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Abstract: Rice grown in Thailand’s dry season is commonly exposed to heat stress from high
temperatures, resulting in lower grain yield and quality compared to the wet season. Although foliar
application of silicon (Si) or boron (B) can help alleviate this effect, their combined effects on yield and
nutritional quality under different growing seasons have not been studied, particularly for RD43 rice,
a low glycemic-index variety of increasing economic importance. This study, therefore, aimed to evaluate
the effects of foliar-applied silicon and boron on the yield and grain quality of RD43 rice grown in
the dry and wet seasons. The treatments included no foliar application, foliar silicon (0.6% Si), foliar
boron (0.01% B), and a combination of silicon (0.6% Si) and boron(0.01% B), showed that grain yield and
quality were significantly lower in the dry season than in the wet season. Combined Si and B foliar
application increased grain set particularly in the dry season and increased grain yield, without affecting
nitrogen or protein accumulation in the grain, but reduced grain zinc accumulation. These findings
provide guidelines for nutrient management to maintain the yield and nutritional quality of RD43 rice

under the differing temperature conditions of each growing season.
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n1sdanudaneunariusounislunonandnuazaunInananaiug nva3 fiugnaguianazund nysuds
yaaes laun ludnisdnnusinewns dawualeddneu (0.6% S dawualeluseu (0.01% B) uardanunas
Fanau (0.6% Si) Swiuluseu (0.01% B) HANSVIRABNUNHANAALAEAMAMHANANWAR UV NIY
unlognsfitedidy n1sdanuneddnousmiuluseureifiunsfnude Tastamzlugguiuis wasiitumanan
wiin Tngluassansgnunemsavaululpsion warlusiulusdnum wmuasihlnnisasandsnsdluudaanas
wamsnwdiiuuumenisianssinemnsifienymandnuazannmidlasunisvesaiug nvas Tuanm
gaumpifimsiuesunazngUan
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A nsugnuiugdulmes 1 wileauns 1 R258 uay
anaunas lugquiUs nuawanAnu1IanaLfiou 50
naUgnuilulsemelnglaeialuiinngs-  wWoesidud Waifisusuggurd (Sukkeo et al,, 2017)
Ugnlugauifuazuiuss (Rerkasem, 2017) lus  mislasugamgiigdlurasiinenuiu sihlveruddin
asqqugniianmgiionniafiuanaiefussnsnn  vesavesusyuiugdulnes 1 Jaduiugun
quilidumsugnamvisiiguisu-ngainieu 44 flesunenogungige anasis 45 Wesifun uas
U'%mmﬂffwluiwLﬁaul,a?{aqﬂﬂiw 100 fadwasly  nsAawdnanas 77 Wesidun egamniinasiu
Foufiquisu-naan uazanawiingt 60 fadwesly  Tuwaseenuifintuain 34 1y 36 esmiwadea
iWoungainiou vasiilugguitisdelgnuinfou  (Jongjaidee et al., 2010) uaﬂmﬂﬁé’awudwmiﬂqﬂ
Sumnau-aviey SuSnaniruneieuaistesna sdyﬂﬂuaﬂwwqﬁmﬂ’mﬁ@{’mﬁ’ummq@mﬂLLasmUi”a
20 find g vilnluansnsatgnunilalufiuiiven  didawanevuialude uaz zA U NN13TAd Ly
wearausenu (Thai Meteorological Department, Wosifunnura uaznesly 8nnae (Laenoi et al.,
2026) uonanil gumniigsansneiuedslugguiuss 2018)
fiangeanda 36.1 esmeaidea Tulfouluwiou nsdanssgensiutadsddnive
Fowdsuifeutugungigegeseiuaddlugaud  UssIaNIENUAINANINLING BT Lu sz ay
wundiangsiian 32.6 osnwadoa ludoufiguiey  Tusewdugasgiidunumiliieavestuauidin
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nlnnandnanaslnotowslufvuiitinuduysslov
Yos@anausi (Sukyankij et al., 2023) nslvdaneu
madulusUnaalfeudinngnsn 200-600 Alansu/
L8nAng E‘Tﬂﬁd’saﬁwiﬁsgnﬁﬂqﬂluamwiiwuﬁamw
A LLazﬁmawﬁmqﬂﬂ’ﬁ’]mﬂaﬂé%éﬂau (Nolla et al.,
2012) uen9nil FanoudiwsanauLdenieain
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W1 8. dunsie 2.Fedluy muiuuﬂaaﬂammaaiu
YAAUTUNT Y Lﬂumammuﬂaumsﬂaﬂ ’JLﬂi’l”‘M
mmqmuauuﬂsmmmmummm Useneume AR
\unse-na (pH) USnadunietng wagUTunsg
2MMsluAY (total N, available P, exchangeable K,
exchangeable Ca, exchangeable Mg, available
Zn, available Mn, available Fe La g available Cu)
”Lst}d’i%mi’?mi’wﬁmm'ﬁamﬁLﬂﬁWﬁﬁuLLavﬁﬁu
(Puranapong, 2005) HaN15ILASIE Mamwmmuﬂa‘u
3 Susdunisnaasuansly Table 1 wuan Aud
A pH 6.4 Wunsadnuoe & fdunseing lulnsiau
wanue wundi@oudivanuasule wasdenydidu
Uselomuserutunans aeaneaidudssloy
Tnunadeudivanuasuls waadoudiuana sy
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Table 1 Soil properties before the experiment

Ugnuastug nva3 Taslymunaianieny
40 fu meuFBudilanunat 2-3 aunengu szezdgn
25 x 25 \wuflwas mslagemsiulayslulnsiausy
gi3e 75 Alansu Nisnms wusla 2 afsludasi
Wi o0y 15 Fu uag 45 Yundsdne fints-
Talﬂ:ﬂwgaWa%’a (0-62-0) 12.5 Alansu P,O/A8nA15
LLazIWLmaLéﬁw (0-0-60) 851 20 Alansu K0/
Laﬂ(ﬂ’]i (Osotsapar et al., 2008) Wﬁamumﬂaﬂa
Afefl 1 279UHUNTINAABILUY Factorial in RCBD
(Randomized complete block design) 313U 4 52?1
uIALlas 12 x 15 11514105 U78n150n0a89
Uszneume 2 Tade Jaduil 1 fe g9ugn 2 99 Taun
quivsa Wgnualutudl 23 nuaistus 2566 Liteln
sonaenluriaiouwwey Judumeiflgumgiiae
fin1sun9InTeyaanINeINIAgaunds 5 9 (w.e.
2561-2565) vesanilgaiesive o) wazggun
7 Wgnualutudl 6 amaw 2566) Tad8il 2 Ao
nswisaanusinevansly 4 nsswds Taun ludl
nsnuyonslu wuddneunmslu (0.6 Wosldu Si

Soil properties’ Analysis
pH 6.4
Organic matter (%) 2.25
Total N (%) 0.113
Available P (mg/kg) 118
Exchangeable K (mg/kg) 86
Exchangeable Ca (mg/kg) 2,265
Exchangeable Mg (mg/kg) 284
Available Zn (mg/kg) 2.45
Available Mn (mg/kg) 27
Available Fe (mg/kg) 231
Available Cu (mg/kg) 5.6

!Analysis method: pH-1:1 soil: water, Organic matter-Walkley and Black, total N-Kjeldahl, available P-Bray II, exchangeable

K, exchangeable Ca and exchangeable Mg-extracted by ammonium acetate and analyzed by atomic absorption

spectrophotometer, available Zn, available Mn available Fe and available Cu-extracted by DTPA and analyzed by atomic

absorption spectrophotometer
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W38u97n Sodium metasilicate) wulusaunisly
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Tumedanou (0.6 Waesiiua i) sauiulusou (0.01
Wosifun B) fi’m%’umiw'uﬂ:amﬂu finsnuniy
55035 nAans 2 ASe luszeza1adanes (booting)
WazIzeroanI N (heading) LLG\Iaxﬂﬁiﬁ%WU“LJEJEQJJMﬁ
200 fiadans luiluit 4 ms1auns
mi‘uu'mﬂmuaium 2499 Use ﬂEJ‘Ufﬂ’J‘c’J
m‘auummauaammumamLLaumammL.Lmu £E519
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(physical matunty) aumwawamm 23AUsENOY
mawammﬂwuw 1 M51UUAT meamammama
mmn Sruaunue mmuﬁa mwummaﬂw Lay
Ymnuananudn Saanutureuda uaaduam
Junandafinrutu 14 Wesidus quifuiesisns
91781U2U 10 529M9N55UIT YUTIUILLEANDT2
Fruuded uarmuwanduesdunnisinudn
auieyadnrUFenanuaaenssds 100 e
f0819ag 3 41 T M nnaoLA3 e9F Ao
4 frunus furandudmin 1,000 wés Siasize
Qmmwsziynﬁiymimmmi Tnetieg19w19na 4
WnuRazden nsizndsinalulasiouiaun (Total
nitrogen) #1833 Kjeldahl fuaanduusunalusiu
Ifﬂaqmﬁmmlﬂmwuﬁwmﬁyﬁa Kjeldahl factor
maamﬁmyn (5.95) (Perez et al., 1996) 1A

Usmusadingd Inogessos1eniensalunin-
Wesaanin EJI’luﬂl’Hﬂy’JEJLﬂ?EN Atomic absorption
spectrophotometer (Puranapong, 2005)

mﬂuaua‘mimmﬂmwmaaﬂmaLﬂi’] ‘1/1
AMULUIUTIU (analysis of variance, ANOVA) fY
TUsinsu Statistix 10 for Windows tUS s UL gy
anadslnglunn Least Significant Difference (LSD)
fianandoriu 95%

NaN1SANYILAZIATA!

QauMAAgn auunligean uazaunugiinaelusses
v 9 Kl vy v 9 Kl v

n1sadsvananisszeznanuu

Table 2 LLamammumam qedn uag
gumpiiadssefu szuneszes miaiwwamaﬂm
srovaenu Tugguuss gamglidhansvezasise
neniian 22.5-25.6 sarLaldea gagn 37.0-415
p3ALwaLToa uarguvgdid u5EmIne 27.2-30.1
ssmaldoa luszozoennengamninign qegn
wazgnmgiiedeiisduiu 23.4-27.5, 38.2-42.6 uay
28.4-32.6 pernaaiud pwddu dmiuggul
gaumpiisnan uargamiiedslussezasisvenand
Alnaiieatugnuiuss (23.4-258 uag 25.0-30.0
osuaadoa) snziinungigeaelussezasatonon
sufagamgiivinan aamgiigean uazgumnindely

Table 2. Minimum, maximum and average daily temperature during panicle initiation to flowering

of rice variety RD43 grown in dry and wet seasons of the year 2022/2023

Growing season

Temperature (°C)

Panicle initiation Flowering

Dry season Minimum temperature 22.5-25.6 23.4-275
Apr 18-24, 2023 Maximum temperature 37.0-415 38.2-42.6
Average temperature 27.2-30.1 28.4-32.6

Wet season Minimum temperature 23.4-258 23.9-25.8
Sep 30-Oct 3, 2023 Maximum temperature 27.5-36.8 29.8 -36.2
Average temperature 25.0 - 30.0 26.1-299
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svovaenuluguIUTiiagennitleniouiiisuiv
gaud eziulanngungifiadugguivssawe
nsvmumensiasyiuln mslunandn Taiagainn
yrluamunmaalasuNsYesyTIRLg Nvd3 3
mmLLMﬂﬁmmﬂqmmU%&asjmﬁulﬁ;ﬁ’m \losnnly
qmuwiqamwmaqamswauumaam 42.6 83A"
e vaiedlvasiigaugiigin 32 swnigaides
Fadugungdfiasmansy M‘ummiwimmaw’n
nn3zee (Aghamolki et al., 2014) uenandifanua
Tumaflmeylusrerdanes uassvezeannen anmgll
qeaniin13eMI1e 37.0-415 Uaz 38.2-42.6 03A1-
waudoa awiulagungiluiiaessyes mmmmw
3536 rniaidyd mﬁuammmﬂqmmmumi a9
HanAmI1IRILT Yoshida (1978) lnsneeula iadily

eggudgamgiigaalurisnadsnandaimily
aouvsalaeglums 27.5-36.8 ssrnwaidea luszes
Faas ua 20.8-36.2 osriwaidea Tuszzaonaon
nsdgiAuladisseniuifien nandauazaed-
UseNaUNaNan

PNHMHTINUN AT N43 ﬁﬂgfﬂ.qu]
U¥sdlanugefiszesfiuifiendios 57.08 wwufiuns dams
naurrluggund Fefimnugande 7291 wuRiuns
uenanilgmumnem a3 Mgnlugguiusanuamie
25 YIBREN® WardIUTN 20 T3wena axdiulamiing
45 199U DLAZ I uyaamlwynﬁ'ﬂq nlugeurd
oenalifudayneatia (29 iuenone way 25 TIeND)
1/|quluwumaﬂuawgauwuﬁﬁmvmwaaaﬁwEJ WAy
NFREMIAAMUS eI SNBdNYMAINaT (Table 3)

Table 3 Plant height, tiller number and panicle number of rice variety RD43 at harvest which

were grown in dry and wet seasons 2022/2023 with various foliar-applied treatments

Seasons Treatments Plant height Tiller number Panicle number
(cm) per plant per plant
Dry season NF 58.17 23 20
Si 58.54 25 19
B 52.42 26 21
SiB 59.21 26 21
Wet season NF 72.17 29 25
Si 71.34 29 25
B 75.00 30 26
SiB 73.08 30 26
Mean Dry 57.08 b 25b 20 b
Wet 7291 a 29 a 25 a
NF 65.17 26 22
Si 64.96 27 22
B 63.71 28 24
SiB 66.15 28 23
F-test Season (S) o o o
Treatment (T) ns ns ns
SXT ns ns ns
LSDy5 (S) 33 2 2
LSDgos (T) - - -

LSDy 05 (SXT)

Means followed by different letters are significantly different among treatments according to LSD at P<0.05

** = significantly different at P<0.01, ns = not significant
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PIUHAKEN NUIATIUANANSTARTUYDY
dwtdnng uasnanAnwde iaaingaineUgn vie
nssFBmsdemusinemnsendaseisil Taglumy
Ufduussmszmnsdadoiades n1sugnum nva3
TugaurTlnuananing 6.8 fu/enms uagnanas
Wi 4.3 fu/enms Fegannnsugnlugguiusa 1.5
LAz 1.7 N MUdRU @21nN53ANUSINe 1IN
nsdanusndanousauiulusourinlniimdnnig
uazkanAnuAngsnMsludany wagn1sdanunis
aneufissasnudier viaillunudninavesnssuis
nsvaapmatimiin 1,000 win (Table 4)

Table 5 uansd1uIULEARNDTIT LAYANS-
Aawdavesun nud3 filafunssudsnmsdanusin
onsiineiuluasiguan dslunuanuunnang
sonefldedAgludnuarsuiundanesis laed
Fnudn 93 wénness senslsfinunuaiiu-
wanaalaefiufduiussausemnggunzUgnuas
nT3uisN1sdanusne s midenulusou wag
Tusourmiudaneu velunshnudelunguiuisgs
n1n35uisiludnnsdanunazmsdanudaney

v

Taonsanuaafiuduiialunisannnisananiu

A a

gauTlunnnssuds WeRiansunaveunazsInne

Table 4 Straw yield, grain yield and 1,000 grain weight of rice variety RD43 which were grown in

dry and wet seasons 2022/2023 with various foliar-applied treatments

Seasons Treatments Straw yield Grain yield 1,000 grain weight (g)
(ton/ha) (ton/ha)

Dry season NF 4.2 23 30.42
Si 4.6 2.4 30.28
B 4.6 2.6 30.28
SiB 4.5 2.9 30.36

Wet season NF 6.3 4.3 30.52
Si 6.2 4.0 30.93
B 7.3 4.3 30.48
SiB 7.5 4.5 31.02

Mean Dry 45b 25b 30.34
Wet 6.8 a 43a 30.74
NF 52c 320 30.47
Si 5.4 bc 330b 30.60
B 5.9 ab 3.4 ab 30.38
SiB 6.0a 3.7a 30.69

F-test Season (S) ** ** ns
Treatment (T) o ** ns
ST ns ns ns
LSDy 05 (S) 1.0 0.3 -
LSDy.0s (T) 0.5 0.4 -

LSDy 05 (SXT)

Means followed by different letters are significantly different among treatments according to LSD at P<0.05

** = significantly different at P<0.01, ns = not significant
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Table 5 Grain number per panicle and percentage of grain set of rice variety RD43 which were

grown in dry and wet seasons 2022/2023 with various foliar-applied treatments

Seasons Treatments Grain number Grain set (%)
per panicle

Dry season NF 102 82.04 B
Si 83 78.178B
B 87 87.36 A
SiB 93 90.14 A

Wet season NF 93 90.15 A
Si 91 90.47 A
B 103 88.73 A
SiB 96 89.73 A

Mean Dry 91 84.43 b
Wet 96 89.77 a
NF 98 86.09 bc
Si 87 84.32 ¢
B 95 88.05 ab
SiB 94 89.94 a

F-test Season (S) ns *x
Treatment (T) ns **
SXT ns **
LSDg 05 (S) - 2.22
LSDg 05 (T) - 3.14
LSDy g5 (SXT) - 4.44

Means followed by different letters are significantly different among treatments according to LSD at P<0.05

** = significantly different at P<0.01, ns = not significant

nsAnwdalugguiuss wun danuluseuiiissesns
Reowhlnnisinwdna 87.36 Westdun dslauanang
nnsaanudaneusiuiuluseu vasfinsiaudn
31nnsaanudansussraieadailuwannigain
ﬂiiﬁ%ﬁl@iﬁﬂ’135@1&1461@@1%15 wandlmAiuanng-
mewaqmwmmmmdmammma L‘ﬂua‘ma‘wa
fiur9nTusounnnan@aney weilenaiisswnain
unumvesluseuditAeavaslnensatuanuiddie
VBIALBOUTY WAXNTEUIUNITIONVBINABAAL DD
138y (Chen et al., 1998; Lordkaew et al., 2013)
6’2’5@Lﬂuﬂizmumﬂawwmeﬂmmmiwamﬂai
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audaneuflunumiivestunisiasuanuuduss
YoslATeasefiy uarn1sinwiaugaul deo1aiing
maayamiamsﬁmmﬁm (Marschner, 2012)
TusnAdeinunen nuas dugnluggun
USafinsinudnfianas 5.34 1Wesidun wazvinluua
wARanas 40.41 Wesiiun WewTeuiisuiuggud
FsaonmasstunalnauaumadlunszurunisHa
maimEfl,ﬁummm?ammqmuqﬁqﬂﬁﬁﬁmmﬁ
114“5?3‘1/7‘146:514 (Jagadish et al., 2007; Matsui et al.,
2001; Prasad et al., 2006; Rang et al., 2011) 1AF1891U
983 Rehman et al. (2014) finunsaanuluseusie
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Tanaiinnseanly winnsaanulusouinvinsanuén

10U kANUIINITEANUlUT U Eeas R adlule

wﬂwwawammam fanuupnensennssiBalusinisde
WUSIA @IS Lummn’Lummaummawwawamm
finswuiumsduiiiememenintenniunoumsna
inas e neuduius e sHaRERE Ay
Sunumuenone uaziuausimens sedlsinailunis
neaesi nunsdenudaneusmiulusouraslnd
Wosldunmsiaudanntu suvislanananadaiias
mMnsnAsiludmsdanusinemns enaulennan
Faneundemusivluseusiunumlumsannsgade
1h mefisdmmnmsdungiuas Feamanenisavea
thuiiniie (Chen et al,, 2011)

AaAmstavumMsluudad
goizUgninansznuneyUsinallulasiau
uarlUsAludnumnaesiug nua3 spnditeddims
adf Wngluggudtviunalulasiou uwazlusfiuluaébe
119n884 1.53 ka 9.10 iodifun augguUaian
1.42 uay 842 Wesiiun amady Tnglununaain
N3 msdanusinensneviuailulasiau uay
Tusfuluwdarn dwduinadnganulalasu
KansEMUTINgINzUgn uinumnslasumsdamisn
pwnsiinstuinUsinusndensalusdnemnaod
ANty fauandlu Table 6 fis18nundaneu
ANU130aANN5AAFINE ALY T1NT1IHALNTINANTT
wansoonuasduruasdsngd Tnslufinanodaauns
wasuenT U umiioRy (Huang et al, 2020)

Table 6 Nitrogen, protein and Zn in brown rice of rice variety RD43 which were grown in dry and

wet seasons 2022/2023 with various foliar-applied treatments

Seasons Treatments Nitrogen Protein Zn
(%) (%) (mg/kg)
Dry season NF 1.41 8.39 17.50
Si 1.47 8.72 18.25
B 1.41 8.44 17.00
SiB 1.36 8.14 16.00
Wet season NF 1.45 8.66 17.50
Si 1.53 9.12 18.50
B 1.56 9.25 16.75
SiB 1.58 9.37 16.75
Mean Dry 142 b 8.42b 17.19
Wet 1.53 a 9.10 a 17.38
NF 1.43 8.52 17.50 b
Si 1.50 8.92 18.38 a
B 1.49 8.84 16.88 bc
SiB 1.47 8.74 16.38 ¢
F-test Season (S) ** ** ns
Treatment (T) ns ns **
ST ns ns ns
LSDy5 (S) 0.06 0.36 0.70
LSDg05 (T) - - -

Means followed by different letters are significantly different among treatments according to LSD at P<0.05

** = significantly different at P<0.01, ns = not significant
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