder
’Lunﬁuﬁqﬁuﬁmwa&i@mwm”mmiﬁum‘muu
luszaldun Phakachoed and Meeprom (2020)
wig1 nsisEnlasilvasinuannuinsunduluemns
Ta3AunfiszAu 300 nfusedu lidenasatiunn
nasulauesinguis USannurinun eeddsyney
vrunludansetsiunazuaning uslasusiiuy
fdndouifing uuazdena WlFunnae iy
Tusinuy (19) funa TR niu Leiva et al. (2018)
wansadnladuluaiuiieanntsldudaily
W INR I uin sz AUt andeauiilaldsudl
ﬂ?mmwﬁwqu%ﬁmﬁu WazNIILETNNIA lsiu
AN du s L9 Ui sinu
Tlumnanefudlewfauiionfunguasupuiied]
mmfm@uwd’qmumﬁ%mmﬁmfJ’(Eknaes et al.,
2017)

Tnasialilanstlseneylulnsiauuiisean
wWu 2 dezwny oun 1. TdsRuwdt (true protein)
2. lulnsiauiilaile it siiu (non-protein nitrogen,
NPN) a¢ielsfinnu 1Usfuitlnananainnszinng

' a A A = a A
gmuum@@mﬂu 2 1UuAAD AR 1. Tﬂimum@n@umﬂ

Fanmnanldsiuluemisideadansladnaly
7N U (ruminal degradable protein, RDP) Lag 2.
TsAunlugndanaatalunsziwizguy (ruminal

143

undegradable protein, RUP) #3a T sauluaci1u
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Table 1.

bypass protein-fat product

Ingredients of the total mixed ration (TMR) and chemical composition of TMR, concentrate and

Item TMR
Ingredients, kg as fed basis

Rice straw 25
Cassava chip 33
Soybean meal 22
DDGS 314
Concentrate CP18% 1"
Rice bran 11
Cassava pulp, fresh 50
Premix 0.5
Salt 0.5
Dicalcium phosphate 1.0
Total 185.4

a

uaiilu 2 dau Tnadaud 1 drldeuiguuugi 100
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q
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wil Taun aguiie (dry matter, DM), 1ii1 (ash),

la37u (ether extract, EE) waz s unany (crude

protein, CP) ANN35284 AOAC (1985) La¥ALATIEH

mesrsznaumaailaeaiels Toun Weladil
avantluansenfiflunana (neutral detergent fiber,
NDF) waziialafliazanalugisnaniifunsn
(acid detergent fiber, ADF) AMN353849 Van Soest
et al. (1991) WAZALATIZYUN AIA AMNATURY Van
Keulen and Young (1977) LW’ﬂﬁ’m’Jm‘M’mmﬂﬁ‘“@%ﬁ
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Analysis System, 2002)

Y, =W p+Y T+ &,
ne Y = mmmm

pn o= mm@ﬂ‘wwm

p = - Svanailasannian (period)
Wai=1,2 3 uaz 4

Y, :%w‘%wmﬁmmnﬁ“m’(animal)
Waj=1,2 3 uaz 4

T, = Ew’%wmﬁmmnﬁmwm’(treatment)
Lfllﬂ k=1,2,3lax4

€= ANAARALARBLL



M5ATINEAT 39(2): 141 - 154 (2566)

mmswmmumﬁmszﬁ

29ALsENAUNIULANURIBNMNTNDRDY
HANTTIATIEaeAUsTnauNIuAN L8
211197 14U maaed (Table 2) Tneigm3nnnIg
nandFaNlUsfiu windy 16.28 wlefidus windu
o3 2.16 Wefidus uazndeanui ldlss lamild
Wiy 2.68 inzuAaesanlanindmguis uas
a1m3tultlasiuge Jlushu windy 26.25 wafidus
windy ot 360 1o fifus waswdaaud e
dszTamlls Wiy 3.18 winzunaessanlaniuing
wite doundandnsinanldsfunazlasdulvacinu
Aldsfn windu 28.21 wWefidus winrdu Tagdu 28.77
wafius wasndaeudilselumild windu 3.21
wnzuRaessanlaniudngui

NAUBINITIRS NRA AN e ANl UsAuLaz Tudulua
shu’lugms’mma‘mud’\L‘%’sqsi'm_l"‘a‘mmn’lsﬁu'lﬁ
NATDINTLASNHARA U NaN T sR ULy
Tasiulanululasaunlideaanalduinnisnuls
TR uiiana98111s uazn1snuldraedmguiesu
a9 ldadAtyneans (P>0.05) adslatiannu Ia
= AN Yo a a o , =
Faunlasuninasuldsfunazloiuluanui
o o 1 o = a % o v
YA 300 NiuAadu Hisununisiuldnesingui
HArgangnlulaunildfugnsennisnandniia

AANAnAaTnanlUsRuaz ludulnan 1y (Table 3)
AAAARBINUNITAN MUY Phakachoed and
Meeprom (2020) W91 N13Ld3u Ca-PO (Ca-salt of
palm oil fatty acid) fiszAu 300 nfusadu lua1uns
Taznunlidanasatsunnnisiuldaasdnguiia
wi TN unaugnEnlafugandinguauA
Phonkert (2017) 3181971491 N19L&3N Ca-PO #
3261 0, 150 WAL 300 NSusady lddenamnanig-
Wasuwlasiudndveslaun waylidenase
Pinnnunsiuldresinguis uenannil Leiva et al.
(2018) 1&31 Ca-PO luladauunszsy 8 ilafidus
Burunisiuldaasdmguie lwuaauuansing
gaan13nule at19lsinn 1N ladwlueunsg
ladenaranisnulasaaalaiidunaainniseas
P o ~ o A
aangitialanalunssmnzudnuealadssaun
anaan 1 lieansinisluatinuaeasiuisinigiug
A i ve Y
daunian Bl Taunlaue msmaaeanis 4 gaslu
d’l = a a v o v
nsnaaesid HUTurmnisiuldaesdnguiad
AlnAAEaRUANARIN1TU3 N N RNl Ue
TAguie mandawdnsale n1slinananiius
wazluduunainnislsziinlag NRC (2001) (Table
2) aau Taunluntmanesndeillasudngui
WEaNafamINNAeIn19224 AN LATEUNLAY
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Table 2. Chemical composition of TMR, concentrate and bypass protein-fat product

Item TMR Concentrate Bypass protein-fat mixed product

Dry matter (DM), % 61.93 92.19 95.18
%DM

Organic matter (OM) 91.19 90.76 72.09
Crude protein (CP) 16.28 26.25 28.21
Ether extracts (EE) 2.16 3.69 28.77
Neutral detergent fiber (NDF) 63.12 23.08 23.04
Acid detergent fiber (ADF) 23.70 14.33 14.25
Ash 8.81 9.24 27.91
ME', Mcal/kgDM 2.68 3.18 3.21

"Metabolizable energy (ME) calculated from chemical composition of each feed (Harris et al., 1972)
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Table 3. Effect of bypass protein-fat product on dry matter intake and nutrient intake in lactating dairy cows

Bypass protein-fat mixed product, g/d P-value
Items SEM
0 150 300 450 C vs BPFP L Q C

Avg. BW, kg 534.71  535.07 541.05 538.51 1.94 0.16 0.09 046 0.7
DM intake
TMR, kg/d 16.99 15.58 17.33 17.31 0.68 0.31 0.41 0.35 0.16
Concentrate, kg/d 1.84 1.84 1.84 1.84 - - - - -
BPFP, kg/d 0.00 0.14 0.29 0.43 - - - - -
Total, kg/d 18.83 17.57 19.46 19.58 0.68 0.24 022 035 0.15

%BW 3.45 3.25 3.55 3.56 0.13 0.36 028 047 0.21

g/kgWO'75 166.60 156.67 17160 172.35 6.07 0.33 0.26 0.44 0.21
Nutrient intake

OM, kg/d 16.94 16.14 17.73 17.86 0.62 0.28 0.17 0.48 0.22

CP, kg/d 320" 2.90° 3.54° 3.51° 0.10 0.02 0.02 0.25 0.01

EE, kg/d 042°  045° 0.51° 0.58" 0.01 0.001  <0.01 0.20 0.73

NDF, kg/d 11.92 10.33 10.97 11.42 0.43 0.17 0.68 0.06 0.26

ADF, kg/d 503°  3.85° 426" 397 0.17 0.11 001 024 002
Energy intake'

ME, Mcal/d 4515 4510 4918  50.20 1.72 0.17  0.05 0.76 0.39
Nutrient Requirement2

DMI, kg/d 1853  18.92 18.55 18.60 0.17 045 084 0.36 0.17

CP, kg/d 2.39 2.50 2.50 2.41 0.06 0.31 0.84 0.16 0.92

ME, Mcal/d 4335 4483 4488  43.65 0.81 029 0.80 0.14 0.97

Avg. BW = Average body weight, TMR = total mixed ration, BPFP = bypass protein-fat mixed product,

'1 kg DOM = 3.8 Mcal ME (Kearl, 1982)
* Calculated according to NRC (2001)

C = control group, BPFP = bypass protein-fat mixed product group

SEM = Standard errors of the mean

> Means in the same row with different superscripts differ (P < 0.05).

Probability of a Linear (L), quadratic (Q), and cubic (C) effects of bypass fat-protein levels

NAURINISIASNHA AN U NaNTUsAunaz Ty
narulugnsaimsuandisasnaduilsz@nsg
mstaslauadlntuz wazwasnunldusslanils

A NpAn A nanTUsAuwaz luu
maduldinaraduilsz@nsnistanldvasing

v o o d v A o

wiks Auvisedmn Wshuneny ladu @elefliazans
Tugnsnanidunans (NDF) wazitialafliazans
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Tugnsneniifunan (ADF) (P > 0.05) Tnalauud
nnadtunans sl sfunas lasuluacuan
Fusz@ninisdesldaesinquite Buniadng
TulsAumeny oty @ela NDF uaziilela ADF Hein
Wi 677.41-71.6,70.11-74.22,72.02-76.05,
82.51-87.22,63.31-66.93 LAar 44.63-52.11
PNANL Fauandli Table 4 TegenndesiuseL
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284 Hartati et al. (2014) Ranaweera et al. (2019)
wiunsalasiulvariuaininduddnluglinde
wAaLEaNae9nsa laduaneeng (calcium salt of long
chain fatty acid) fisvsy 200 nfusetu Tasnnsuay
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wiln u@ﬂfv«mﬂﬁ Hantai et al. (2020) WL71 NIFLETN
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3wefdud lddenansenurenisedenlalu

naaanAaad nail lunlasunilaaiugdanali

finsmTndeslunszmizudngn wazdenalid
nsuaARLAaanaalilanae (Mohammadian-Tabtizi
et al., 2011) druFulsfunanuiilaualisulugas
amnsuaNdSana 4 4p3 HAagaIng 3.20 - 3.54
Alansusieduy %qﬁngqndq NRC (2001) fisnendn
Tl lsfuanaminutszanm 20 - 25 Alansusiadu
pagldsutilsfiufidos Idaelssudng 2.5 - 3.0 Alansu
siadu ifasanlpuunguildfigasanunauandsa

Aflnansouainanlsiuuaslasdulva iy s fu
300 WAy 450 nfusedu JdFurunisiulauas
FutseAninistenldaeellsiunasladuid
wwaldfugendnnguau Aedenalinislasulnauslu
douresldsiiuuazladuganiinguaudan daua
s ﬁuwﬁwfmm%ﬂi Taae 147 @ sudl
AR TR ey Aawldnseduldsiuuay
wmmum‘muﬂmﬂummmma‘mmmm 4 gn9
FAldwnns19iun19an s (P>0.05) WANLIN
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Lwaﬂqimammuumﬂmiﬂi wWulng NRC (2001)
(Table 4) I AR NFARINNsTL SR WAy 2.39,
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Table 4. Effect of bypass protein-fat mixed product on nutrient digestibility in lactating dairy cows

toms Bypass protein-fat mixed product, g/d SEM P-value
0 150 300 450 C vs BPFP L Q C
Apparent digestibility, %
DM 67.41 70.46 69.97 71.60 1.28 0.23 0.08 060 0.36
oM 70.11 73.52 73.03 74.22 1.21 0.19 0.07 040 0.34
CP 72.18 72.02 75.96 76.05 1.75 0.27 0.09 094 035
EE 82.51 87.22 85.79 87.17 1.86 0.33 0.18  0.41 0.32
NDF 65.60 65.16 63.31 66.93 1.66 0.53 0.78 027 093
ADF 52.11 46.85 4516 4463  2.60 0.26 0.08 040 0.84

C = control group, BPFP = bypass protein-fat mixed product group

SEM = Standard errors of the mean,

*° Means in the same row with different superscripts differ (P < 0.05).

Probability of a Linear (L), quadratic (Q), and cubic (C) effects of bypass fat-protein levels
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lidanasieiFunnminum udeenlsfiany n1sAnm
189 Meshram et al. (2016) Wud1 n131a3u laau
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12.73 wasdus dailsr@nininnnsldisslagiaas
nealasiuludndiaaafesiuvag futiinaeense
lasiu Tnansaladuilaudfindlsz@nsnanige
adngaladulianmiaadunaliinisiasunsa
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Table 5. Milk yield and milk composition in lactating dairy cows supplemented with various levels of

bypass protein-fat product

Bypass protein-fat mixed product, g/d P-value
Items SEM
0 150 300 450 C vs BPFP L Q C

Milk yield, kg/d ~ 23.08 23.67 23.92 2317 0.773 0.59 0.88 0.42 0.86
4%FCM’, kg/d 21.78 23.04 22.94 21.97 0.658 0.29 0.88 0.14 0.87
Milk composition

Fat, % 3.59 3.84 3.71 3.65 0.102 0.25 0.89 0.17 0.35
Protein, % 3.01 2.9 2.99 2.92 0.044 0.22 0.39 0.75 0.13
Lactose, % 4.71 4.63 4.76 4.75 0.034 0.98 0.16 0.29 0.07
SNF, % 8.39 8.26 8.45 8.32 0.073 0.58 0.92 0.99 0.09
TS, % 12.10 1217 12.30 12.16 0.127 0.49 0.63 0.43 0.58
Composition production

Fat, kg/d 0.84 0.91 0.89 0.85 0.026 0.19 0.88 0.07 0.69
Protein, kg/d 0.70 0.69 0.72 0.67 0.022 0.92 0.68 0.43 0.37
Lactose, kg/d 1.09 1.10 1.14 1.10 0.041 0.63 0.69 0.59 0.58

4%FCM = 4%Fat corrected milk, SNF = solid not fat, TS = total solid, SCC = somatic cell count,

C = control group, BPFP = bypass protein-fat mixed product group

'4%FCM = 0.4 x milk yield (kg/d) + 15 x fat yield (kg/d)

SEM = Standard errors of the mean

¢ Probability of a Linear (L), quadratic (Q), and cubic (C) effects of bypass fat-protein levels
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‘wmmu (energy corrected milk, ECM) Tun1means
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Table 6. Feed efficiency, energy corrected milk, fat to protein ration, nitrogen utilization efficiency, somatic cell

count and somatic cell score in lactating dairy cows supplemented with various levels of bypass

protein-fat product

Bypass protein-fat mixed product,g/d P-value
Items SEM Cvs
0 150 300 450 BPEP Q ¢C
Feed efficiency’ 1.31 1.26 1.20 1.23 0.04 024 010 030 051
ECM?, kg/d 2113 2196 2219  21.15 0659 044 093 021 083
Fat : Protein 1.19° 1.33° 1.24® 125" 0033 007 052 0.10 0.08
NUE® 0.20° 0.21° 0.18° 018> 0003 003 <001 051 0.01
SCC, log10 4.94 5.18 5.12 5.39 0.171 019 014 094 044
scs* 2.82 3.61 3.41 4.30 0570 019 014 093 043

C= control group, BPFP = bypass protein-fat mixed product group, SCC = somatic cell count,

"Feed efficiency = milk yield/dry matter intake

’ECM = milk x (0.38x% fat + 0.24x% protein + 0.17x% lactose)/3.17
3Nitrogen utilization efficiency = (milk protein yield (kg/d) + 6.38) / (crude protein intake (kg/d) + 6.25) (Broderick et al., 2009)
“Somatic cell score (SCS) = log,(SCC/100,000) + 3 (Ali and Shook, 1980)

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

SEM= Standard errors of the mean

¢ Probability of a Linear (L), quadratic (Q), and cubic (C) effects of bypass fat-protein levels
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Abstract: This research aimed to evaluate the optimal rates of silicon (Si) fertilizer on the growth, yield
components, yield, and Si uptake in each part of Pathum Thani 1 rice and its effects on Si availability in the
soil of the Phra Nakhon Si Ayutthaya province. The experiment was arranged in a 2x5 factorial in a completely
randomized design with three replications and two factors. The first factor was the soil series; Tha Rua (Tr),
and Ayutthaya (Ay). The second factor was the Si fertilizer, which was set at five different levels; 0, 0.42, 0.84,
1.26, and 1.68 g SiO,/pot. The findings revealed that soil types significantly impacted plant growth, yield,
and the amount of Si content in various plant parts. The rice planted in the Se soil series illustrated higher
leaf greenness, number of panicles per hill, rice yield (straw and grain), and Si uptake in various plant parts;
more than that of the Tr soil series. Applying Si fertilizer at 0.42 g SiO,/pot gave the highest grain yield,
particularly in the Se soil series (26.6 g/hill). The application of Si fertilizer at 1.68 g SiO,/pot provided
the highest Si content in culms, leaves, and grain; at 0.38, 0.48, and 0.50 g/hill, respectively. Increases in
Si fertilizer rates noticeably increased the Si availability in both soil types. Applying Si fertilizer at 1.68 g
SiO,/pot gave the highest amount of Si in water-soluble, exchangeable, available, and residual fractions
at (49, 224, 274, and 15,278 mg/kg in the Tr soil series and 56, 87, 143, and 13,692 mg/kg in the Se soil

series, respectively).

Keywords: Si fertilizer, Si concentration, Si forms in soils, rice yield

Introduction weathering and adsorption-desorption of Si in the

soil solution (Szulc et al., 2019), is one of the

Silicon (Si) is the second most abundant influential factors of available Si in soil. The solubility
and stable electropositive element in the earth’s of Si usually decreases in acidic soil (fixed with
crust (Kabata-Pendias and Pendias, 1992; Szulc Fe and Al oxide) but increases in alkaline soils

et al., 2019). The total Si content in soil ranges from (pH approximately 9.5) (Kabata-Pendias and
1-45 % depending on the soil type and parent Pendias, 1992; Szulc et al., 2019). Therefore, the

material (Sommer et al., 2006). Soluble Si in a available Si in acidic soil tends to be restricted,
soil solution was recorded at roughly 1-200 mg/L, as silicate ions can be precipitated with other
which was dependent on the soil type and climatic cations (Kabata-Pendias and Pendias, 1992).
factors (Kabata-Pendias and Pendias, 1992). Similarly, in calcareous soil, Sandhya and Prakash
Generally, Si is taken up by plants as mono-silicic (2019) demonstrated that the solubility of Si
acid (H,SiO,), which is a water-soluble and increased as the soil pH increased from neutral
exchangeable form of Si in the soil colloid system. to alkaline. In the lowland rice cultivation areas
Both forms are classified as available forms, which within  Thailand, Phra Nakhon Si Ayutthaya
are beneficial for plant growth. However, the province, the mostly flooded soil is post-active acid
majority of silicon found in soil is its residual sulfate soil, such as in the Ayutthaya and Sena
fraction, which is a composition of a rock or mineral. soil series (Sukyankij et al, 2022), which is
Soil pH, which affects the solubility of Si limited in its release of Si into the soil solution
concentration in soil via the processes of soil (Kabata-Pendias and Pendias, 1992). While the
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Tha Rue soil series had lower soil fertility and
organic matter, its soil pH was higher and closer to
neutral (Sukyankij et al., 2022); which can promote
the increase of available Si in soil.

Si is classified as a beneficial element in
plants (Dobermann and Fairhurst, 2000) and can
be accumulated differently in every plant species.
Several high-Si-accumulating species of plant
were reported in the Poaceae family, such as rice,
which accumulates Si at about 10 - 15 % (DW).
Rice is known as a Si accumulator plant, as the
Si uptake of this plant can be more than 10 % (DW)
(Dobermann and Fairhurst, 2000), and presents
a positive response to Si fertilizer in terms of
productivity (Chaiwong et al., 2022). Si plays an
important role in rice; aiding in the development
of strong leaves, stems, and roots; increasing
available phosphorus in soil (Dobermann and
2000),

tolerance of biotic and abiotic stress; such as

Fairhurst, and aiding in the meliorate

relieving water loss, impeding fungal infections,

and improving drought resistance via the
enhancement of the water contents
(Ma, 2004; Savant et al., 1996; Surapornpiboon
et al., 2008; Yan et al., 2018). Dobermann and

Fairhurst (2000) reported that the optimal ranges

in plants

and critical levels of Si in rice straw at the maturity
stage were 8-10 % and less than 5 %, respectively,
whereas the critical Si deficiency in soil was
54 mg/kg (extracted with 0.5 M acetic acid)
(Narayanaswamy and Prakash, 2009). Cuong et al.
(2017) reported that the recommended rate of
SiO, fertilizer was 329 kg/ha for rice production in
a tropical zone. Consequently, the addition of
Si fertilizer in soil with low availability of Si or in
acidic soils is necessary for improving the growth
and yield of rice. Hence, the objectives of this study

were to estimate (1) the effects of Si fertilizer rate
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on growth, yield, and yield components, (2) Si
uptake in different plant parts, and (3) Si in different

fractions in the soil after rice cultivation.

Materials and Methods

Plants and Soils Preparation

The study was conducted in a greenhouse
from November 2021 to March 2022 at the
Faculty of Science and Technology, Phranakhon
Si Rajabhat Thailand.

Rice seed (Pathum Thani 1) was obtained from

Ayutthaya University,

the Prachin Buri Rice Research Center, Rice
Department. The soil in the experiment consisted
of two soil series, representing the availability of
Si at low and high levels. The Tha Rua (Tr) soil
series (Vertic (Aeric) Endoaguepts), collected from
the Wang Dang subdistrict in the Tha Ruea
district (14°52'90.27” N 100°67'28.60” E), was
presented with high exchangeable Si (176.9 mg/kg).
The Sena (Se) soil series (Sulfic Endoaquepts),
Na subdistrict,

Ayutthaya province

collected from the Chai Sena
district, Phra Nakhon Si
(14°27°'74.09” N 100°35'76.80" E), was represented
with low exchangeable Si (68.5 mg/kg) (Division
of Soil Survey and Soil Resource Research, 2019).
The soil samples were collected at 0 - 20 cm in
the paddy field in each location and then air-dried
for 14 days in the greenhouse. The soil was then
divided into two portions. The first portion was
ground and passed through a 2 mm sieve and
analyzed for physical and chemical properties; i.e.,
soil texture (Gee and Bauder, 1986), soil pH
(Thomas, 1996), saturated electrical conductivity
(Rhoades, 1996), organic matter (Walkley and
Black, 1934), available phosphorus (Bray and
Krutz, 1945), exchangeable potassium, calcium,

and magnesium (Thomas, 1982), water-soluble
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Si (Khalid et 1978),

(Korndorfer et al., 1999), available Si (water-soluble

al., exchangeable Si
Si plus exchangeable Si), and residual Si (Jones
and Dreher, 1996) before the start of the experiment.

The second portion was used to study the
effects of Si fertilizer on yield and Si uptake in
Pathum Thani 1 rice under greenhouse conditions.
The experiment design was a 2 x 5 factorial in a
completely randomized design (CRD) with three
replications and two factors. The first factor was
the soil series (Tha Rua soil series (Tr) and Sena
soil series (Se)). The second factor was the Si
fertilizer application used: no addition of Si fertilizer
(control) and Si fertilizer application at rates of
0.5, 1.0, 1.5, and 2.0 times the Si recommended
rate. The recommended rate of Si for tropical rice
was 329 kg SiO,/ha, reported by Cuong et al,
2017. In the pot experiment, a total of 5 kg of dried
soil was put into each 6.5 L plastic pot. The rates
of Si fertilizer, silicic acid (H,SiO,), in the pot
treatments were 0, 0.42, 0.84, 1.26, and 1.68 g
SiO,/pot. Distilled water, without Si contamination,
was added to the soil plots and stirred until muddy.
The soil series were mixed well and flooded for
seven days prior to transplanting the 20-day-old
Pathum Thani 1 rice seedlings in the experiment
pots. Flooding was maintained at 5 cm above
the soil surface from the start of the planting
stage through the harvesting stage. The primary
plant fertilizer (NPK) was applied in accordance
with the site-specific nutrient management program
(SimRice2000_V110) at the rates of 0.13-0.06-0.11
and 0.03-0.06-0 g N-P,0.-K,O per pot for both
the Tr and Se soil series. At the maturity stage,
Pathum Thani 1 rice was harvested at 107 days
after transplanting. The plant samples were
separated into grain and straw. The samples were

then oven-dried in a hot air oven at 80 C for 48
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hours, after which the samples were recorded
for the dry weight of both grain and straw. Next,
straw samples from each treatment were divided
into culm and leaves. All samples (grain, culm,
and leaves) were cut into small pieces and crushed
to less than 0.5 mm in size, and the whole
plant samples were taken for Si concentration

analysis in the next step.

Data collections

Data were collected for the assessment
of (1) growth, vield, and yield components (i.e.,
plant height, leaf greenness (SPAD), day after
flowering, number of tillers per hill, number of
panicles per hill, panicle length, number of grains
per panicle, fertile grain, 100-grain weight, dry
straw weight, and grain yield at 14 percent
moisture), and (2) the concentration of Si in different
plant tissues (grain, culm, and leaf), which were
digested by conc. HNO, (Nayar et al., 1975) and
the

colorimetric method (Babu, 2015; Hallmark et al.,

determined  through molybdenum  blue
1982). Total Si uptake in each part was then
calculated by multiplying the Si concentration
by the basic dry matter content. The fractions of
Si

available,

in soils were water-soluble, exchangeable,

and residual. Water-soluble and
exchangeable Si were extracted by the methods
of Khalid et al. (1978) and Korndorfer et al. (1999),
respectively, and the amount of Si was determined
by the molybdenum blue colorimetric method
(Babu, 2015; Hallmark et al., 1982).

For available Si, we calculated the sum
of water-soluble and exchangeable Si in the soil.
Residual Si was digested with a mixture of aqua
regia, HF, and H,BO,, and the amount of Si was
measured by the blue silicomolybdous acid method

(Jones and Dreher, 1996).
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Statistical analysis

The data from the experiment were
subjected to an analysis of variance (ANOVA), and
Duncan’s new multiple range test (DMRT) with a
significance of P<0.05 probability level. The means

of each treatment were compared.

Results and Discussion

Soil properties at the start of the experiment

The soil properties at the start of
the experiment are shown in Table 1. The Tr and
Se soil series were classified as Vertic (Aeric)
Endoaquepts and Sulfic Endoaquepts, respectively
(Division of Soil Survey and Soil Resource
Research, 2019). The soil texture was
characteristically silty clay in the Tr soil series
and clay in the Se soil series and were slightly
acidic (pH = 6.57) and strongly acidic (pH = 4.81),

respectively. No saline was noted in both soil
series, and the organic matter contents
ranged from medium (Tr = 13.6 g/kg) to very
high levels (Se = 50.2 g/kg). Available phosphorus
contents were low to medium in the Tr soil series
(4.58 mg/kg) and (13.7 mg/kg) in the Se soil series.
In the Tr soil series; exchangeable potassium
was high (94 mg/kg), calcium was very high
(5,031 mg/kg), and magnesium content was high
(385 mg/kg). And, in the Se soil series;
exchangeable potassium was high (157 mg/kg),
calcium was high (24,185 mg/kg), and magnesium
content was high (443 mg/kg). The basic chemical
properties of each soil series were interpreted
according to the FAO Project Staff and Land
Classification Division (1973). We observed a high
level of exchangeable Si in the Tr soil series (176
mg/kg) and a medium level (68.5 mg/kg) in the

Se soil series (Narayanaswamy and Prakash, 2009).

Table 1. The properties of topsoil (0 - 20 cm depth) prior to the experiment (mean+S.E.)

Soil property

Tha Rua (Tr) soil series

Sena (Se) soil series

Texture classes

Soil pH reaction (1:1 H,0)
Electrical conductivity, EC_ (dS/m)
Organic matter (g/kg)

Available phosphorus (mg/kg)
Exchangeable potassium (mg/kg)
Exchangeable calcium (mg/kg)
Exchangeable magnesium (mg/kg)
Exchangeable silicon (mg/kg)
Water soluble silicon (mg/kg)
Available silicon (mg/kg)

Residual silicon (mg/kg)

Silty Clay Clay
6.57 £ 0.35 4.81+0.15
2.16 £ 0.21 1.24 £ 0.16
136+1.24 50.2 £ 2.45
458 +0.85 13.7£1.42
94.1£3.15 157 £2.90
5,031 £255 2,418 £21.0
385+ 12.6 443 +21.4
176 £ 5.35 68.5 + 3.15
36.5+1.75 32.3+2.04
213 £15.4 101 +£11.5
12,420 £ 105 11,385+ 85.5
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Effect of Si fertilizer on growth and yield

Growth and yield of rice were determined
based on plant height, leaf greenest (SPAD unit),
number of panicles per tiller, percent fertile grain,
100-grain weight, dry straw weight, and grain yield
at 14 percent moisture (Table 2). The difference in
soil types significantly affected the SPAD value,
number of panicles per tiller, and rice yield (straw
and grain) (P < 0.01). Resultingly, the Se soil series
produced greater rice growth and yield than that of
the Tr soil series. The application of Si fertilizer was

statistically different only in SPAD value, number of

panicles per tiller, and grain yield (P < 0.01). The
application of Si fertilizer at 1.26, 0.84, and 0.42 g
SiO,/pot gave the highest leaf greenness, number of
panicles per tiller, and grain yield (38.2 SPAD units,
10.0 paniclesttiller, and 19.3 g/hill, respectively). The
interaction of soil types and various Si fertilizer
applications produced significant differences in
SPAD value, number of panicles per tiller, and straw
and grain yields (P < 0.01). Applying Si fertilizer at
0.42 g SiO,/pot in the Se soil series provided the
highest SPAD value, straw and grain yields; at 41.2
SPAD units, 26.8, and 26.6 g/hill, respectively.

Table 2. Effects of soil types and Si fertilizer application on growth and yield of rice

Factors Height SPAD No. Panicle Fertile 100-grain Straw yield  Grain yield
(cm)’ unit' (panicle/tiller)1 grain (%)' wit. (g)1 (g)1 (g)1
Factor 1 (Soil series)
Tr soil 85.5 31.6° 7.1° 94.1 2.54 12.0° 13.1°
Se sail 87.7 39.3° 10.7° 935 2.58 23.9° 22.3°
F-test ns * * ns ns * **
Factor 2 (Si fertilizer application, g SiO./pot)

0 84.8 31.9° 9.3% 91.9 2.55 18.3 17.8%
0.42 85.7 36.2° 9.2% 94.8 2.54 19.0 19.3°
0.84 88.8 34.2° 10.0° 93.8 2.58 18.8 18.4°
1.26 87.3 38.2° 8.0° 94.4 2.56 17.1 16.9°
1.68 86.3 36.9° 8.0° 94.1 2.58 16.6 16.2°
F-test ns * * ns ns ns *

Interaction Factor 1 x Factor 2
Trx Si, 83.0 27.8° 7.7% 90.4 2.54 13.6° 13.2°
Tr x Siy 4 87.0 31.2% 6.3 94.7 2.51 11.2° 11.9°
Tr X Siy g, 86.7 30.9% 8.0% 93.3 2.58 11.6° 13.8°
Tr X Si, 5 85.7 35.4%° 6.7 96.3 2.53 11.3° 12.7°
Trx Si, g 85.3 32.9° 6.7 95.9 2.55 12.2° 13.7¢
Se x Si 86.7 35.9%° 11.0% 93.4 2.56 22.9% 22.4°
Se x Siy 84.3 41.2° 12.0° 94.9 2.57 26.8° 26.6°
Se X Siy, 91.0 37.4% 12.0° 94.3 2.59 26.1% 23.0°
Se x Si, 89.0 40.9° 9.3% 92.6 2.58 22.8% 21.0°
Se x Si, 87.3 40.9° 9.3% 923 2.60 21.0° 18.6°
F_test ns *k *k ns ns *k Kk
CV (%) 3.3 8.8 13.8 3.2 2.1 15.3 7.6

¥ Means with the different letters in each column are significant differences according to DMRT at P < 0.05; *** are significant difference at

P <0.01 and 0.05 probably levels, respectively, and ns is not significantly different; Tr and Se are the Tha Rua and Sena soil series, respectively
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Generally, when plants receive an adequate
amount of Si, they can increase their photosynthetic
rate and chlorophyll contents (Song et al., 2014),
however, the initialized value of the soil’s fertility is
also important for this parameter. The results
indicated that the high fertility of the Se soil series
had a higher effect on the photosynthetic rate and
chlorophyll contents than soil with a high Si content
(Tr soil series). Moreover, the increased Si fertilizer
rate (0.42-1.68 SiO,/pot)
chlorophyll contents (SPAD value) when compared
to the control treatment (Table 2). Ju et al. (2020)

reported that a nutrient solution containing Si

produced increased

at a concentration of 1, 2, or 4 mM increased the
chlorophyll contents of rice seedlings significantly
compared to the control (0 mM). According to
our study, increased rates of Si fertilizer (0-1.68 g
SiO,/pot) increased leaf greenness (SPAD value)
of rice in both soil types, as well as the number
of panicles per tiller. The applied Si fertilizer at
0.84 g SiO,/pot promoted a higher number of
panicles per tiller than the other treatments.
According to Chaiwong et al. (2022), the sufficiency
of the Si supply may be increased by increasing
the number of panicles per plant, as well as the
number of grains per panicle and the percentage
of filled grains. Moreover, the lack of Si in rice led
to a decrease in spikelet fertility and a reduced
harvest index (Ma et al., 1989). The optimal rate of
Si fertilizer for rice was 0.42 g SiO,/pot, as this rate
was able to promote the highest grain yield (Table
2), especially in soil with low available Si (Se soil
series at 26.6 g/hill). However, the rice yield in this
soil tended to decrease if Si fertilizer over 1.26 g
SiO,/pot was applied. The application of Si fertilizer
at the highest rate (1.68 g SiO,/pot) produced the
lowest grain yield (18.6 g/hill). Cuong et al., 2017,

reported that the application of Si fertilizer at
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rates between 100 - 400 kg/ha increased the straw
and grain yields of rice by 12 - 19 % and 13 - 22 %,
respectively. Similarly, applying Si fertilizer at
optimal rates increased rice yield and quality
(Surapornpiboon et al., 2008; Yan et al., 2018).
Si can protect rice plants from stress caused within
their environment (biotic and abiotic factors), as
well as promote the efficient use of light and

nitrogen (Dobermann and Fairhurst, 2000).

Effects of Si fertilizer on Si uptake

Both soil types demonstrated that the
application of Si fertilizer significantly affected
Si uptake in the rice culm, leaves, and grain
(P < 0.01), which was significantly higher in the
Se soil series, with the exception of the Si uptake
in leaves (P > 0.05) (Table 3). The application of
Si fertilizer at the highest rate (1.68 g SiO,/pot)
generated Si uptake values in the culm, grain, and
total at 0.38, 0.50, and 1.36 g/hill; whereas Si
applied at the rate of 0.42 - 1.26 g SiO,/pot were
not statistically different from the highest rate.
When considering the interaction between soil type
and Si fertilizer application, the application of
Si fertilizer at the rate of 0.42 g SiO,/pot in the
Se soil series gave the highest Si uptake in culm,
leaf, and total (0.43, 0.55, and 1.53 g/hill). No
significant the
treatment of Si at the rates of 0.84, 1.26, and 1.68 g

differences were observed in
SiO,/pot, respectively.

Soil fertility is important for determining
the Si uptake by plants, as the uptake parameter
is calculated from the dry weight of the plant
multiplied by the element's concentration. Our
results showed that rice planted in the Tr soil series
had higher Si concentrations in several plant parts
than that in the Se soil series (data not shown).

The Tr soil series produced lower Si uptake and
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plant biomass, yet higher Si concentration than
that of the Se soil series. Chaiwong et al. (2022)
and Phommuangkhuk et al. (2020), in their studies
of Si fertilizer applied for grain yield production and
Si accumulation in rice, reported that increasing

rates of Si fertilizer increased the Si concentration in

the different organs of rice; aligned with our own
findings herein. Moreover, they also reported that
Si concentrations were higher in leaf tissues than
in other plant parts and that above-ground plant
parts generally accumulated more Si than in the
roots (Meena et al., 2014).

Table 3. Effects of soil types and Si fertilizer application on Si uptake in different organs of rice

Si uptake (g/hill)

Factors ] ] . ]
Culm Leave Grain Total
Factor 1 (Soil series)
Tr 0.27° 0.35° 0.36" 0.99°
Se 0.40° 0.52° 0.48° 1.39°
F-test st " st st
Factor 2 (Si fertilizer application, g SiO,/pot)
0 0.25° 0.37 0.35° 0.96"
0.42 0.34% 0.42 0.44%° 1.20%
0.84 0.35° 0.44 0.42% 1.21%
1.26 0.35° 0.46 0.41% 1.20%
1.68 0.38 0.48 0.50° 1.36°
F-test * ns * *
Interaction Factor 1 x Factor 2
Tr x Si, 0.20° 0.33% 0.30' 0.84°
Tr x Siy ,, 0.26" 0.29° 0.32 0.86°
Tr X Siy g, 0.26" 0.36% 0.37% 1.00%
Tr X Si 5 0.27% 0.37% 0.36% 1.00%
Trx Si, o 0.34° 0.42" 0.48" 1.23%
Se x Si, 0.29% 0.41% 0.39° 1.09%
Se x Si, , 0.43° 0.55 0.55 1.53°
Se x Siy 5, 0.43° 0.52% 0.47% 1.41%
Se x Si, 0.43° 0.55% 0.46° 1.43%
Se x Si, ., 0.42%° 0.54° 0.52%° 1.49°
F-test o - ax ax
CV (%) 14.9 14.0 7.7 9.8

" Means with the different letters in each column are significant differences according to DMRT at P < 0.05; ** is a significant difference

at P < 0.01 probably level and ns is not significantly different; Tr and Se are the Tha Rua and Sena soil series, respectively
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Effects of Si fertilizer on soil Si availability

The application of Si fertilizer was
significantly different (P < 0.01) for water-soluble,
exchangeable, available, and residual Si fractions
in both soil series (Figure 1). The highest Si rate
(168 g SiO/pot) was evidenced in the water-
soluble fraction at 49.3 and 55.6 mg/kg; and
224 and 86.6 mg/kg in the exchangeable Si
fraction in the Tr and Se soil series, respectively.
For the available Si fraction, applying Si fertilizer
at rates of 0.84 - 1.68 g SiO,/pot in both soil series
was not statistically different, where the highest

value was presented in the treatment of Si fertilizer

QY

at the rate of 1.68 g SiO,/pot, producing 274 and
142 mg/kg in the Tr and Se soil series, respectively.
Similarly, the residual Si in both soil types was
statistically different from the control (non-Si
application). Applying Si fertilizer at the rate of
0.42 - 1.68 g SiO,/pot in the Tr soil series was not
significantly different, nor was the application of
Si fertilizer at the rate of 0.84 - 1.68 g SiO,/pot
in the Se soil series. The highest amount of
residual Si in each plot was displayed in the
treatment of 1.68 g SiO,/pot, producing 15,955
and 14,115 mg/kg in the Tr and Se soil series,

respectively.
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Figure 1. Effects of Si fertilizer applied on water-soluble (A), exchangeable (B), available (C) and residual

Si (D) in two soil series after rice plantation. The lowercase letters above the bar indicated that

significantly different among treatments by using DMRT at P < 0.05; Tr and Se are the Tha Rua

and Sena soil series, respectively
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The amount of Si in soil depends
on several factors; such as parent material,
utilization of an area for agricultural production,
and the application of chemical fertilizer,
specifically Si fertilizer. The results presented herein
demonstrated that the application of Si fertilizer
increased Si in all fractions of Si (water soluble
(9.8 - 31.8 % and 5.1 - 49.8 %), exchangeable
(7.3-17.5% and 4.5 - 17.8 %), available (7.9 - 20.2
% and 5.2 - 29.1 %), and residual (1.0 - 22.9 %
and 16.3 - 21.1 %)) in the Tr and Se soil series,
respectively (Figure 1). Schaller et al. (2021)
studied Si cycling in soil and reported that the
application of Si fertilizer (silicic acid, potassium
silicate, wollastonite, and steel slag) induced an
increase in soil Si, which was in accordance with
the results herein. The application of Si fertilizer may
change the proportion of Si in soil in the form of
silicic acid polymerization and de-polymerization,
due to the increase in the concentration of silicic
acid in the soil solution (Schaller et al., 2021).
Yang et al. (2020) studied Si fractions in forest soil
and reported that Si in soil presented a crystalline
fraction of 97.7 - 98.5 %, whereas non-crystalline
fractions (summation of dissolved and bioavailable,
organic matter bound, pedogenic oxides/hydroxides,
chemisorbed Si, and amorphous Si) ranged from
1.5 - 2.3 %. Our results, similar to that reported
by Yang et al. (2020) expressed that the summation
of dissolved and bioavailable Si in the soil was
1.74 - 1.94 and 0.85 - 1.03 % and that the residual
fractions of Si were 98.06 - 98.26 % and 98.97 -
99.15 % in the Tr and Se soil series, respectively
1). The that the

bioavailability of Si in both soil series was very

(Figure results indicated
low as compared to the residual Si fraction, as
the majority of Si in the soil was present in Si

compounds (quartz, crystalline silicate minerals,
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silicate clays, and amorphous silica compounds)
rather than soluble Si (mono-silicic acid and

polysilicic acids) (Sailaja et al., 2019).

Conclusion

In the study herein, soil type (Tr and Se)
was an important factor supporting the growth and
yield of rice. Leaf greenness, number of panicles
per tiller, and rice yield were higher in soil with high
fertility, the Se soil series versus soil with a high
Si content, the Tr soil series. The application of
Si fertilizer at higher rates (1.26 - 1.68 ¢
SiO,/pot) reduced grain yield, particularly in the
Se soil series, however, when applied at a lower
rate (0.42 g SiO,/pot), rice yields increased.
Notably, Si

correlated to increases in Si uptake in all plant

increases in fertilizer rates
tissues; as well as increases in various Si fractions
(water soluble, exchangeable, available, and
residual Si). Our results determined that the
application of Si fertilizer at the rate of 0.42 g
SiO,/pot was the optimal rate for rice production,

specifically in soil with low available Si.
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Abstract: Silicon (Si) is a beneficial element for plants, Si availability assessment is determined from Si content
in soil extracts using visible spectroscopy (Vis) and atomic absorption spectroscopy (AAS). Different
chemical extractants are developed to assess plant-available Si. The objective of this study was to compare
Si determination in soil extracts by the molybdenum blue colorimetric method and Atomic Absorption
Spectroscopy (AAS) in 36 samples of sugarcane growing soils. Five extractants included Mehlich |, 0.5 M
acetic acid, 0.5 M ammonium acetate (pH 4.8), 0.01 M calcium chloride, and 0.01 M potassium chloride.
The concentration of extractable Si was found to be maximum by Mehlich-I, followed by 0.5 M
acetic acid, 0.5 M ammonium acetate (pH 4.8), 0.01 M calcium chloride, and least by 0.01 M
potassium chloride, as determined by both Vis and AAS. The correlation between Vis and AAS
determinations was highly correlated in all extractants: Mehlich-I (R2 = 0.9803), 0.5 M ammonium acetate
(pH 4.8) (R = 0.9869), and 0.01 M calcium chloride (R° = 0.8902), 0.01 M potassium chloride (R* = 0.7406),
and 0.5 M acetic acid (R2 = 0.7287). Si extracted by different extractants was correlated between acid
extractants (Mehlich I, 0.5 M acetic acid, and 0.5 M ammonium acetate) and neutral salt extractants (0.01 M
calcium chloride and 0.01 M potassium chloride). The results suggest that these five extractants characterize
different pools of Si-supplying capacity of the soil, and the efficiency of the extractants is significantly
influenced by the extraction pH conditions. The Vis and AAS techniques are both suitable for determining Si

availability in sugarcane growing clayey soils.
Keywords: Available Si, Extractants, UV-Vis, AAS

Introduction 2016). In terms of sugarcane cultivation, Thailand

is the world's fourth-largest producer and the world's

Silicon (Si) is the second most abundant second-largest leading sugar-exporting country
element in the Earth's crust. It is responsible for (Office of the Cane and Sugar Board, 2019).
the formation of silicate minerals but it is mostly Sugarcane (Saccharum officinarum L.) absorbs Si
inert and only slightly soluble (Savant et al., 1999). from soil solutions more efficiently than any other
Si fractions in soils are classified as adsorbed, mineral nutrient (Meyer and Keeping, 2000), and
liquid, and solid. Si concentration in the liquid obtains it in the form of monosilicic acid (H,SiO,).
phase is strongly influenced by solid-phase Although agricultural soils are mostly made up of
solubility (Tubana et al., 2016). Although Si is not silicate minerals, many soils have a limiting factor
an essential nutrient for plants, it is beneficial for for crop production and an insufficient supply of
induced resistance to biotic and abiotic stresses plant-available Si (Ma and Yamaji, 2006). A review

(Guntzer et al., 2012; Majumdar and Prakash, 2020). found that the soil-available Si in clayey soils was

As a result, Si has been regarded as agronomically higher than in sandy soils (Crusciol et al., 2018a;
essential to long-term crop production. Notably, Crusciol et al., 2018b). After multiple harvests, Si
members of the grass family, such as sugarcane, concentrations in the soil will inevitably be
accumulate a significant amount of Si in their reduced as the same areas have been used for
tissues and harvested components (Tubana et al., cropping for several decades (Tubana et al.,
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2016). As a result, the current study focused on
sugarcane growing in clayey soils and considered
whether Si could improve crop yields as well as
provide other benefits.

The numerous soil Si extractants combined
with issues surrounding the solubility and availability
of Si in agricultural soils necessitate additional
research. Because total Si content is unrelated
to soluble Si in soils, analysis of soil-available Si
is one of the most commonly used methods for
determining whether or not Si deficiency will occur
in the soil at a locale. To evaluate plant-available Si,
various chemical extractants are being developed.
Calcium chloride, which only extracts the easily
soluble Si fraction, was found to have the highest
correlation to sugarcane yield (Crusciol et al., 2018b;
Haysom and Chapman, 1975); acetic acid is one
of the extractants used on a large scale (Crusciol
et al., 2018a). Phonde et al. (2014) discovered a
correlation between cane vyields and naturally
available soil Si extracted with 0.5 M ammonium
acetate. In further investigations to verify Ca and
Mg extraction in normal soil testing analysis,
potassium chloride should be examined for Si
extraction. (Crusciol et al., 2018a); one of the most
basic versions of universal extractants used to
extract plant nutrients in soil samples is dilute
double acid (Mehlich 1) (Mylavarapu et al., 2002).
Different analytical techniques have been proposed
to determine Si in chemical extracts and water
samples, including the ultraviolet-visible (UV-Vis)
and atomic absorption spectrometry (AAS) (Yang
et al., 2015) or by ICP (Wang et al., 2004). A Vis
method uses a light absorption spectrometer
based on the molybdenum blue at lower Si
concentrations and its higher sensitivity. In
addition, dissolved Si can also be determined by

AAS using a nitrous oxide-acetylene flame (Liang
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et al., 2015). AAS is still used to measure Si due to
its precision, accuracy, and high sensitivity. The
cost of analysis is lower than ICP. The objective of
this study was to compare Si determination in soil
extracts by the molybdenum blue colorimetric
method and atomic absorption spectroscopy
(AAS) in 36 samples of sugarcane growing soils
for development method application in routine

analysis laboratories.
Materials and Methods

Sampling sites

The soil sampling sites were selected
from sugarcane plantation areas in Khlong Hat
District, Sa Kaeo Province, with 36 clayey soil
samples collected. There are Thap Phrik (Tpk),
Klang Dong (Kld), Wang Nam Yen (Wyn) and
Wang Saphung (Ws) soil series. The soil sampling
method involved collecting a composite sample at

a depth of 0 - 30 centimeters.

Physical and chemical properties analysis

Soil samples from the study areas were
air-dried and ground to pass through a stainless
sieve of 2 mm. All samples were analyzed for
the basic physical and chemical properties of
soil. The ranges of basic physical and chemical
properties of the soils were: pH 5.58 - 8.13, organic
matter 33.05-62.08 g kg'j, Bray ll-available phosphorus
0.00 - 0.04 g kg%, exchangeable potassium 0.03 -
0279 kg'j, exchangeable calcium 1.38-10.39 g kg'1,
and exchangeable magnesium 0.28-1.18 g kg™
The texture of the soil samples ranged from clay
loam to clay, though the majority was clay (%clay
27.09 - 58.61). pH was based on soil: water 1 : 1
(Thomas, 1996), with organic matter determined by
Walkley and Black Titration (Walkley and Black,
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1934), available phosphorus by the Bray Il method
(Bray and Kurtz, 1945) and extractable K, Ca, and
Mg by 1 M NH,OAc pH 7.0 (Pratt, 1965), while soil
texture was determined by a pipette method (Day,
1965; Kilmer and Alexander, 1949).

Methods for extraction of soil-available Si
Extractable Si was extracted using the
conventional method; five Si extractants are shown
in Table 1. The Si extracted from the soil solution
was separated into two experiments to compare
the method with the Vis and AAS. For all analyses
of Si in soil, plastic laboratory vessels were used
and washed successively in a 5% HNO,and a 0.1 M
NaOH for greater than or equal to 5 hours each and

then rinsed with deionized water after each bath.

Determination of soil Si availability

The Vis analysis for Si was carried out with a
Lambda 265 (UV-Vis; Lambda 265; PerkinElmer;
USA) using a modified molybdenum blue method
developed by Duboc et al. (2019). The developed
color method is suitable for analyzing water
samples and chemical extracts. Such water samples
often contain greater concentrations of phosphate,

sodium hydroxide, suspended materials, and other

impurities. Specifically, an aliquot of sample extract
containing 1 ml was added to a marked 10-ml
centrifuge tube, deionized water 7.75 ml, acidified
molybdate with 0.50 ml, and then mixed by hand
vortexing. After 10 = 3 min, 0.5 mL of 20 % tartaric
acid was added and then mixed by hand
vortexing. After 5 £ 1 min, 0.25 ml of the 1-amino
2-naphthol-4-sulphonic  acid reducing agent
was added to the solution and then mixed by
hand vortexing. After allowing 1 hour for color
development, absorbance was measured at a
wavelength of 630 nm. Standard curves were
prepared as 0.0, 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 mg
Si L. The AAS analysis for Si was carried out with
a Varian 240 (AAS; AA240; Varian; Palo Alto,
CA, USA). Flames were produced by a nitrous
oxide - acetylene. The wavelength of 251.6 nm
was used for the AAS analysis of solution Si.
Method validation was reported with a percentage
of recovery by spiking a known amount of Si
standard. Analytical solutions were prepared using
an appropriate dilution of 1000 pg mL" Si atomic
absorption spectroscopic standard (PerkinElmer;
USA) into each extract of selected soil samples and
measuring the difference between the spiked sample

and the original sample.

Table 1. Five extraction methods for determination of soil-available Si
Soil:
Period

No. Extractant solution pH References

ratio "
1 Mehlich | (0.05 M HCI, 0.0125 M H,S0,)  1:10 1.27 1 Modified from Mylavarapu et al. (2002)
2 0.5 M Acetic acid 1:10 2.54 1 Korndorfer et al. (2004); Snyder (2001)
3 0.5 M NH,0Ac 1:10 4.84 1 Fox et al. (1967)
4 0.01 M CaCl, 1:10 5.46 1 Korndorfer et al. (2004)
5 0.01 M KCI 1:10 5.67 1 Crusciol et al. (2018b)
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Statistical data analysis

The relationships among available Si in
soil using various extractants for Si assessment in
clayey soils and comparing the Si determination in
these extracts by the molybdenum blue colorimetric
method and atomic absorption spectrometry (AAS)

were tested using Statistica software.
Results and Discussion

Comparison of soil Si determined by Vis and AAS
in different extractants

The correlation between Vis and AAS
determinations was highly correlated in all
extractions: Mehlich-I (R 0.9803), 0.5 M
ammonium acetate (pH 4.8) (R° = 0.9869), and
0.01 M calcium chloride extractions (R° = 0.8902),

0.01 M potassium chloride (R* = 0.7406), and 0.5
M acetic acid (R* = 0.7287). Linear regressions
indicated that the amount of soil Si estimated by
Vis analysis was slightly higher than that by AAS
analysis in all extractions (Figure 1).

Ammonium molybdate reacts exclusively
with monosilicic acid to form a colored complex,
enabling an alternative to the molybdenum
blue method to determine only monosilicic acid
(Govett, 1961). Consequently, it has been utilized
to study the kinetics of monosilicic acid release
from non-monosilicic species by observing the
time-dependent color development of the Si-Mo
complex (Wada and Wada, 1980; Xu and Harsh,
1993). Si determination can be incorporated into
routine soil testing using AAS analysis, which is

more expeditious.

Mehlich | 0.5 M Acetic acid
- ™ .
2. y = 1.0145x - 52.118 i g y = 0.6672x + 60.201 PRS-
o . 200 o
= R? = 0.9803 — > R® = 0.7267 o2t -
£ ano k™ — 2 o o g e
g e ) PR 3 .
E’ 200 -« E 100 -
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Mehlich | may have been able to extract
more Si than the four extractants and depolymerize
all of the non-monomeric Si in the solution.
According to the strong correlation between the
slopes of the linear regression for Mehlich |,
extractable Si that was discovered by AAS and Vis
was close to a ratio of 1: 1. This outcome was in
line with earlier research that found high acidity to
be the most crucial element in maintaining the
stability of monomeric Si (ller, 1979). A further
indication that these reagents were suitable
to extract or preserve labile monosilicic acids
in solutions was the high correlation between
AAS and Vis methods for 0.5 M NH,OAc, which
showed relationships that were slightly less than
1:1. The correlation between Vis and AAS
determinations in the 0.5 M acetic acid and 0.01 M
potassium chloride methods suggests that special
care must be taken with soil samples containing
a high concentration of soil-available Si.

The spike recovery of extract samples
determined by AAS and Vis is shown in Table 2.
The recovery of Si in spiked soil samples was
between 89.8 - 102.2 % for Vis and 65.5-77.2 %

for AAS determination. A Vis determination with

a return percentage close to 100 percent is
regarded as highly accurate. In all extractions,
spike recovery by the AAS-Si was lower than spike
recovery by the Vis-Si because the samples were
diluted before analysis.

Overall, these results demonstrated that
both AAS and Vis determinations for Si analysis
exhibited minor matrix effects in the various
extractions. The Vis and AAS techniques are
both suitable for determining Si availability in
sugarcane-growing clayey soils. However, Vis also
has limitations due to color measurement. The
reaction must take one hour for the color to
develop. This procedure could potentially interfere
with other substances. The Vis utilizes more
chemicals but it is less susceptible to tool
deterioration than AAS, which requires more
equipment and gas to operate the tool. The AAS
should be determined using the flame technique
because this method has the added benefits
of being both dependable and time-efficient.
Each element has a characteristic absorption
wavelength. However, nitrous oxide must be used
as the oxidant instead of air for elements such as

Si that form refractory oxides.

Table 2. Spike recovery for Si determination by Vis and AAS in five different extractants

Extractants Vis (%) AAS (%)
Mehlich | 102.2 76.9
0.5 M Acetic acid 97.5 77.2
0.5 M NH,OAc 89.8 65.5
0.01 M CaCl, 98.9 71.8
0.01 M KCI 98.6 72.0
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Relationship between available Si in soils extracted
with different extractants

The Si extraction pool of five extractants
from the soil, expressed by overall means of soil Si
over 36 samples, is shown in Figure 2. The highest
extractable was found in Mehlich I, followed by 0.5
M acetic acid, 0.5 M ammonium acetate, 0.01 M
calcium chloride and 0.01 M potassium chloride,
respectively. Meanwhile, a similar tendency was
found in AAS determination.

The Si content of the acid extractant
(Mehlich I, 0.5 M acetic acid, and 0.5 M NH,0Ac)
was greater than that of the neutral salt extractant
(0.01 M CaCl, and 0.01 M KCI). In general, Si
extractors that use acidic solutions perform better
than neutral ones because Si can be extracted
more efficiently from the soil when the pH of the
extractant is low (Narayanaswamy and Prakash,
2010). Consequently, Mehlich | extracted more
available Si from all soils than other extractants. It
could be concluded that the extraction conditions
and soil composition (particularly primary silicates,
clay minerals, and amorphous components)
have a significant effect on the efficiency of

the extractants (Berthelsen and Kordorfer, 2005;
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Sailaja et al., 2019). Wang et al. (2004) also
demonstrated similar results and reported that
various extractants possessed the characteristics
of soil Si-supplying capacity pools.

A similar trend was observed in neutral
salt extractants (0.01 M CaCl, and 0.01 M KCI).
The plant-available Si contents extracted by these
two extractants were found to be positively
correlated with each other, as shown in Figure 3.

This relationship implies that both methods
could extract the same soil Si-species. If it does
not change the pH of the soil solution, the salt that
(CaCl,)
should be a good Si extractant. The 0.01 M CaCl,

is a diluted neutral salt that should be capable of

promotes ionic strength stabilization

extracting soluble Si, which represents the more
labile forms in soils, primarily monomeric silicic
acid. Although the chemical process involved has
not been studied extensively and little has been
done to gain a better understanding of the kinetics
of ion release from the solid phase to the solution
phase, the extractant, 0.01 M CaCl,, simulates the
ionic strength of the solution (Crusciol et al.,
2018a). Poor correlations between 0.01 M CaCl,

and 0.01 M KCI and other acid extractants

S (B)

~ 500

(mg kg

400
300

AA
o I I

Mehlich |

05M

Extractable Si in soil

0.5 M Acetic 0.01 M Calcium 0o1T M

acid Ammonium chloride Potassium

acetate chloride

Extractants

Figure 2. Comparison of mean extractable Si for 36 soils by five extractants using Vis (A) and AAS (B)

methods
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suggest that the 0.01 M CaCl, extraction (Table 3
and 4), like the KClI extraction procedure, may only
reflect a transient status of soil soluble Si. A lower
linear correlation was observed between 0.01 M
CaCl, and 0.01 M KCI between Mehlich I, 0.5 M
acetic acid, and 0.5 M NH,OAc extractions, as
shown in Tables 3 and 4. These methods may
Melhich |
extracted specifically adsorbed Si, while 0.5 M
acetic acid and 0.5 M NH,OAc dissolved some

extract three different forms of Si.

exchangeable Si. At the same time, 0.01 M CaCl,
and 0.01 M KCI extracted more easily soluble Si.
These findings suggested that the Si removed by
these extractants could be divided into two
categories, including acid extractants (Mehlich I,
0.5 M acetic acid, and 0.5 M NHAOAC) and neutral
salt extractants (0.01 M CaCl, and 0.01 M KCI).
Soil extraction with 0.01 M CaCl, and 0.01 M KClI
reflects a primarily transient pool of soluble Si for
a specific soil condition. Some researchers have
this
samples, to characterize mobile forms of Si,

used extraction, particularly on moist

CaCl, - KCI - Vis (A)
o w
= y = 0.7614x + 7.1316
E 60 .
= R = 0.7496 e
[T} & Po. v "
— PP vt F T ~
E 20 f (]
=
b
a

20 0 40 50 &0

0.01 M CaCl, - Si (mg kg™)

with monosilicic acid being the dominant form,
along with polysilicic acids and both inorganic
and organic Si complexes (Ma and Takahashi,
2002; Matichenkov et al., 2000). Because the
polymerization and depolymerization of soluble Si
are heavily influenced by soil pH, salt concentration,
and dry-wet cycles (ller, 1979), it is doubtful that this
method can provide a reasonable Si nutritional status
for the soil over the course of a growing season. The
second category of Mehlich |, 0.5 M acetic acid and
0.5 M NH,OAc extractants, removes Si that is either
mobile or loosely bound, as well as some fractions in
amorphous forms (Matichenkov et al., 2000; Savant
et al., 1999). Mehlich | extracts extremely high levels
of Si. It should be noted that Mehlich |, as a multi-
element extractant, has been widely used by
many researchers and laboratories for the routine
testing of soil available P, K, Ca, Mg, and even
certain micronutrients (Mylavarapu et al., 2002).
Nonetheless, Mehlich | has not been compared

to other extractants in terms of predicting plant-

available Si.
CaCI2 - KCl - AA (B)
o
? y = 0.8719x + 4.5923
- 4 R? = 07827
1]

i) 4 5 6 ]

0.01 M KCI1 -

0.01 M CaCl, - Si (mg kg”)

Figure 3. A significant linear correlation documented between calcium chloride (A) and potassium

chloride (B) extractions
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Table 3. A linear correlation between soil Si extracted by five extractants using Vis

Y\X Mehlich | Acetic acid NH,OAc CaCl,
Acetic
y = 0.3954x + 85.421
acid
Rz =0.2875*
NH,OAc Yy =0.1866x +3.5582 vy =0.2304x + 27.426
R2 = 0.5926* R2 = 0.4912*
CaCl, y = 0.0226x + 31.754 y =0.01x + 39.387 y=-0.028x + 44.526
R2 = 0.0597 R2 =0.0064 R2 = 0.0054
KClI y =0.0304x + 25.285 y=0.0195x + 33.968 y =0.0339x + 36.134 y=0.7614x +7.1316
Rz =0.1401* R2=0.0313 Rz =0.0103 R2 = 0.7496*
* Indicates the significance of values at P < 0.05
Table 4. A linear correlation between soil Si extracted by five extractants using AAS
Y\X Mehlich | Acetic acid NH,OAc CaCl,
Acetic
y = 0.2903x + 118.32
acid
R2 = 0.2663*
NH,OAc vy =0.1369x + 25.955 y =0.232x + 27.06
R? = 0.5224* R? = 0.4746"
CaCl, y =0.0311x + 24.364 y=0.0355x + 28.692 y =0.0236x + 35.186
Rz =0.1243* R2=0.0513 R2 =0.0026
KCl y =0.0243x + 27.009 y=0.0372x + 28.141 y=-0.0196x + 38.572 'y =0.8719x + 4.5923

R*>=0.0778

R?=0.0578

R?=0.0018 R?=0.7827*

* Indicates the significance of values at P < 0.05

To further explain the difference in

extractability, the measured pH in the pure
extractants used in this study followed the order
Mehlich | (1.27) < 0.5 M acetic acid (2.54) < 0.5 M

NH,OAc (4.84) < 0.01 M CaCl, (5.46) < 0.01 M
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KCI (5.67). These orders corresponded to the total
amount of extractable Si found in this study.
Previously, it was demonstrated that a high
concentration of H" dissolved aluminosilicates and

released Si into a solution (Beckwith and Reeve,
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1964; Wang et al., 2004). However, the solubility
of crystalline or amorphous Si was essentially
constant at solution pH 2-8.5, so the kinetic factor
would prevent the dissolved Si from reaching a
new equilibrium with a solid phase (e.g., quartz or
amorphous Si) (ller, 1979). As a result, an inverse
relationship between soil solution pH and Si
concentration has frequently been observed
(Wang et al., 2004). Thus, Mehlich | extracts more
soil Si than any other extractant tested in this
study. The extraction of more Si by Mehlich | than
0.5 M acetic acid and 0.5 M NH,OAc suggests
that factors other than acidity may dominate soil Si
extractability. According to ller (1979), certain
anions affect the dissolution of silicate minerals or
the displacement of strongly adsorbed Si. Acidity
and anions could have an additive effect on Si
release from soils. The combined effect of dilute
double acid could explain why Mehlich | (0.05 M
HCI, 0.0125 M H,SO,) extracted the most soil Si,
followed by 0.5 M acetic acid and 0.5 M NH,OAc
extractions.

According to Haynes (2014), the pH of
the extractant solution can easily lead to an
overestimation of the soluble Si content when
acetic acid is used. Some acetates (CHSCOO'
NH;) and acetic acid (CH,COOH) are used to
remove soluble Si and certain exchangeable Si
from soils (Sailaja et al., 2019). Because AAS and
UV-Vis determinations of soil-extractable Si yield
comparable results, which suggest that non-
monosilicic soluble species and/or colloidal Si
may precipitate out of the aqueous phase during
0.5 M NH,OAc extraction. The polymerization
of monomeric Si and coagulation of soluble
polysilicic acids as well as colloidal Si increased
with increasing salt concentration,
between pH 3.5 and 5.5 (ller, 1979). To prevent

particularly
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clay mineral destruction during the extraction of
soluble and exchangeable Si, the pH should
be adjusted to 4.5 - 4.8, as suggested by Ayres
(1966), Cheong and Halais (1970), and Fox et al.
(1967).

Conclusion

The correlation between Vis and AAS
determinations was highly correlated in all
extractions: Mehlich-I (R 0.9803), 0.5 M
NH,OAc (pH 4.8) (R* = 0.9869), and 0.01 M CaCl,
extractions (R° = 0.8902), 0.01 M KCI (R
0.7406), and 0.5 M acetic acid (R° = 0.7287).

Linear regressions

indicated that the amount
of soil Si determined by Vis analysis was slightly
higher than that by AAS analysis in all extractions.
The Vis and AAS techniques are both suitable
for determining Si availability in sugarcane-
growing clayey soils. However, the benefit of this
study is its ability to determine the amount of Si
available for all types of soil globally, and those
methodologies have been applied to soil samples
to extract the soil-available Si and identify the crop
Si requirement. Melhich | extracted specifically
adsorbed Si, while acetic acid and NH,OAc
dissolved some exchangeable Si as well. Calcium
chloride and potassium chloride extracted more
easily soluble Si. The lower pH of the extractant
has a higher Si extraction power from the soil.
The Si extraction pool from soil was found to be
the maximum in Mehlich |, followed by 0.5 M
Acetic acid, 0.5 M NH,0OAc, 0.01 M CaCl,, and the
least by 0.01 M KCI. The results suggest that
these five extractants characterize different pools
of Si-supplying capacity in the soil and that the
the extractants

efficiency of is significantly

influenced by the extraction pH conditions. More
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research is needed to determine the relationship
between available Si in soil using various
extractant solutions and the Si yield of sugarcane,
as well as to identify the most suitable Si
extractant in the soil and how to manage the
availability of Si in soil. Mehlich | and KCI could
be alternative methods for extracting Si because
they are frequently used to determine available
plant nutrients in routine soil analysis and are
relatively inexpensive. Further, the KCI method has
additional advantages over others as it is easy to
prepare and does not require a concentration of

acids, thus reducing risk for the operator.
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by Near Infrared Spectroscopy
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Abstract: This study aimed to apply near infrared spectroscopy (NIRS) to investigate spongy tissue
symptom in ‘Namdokmai Sithong’ mango. Spectral data were acquired from healthy (1,470 points) and
spongy (97 points) tissues from 163 mango fruits prior to developing training models using artificial neural
network (ANN). The ANN models were thereafter tested for their efficacies using K-fold cross validation to
predict healthy and spongy tissues of mangoes. The results indicated that spectral data of a short-wave
near infrared (12500 - 9000 c¢cm™ or 800 - 2500 nm) preprocessed by second derivative provided the
highest coefficient of determination (R%) during model training and validating; 0.60 and 0.75, respectively.
The ANN model also provided high accuracy for predicting healthy and spongy tissues; 99.32 and 73.68
percent, respectively. Therefore, NIRS combined with ANN might be a possible nondestructive technique

for inspecting spongy tissue in 'Namdokmai Sithong' mango.

Keywords: Physiological disorders, artificial neural network, chemometrics, spongy tissue
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UNAREa: msﬁnmﬁﬁfmqﬂa‘zmm‘iﬁfaiﬁﬁﬂﬁumﬁLarﬁmLﬂn‘l}wmiﬂﬂ (near infrared spectroscopy: NIRS)
ma‘fmmumma‘Lﬁfﬂmﬂumm:ﬁqqﬁuiﬁmmiﬁﬁmq TﬂﬂLﬁll‘ff'ﬂ?;lj@@Lﬂﬂ[fl?ﬁ%ﬁ'ﬂ&ﬁi')x‘iﬂﬂaﬁﬁu']u 1,470
PN LAITETNIANUIY 97 AUVt A1nuzaing 163 LA udntdayaainasuNnaF1uLLAIa8d (training)
FaeaglAsetnelssaniias (artificial neural network: ANN) Wevnunsiiednfnazidensaresuzaing
WFANALNITNAARULLLATADS (vahdatmg) #n83% K-fold cross validation HaN193LAT1 mfaum‘wum
LUsaesieldannniilutesnnusnaudurea i fBunaies (12500 - 9000 cm’' %38 800 -2500 nm)
‘wqﬂﬂa“uLmemgwuﬁﬂumumm (second derivative) ummuﬂa‘mwﬁmswmsmn (coefficient of
determination: R%) 21@498ya training wa¥ validating 1117y 0.60 kaz 0.75 AMNAYAL Ined1n1snnsIaaay
detnfuasiienselunansdadldfissAuAuILumARY 99.32 way 73.68 ilefifusd Audady Faty
HefAursusaaddninsalndsando AN Sannanduld1dfagldiduiznislsnfuguainuoyliiians
Lﬁlfamfmmumﬂ’mﬂfaiwN‘lum@mniqwmﬁﬁﬂm@ﬂiﬁﬁwm
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wwﬂuuvm\mﬂmmwm Af mmuu@‘lﬁwm (spongy nsaln (near infrared spectroscopy, NIRS) U32181
tissue) aiunruianfinieadsinend ldanansn AN NRARNARUL HYIna 88819 (nondestructive
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Figure 1. Longitudinal section of 'Namdokmai Sithong' mango fruit with healthy tissue (A), fruit with spongy

tissue (B), healthy tissue (C), and spongy tissue (D)
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Figure 2. Area meshing (A) and spectral collection using a solid probe of MPA FT-NIR spectrometer (B)
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Figure 3. Average spectra of healthy and spongy tissues, scanned on the outside of fruits, obtained from

'Namdokmai Sithong' mango
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Table 1. Training and validating results of artificial neural network (ANN) using short-wave near infrared

spectra for predicting healthy and spongy tissues in 'Namdokmai Sithong' mango

Pre-
Training (n = 1254) Validating (n = 313)
treatment
Original R’ 0.52 R’ 0.57
RMSE 0.18 RMSE 0.18
Predicted Predicted
Confusion Actual Confusion Actual
Healthy Spongy Healthy Spongy
matrix matrix
Healthy 1168 (99.32 %) 8(0.68 %) Healthy 291 (98.98 %) 3(1.02 %)
(Accuracy) (Accuracy)
Spongy 46 (59.74 %) 31 (40.26 %) Spongy  10(50.00 %) 10 (50.00 %)
First R’ 0.51 R’ 0.51
derivative RMSE 0.17 RMSE 0.16
Predicted Predicted
Confusion Actual Confusion Actual
Healthy Spongy Healthy Spongy
matrix matrix
Healthy 1167 (99.24 %) 9(0.77 %) Healthy 291 (98.98 %) 3(1.02 %)
(Accuracy) (Accuracy)
Spongy 30 (38.46 %) 48 (61.54 %) Spongy 5 (26.32 %) 14 (73.68 %)
Second R 0.60 R’ 0.75
derivative RMSE 0.16 RMSE 0.13
Predicted Predicted
Confusion Actual Confusion Actual
Healthy Spongy Healthy Spongy
matrix matrix
Healthy 1169 (99.41 %) 7 (0.60 %) Healthy 292 (99.32 %) 2 (0.68 %)
(Accuracy) (Accuracy)
Spongy 31(39.74 %) 47 (60.26 %) Spongy 5 (26.32 %) 14 (73.68 %)
SNV R 0.41 R’ 0.40
RMSE 0.19 RMSE 0.19
Predicted Predicted
Confusion Actual Confusion Actual
Healthy Spongy Healthy Spongy
matrix matrix
Healthy 1172 (99.66 %) 4(0.34 %) Healthy 292 (99.32 %) 2 (0.68 %)
(Accuracy) (Accuracy)
Spongy 49 (62.82 %) 29 (37.18 %) Spongy 10 (52.63 %) 9 (47.37 %)
MSC R 0.45 R 0.37
RMSE 0.19 RMSE 0.20
Predicted Predicted
Confusion Actual Confusion Actual
Healthy Spongy Healthy Spongy
matrix matrix
Healthy 1171 (99.58 %) 5(0.43 %) Healthy 292 (99.32 %) 2 (0.68 %)
(Accuracy) (Accuracy)
Spongy 51 (65.39 %) 27 (34.62 %) Spongy 14 (73.68 %) 5(26.32 %)

Remarks: R = coefficient of determination, RMSE = root mean square error; SNV = standard normal variate; MSC = multiplicative scatter

correction
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Table 2. Training and validating results of artificial neural network (ANN) using long-wave near infrared

spectra for predicting healthy and spongy tissues in 'Namdokmai Sithong' mango

Pre-
Training (n = 1254) Validating (n = 313)
treatment
Original R’ 0.31 R’ 0.31
RMSE 0.21 RMSE 0.21
Predicted Predicted
Confusion Actual Confusion Actual
Healthy Spongy Healthy Spongy
matrix matrix
Healthy 1169 (99.41 %) 7 (0.60 %) Healthy 289(98.30%) 5(1.70 %)
(Accuracy) (Accuracy)
Spongy 62 (79.49 %) 16 (20.51 %) Spongy  16(84.21%)  3(15.79 %)
First R’ 0.41 R’ 0.53
derivative RMSE 0.21 RMSE 0.19
Predicted Predicted
Confusion  Actual Confusion  Actual
Healthy Spongy Healthy Spongy
matrix matrix
Healthy 1154 (98.13 %) 22 (1.87 %) Healthy 290 (98.64 %) 4 (1.36 %)
(Accuracy) (Accuracy)
Spongy 52 (66.67 %) 26 (33.33 %) Spongy  12(63.16 %) 7 (36.84 %)
Second R’ 0.51 R 0.41
derivative RMSE 0.18 RMSE 0.20
Predicted Predicted
Confusion  Actual Confusion  Actual
Healthy Spongy Healthy Spongy
matrix matrix
Healthy 1172 (99.66 %) 4(0.34 %) Healthy 290(98.64 %) 4 (1.36 %)
(Accuracy) (Accuracy)
Spongy 41 (52.56 %) 37 (47.44 %) Spongy  12(63.16 %) 7 (36.84 %)
SNV R 0.22 R’ 0.16
RMSE 0.23 RMSE 0.24
Predicted Predicted
Confusion  Actual Confusion  Actual
Healthy Spongy Healthy Spongy
matrix matrix
Healthy 1171 (99.58 %) 5(0.43 %) Healthy 293 (99.66 %) 1(0.34 %)
(Accuracy) (Accuracy)
Spongy 75 (96.15 %) 3(3.85 %) Spongy  19(100.00%)  0(0.00 %)
MSC R 0.38 R 0.43
RMSE 0.21 RMSE 0.21
Predicted Predicted
Confusion ~ Actual Confusion ~ Actual
Healthy Spongy Healthy Spongy
matrix matrix
Healthy 1163 (98.90 %) 13 (1.1 %) Healthy 292(99.32 %) 2 (0.68 %)
(Accuracy) (Accuracy)
Spongy 64 (82.05 %) 14 (17.95 %) Spongy 18 (94.74 %) 1(5.26 %)

Remarks: R® = coefficient of determination, RMSE = root mean square error; SNV = standard normal variate; MSC = multiplicative
scatter correction
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Table 3. Training and validating results of artificial neural network (ANN) using near infrared spectra for

predicting healthy and spongy tissues in '"Namdokmai Sithong' mango

Fre- Training (n = 1254) Validating (n = 313)
treatment
Original 3 0.52 R 0.25
RMSE 0.18 RMSE 0.23
Confusion Actual Predicted Confusion Actual Predicted
matrix Healthy Spongy matrix Healthy Spongy
(Accuracy) Healthy 1172(99.66%)  4(0.34%)  (Accuracy) Healthy 291(98.98%)  3(1.02%)
Spongy 49 (63.64%) 28 (36.36%) Spongy 16 (80.00%) 4 (20.00%)
First R’ 0.46 R’ 052
derivative RMSE 0.19 RMSE 0.17
Confusion Actual Predicted Confusion Actual Predicted
matrix Healthy Spongy matrix Healthy Spongy
(Accuracy) Healthy 1173(99.75%)  3(0.26%)  (Accuracy) Healthy 294 (100.00%) 0 (0.00%)
Spongy 52 (66.67%) 26 (33.33%) Spongy 10 (52.63%) 9 (47.37%)
Second R’ 0.40 R’ 0.37
derivative RMSE 0.21 RMSE 0.21
Confusion Actual Predicted Confusion Actual Predicted
matrix Healthy Spongy matrix Healthy Spongy
(Accuracy) Healthy 1161(98.72%) 15(1.28%) (Accuracy) Healthy 289 (98.30%) 5 (1.70%)
Spongy 52 (66.67%) 26 (33.33%) Spongy 11 (57.90%) 8 (42.11%)
SNV R’ 0.45 R’ 0.54
RMSE 0.20 RMSE 0.18
Confusion Actual Predicted Confusion Actual Predicted
matrix Healthy Spongy matrix Healthy Spongy
(Accuracy) Healthy 1173(99.75%)  3(0.26%)  (Accuracy) Healthy — 293(99.66%)  1(0.34%)
Spongy 57 (73.08%)  21(26.92%) Spongy  13(68.42%)  6(31.58%)
MSC R’ 0.45 R’ 0.38
RMSE 0.19 RMSE 0.19
Confusion Actual Predicted Confusion Actual Predicted
matrix Healthy Spongy matrix Healthy Spongy
(Accuracy) Healthy 1170(99.49%)  6(0.51%)  (Accuracy) Healthy 294 (100.00%) 0 (0.00%)
Spongy  48(61.54%)  30(38.46%) Spongy  10(52.63%)  9(47.37%)
Remarks: R’ = coefficient of determination, RMSE = root mean square error; SNV = standard normal variate; MSC = multiplicative

scatter correction
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Effects of Electrical Conductivity of Nutrient Solution

on Growth and Flower Quality of Tulip Grown in Hydroponics System
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Abstract: Nutrient concentrations in term of electrical conductivity value is one of the important factors that
affected the growth and quality of tulips grown in hydroponics. The optimum concentration brought about
good quality of flowers. However, the research on nutrient levels for the growth and quality of tulips in
Thailand was rarely reported. Therefore, this study was aimed to determine the effect of plant nutrient
concentrations in the culture solution on the growth and flowering of tulip ‘Orange Juice'. Tulip bulbs with an
average of 12 cm circumference were grown in a hydroponics system using double pots system under a
plant factory with an average temperature of 20 + 2 'C, average light intensity 442 pmol m”s” and 80 - 90 %
RH. The experimental design was completely randomized design (CRD) with 5 treatments and 4 replications.
Plants were supplied with five different electrical conductivity (EC) levels i.e., 0, 1.0, 1.5, 2.0 and 2.5 dS/m
Plant growth, photosynthesis rate, flowers and new bulbs quality were measured. The results showed that
there were not significantly different between treatments on days to flowering and stalk diameter parameters.
Plants supplied with EC levels at 0, 1.0 and 1.5 dS/m, photosynthesis rate and transpiration rate were not
significant. However, plants height, stalk length, total fresh weight, photosynthesis rate and transpiration rate
were decreased when the plant was supplied with high EC levels at 2.0 and 2.5 dS/m but bulb fresh weight,
bulb circumference and number of new bulbs per plant were not significant between treatments. Plants
supplied with 0 dS/m of nutrient solution showed 66.6 % of stem topple characteristics, while plants supplied
with 2.5 dS/m showed 22.2 % of flower abortion.

Keywords: Nutrient solution, electrical conductivity, tulip, hydroponics, cut flowers
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Table 1. Effect of different nutrient solution concentrations on growth parameters of tulips grown hydroponics

at flowering stage (4 weeks after planting)

Plant growth at the flowering stage (4 weeks after planting)

EC levels Root Leaf greenness Total dry
Plant height ; Leaf area Total fresh
(dS/m) length (SPAD unit) weight
(cm)’ 1 (cm®'  weight (g)' 1
(cm) Young leaf  Old leaf (9)

0 299a 10.7 38.0b 35.6b 235.9b 92.5a 10.18
1.0 29.3a 1.7 42.0a 36.6b 256.5a 84.8ab 10.15
1.5 28.9ab 10.5 38.6b 35.3b 237.7b 82.9ab 11.29
20 27.9bc 10.9 41.9a 40.3a 237.3b 78.4bc 11.13
25 271¢c 11.0 40.8a 43.9a 224.1¢c 70.4c 10.75

%CV 3.98 8.79 5.91 418 245 7.09 17.34
LSD, o5 * ns * * * * ns

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

" not significant

EC 1.0 EC 1.5 EC 2.0 EC 25

Figure 1. Visible effect of different nutrient solution concentrations on ‘Orange Juice’ tulip growth attributes
after 4 weeks of treatment. Left to right: EC 0, 1.0, 1.5, 2.0 and 2.5 dS/m

Tunmmaaesiidonudn Araoudaredly 1.5 wddwudsewwns 39luszerilueeludaanngs
Pludauneludas 38.0 - 42.0 SPAD unit n3sudshn  Wawndsliwsyiulabiad Awiu Arpaudanses
A EC 91 2.0 uaz 2.5 wddwudpiawns HAas-  ludsdalaoanudsdsauagiing donluluuny
= = ! ! axal vo a = c o 9 | o Y
denaadluilugeuunniingssdanlasudt EC0,  WwigiAulaAnudanud nslimanududu
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AN9ATAIYE1581913N AN EC 0,1.0,1.5 AT T 11 ue
sawns naliArA N auaeluliwan s 197
N9aDH el A@as 35.6, 36.6, 35.3 ANNANAL
dJ gc‘l/ aa a = v 1
FINIAINNTINITRANAINN T 8229l UdReNgN
N9303NAN EC 2.5 ATl udraINms Inaipn
4, - 44 o
waAIANIAfaa9lugINgaT 43.9 UATNIINID
AHFUA EC 2.0 iaddiudmaiNng JA1A NLTe9
ge9lusa9as Tl Anadaf 40.3 adnelidadnAty
e v ¥ J PR
N9ANH (Table 1) 919 a1atliasann luszazan luwn
doa m o e A Y o s .
Nasyiulaaud In1safrenaalsiad lduinnan
lugeu Walafuaisazatusinainisnilen EC g4
~ PRI Y o Iy A -
Hiffunusinamsiineadesnunisaineraalsiag
win lulnsian unntlidan wan genanao nnli
= % a o d?/ ] = aa a
annzaemaalsiaannau denaldlunaNaaen-
W 49AARRINALIIIE911289 Saloner and Bernstein
(2020) Ainana3 NI9RNLTHN U6 lulRgaunNIn
Wuaumaansdenaldlunya8d e du
4 - a e X
Wadni1andsununaalsiad i nay wasly
ansazananiANdNduan anavn il nieng
sl aanelunisairenaalsilag N0l lus
aa = & o
ddpanananaadla
& 4 . aade s
NuNlU WUa1 NITNATN I aTazane
519911199 EC 1.0 g uudsaiuns i linad
L& 4 oa -
AU lUNINTIgATALRAL 256.5 ANTSTURLNAS
N99NATNAN EC 0,1.5 WAL 2.0 AT LN UKFADINAT
FANUNlUI998911 (L8R8 235.9, 237.7 WAT 237.3
ANINLIURLNAT ATNAIAL) NFINATNAT EC 2.5
widudsowns JAwunluiaangaiens 224.1
FNSIUIURNAT 198 81l AR INAT EC 7149
nuldnliinneiniaduneluiodd deealinng-
Wiy ulnuasiunlusesVaanas T9aanAdas
AUTILINULRY Li and Stanghellini (2001) REISIEY
AN duTesasazates eI sdINa lE LD
TureeN LT AaRAY WumaaTuN1NAaashy
NnN1AvaN (Samarakoon et al., 2006)
TR UTRIANUIMEN A A WAL UININ LIS
WUIN NPINITNLATUAN EC 2.5 nT TN ULADINAT
fAnedsaecininandaaiigna (1w@y 70.4 n§w)
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uaZliuAnFNafLNssUARA 1430AN EC 2.0 ndd i
FALNAS (L’ﬂ.a‘lﬂ 78.4 N) nesaAR A AN an
uAnAgaRenIsNATAIATUAY EC 0 1nETmudse
w3 usliuanAnafiunssuAanldsudn EC 1.0, 1.5
WTT N UEA RN AT (m?{ﬂ 92.5, 84.8, 82.9 N5
ANNAIAL) ‘Lumummu’muﬂmenm‘a‘mmm
TaiuAnsnefun s dia vl enaidiesunannlussesi
4§l wwmﬂbﬁm@@f]ma‘mmﬂumwuq
Tunnsesgiulauazdslddnisazanaiunsuas
a1 luad A Wi uislauansnaiu uas
Tugauresinuingafiad nsAnlauansnet @
Mmimﬁvﬂmummmmummmmmmﬁmmmi
mm EC20-25 mmuum‘mmum fAeanTes
dminanandnsasau a1aifiesunnannainm-
duduaesansazanaaineimslidmunzan d9us
FNTLLAUANIA RN ST Ha A En v W s
LBIY (turgor pressure) Aelumaantanas Juannled
senemunaesTadlavien Mudinelumadi 1 Fazan
ansilureamatitennanasin linuingattas
ﬂfiﬁﬂiw%"ﬁ%uj yananiugdenadellgang’ln
n3ita-da Uy (Van leperen, 1996) U3unmuning-
ma?ueu”lm@@n”lsnﬁ?ﬁ'qLﬂw‘fmﬁuzﬁﬁrﬁTavaum:mum?
Fauniuas vai ﬂﬁﬁ‘ﬁ’]lﬁﬂﬂi’]l,l,@:ﬁ’]ﬁl’a’m%‘
Geflnasianszuaun i ueaT LN e luie
‘EmﬂL@Wﬁzmﬂiu‘immuﬁﬁmﬁmf’ﬁﬁtymmm?m—
wulnaesia WudiuilsenaudnAnyresnsaazilu
lshiu nsafiamaan uazaesiny lolnlafiu eendu
HunuamluniansefunIsuLNIEas N13281IUA
AR (Sruamsiri, 2012) A8AARBALNIUNAABITR
Sonneveld and Voogt (2008) W91 Yinantesaa
ANA Lﬁ@iﬁ%ﬂ@ﬁi@zaﬂﬂﬁﬁammsﬁﬁizﬁumw-
Lﬁuiul,ﬁmgq?ﬁ”u

Annsitlalnlu meanein nsuanilasuin-
msuaulpaanlds wazn1sRILATIZRLES
Tudauresrnisidadnly (stomatal
conductance) WU4N N3LAA RIS ANTALANEIAINN-
wud EC 1.5 T mudsiawmns (Figure 2A) HANg9
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N s ldumnsinaiungsuasn lasuAn EC 1.0, 2.0
AT UARALNAT ATNAAU NITNITN S UAN EC 2.5
aa | v a4 o T &

waTudrawng WAnadaa1ngn el a1aidy

y . e o 44 oas
naLiedNnan LA wEeluEa N TN anad TN L4
Wunalnuanlunisinliineniatle-tavesmasian
1w mmﬂﬁmﬁummﬁ%ﬁiﬁ’?ﬂm EC25 Lm%%mum’
mmum Iumﬂ'ﬂm’m’]mwu’] (transp|rat|on rate) [:*l’]
‘wmm (Figure 2B) mmﬂummmﬂmma‘m'ﬁwm
EC 49 dsnalilnluidaldanamzaldinaiuiu B4
Fualne AMNABRMIINITANILUITBINT F1UFUAN
asuanasufiaarsuaulanaanlas (intercellular
CO,) i1 N NdNdusAn EC 0 1033 mudsiomns
HAneauangn ludouA1dnanisdunseiuas
(Figure 2D) WU41 N3sNATNIAFUAN EC 0 1adid eiud
FaWAT HADRIINITENATIZTUAIEINg A usl 14l
WANFANALNIINABNFSUAT EC 1.0, 1.5 uaT a1 ue
] o o P Adal vo
FRWAT AMNANFL 799A9NNABNITNAITN IMIUAN EC
2.0 WTTHUAFADLNAT WATNTINATNIFSUAN EC 2.5

ATT N UEFADLNAT HANDATINIIFIATIZI LAIAN
Agm 9l Ansnanlasufraarsuaulaaanlas

Q

tavaniedTumuftransuenlaeanlasnielu
AT 3t aazldfanrfueulaean sy
nsrUAuN TR T LAY e R a8l §nsnnada-
waeuasgs Angafuaulneanladluimadng
398A84 BANANTHATRIANN 9Tl ALA 1L ngane
11 waznnsdanmsiuas eraflunaiaiiasann
wsasus e a T il AU duwugse nsaene
aunaas N1ada-Uadnnly nnsaudsluvieaiass
‘f’nmzmﬁlmmi mﬁmmNﬂuLﬁ@ﬁuLeﬂ@@’ﬁ@ﬂ@q
(Taiz and Zeiger, 2002) 1 El’ﬂ’]‘w’lﬂﬂumﬂrﬂi:ﬂﬂu
ﬁu@mw%ﬂﬁmﬁ'Lﬁm%@qﬁum‘xmumiﬁqmew’um
dana T emanisdaAziuaaiinn danadasiu
fnsn1rdanmzfuaalunzidawmea (Van leperen,
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Figure 2. Effect of different electrical conductivity (EC) treatments on stomatal conductance (A), transpiration
rate (B), intercellular CO2 concentration (C) and photosynthetic rate (D) after 4 weeks of treatment
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ATMNINADN

n1sliansazaneaIne nIsANL N
wAnENaY Auasan N TNABNatelTEA ATynig
AN WUIN mﬂﬁmmmwm@mmiﬁm EC25
Lm%%mum’ﬁimum‘Lﬁmﬂf;mmqﬁmm@ﬂﬁﬁ?qﬁqm
LAZIRIAINABNTTNABA TAN EC 2.0 1n T imud
FaLNAT (28.5, 37.1 LIUALNAT ANNA1AL)(Table 2)
ABAARBINLNITNAADITBY Sawas et al. (2002)
wudn lumedsfleldfuansazaiasigeinis
AHTNTugedeNali A INeIaiIuRENanAY
el udanmsudnfinadfanenludenisdnfiou
PANAYIENININNGN 30 LEURIAT B9a1NNNIMAAES
’Lﬁmmxmﬂﬁmmmiﬁ'm EC 2.5 inddinudsia
wms vl neesiindd ldanunsofi aamingld
uananil lunssndanen EC 0 wdduudsamns W
A LENfURENgeTigaLaz LB URAEN TN
(stem topple)(Figure 3A) flAnladt 66.6 1o us
ARAAAAINUINUI1UTDY Nelson and Niedziela
(1998) WL91 RaRUTIE5Y Lﬁmﬁm?qm%fmmlﬁ

fupaniintN AT L&AIBNNSANLABNYN SRl
fdanaealuiilaauudadll i iidudou
azanaun? M ldaunsaesiulala luszazuen
wlildFusnnevisainansazane dednsld
smamshazanawldifisanedeazuansanis
fAntlnf d9annnsRuaennafaina NN
gaquAatde s ldinaanaludasnisiine1aaeng
s9m5999ag A unen i T LI N a e
wasidafuiadllanysalguidananuudous
Adldanunrofuraminaenldidenanuiuy (De
Hertogh, 1974) ludauaasain1saanuig (Figure
3B) nulunssudsian EC 2.5 nddmudraimns
T 22.2 ulefidusl il anaifuinezdnita
ﬁmi@mﬁﬁjnLL@:mumﬁmmmmmm dana’lof
sguandanldifaanasianisaiyifiuia 3
a1 9n1uN M AAN1seNTAenwials (Nelson
and Niedziela, 1998) FadnwusinnnArenisand
annsazyn iuanan ldflgninaw inlildanunsm
i lenmmdedannsanle

Table 2. Effect of different nutrient solution concentrations on flower quality parameters of tulips grown

hydroponics at full flowering stage (4 weeks after planting)

Flower quality

=¢ Days to Flower Flower Flower Stalk Stalk Flower Stem
lovels flowering period width length length diameter  abortion topple
tasim) (day)’ (day)' (mm)’ (cm)' (cm)' (mm) (%) (%)
0 31.0 10.5¢ 35.8a 5.7a 39.5a 5.7 0 66.6
1.0 31.2 12.7a 36.7a 5.6a 39.2ab 5.6 0 0
1.5 31.2 13.0a 34.5ab 5.2ab 38.1ab 5.5 0 0
2.0 31.0 12.7a 37.0a 5.5a 37.1b 5.5 0 0
2.5 31.2 11.5b 32.1b 4.7b 28.5¢c 5.2 22.2 0
%CV 1.24 5.00 6.32 6.66 4.14 4.63 - -
LSD ns * * * * ns - -

0.05

" Means within the same column followed by different letters showed significantly different between treatments by LSD test at

P <0.05
™ not significant
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Figure 3. The characteristic of stem topple symptoms (A) and flower abortion symptoms (B) in tulip

TuAIUAINNTIIUAZAINGIAEN WL
Ao ndufiszfuen EC 2.5 1nd T mudsieiuns
ﬁﬂ'wL@ﬁﬂmﬂQﬂQﬁmﬂé’ﬁqm@mmxmw@ﬁmnﬁ@ﬁ
'1'7'{@1@ (37.0 HAALNAT LAY 5.5 LHUALNAT AINAAL)
(Table 2) aamAABINLINI8911989 De Hertogh

(1974) nsWisunusis e liisnzan aanali

ANINAFULATTUIAABNTRILBALAATARAAAT LAY
Rouphael et al. (2008) 118N 1wasflauitlds
A19araN8817 01919 NIdNdugalnaliaunn
AANAARY

ILUZIANLUABN WUAN NITHATAAN EC 0
wadudaaiung ﬁ?:ﬂmmmumﬂﬂﬁ@ﬂﬁqm
(10.5 41) 7098901 ABNIINARA AN EC 2.5 1nT -
WUARBLNAT (11.5 714) (Table 2) ifleennanniAn
AAEMEAINeINsARLN AN AITANEN T
AnfFunusIna s lidiNeanasioAuFAaIn1eg
W (Taiz and Zeiger, 2002) Faeinuluiiuumaa
ArdNaINI81A T AILATUNTLATTY LA W U UDY
m'famfaﬂ‘l.mw:Lwﬂ"lﬁmnﬁfaﬂqﬂL??ﬂﬂummwmm
dudugedesnialaanisgaldanemnsiianasan

AN19LLATEATRINT (Van leperen, 1996) datialef

ATUNTNABNIATISETL AN lUNNTLUABNAARS
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ADANINTINUS

ludauresnaanimiiasiug wudn fiezes 8
Flaiudsannlisunssuisnaans nnesuisd
Aade T ante vAadi AleRiduseing
vinludd Anedssnuaulnd ldunnsnefuedned
T gAY NI4T A Tmm&’ummqﬁﬁ%a?{mﬂﬁ
8.6-9.0 \IURLNAT (Table 3) ’lumummum‘l‘wm Y
ml,fa@ﬂ 45-55 mmmu (Table 3) muu’muﬂm
saaa iy A1eAe 33.9 - 39.9 N3 (Table 3)
naUnAnisdnA A NI AN UE IUEIN19A 7
mmmd”mié’mﬂLﬁuiﬂuqqﬁqﬁuﬁ'qﬁmmmﬂﬁ 13
FrAmmsa mnmﬂnm@mmwuﬁmimwmﬁmm
faumrdeudnadn saienafintuanannuades
TulsaBaul guugdgaiulldruiunisa¥aein
quvgaigandn 20 asAnadeos Suwaliusinli
Am31N1389UANZIUEIRAAT (Ruamrungsri, 2015) 911
Tnnsandeuazazanetn LT lusd gl
anysnd A lWnanmaaennesnds inall
WANF9AY %a@qmuqﬁﬁ%ﬁﬁqﬂﬁnw@@mmwmm
waainaladn vinldnnsassenvnsreslunaznnsdsan
219132099 NN T2 8RN AIGINARBIUN A
2893l (Khodorova and Boitel-Conti, 2013)
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Table 3. Effect of different nutrient solution concentrations on bulb quality parameters of tulips grown

hydroponically at 8 weeks after planting

Bulbs quality
EC levels
) ] ] } Number of new bulbs per
(dS/m) Bulb fresh weight (g) Bulb circumference (cm) .
plant (bulb)
0 37.0 8.6 5.3
1.0 34.6 8.8 4.5
1.5 37.3 8.8 4.5
2.0 33.9 8.7 5.0
2.5 39.9 9.0 55
%CV 23.43 6.61 26.47
LSD ns ns ns

0.05

" Means within the same column followed by different letters showed significantly different between treatments by LSD test at

P<0.05

" not significant
G

mﬂﬁmmzmﬂmamm?ﬁﬁﬂ'ﬁmmﬁﬂ
IW# 1 wTe EC1.0uaz 1.5 G Tinudsouns
zi’wm"uﬂ@ﬂLgmﬁfﬁﬂui:uuiaimiwaﬁﬂzﬂu
i‘xi_l‘i_lﬂﬁﬁ‘ﬂ@]ﬂﬁﬁﬁluiﬂﬁ\‘i LUULANDINTA (deep
water culture) TulssiFaumquANanINLIAR N |
wn i WieaUinsmuTauazaunnaanangd
nasaAnau daunsgniinauluinlmAennlesey
(DI water, EC = 0 @@ uudsiainns) wudn fiodd
ansniulnle LLﬁiﬁQMﬂﬁwmﬂﬂﬁ%ﬂﬂdﬁ fawnan
NAAYNIBEUNHAINNITIABIAB I TAINA LT UARS
81N UABNAN dAuFusrAuaIAINNIdNdY
1BIATALANEIRIM T T A EC 2.0 - 2.5
witwudsiomns Aualinisasaiuinuazamnin
ABNAAR

= =
neAnssNUsenA
a o a aa [~3 al o o
°l|‘ﬂ°1|‘ﬂ‘]_|ﬂm‘]_lﬁ“]:f'1/] NNAN LRABUI TN A

AUFUNNATLAYUILLTENIUNITTNY UasHariug
Aaad1ldlun19nnans LarguaLTNIINITWAUN

206

v

Taanlduatitulsduiilasnnann

o =

ULAUUADIUN

fl

Q

PEI WU
NILINTANINE

NN AA DS
LANASAN9D

Albornoz, F., J.H. Lieth and J. A. Gonzélez-
Fuentes. 2014. Effect of different day and
night nutrient solution concentrations on
growth, photosynthesis, and leaf NO,
content of aeroponically grown lettuce.
Chilean Journal of Agricultural Research
74(2): 240-245.

De Hertogh, A. 1974. Principles for forcing tulips,
hyacinths, daffodils, Easter lilies and Dutch
irises. Scientia Horticulturae 2(4): 313-355.

Dole, J. M. and H.F. Wilkins. 1999. Floriculture
Principles and Species. 2 ™ ed. Prentice-
Hall, New Jersey. 1048 p.

Gorbe, E. and A. Calatayud. 2010. Optimization of
nutrition in soilless systems:

Research 53:

A Review.
Advances i Botanical

193-245.

n



navasANsinininrasssazaes1na1mg

ransiAvlauazaunwaantasiodlyidgnlussunlalnswaiind

Hoagland, D.R. and D.I. Aron. 1950. The Water-
Culture Method for Growing Plants Without
Soil. Circular 347. California Agricultural
The

University

Experiment  Station, College of

Agriculture, of  California,
Berkeley. 32 p.

Hsiao, T.C. 1973. Plant responses to water stress.
Annual Review of Plant Physiology 24:
519-570.

Ho, L.C. and P. Adams. 1995. Nutrient uptake and
distribution in relation to crop quality. Acta
Horticulturae 396: 33-44.

Klougart, A. 1980. Calcium uptake of tulips during
forcing. Acta Horticulturae 109: 89-95.

Lee, K.H. and J.-K. Suh. 2005. Effects of nutrient
solution composition and plant growth
retardants on growth and flowering in
hydroponics of cut tulip. pp. 519-523. In:
International Symposium on Flower Bulbs,
Niigata.

Le Nard, M. and A.A. De Hertogh. 1993. Tulipa. pp.
617-682. In: A.A. De Hertogh and M. Le
Nard (eds.) .
Bulbs. Elsevier, Amsterdam.

Li, Y.L. and C. Stanghellini. 2001. Analysis of

the effect of EC and potential transpiration

The Physiology of Flower

on vegetative growth of tomato. Scientia
Horticulturae 89(1): 9-21.
Maslanka, M. and A. Bach. 2014.

bulb organogenesis in in vitro cultures of

Induction of

tarda tulip ( Tulipa tarda Stapf.) from

seed-derived explants. In Vitro Cellular
& Developmental Biology — Plant 50( 6) :
712-721.

Miller, W.B. 2002. A primer on hydroponic cut
tulips. Greenhouse Product News 12(8):

8-12.

207

Khodorova, N.V. and M. Boitel-Conti. 2013. The role
of temperature in the growth and flowering
of geophytes. Plants 2(4): 699-711.

Nelson, P.V. and C.E. Niedziela Jr. 1998. Effects of
calcium source and temperature regime
on calcium deficiency during hydroponic
forcing of tulip. Scientia Horticulturae
73(2-3): 137-150.

Olympios, C.M. 1999. Overview of soilless culture:
Advantages, constraints and perspectives
for its use in Mediterranean countries.
Cahiers Options Méditerranéennes 31:
307-324.

Puripunyavanicha, V., A. Pagpianb and W. La-
ongsri. 2019. First endeavour to produce
Tulip bulbs in Thailand. pp. 356-362. In:
Proceedings of the Burapha University
International Conference 2019. Chonburi.
(in Thai)

Rouphael, Y., M. Cardarelli, E. Rea and G. Colla.
2008. The influence of irrigation system
and nutrient solution concentration on
potted geranium production under various
conditions of radiation and temperature.
Scientia Horticulturae 118(4): 328-337.

Royal FloraHolland. 2017. The value of cut flowers
on Royal FloraHolland (Online). Available:
https: / / np- royalfloraholland-production.
s3-eu-west-1. amazonaws. com/ 3-Financieel
/Documenten/Jaarverslagen/royal-florahol
land-annual-report-2017-EN.pdf
(December 1, 2021)

Ruamrungsri, S. 2015. Physiology of Flowers Bulbs.

Chiang Mai

University, Chiang Mai. 276 p. (in Thai)

Saloner, A. and N. Bernstein. 2020. Response of

Faculty of Agriculture,

medical cannabis (Cannabis sativa L.) to

nitrogen supply under long photoperiod.



M5A1TNEAT 39(2): 197 - 208 (2566)

Frontiers in Plant Science 11: 572293, doi:
10.3389/fpls.2020.572293.

Samarakoon, U.C., P.A. Weerasinghe and W.A.P.
Weerakkody. 2006. Effect of electrical
conductivity (EC) of the nutrient solution on

nutrient uptake, growth and yield of leaf

lettuce. Tropical Agricultural Research
18:13-21.
Sawas, D., G. Manos, A. Kotsiras and S.

Souvaliotis. 2002. Effects of silicon and
nutrient-induced salinity on vyield, flower
quality and nutrient uptake of gerbera
grown in a closed hydroponic system.
Journal of Applied Botany 76: 153-158.

Sonneveld, C. and W. Voogt.

concentrations

2008. Nutrient

of plant tissues of

greenhouse crops as affected by the EC

of the external nutrient solution. Acta
Horticulturae 779: 313-320.

Sruamsiri, P. 2012. Mineral Nutrient in Horticultural
Crop Production. Faculty of Agriculture,

Chiang Mai University, Chiang Mai. 326 p.

(in Thai)
Taiz, L. and E. Zeiger. 2002. Plant Physiology, 3"
ed. Sinauer Associates, Sunderland

Massachusetts. 623 p.
Van leperen, W. 1996. Effects of different day and
night salinity levels on vegetative growth,
Journal of
Horticultural Science 71(1): 99-111.

yield and quality of tomato.

208



HATBINITAALANABNSLALTAAUNTINNLAL

a a v o ¢ < =3
NANA ﬁl‘ﬂ’ﬂ\iﬂ&ﬂ'ﬂﬂ]iﬂwuquﬂﬂﬂu@ﬂ

Effects of Pruning on Canopy Growth and Yield of ‘Black Jack’ Fig
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Abstract: This study of figs pruning was done to determine the potential of vegetative growth affecting yield
and vyield quality, and obtain the proportion of leaf area suitable for figs quality. The experiment was
conducted on 1 year old ‘Black Jack’ figs grown in plastic baskets diameter 14 inches in a semi-closed
greenhouse. Pruning was done to allow the number of branches to grow and produce different amounts of
yield after the first year of harvesting. The experiment was performed as a randomized complete block
design (RCBD) with 4 treatments based upon the pruning method i.e.1) no pruning 2) pruning to leave 2
branches 3) pruning to leave 4 branches, and 4) pruning to leave 6 branches. The results showed that
pruning figs did not affect canopy width but pruning to leave 4 branches resulted in the tallest fig plant. No
pruning treatment produced the most number of leaves per plant, but also the smallest leaves. The total
leaf area was similar to pruning to leave 4 - 6 branches. Pruning to leave 2 and 4 branches had higher PSII
(Yll) light efficiency than no pruning and pruning to leave 6 branches. The pruned plant had fruit weight
and size greater than no pruning. Plants in pruning to leave 6 branches had the highest number of fruits
per plant and yield. Plants in pruning to leave 2 and 6 branches had less ratio of leaf area to fruit weight
and leaf area per number of fruits than no pruning. As for the ratio of the number of leaves per fruit, plants
in all pruning methods had fewer leaves per fruit than no pruning. There was no difference in the peel color

at harvest time. It can be concluded that the proper pruning of fig is to leave 6 branches per plant.
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Table 1. Canopy size and number of leaves of fig plants at 4 months after pruning

Number of leaf per leaf set

Canopy Plant height Total leaves
Treatment ; ; ;
width (cm) (cm) g per plant
1% flushing 2™ flushing 3" flushing

No pruning 105.50 61.33° 32.50° 41.00° 35.00° 108.50°
Pruning to leave 2 branches 106.33 55.67° 16.33°  1967°  1167° 47.67°
Pruning to leave 4 branches 11417 72.00° 19.00” 30.00° 27.50° 76.50™
Pruning to leave 6 branches 116.50 61.33° 2450°  2950°  27.00° 81.00%
F_test ns * *x * * *%
CV % 5.66 7.32 6.24 11.03 14.06 7.05

"Means within the same column followed by the same letters indicate no significantly different among treatments using

DMRT; *** significantly different at 0.01 and 0.05 probability levels, respectively, ns; not significant

Table 2. Fig leaf area after pruning

Average leaf area for each set of leaves (cm?)

Total leaf area

Treatment 2y 1
1* flushing 2™ flushing 3" flushing (cm”)

No pruning 79.04 108.37° 101.19° 10,983.40™
Pruning to leave 2 branches 68.53 214.75° 194.69° 7,868.80°
Pruning to leave 4 branches 68.04 223.32° 192.14° 13,394.90°
Pruning to leave 6 branches 74.88 200.84° 150.54° 11,895.20°
F-test ns > * >
CV % 8.39 6.04 5.27 5.78

"Means within the same column followed by the same letters indicate no significantly different among treatments using

DMRT; ** significantly different at 0.01 probability level, ns; not significant
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Table 3. Light efficiency of the PSII (YIl) system of fig leaves after pruning

Light efficiency of the PSII (umol m?s™)"

Treatment Weeks after pruning

2 4 6 8
No pruning 0.354° 0.379° 0.408° 0.415°
Pruning to leave 2 branches 0.496° 0.619° 0.529° 0.590°
Pruning to leave 4 branches 0.407%° 0.621° 0.512% 0.526°
Pruning to leave 6 branches 0.436% 0.378° 0.486™ 0.417°
Ftest R o x x
CV % 9.32 2.39 7.08 5.09

"Means within the same column followed by the same letters indicate no significantly different among treatments using

DMRT; **,* significantly different at 0.01 and 0.05 probability levels, respectively
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Table 4. Number of fruits per plant and the proportion of leaves area per fruit of ‘Black Jack’ figs

Number of  Fruit weight Leaf area/fruit Leaf
Number of
Treatment Fruit per per tree weight area/fruit w
; ; N 0o .1 leavesffruit
tree (9) (cm“/g) (cm®ffruit)
No pruning 14.00” 546.34° 20.11° 794.77° 7.81°
Pruning to leave 2 . . .
12.33° 711.80 11.03° 635.85 3.87
branches
Pruning to leave 4 b . . b
17.00° 874.30° 15.44 782.69° 4.51
branches
Pruning to leave 6 ) b
20.50° 1096.10° 10.92° 583.97 3.97
branches
F-test * Kk * * Kk
CV % 12.01 12.16 8.66 4..81 6.30

1Means within the same column followed by the same letters indicate no significantly different among treatments using

DMRT; **,* significantly different at 0.01 and 0.05 probability levels, respectively
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Table 5. Fruit weight, fruit size, and soluble solid content of ‘Black Jack’ figs

Treatment Fruit w:eight Fruit wifith Fruit height TSS (%)’
(9) (cm) (cm)

No pruning 37.36" 42.35° 33.93° 12.32
Pruning to leave 2 branches 57.64° 48.09° 41.44° 12.49
Pruning to leave 4 branches 51.73° 47.58° 36.80%° 12.22
Pruning to leave 6 branches 55.07° 49.05° 38.39% 11.77
F-test > * * ns

CV % 5.79 3.27 4.32 12.11

"Means within the same column followed by the same letters indicate no significantly different among treatments using

DMRT; ** significantly different at 0.01 probability level, ns; not significant

Table 6. ‘Black Jack’ fig fruit color value, L*, a*, b*, and hue angle

Treatment L* a* b* H°
No pruning 30.48 16.51 9.90 30.77
Pruning to leave 2 branches 30.76 17.80 7.66 23.43
Pruning to leave 4 branches 27.81 11.63 7.10 31.66
Pruning to leave 6 branches 31.24 18.85 8.80 25.46
F-test ns ns ns ns
CV % 3.15 14.08 14.13 8.27

ns; not significant
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Yellow Wine Production from Pineapple Mixed

with Cordyceps militaris Extract
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Abstract: This research aims to develop the yellow wine from pineapple juice mixed with extract of
Cordyceps militaris and to study the consumer’s preference of the wine. Five ratios of pineapple juice and
the extracted C. militaris were 1:9,7:3,5:5,3:7,and 9: 1 (v/v). Distilled water was used as a control in
this experiment. The total soluble solid (TSS) of substrates was adjusted by adding sugar to 22 ‘Brix, and
the pH was adjusted at 5.5. Saccharomyces cerevisiae was fermented by using 10% inoculum as starter
for 15 days at 30 ‘C. Samples were randomly taken at every 3 days during fermentation and after 30 days
of incubation to measure alcohol content, total soluble solids (TSS), total acid content, pH, color, and
bioactive compounds (adenosine and cordycepin analysis). It was found that wine contained between
9.76 to 12.23 percent alcohol, TSS in range of 5.56 to 10.63 ‘brix, pH in range of 3.64 to 4.23 and acid
percent in range of 0.57 to 0.70 after 15 days of fermentation. The result of wine physical test showed the
highest yellow value (b*) of 48.11 from the ratio of pineapple juice and extract of C. militaris at 9: 1 (v/v).
The content of bioactive compounds including adenosine and cordycepin; both of them were decreased
with increasing fermentation time. However, adenosine and cordycepin were able to detect in range of
349.08-546.89 mg/kg and 260.20 - 372.49 mg/kg, respectively after 15 days of fermentation. The yellow
wine from pineapple juice mixed with extract of C. militaris at 9:1 (v/v) showed the highest color. The result
of satisfaction test was found that score of 8.60. The other satisfactions of wine including clarity, odor, and
flavor in all treatments showed the average scores in the same criterion (moderately like) while the overall
liking was obtained the highest average scores at 8.67 from the ration of pineapple juice per extract of
C. militaris with 9: 1 (v/v).

Keywords: Yellow wine, pineapple, Cordyceps militaris, bioactive compound
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Table 1. Impact of ratio of pineapple juice and extract of Cordyceps militaris on alcohol production during
wine fermentation

Time Alcohol content (%) at ratio of pineapple juice and extract of C. militaris

(Day) Control Formula 1 (1:9) Formula 2 (3:7) Formula 3 (5:5) Formula 4 (7:3) Formula 5(9:1)
0" 0 0 0 0 0 0

eD dE cE bD aD aD

3 250 +0.10 2.80"+0.10 3.16" +0.05 343" +0.05 3.76" £ 0.05 3.86" £ 0.05
6 4.30°£0.10 453 £0.20 4.92° £0.79 5.53%£0.20 6.30°+0.10 6.50° +0.10
9 7.30° +0.17 7.46° £ 0.15 8.33° +0.20 9.06°+0.05 10.16°+0.05  10.80° +0.10
12 9.23"+0.05 9.26™ +0.05 9.46™ £ 0.05 9.80°+010 11.068"+0.15  11.40°+0.10
15 076" +0.05  10.33*+0.05 1040°+0.10  11.10™20.10  11.16"+005 1223+ 0.05
45 073" +005 10367005 10437005 11.10"20.10 11.137£005 1220"+0.10

** Means with the different letters in the same row are significant at P < 0.05. "o

are significant at P < 0.05.

Means with the different letters in the same column

" in the same row means are not significant at P > 0.05. Value represents from n = 3
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Table 2. Impact of ratio of pineapple juice and extract of Cordyceps militaris on total soluble solid during
wine fermentation
Time Total soluble solid (oBrix) at ratio of pineapple juice and extract of C. militaris
(Day) Control Formula 1 (1:9) Formula 2 (3:7) Formula 3 (5:5) Formula 4 (7:3) Formula 5 (9:1)
0" 22 22 22 22 22 22
3 20407 +0.10  2026"+0.05 19.83"+0.11 19.60"+0.10 19.43"+005 19.33"+0.41
6 1843 +0.15 1833 +0.05 16.80°+0.10 16.50" +0.10 1643"£0.05 16.16™ +0.05
9 1543 +0.15 1563 +0.15 14.50°°+020 13.26°+0.05 12.83°°+005  12.50 +0.10
12 12.70°£0.10  11.63*°+0.15 11.53"+0.15 1043°+020  9.60°+0.10 9.46™ +0.05
15 1063 +0.15  9.73%+015  9.76©:005  836T+015  6.56”+0.20 5.56° +0.25
45 1046™ +0.05 960" +0.10 956" £0.05 8437 +005  6.60" +0.10 5.50% +0.20
® Means with the different letters in the same row are significant at P < 0.05. *® Means with the different letters in the same

column are significant at P < 0.05.

" in the same row means are not significant at P > 0.05. Value represents from n = 3

FNNULEAN2TR AN ATUILANINAADIT
ﬁm'mmfamﬂa”mﬁ”ummgmmamﬁmfm’fqmmuﬂim
Tael wan. 1910 2089 - 2544 Aiszydn lanlualdnnadn

o a dl v P a v
andngaunidunald Auaanasedliiiuienay
15 (Chumpookam et al., 2014) 11 sup1 TSS lu
Anaaaail ledsulii ANwindy 22 a9A1UTng G4
WuseAuAI NI Ui NI L aN Wesannuanld

[ % 2 v v a a o 2 o
svsupa Nt utaeiuld Huanaliladan
waziadamasyAulnlaldifiun danaldls
Suruueanagaaniias (Wanapu et al., 2003)
& . a4 e
uan1aaesiidullluiiueafaaiuiunanis-
298909 Boondaeng et al. (2022) NlAAN=1a0192
mwm"lnua“uﬂ”ﬁ‘mwmﬁ Buniueanagadiii-
TumuITey Lfammwmulumm”wm TSS ana
‘Emwé’mw@'fgu"nmmﬁuﬂzmrﬁifammmmwhﬁu
21 WlTunnueanegeagegaiasaas 10.71 (W)
15N 10 1a9n13vsn
= = =
ann19ANEINITdaguLlasdsuningm
Waunalun1meanallaamsziunAnNInT AN
Wesannluldinsaaguanaadalaun nsndesn
NIANITNIIN NTANIAN FAIUNTATATHN NTALAAFN
uaznaalngin Mialuseudnanisudnloidanali
A1NLeTU99191aAAY (Chanthai and Danvirutai,
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2004) AINNITNARBINLIN NYANIINARBINLFTND
Al NTuRNIZE AT AT Taefinduann
AN NduFatay 0.39 - 0.42 ilumonududu
Yatiaz 0.57 - 0.70 lawandulyl 15 Fu tnegms
fis ﬁﬂ?mmmmLﬁu%ugqﬁqmﬂwﬁﬁmﬁﬂﬁm
n19475 Aefesas 0.70 sa9a3NIAe qasH 4, 3, 1
uay 2 dlFuunsnfatay 0.68, 0.66, 0.64 WAz 0.63
sy Turnusfignacuauilliununiasifign
aeineiTed1Ayn1eadn Aefesaz 0.57 uaziile
W@Sadunszuaunistnlaifuiaan 45 4 wudn
parandudurasiliuimninlunngnaiaipad
naanszazinaIn1ly lnedArponududusaaay
0.57 - 0.71 Aauanalu Table 3
dsunsaeuuatiannuidunsa-sng
(pH) wnmmmmmum pH ARAIATNTZEIL-
AN Y Ineanasann 5.54 - 5.57 1l 3.64 -
4.23 dlanandly 15 §u Immgmw 5 fn pH anAY
mnﬁzﬁqujwﬁﬁﬂd’]ﬁmmmﬁﬁ AB 3.64 7890910
Ao qmshi 4,3, 2 uaz 1 muady TnedAn pH iy
3.65,3.75,395 unz 404 Aud1 iy Turnizfige
AYLIANHE AN pH mmmmmuﬁmmmmmmm
Aa 4.23 upziileaiadunsruaunistinlniifdung
45 41 WU91 A1 pH ”Lunmgmummwmmmzm—
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nan1sUN TnalAnTentng 3.63 - 4.24 pauanalu
Table 4 anaan T asuLLasALduduTeInIa
Tunsnaaesiiagiiugn SeeasnsaaiaaiAfisdy
Anduusnaulsiugaiiaaasnisudn denasas
FUNM2azaNTa9¥08 LN IAT NN AT R LT 11 1Y
A1 pH AanAY (Chanprasartsuk et al., 2012) wazile
@SR unsrLauntstin 1o wudn Fesaznsasianan
LazAN pH 19910 ANASiRARATEEZIIAINNT-
Un feuaznsanenunlulald NAGEAN NN

Frusaariaadiod ndnade Tuduneunszuu-
Ansnnladdura A nnasazantednsa g
waliiAnsalien Houdia waznaunes
asAsnaLman N A AANL A LAY Ian
ﬁmmmwﬁﬁmm%ﬁ (Chanthai and Danvirutai,
2004)u@ﬂmn‘ﬁ fedanasangunindaasiof
TnelodAd Al pHandanaldad ol duusy
AlauiaaaiasuanndnladfiaAn pHge
(Chumpookam et al., 2014)

Table 3. Impact of ratio of pineapple juice and extract of Cordyceps militaris on citric acid content during

wine fermentation

Time Citric acid content (%) at ratio of pineapple juice and extract of C. militaris
(Day) Control Formula1(1:9) Formula?2 (3:7) Formula3 (5:5) Formula 4 (7:3) Formula 5 (9:1)
0 0.39" +0.00 040 £0.00 040 £000 041" +0.01 0.41™F £ 0.00 0.42* £0.00
3 0.41% +0.01 0.42"5+0.01 0.42"5 £ 0.01 0.44% +0.01 0.46" + 0.01 0.46" +0.02
6 0.43°+0.00 0.45° £ 0.01 0.45™ +0.00 0.48" £0.00 0.47" £0.01 0.48+0.00
9 048°+£000  049°°+000  050°°:000  052°°+0.01 0.53™ £ 0.01 0.54° £ 0.01
12 0.53% +0.02 0.56™ + 0.01 0.54™ +0.01 057 +0.01 0.62"* +0.01 0.65™ +0.01
15 057" +0.01 0.65™ £ 0.01 0.63"+0.01 0.66 + 0.01 0.68™ +0.00 0.70™ £ 0.00
45 0.57" £ 0.00 0.64"" + 0.01 0.63" +0.01 0.66™ +0.01 0.69” +0.01 0.71" £ 0.01

ab

column are significant at P < 0.05. Value represents fromn =3

Means with the different letters in the same row are significant at P < 0.05. *® Means with the different letters in the same

Table 4. Impact of ratio of pineapple juice and extract of Cordyceps militaris on pH during wine fermentation

Time pH at ratio of pineapple juice and extract of C. militaris

(Day) Control Formula 1 (1:9) Formula 2 (3:7) Formula 3 (5:5) Formula4 (7:3) Formula 5 (9:1)
0" 5.54" +0.01 5.55" + 0.01 5.55" + 0.02 5.56" + 0.01 5.54" +0.02 5.57" +0.01
3 5.23 +0.02 514001  513°+001 5131002 512"+ 0.01 5.10°° £ 0.00
6 505°+0.03  4.84°+004  4.66°+0.04 445" +0.03  4.43°+0.02 4.42°° +0.04
9 4.84°°+0.04 452" +001 4537 +002 426 +0.01 4.13°+0.02 413+ 0.02
12 4441002 4371001 4.25% +0.03 4.08%+003  3.99%+0.05 3.99% £ 0.04
15 4237£002  4.04"£0.01 3.95" +0.02 3.75" £ 0.01 3.65" +0.04 3.64% +0.02
45 4.24% £0.02 404" £002  3.95" +0.01 3757 £0.02  3.65 +0.01 3.63% +0.01

*® Means with the different letters in the same row are significant at P < 0.05. *® Means with the different letters in the same column

are significant at P < 0.05.

" in the same row means are not significant at P > 0.05. Value represents from n = 3
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Table 5 A MFUAN L* WUT1 NGANIINARDIN A
L findumnuszezinandifindy Inefinduann
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ae19fldudAtyn1eaiis winfdu 6.75 savasunAe
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Table 5. Impact of ratio of pineapple juice and extract of Cordyceps militaris on color during wine fermentation
Time Ratio of pineapple juice and extract of C. militaris
Factor
(Day) Control Formula 1 (1:9) Formula 2 (3:7) Formula 3 (5:5) Formula 4 (7:3) Formula 5 (9:1)
L* 0 4749°+014 26682031 2862°£029 3367°+025 3656°+£028  37.80°:0.17
15 8853°+£023 4136°£0.13 5251°:029 6657°+036 8365°+022 855371022
45 89.55"+0.37 77.67"+006 815371030 834771036 84477+015 89.42"+030
a* 0 593%+0.06 12987 +006 1524"+004 136472012 12557+002  9.01"+004
15 026°+001 675°+003 25872004 219°£003 201"°£001 0.66" £ 0.01
45 024°+003 670°+017 250°+009 209°:006 228°+005 0.64° £0.03
b* 0 5750 +0.16 54.78%+0.16 50477025 54441029 57.82"+011 57.17720.16
15 39.06°£003 2969°+£0.13 38.11%°+£0.10 31.14%+007 4220 +004 481172009
45 3891°+0.05 2910°+0.03 3781021 3087°+008 4203°:004 4807"+0.05

*° Means with the different letters in the same row are significant at P < 0.05. A8

are significant at P < 0.05. Value represents fromn = 3
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Means with the different letters in the same column
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minlagldiindutlysn 100 Haaans wazinadadin
Fat1@nas 900 Hadans (1:9) WA a* Qqﬁ'qm
Winf 6.75 Wesnunszuaunimsinidunan 15 54
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67 (diatomite) WaAUILA Wuasg98n209 34
WUIN NNGANITNARBIAT b* AAAY LAANITNITNT
faEdns diatomite #1N150NT094193 A0 N9
T3l leunadau (Riansa-ngawong and Tipkanon,
2015) upfdaAsdAmaesuazdungas wananni
MsanasU9dAn b* lutasszeziaanaaanisia ity
araiinanUFAtenaandinduriuuas 1evinlien
mmmmmmim (Riansa- ngawong and Tlpkanon
2015) wanani ! panulid el regAnAenaiiosan
arnszaziaainstnlaidfidesiulyl Tl dau-
N17UNUIUNGN 6 1B eu AuazsannRiiAdnuAsd
(Chompookam et al., 2014)
LﬁmfﬁLﬂiﬁwmﬁmm@ﬂqw%‘rmﬁqmwﬁﬁ
ATINANNEINAETLA maeanqw%%ﬁqmwﬁ
&ATYAe a130vA 1T Lazansmaslawmdlu (cordycepin

938 3'-deoxyadenosine) Fenuafiusnludiadaidn
@ne9 (Cunningham et al., 1951) aINN1TAN®INS-
Lﬂﬁlﬁuwﬂmﬂ?mmmamnqmémw%mw 2 11
loun asezhdunazasaesiamiy Tnannniniu
Fa0gineliiudi 0 uay 15 189n13vsT uazUdsaINLi
453U Wudn YngRsaniugAAILAN UTNNMans-
avdlutularaaslarlul Aanasad 19l dud 1Aty
n9gda WanniIungn 15 5u InetSunuans-
azAUTUTAI9E 931919 349.08 - 546.89 HAANTH
sanlaniu douarsnaflaadulaAagsendng
260.20 - 372.49 RadAnFusieRlaniu waziiiaiasady
nszuaun1rtnfidunan 45 44 wudn Uiuno
m@ﬁ”mmlunnqmﬁmmﬁmmm:ﬂmmmmu
TnetfuananseshuduilAnogsvning 354.47 -
535.75 Naansumanlansu douatsaesindy
HAags1dng 287.41 - 369.68 Haaninsanlaniu
mananali Table 6 anuanIsnaaadazifiuladn
Funuanrezi udunazarsnesflaaduiAranas
ANNILELINANTI T UTa 9N TN F981A1AAAN
Aanssnvasiadfiunganslsznauiifiulasaaing
nraailresansiegesnia 191 sanamuing
viaaszneumiiuLaesAiiy (Zheng et al., 2011)

Table 6. Impact of ratio of pineapple juice and extract of Cordyceps militaris on adenosine and
cordycepin content during wine fermentation

Bioactive Ratio of pineapple juice and extract of C. militaris

compound Control Formula1(1:9) Formula?2 (3:7) Formula3 (5:5) Formula4 (7:3) Formula5 (9:1)

Adenosine

(mg/kg)
0 0 94655 +24.79  867.42"+27.04 81009"+3.06 78249 +1757  765.97" +20.86
15 0 546.89° £17.17  463.19°£27.99 44010 £23.14  368.14%£2127  349.08° +28.52
45 0 535757 £20.95 460747 +3353  436.09°+2200 379567 £19.32 35447 +27.71

Cordycepin

(mg/kg)
0 0 654.02"£21.80 623.41°"+893 606.72°+7.05  57804"+17.39 570.66” +19.49
15 0 37249° £2207 360407 +27.15 343157 £26.31 2694871204  260.20" +24.33
45 0 360.66° £12.92  36255°+16.60 333.07°+18.82 2650371004  287.41°+31.60

2> Means with the different letters in the same row are significant at £ < 0.05. *® Means with the different letters in the same column are significant at P < 0.05.

Value represents fromn = 3.
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Table 7

Table 7. Sensory evaluation of pineapple juice and extract of Cordyceps militaris wine by quantitative

descriptive analysis

Ratio of pineapple juice and

Sensory evaluation results

extract of C. militaris Color Clarity Odor Flavor Overall liking
Control 6.63"+0.61 7.20" £0.80 733°£075 84772072 8.20°+0.76
Formula 1 (1:9) 7.93°+0.63 7.33%£0.75 7.03% £0.80 83371075 8.03° +0.80
Formula 2 (3:7) 7.67° +0.66 727"+ 057 717" +0.69 8.20° +0.83 7.87°+1.02
Formula 3 (5:5) 8.27°+0.58 731" £0.59 713 £0.43 843" £0.72 8.17°+0.58
Formula 4 (7:3) 8.07°£038 7.07" £0.85 7.00" £0.52 8.37% £ 0.71 8.13°+0.84
Formula 5 (9: 1) 8.60" +0.49 722" +£0.74 713" £0.62 873" £0.44 8.67° +0.47

25 Means with the different letters in the same column are significant at P < 0.05. Value represents from n = 30
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Factors Related to Pesticide Use Behavior of Cassava Farmers

in Po Daeng Subdistrict, Chonnabot District, Khon Kaen Province
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Abstract: Nowadays, chemical pesticides are generally applied in cultivation despite having negative
impacts on human health and environment. To provide the recommendations towards more appropriate
pesticides use behavior, this study aims at studying on farmers’ chemical pesticides use behavior and
analyzing the factors that related to the behavior. The samples of this study were 188 cassava farmers in
Po Daeng subdistrict, Chonnabot district, Khon Kaen province. The relationship between considered
factors and farmers’ chemical pesticides use behavior was analyzed using chi-square test. The results
showed that 50.53 percent of the cassava farmers have a moderate level of correct pesticides use
behavior. The factors that are related to the appropriate pesticide use behavior of farmers at a significance
level of 0.05 were age, income, type of insecticide, the knowledge level on the use of pesticides, and the
knowledge level on the effects of pesticide use. The results of this study bring about the suggestions that
are useful to the change of farmers’ pesticides use towards more environmentally friendly cultivation and

sustainable agricultural production.

Keywords: Pesticides use behavior, Cassava, Farmers
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Table 1. Socio-economic background and pesticide use of cassava farmers in Po Daeng subdistrict,

Chonnabot district, Khon Kaen province n=188
Socio—economic background and pesticide used Number Percent
Gender
Male 137 72.87
Female 51 27.13
Age (year)
<30 4 2.12
31-40 " 5.85
41-50 47 25.00
> 50 126 67.02
Education level
llliteracy 5 2.66
Primary school 93 49.47
Junior high school 62 32.98
High school 22 11.70
Vocational education 4 213
Bachelor and higher 2 1.06
Income (Baht/year)
< 100,000 41 21.81
100,001-200,000 105 55.85
200,001-300,000 36 19.15
> 300,000 6 3.19
Source of information or news of pesticides
Neighbors 103 54.79
Pesticide stores 154 81.91
Government agencies 51 27.13
Television 26 13.83
Social media (e.g. Facebook, YouTube, etc.) 26 13.83
Types of pesticides
Herbicides 187 99.47
Chemical insecticide 45 23.94

Cassava cultivation area (rai)
Cassava cultivation experience (year)
Pesticide use experience (year)
Amount of pesticide use (ml/rai)

Mean = 13.10, S.D. = 7.28, Min = 3, Max = 50
Mean = 21.46, S.D. = 9.98, Min = 1, Max = 49
Mean = 12.03, S.D. = 5.99, Min = 1, Max = 31
Mean = 560.32, S.D. = 376.48, Min = 8, Max = 2,000
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Table 2. Knowledge level on pesticides use and effect of pesticide of cassava farmers n=188
Knowledge level Number Percent
Knowledge of the use Low (0-7) 31 16.49
of pesticides Moderate (8-10) 106 56.38
High (11-14) 51 2713
(Mean=9.29, S.D. = 1.85, Min = 5, Max = 14)
Knowledge of the effects Low (0-5) 31 16.49
of pesticide Moderate (6-8) 120 63.83
High (9-10) 37 19.68

(Mean = 7.09, S.D. = 1.63, Min = 0, Max = 10)

Table 3. The level of accuracy in the use of pesticide by cassava farmers n=188
Behavior level of pesticide use Number Percent
Low (10-18) 31 16.49
Moderate (19-25) 95 50.53
High (26-30) 62 32.98

(Mean= 23.57, S.D. = 4.08, Min = 15, Max = 30)
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Table 4. Pesticide use behavior of cassava farmers

Practice

Behavior of pesticide use

Always

Sometimes Never

Number (Percent)

Number (Percent) Number (Percent)

1. Read the details of pesticide labels

every time before purchasing 96 (51.06) 84 (44.68) 8 (4.26)
2. Strictly follow the instructions given on
86 (45.74) 98 (52.13) 4(2.13)
the labels
3. Mix pesticides in the amount
o ] 78 (41.49) 109 (57.98) 1(0.53)
specified in the label strictly
4. Wear personal protective equipment
. ) o 100 (53.19) 88 (46.81) 0 (0.00)
while using pesticides
5. Stand above the wind while spraying
o 87 (46.28) 94 (50.00) 7(3.72)
pesticides
6. Not smoke or eat while spraying
o 116 (61.70) 66 (35.11) 6(3.19)
pesticides
7. Clean bodies and equipment
immediately after using pesticides 77(40.96) 97(51.60) 14 (7.45)
8. Not dispose of residual pesticides into
water and soll 85 (45.21) 93 (49.47) 10 (5.32)
9. After using pesticides. Containers
and equipment used for spraying 59 (31.38) 75 (39.89) 54 (28.72)
pesticides are kept separately
10. Landfill or separate empty pesticide
63 (33.51) 64 (34.04) 61 (32.45)

containers into hazardous waste

AINNITIATITHAITNENWUE L WIS
Tadesing o) AuszAunginssunisldansiainidn
ﬁmgﬁmﬁ'qﬂﬁm‘nmmwmm wudn Jadadau
Lmmm’ﬁlﬁmwuﬁmﬁuﬁ’ﬁ”quﬁmwmﬂ‘ﬁ’
ANTANNIAAARFNT I8N HAINT (P < 0.05)
Taun ang 9ald nasldldansiminidndngie
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Table 5. Factors related to accuracy pesticide use behavior of cassava farmers

Factors

Behavior level of pesticide use

Low

Moderate High X? P-value

Number (Percent)

Number (Percent) Number (Percent)

Personal factors
Age (year)
<30
31-40
41-50
> 50
Income (Baht/year)
< 100,000
100,001 - 200,000
200,001 - 300,000
> 300,000
Types of pesticides
Chemical insecticide
Use
Don't use

Knowledge factors

Knowledge level of the use of pesticides

Low
Moderate

High

Knowledge level of the effects of pesticide

Low

Moderate

High

3(1.59)
5 (2.66)
14 (7.45)
9 (2.66)

13 (6.91)
12 (6.38)
3(1.60)
3(1.59)

3(1.60)
28 (14.89)

22 (11.70)
4(2.13)

5 (2.66)

23 (12.23)
2(1.06)

6(3.19)

36.713 0.000*

0 (0.00) 1(0.53)
2(1.06) 4(2.13)
18 (9.57) 15 (7.98)
75 (39.89) 42 (22.34)
21.389  0.006*
19 (10.11) 9 (4.79)
59 (31.38) 34 (18.09)
16 (8.51) 17 (9.04)
1(0.53) 2(1.06)
10.496  0.005*
32 (17.02) 10 (5.32)
63 (33.51) 52 (27.66)
90.220  0.000*
5 (2.66) 4(2.13)
70 (37.23) 32 (17.02)
20 (10.64) 26 (13.83)
105.462  0.000*
4(2.13) 4(2.13)
80 (42.55) 38 (20.21)
11 (5.85) 20 (10.64)

* Factors related to pesticide use behavior at a significance level of 0.05
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