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Abstract: This study aimed to investigate feeding management, determine the chemical composition of
feedstuffs, and evaluate milk yield and composition in 102 dairy farms in Phatthalung Province, Thailand.
Farms were classified according to total herd size as small (<37 cattle; 40 farms), medium (38-40 cattle;
30 farms), or large (241 cattle; 32 farms). Farm-level data were collected through interviews and farm
records. Feed and bulk-tank milk samples were collected from four areas. Data were analyzed using one-
way analysis of variance, followed by Duncan’s multiple range test. Most farms used fresh grass as the
primary roughage source (85.29%) and practiced group concentrate feeding (80.39%). Average milk yields
did not differ among small, medium, and large farms, ranging from 13.35 to 13.69 kg/cow/day (P=0.929).
Small farms provided more concentrate than medium and large farms (P<0.001), whereas large farms
had a higher mean number of cows affected by mastitis (P<0.001). Concentrates had the highest crude
protein concentration (17.04% of dry matter), while by-products contained the highest neutral detergent
fiber, acid detergent fiber, and acid detergent lignin concentrations. Farm location did not affect milk fat,
protein, or solids-not-fat concentrations (P>0.05), but significantly affected lactose concentration

(P=0.008). The solids-not-fat concentrations across all areas were below the reference value of 8.25%.
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These findings emphasize the need for dry matter-based feed analysis and ration formulation,
production-based feeding, appropriate nutrient supplementation when using high-fiber by-products, and

effective mastitis control to improve production efficiency and milk quality.
Keywords: feed quality, dairy cattle, milk yield, milk composition
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Table 1. General characteristics and feeding management practices of dairy farms included

in this study.

Item

Number of farms (n)

Percentage (%)

Farmer’s Gender
Male
Female

Dairy farming experience
< 10 years
> 10 years

Primary roughage source
Fresh grass
Silage

Concentrate offered
individually to each cow
a group-feeding basis

70 68.63
32 31.37
51 50.00
51 50.00
87 85.29
15 14.71
20 19.61
82 80.39

Table 2. Effects of farm group on milk yield, herd characteristics, and feed allowance.

Variable Group1l Group2 Group 3 SEM! P-value
Total number of farm 40 30 32 - -
Number of cows (head/farm) 35.57 40.98 43.30 - -
Lactating cows (head/farm) 20.25 19.00 18.91 0.98 0.53
Dry cows (head/farm) 3.25 4.33 3.72 0.39 0.14
Calves (head/farm) 6.84 8.10 8.67 0.77 0.20
Fattening dairy cattle (head/farm) 4.23° 8.28" 10.00° 0.28 <0.001
Cows with mastitis (head/farm) 1.00° 0.67° 2.00° 0.16 <0.001
Milk yield (kg/cow/day) 13.64 13.35 13.69 0.64 0.92
Roughage allowance (kg DM/cow/day) 38.58 38.60 3791 0.65 0.69
Concentrate allowance (kg DM /cow/day) 7.75° 6.33° 6.41° 0.24 <0.001

! The pooled SEM was adjusted using the harmonic mean because the number of farms differed among groups.

b, < Means within the same row bearing different superscripts differ significantly (P < 0.05).

Aoty ngmi’mquﬁa (P=0.697) vauzTIUTIMDIMNS
GuyuLLmﬂmlwﬁ’uaalwﬁﬁaﬁﬁcg (P<0.001) Tnevnsy
ywadnivemsuuads 7.75 Alanfuresinguinine
Fanetu ?fﬂqamﬁwWﬁmmmﬂaNLLammmImﬁIﬁ;
1y 6.33 uag 6.41 ﬁiaﬂ%’maﬁwl,ﬁwiaéfw{aifu
desnludnulasmmadulauumeyAfdmdn
w1 300 Alansudevilniianuiunaemsoud
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Table 3. Chemical composition of different feed types.

Chemical Concentrate  Napier grass  Plicatulum grass Silage Rice Straw
composition

Dry matter (% as-fed) 93.31 19.26 22.80 31.30 89.58
Crude protein (% DM) 17.04 6.87 6.27 10.58 4.15
Ash (% DM) 14.03 8.03 8.27 6.22 10.08
Neutral detergent fiber 37.20 68.54 72.00 54.40 76.47
(% DM)

Acid detergent fiber (% 29.11 45.04 35.70 37.10 40.55
DM)

Acid detergent lignin 1.65 4.85 4.34 4.12 4.50
(% DM)

Abbreviations: DM, dry matter; NDF, neutral detergent fiber; ADF, acid detergent fiber; ADL, acid detergent lignin.

All chemical components are expressed on a dry matter basis, except dry matter, which is expressed on an as-fed basis.

Table 4. Effects of farm group on milk composition by farm location

Variable (%) Group 1 Group 2 Group 3 SEM! P-value
Milk fat (F) 4.33 3.84 3.96 0.21 0.35
Lactose (L) 4.26° 4.15% 4.22° 0.03 <0.01
Solids-not-fat (SNF) 7.69 7.55 7.21 0.24 0.47
Milk protein (P)? 2.80 2.76 3.13 0.14 0.37

1 The pooled SEM was adjusted using the harmonic mean of the number of farms because the number of farms differed among groups.

2 Calculated using the original dataset, in which the morning milk protein concentration at Manop Farm was reported as 4.419%.

*" Means within the same row bearing different superscripts differ significantly (P < 0.01).
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Effects of 6-benzyladenine and Longitudinal Explant Halving on In Vitro
Plantlets Proliferation of 'Namwa Pak Chong 50' Banana

WUAinT Auseu S9ems AR1TU 1wdnid 2edalanauda uaz Uszind sssune”
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Abstract: The effects of plant growth regulator 6benzyladenine (BA) and longitudinal explant halving on
in vitro plantlets proliferation in ‘Namwa Pak Chong 50’ banana was studied. The experimental design
was factorial in CRD with 12 replications, each of one plantlet per replication. The in vitro shoots of
banana were cut to 1 cm length, leaves were discarded and stem part were cultured on Murashige and
Skoog (MS) medium supplemented with 0, 1, 3, and 5 mg/L of BA. Two explant preparations (whole stem
and longitudinally halved stem) were tested for 8 weeks with one subculture at the 4" week. The results
revealed that different BA concentration yielded significantly different in shoot proliferation. BA at 3 mg/L
yielded 3.50+0.64 shoots which was not statistically different from 5 and 1 mg/L BA which yielded
2.64+0.75 and 2.64+0.61 shoots, respectively. These shoot numbers were higher than those without BA.
For explant preparation, the statistical analysis showed significantly difference that the longitudinally
halved stem yielded 3.93+0.67 shoots, while the whole stem yielded 1.10+0.08 shoots. There was also
interaction of BA and explant preparation on shoot proliferation. Halved stem cultured on MS medium

containing 1, 3 and 5 mg/L BA produced higher number of shoots than other protocols.

Keywords: Tissue culture, cytokinin, banana, longitudinal explant halving
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Figure 1. Explant preparation A. whole stem B. longitudinally halved stem (Bar = 1 cm)

Sufinuaniaiasaiulavenaletniiug
Urnyes 50 tneusiuiunue s1uiuly wazsiuiu
310 i’mmmqmyu ALENIIIN Lard e nan
lowvia Bed uarugenAsy 8 dUn v SAs1EvnG
mﬂaﬁﬁmywiﬂil,l,ﬂwﬁwﬁﬁ]gﬂ SPSS version 21 way
uﬁa‘uLﬁsmmmumﬂﬁﬁwaa%a;daﬁ?’mﬁ% Duncan’s new
multiple range test (DMRT) fissdfuamandosiu 95 %

NaN1SANEILAZ ISl
dothaunasednaiugUinges 50 961
FuaIUEEANIULUIBILATT LU MU NNZLE B9UY
91m15udegns MS FFY BA AUWLTY 0, 1, 3 waz
5 fladnsunedns iunan 8 §Uaw Tnanisneaes
Tuupazdads fail
MsAnwmaves BA nonsiniliminue
Tyl WU21 AU UT YRS BA STHARDTIUIUNYS
FIUIUSIN MNE1I5IN wazumdnanveaiielde
wanasiueensiiteddyneann Tnenuilmizides
1y BA ALY 3 Tadnfumedns lusiuiumue
3.50+1.16 uenoAy uarualivuindn Suivinan
veuiloifondoiivs 2.11+0.62 n§u Srurumueiil
LANAINEARRFUNSIY BA ALLINTY 5 uas 1

160

faanTunoans AIUNTIUIUNUS 2.64+0.75 LAy
2.60+0.61 NuonOAY U Minanady 2.62+0.77
Way 2.66+0.62 nSu MUY drunssuIETiluiiu BA
S wiinanuniian fo 4.11+1.49 n¥u unfivusiade
Wieg 1.29+0.19 Mﬁaﬁiaélyu wﬁﬁ?u é’guﬁi’wmuﬁﬂuaz
AYILE1I5IN WUIT B UEIUAUNEIeT LIz By
91Ty BA 3 uay 5 faansunedns d81uausn
wazANEMITINUBETian Tnedsiuausin 0.570.33
hag 0.71+0.27 510 AINEIAU LAZAIINEIITIN
0.54+0.30 Way 0.77+0.28 \wURLUAT AINSINU d7u
n3su3Bdilady BA fd1urunazmnuesInuniian
AD 8.00+£1.77 510 WAy 72.76+12.28 LYUALUAT
pdiy dmudaulunazanugs wuan nsly
BA WnszduAnuisvulivinduaulusasaIgs
wanefy (Table 1)

AU NISHT UAIUEEARULLIN
Wenusdmudy 2 §n neuthumzd ssuuems
qmﬁ@m BA ADNMILLTUANS 9 thy wunASHR A
yonasalmiedotisiuiumue sl WagAMEa
MﬂﬂiﬁyuéauaamﬁliﬁﬁﬂLLﬁﬂaénqﬁﬁaﬁﬁ@mq
a7 1o uaiudi niuazluudsuiunye 3.93+
0.67 uaz 1.10+0.08 MuonoAY ANAITy S1uduly
7.86+0.93 Uag 4.61+0.29 lu M1UAINU karAIINES



Nauds 6-benzyladenine WAZN1SNITUAIULDANIULUIYID
' a ' ' P 3 v o o« y &
sanisiiavialmivaindleurdriuguintes 50 Tuanmuasne

Table 1. Effects of BA concentration and explant preparation on the growth characteristics of

‘Namwa Pak Chong 50’ banana

Number of Root length  Plant height Fresh
Treatments Shoots Leaves Roots (cm) (cm) weight (g)
BA (mg/L)
0 1.29+0.19°  529+0.73  8.00+1.77° 72.76+12.28°  7.46+1.03  4.11x1.49°
1 264+0.61°°  6.21+0.92 3.71x0.88°  8.10+2.18" 6.69+1.28  2.44+0.62°
3 350£1.16°  7.57+1.62  0.57+0.33°  0.54+0.30" 7474216  2.11+0.62°
5 2.64+0.75"°  586+0.74  0.71x0.27°  0.77+0.28° 536+1.44  2.62+0.77°
Explant preparation
Whole 1.10+0.08°  4.61+0.29° 246+0.77  1891+6.32  3.84+0.44°  1.93x0.76
Halved 3.93+0.67°  7.86+0.93" 4.04+1.01  22.18+8.08  9.65+1.23°  3.72+0.52
BA (mg/L) x Explant preparation
Whole  1.14+0.14° 529+0.83°  7.71+1.97° 7271+8.69°  6.63+0.85°° 500+2.85°
° Halved  1.43+0.37° 529+1.26° 8.29+3.11° 72.80+24.10° 8.29+1.90° 3.21+1.14%
Whole  1.00+0.00°  4.14+0.34°  157+0.43°  2.44+0.65°  3.43+0.37°  0.96+0.13°
: Halved — 4.29+0.87°  8.29+1.46™ 586+1.28° 13.76+3.10°  9.96+1.86  3.93+0.95"
Whole  1.00+0.00°  4.14+0.26° 0.29+0.29°  0.30+0.30°  2.14+0.30°  0.61+0.09"
’ Halved  6.00+1.94°  11.00+2.72° 0.86+0.59°  0.79+0.52° 1280+327°  3.61+0.96™
Whole  1.29+0.29°  4.85+0.70° 0.29+0.29°  0.19+0.19°  3.14+0.76*"  1.13+0.41%°
’ Halved 4.00+1.33*  6.86+1.24° 1.14+0.40° 137+0.42°  7.57+2.61®¢ 4.11+1.28%
BA * ns * * ns *
Explant preparation * * ns ns * ns

BA x Explant preparation *

*

*

*

*

*

"not significant  *significant at P < 0.05

Means (+ SE) in a column followed by the same letter are not significantly different according to DMRT

9.65+1.23 WAy 3.84+0.44 LYUALUAT ATNE1A U
AMTUTINIUIIN ANENITIN LALTMTNER WU
nsrwazlinuaueesiialuuananeiu (Table 1)
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Figure 2. The 8-week-old in vitro ‘Namwa Pak Chong 50’ banana of the whole and halved stems

cultured on MS medium supplemented with 0-5 mg/L BA (Bar = 1 cm)
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Effects of Indole-3-Butyric Acid and Gibberellic Acid on Adventitious Root
Formation and Growth of ‘Akihime’ Strawberry Stolon
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Abstract: This study aimed to investigate root induction in daughter plants of the ‘Akihime’ strawberry
grown in a modified CMU2S nutrient solution in an evaporative cooling greenhouse at the Faculty
of Agriculture, Chiang Mai University. In the first week, the electrical conductivity (EC) of the nutrient
solution was maintained at 0.0 mS/cm and gradually increased to 1.0, 1.5, and 2.0 mS/cm in the second,
third, and fourth weeks, respectively. The experiment was conducted using a (2x2)+1 factorial
arrangements in a completely randomized design (CRD) with seven replications. Factor A consisted
of indole-3-butyric acid (IBA) at 0.6 and 1.2 mg/ L while Factor B consisted of gibberellic acid (GA;) at 50
and 150 mg/L. The basal ends of the daughter plants were dipped in the respective treatment solutions
for 3 min, with distilled water used as the control. The results revealed an interaction between IBA and

GA; on the number of roots and chlorophyll content in strawberry daughter plants. All treatments

Copyright @ Journal of Agricultural Research and Communications. All rights reserved.
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had a lower number of roots and chlorophyll content than the control, except for the combination of

1.2 mg/L IBA and 50 mg/L GAs;, which showed no significant difference from the control.
Keywords: strawberry daughter plants, root number, root induction

undinga: ATeilTmgUsrasaLioAnunisnszaumainsnluaulnavesanseliuesiugesABiue (Akihime)
fugnluaisazarssinomsgasdaulas CMU2S malu‘lm%aummuammﬁl,l,wmsmaiwmmamfw
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f158¥A185799 WS A Uaz B 0819ay 500 Jadans
TMiUSIMMSIN 4,000 Taddns ansazansiiannisii
Tl (EQ) iy 1.0 mS/cm dUaudt 3 a3 ey
ansazanslaglath 2,500 fladans waufvansazans
50T A Uag B ptnaE 750 dadans Iviusuns
594 4,000 dadans ansazaeilnn EC iy 1.5
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mS/cm daudUnvi 4 tneuaisavaielaglyin
2,000 daddns NauAUATAZANEEIN1MT A uay B
88198y 1,000 Tadans WMHUSU1A5593 4,000
fladans ansavaneian EC AU 2.0 mS/cm vad
Ufuamnudunsn-nng (pH) manmiasmaiﬁaq
Tuvas 5.5-6.5 neutillamnady
ASUUTINNANTSNNADY
wé’qmigﬂaﬂqﬂGTu"LMaamaSwa%% Mns-
Guiinwanisveaesn 7 u 1uszesioa 4 fUam
unazNsSHITUsENeUMRUlnAER5ILUBSI I
741 9@y 1 ey Imﬁuﬁﬂ{anﬂammﬁﬁu ail
$1uausn Tngusiuusintamadiinanlauny
ANNE1ITIN (LTURLAT) Saanlaunudsanesinit
giigelaglaiesidonauives (1108-150, INSIZE,
China) Le;ushu@jusjﬂawﬁw?u (LWUALLAT) TAUTLIN
Taunumilenasin s1uaulu Tneduiansluiing
auysal AINgInY (euiiuns) Tnainlaunufs
Uangluflemiian wazauidervesly fameindes
Chlorophyll meter (SPAD-502, Konica !\/\inoLta
Japan) ImmmmiwLﬁ]immwmamma £AU s
31u 5 ‘mwmimaammimmmmwumaam
melulsneu laun gangionniaeglurissenng
25-30 peALgaLged mm%uﬁmﬁméasﬂmhﬁwdw
60-90%
nsAATIEidayANIeEanA
31AT1EAANULUTUTIUANLLNUNSNAR BT
WUU (2x2)+1 factorial in CRD waziUs suLfisua
waelned3 Least Significant Difference (LSD) e
Wsunsuiaszvmieaan

Namiﬁnmu,aﬁmmi

Mnuan1sAnwinislyasaiuaunis-
Wwiaiulnveciia IBA uay GA, nenulnaansed-
wesdwugesidwziduszezinat 4 dUam wuan
U Fuwus 5231901519 BA 2uU GA, Snane
$1UIUIINYDIEATEILUBTT IETIUIUTINTBIN N
nssudsfuunlusiudunuszezinainiamnass
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mwmw nssuisarugu (Uivan) Iwmuaumﬂm
figanaonan1snnass Immwumﬂ 12.42 SR 0AY
Tudunmil 110y 2051 sannenu luddarud 4
yuedinsle IBA 32U GA, ynnsaadslusiuausn
MnnssuIsmuaulunndUnm (Figure 1a)

AT UFNYAL199AINBIITIN LAU-
HUAUENA19E1AY $1UIULU LATAINGINY WY
Ufdustussznananisly BA 59U GA, Tuunewas
2940151783 1n8A1N81I5INNUUS dusius Ty
Famidi 1 ﬂumuﬁaﬁ’wmu’mwwﬁﬁuﬁuﬁuﬁﬂm‘v?ﬁ" 2
LLawmmaﬁmuwwgamwuﬁiuaﬂmw 1 uag 2 &
Laumwuﬁuaﬂmnmmuluwwgamwuﬁivmwﬂwﬂszi
BA wag GA, lunndunv oonslsfinnu iedugn
nsnaaosludUand 4 lunuanuuananemnsada
Tuynnssuds Tngludami 4 wuan arme1asn
ogluv1 6.75-8.12 Lwufiung (Figure 1b) L@UKIY
guonadnueyluras 0.73-0.77 wwufiuns (Figure
10) $1uruluoglums 3.71-4.14 lunesu (Figure 1d)
LAZAILE 0 UoY luTe 17.50-19.65 LeufLuns
(Figure 1e) druusuanaslsiaaveslu (SPAD) &
wludistunsenguesnulunnnssuis uazny
Uﬁé’uﬁua‘swﬁwmﬂ% IBA uay GA, agsiitiuddny

naadalunnduam lagludlami 4 nssuisnly

BA A uwuay 1.2 Tadnfunedns sauiy GA,
ALY 50 dadnsuneans Suwiluuavasual
mMUTIunaslsaagaianmiu 48.65 ualuwnnang
nsafiAarnnssAtemuaudedaniu 48.05 il
N55u387 19 1BA AU NTY 0.6 Tadnsunodns
59uRU GA, ALY 150 fadnsunedns lnan
Ununaelsflaasiigamifu 45.42 (Figure 1)
MNHANISNAABINUIN N5l IBA 5uRU
GA IummsimﬁmﬂwmﬂmammLuaiimmmui'm
uE]EJﬂ’J’]ﬂ'iiﬂJ’Jﬁﬂ’JUﬂiJ Frick and Strader (2018)
asurenalnnisviauveseendueiia IBA 211y
0ONTUFUATILNT ¥I8E LA UAISLAATINT LAY
ASUUILTAE HAZAITWAUIVDITEUUIIN 1ag IBA
gnidsuidu Indole-3-acetic acid (AA) 3 aiusondy
'1/|aaﬂqwﬁﬂwaiuwsnl,l,auuuwumawﬂmmamiaiwim
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LaZUUIIN a’ifaﬂmLﬁuﬂisﬁm%mwmi@m%uﬁwLLaz
ﬁ’lﬁlmmiﬁjaqﬁﬁn (lyer-Pascuzzi and Benfey, 2009;
Zhao et al, 2021) uenaINi De Rybel et al, (2012)
578979421 n15UA s 1BA 1T 1AA @1u1sanss mu
N15LUIIRATAE A Tewaa uSaUa185n
amalifinnsasesnuasusIniuty egnslsinn
AMALINTUYDS IBA Atmunzauuananstulunnuain
i Wug uazdsnsluans Ty Ashrafuzzaman et al.
(2013) 59891431 M5l IBA Arnanauay 1.0 fadnda
AOANS @115 UERTINTSLARSINYeIR Ula
amiaiuai{‘%lﬁ”asjwﬁﬂi yANSn N sumuﬁ Hossain
and Gony (2020) ‘W’U’J’] m{[ﬂi IBA #irnauneu 100
waz 200 dadnfunedns Treanasunsinsnuas
mmmgsuawamimmwsqmmuqm au19lsfinn
nsAnwdanardunisly 1BA Wessdaiien vaed
nsfnwASaily IBA T2 GA, Teenainufduius
symssesTuuiaotiln dwalvussansamues
BA Tunsnszqunisinsnanaadeiusuiieudy
1151y IBA it pevilatien wenaind windiele su
sondulusziuiigaiuninumnza mﬁ]mw?umi—
é’ﬂmiwﬁl,aﬁﬁwimmiLﬁmmil,l,amaaﬂ%m@u ACC
synthase (ACS) @ slefauflunumlunisdudsnis
LAnSINALAY (lVanchenko et al., 2010; Edelmann,
2022) vauzl GA, Wugesluuiiduasunisuuaeaa
warn138nfavesieaa i’mﬁamsm%zyfuam‘qu
wileiu Tnsann5vauYe999nTUUSRAINIYNS
LLa:éaLa'%umsw%fwaaaam'mﬁ’ulezjimlﬂﬁu (Nishii
et al, 2012) wuiienfiu Zhang et al (2021) mwmm
mmﬂsu GAmﬂwmmuﬁmLa Laumuﬁuaﬂma
SAuanas 1899INTUNIUNSEUIUNSATIS NI LAY
nan1snaaedlundad Fanandduiuai n1sly BA
Tty GA, Tunnszfumuiauuulnsiuausngng
nsndBeuAy FeerainaInUEuius (interaction)
S¥nn9803luua0suiln Tnen151AnsINiLAYR a9
oA aNnavesgasluunsluiiv lnslanzeen
Fuuavduielsadu n1sladu IBA uay GA, wsoufu
8195UNIUNITENEBILATNITADUAUDIN DOBNTY
Usnalauny saudensieusiuiuvegesiuy
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Figure 1. Effects of IBA and GA; on the growth and development of strawberry daughter plants

over 4 weeks: (@) number of root, (b) root length (cm), (c) stem diameter (cm),

(d) number of leaves, (e) plant height (cm), and (f) chlorophyll content (SPAD).
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(hormonal cross-talk) @9NalNISHULIAAWALNNS
Walu1veIsInanad (Guan et al,, 2015; Lakehal and
Bellini, 2019) Fseaiduanunddgyivinlunisly 1BA

LY VA V)

590U GA, lun1sdnwaselinnanesninnssuds
AuAL (Figure 2)

el n1smevaupIvetBenduYd Uiy
mmm?m?u (dose-dependent response) IngA213-

Control (water)

mjumjyuﬁ'mmzammmaaﬂiwfumsl,ﬁmmﬁmw
(adventitious roots) 1o LLmlLﬁlavaﬂyﬁJUIuisﬁ'Uﬁ'qn
Aulvenadudanisiauiuaznistadivessin (De
Klerk et al, 1999) %44 Lakehal and Bellini (2019)
57891U21 NMSARsINTiLAws LI un e AENS e
Aunav8988nguU (auxin homeostasis) 3IUTINT-
z%’wLﬁmLLazmiéaﬁmiymsuaaaaﬂ%uﬁmm:au%mﬁ’u

IBA 0.6 + GA, 50 mg/L

Figure 2. Vegetative and root growth of "Akihime" strawberry daughter plants 30 days after
treatment with different concentrations of Indole-3-Butyric Acid (IBA) and Gibberellic

Acid (GA,) of stem cutting
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Mg usvesges luuRivelnnig 9 lag
N3TUNIUALAaYeIeaNnduLasUfFuius sEma1g
gosluuotvdwalnlszansnmnisiinsinanas
dennaesiu Bai et al. (2020) fis1891ua1 Mslagy
BA Tusgduiigemiaifussozinaiuiu waageae
ﬂi%@l?Uﬂ’]iLﬁﬂi?ﬂiu‘iz‘c’JgLLiﬂ wandududanising
wazniswaLIvessnluszegnow swdunaan
Uffuiusszvseenduiuiefidu esndlsfina wn
15l IBA 590U GA, @uluayvinlnsiuusinanas
dowFsuifisutunisuisauau unnssuisily
BA AU NY 1.2 Tadnfunedns sauiy GA,
ALY 50 Sadndunedns Suudluiavamalum
Uinuaaslsilaavasly (SPAD) gefign wnluunnang
neafAnunssuIsAIuAY MNKAMINAAILARTA
Lﬁuiwmimauauawaa’d'%mmﬂaaiﬁﬂaéaw%uagjﬁu
Gij‘aﬂLLaaﬁﬂ’J’mL%M‘Ju%@ﬁﬁ’ﬁﬂﬁu&uﬂﬁLQ%QJ,@UIG]W,‘J
saufiu Tnsang GA, funumlunsanasunisasey
SN %’manmmamyjizﬁmamadiwmaé UazvTas
nsaanefivesnaslsfias o1adwmaludszansan
AsdaAsITLaLasnsazaunaslslan i iy
danAasdiy Islam et al. (2020) Asre9mnisley
IBA 59080 GA, 9eiiudsunamasisiaavedluly
wnidowe uenani Tripathi et al. (2025) 518914
91 GA; ¥r8dnasunITFuATIZRRaz S nE U U
aaelsitaatulu dofu msAnwilueuanaasuszidi
n1sle IBA uaz GA, lusssumnuuguiidnng 0.6
fladnsuneans niednwinslneesiuuideswin
LUULENTI87 TaUssfiugnsnaues IBA Ao
GA, Tngau ievandsmaresUfduiussenang
gosluuLazfiUsavsnwnsiinsnvenulagn
sonUeTIugeyABILY
Gy

HANNSNAABINYI N5 IBA 591U GA,

fufduiusiunesuunuarUsinuaaslsflaaues

aulraanseluess lnennnssudsinduiusnuay
Ysuueaslsilaasriniinssuidaiuau envaunishy
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Foliar Application of Silicon and Boron to Alleviate Effects of High
Temperature on Yield and Nutritional Quality of Rice Variety RD43
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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.

Keywords: Silicon (Si), boron (B), rice, heat stress, nutrient management
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UNAnga: ﬂjyniuqamﬁwawizmﬂlmﬁmﬁmmmm’%aﬂLﬁaﬂmﬂmaﬂuaaqmmﬁqa ylvnanAALazAmNIN
whnanaudloioutugquid win1sdanuddnou vielusoumsluanunsatisusaninansznull undslad
nsfnvinasmiunerandnuargunmalasunsmelaauuanasyasggUgn Tnsamsrriiug nuds
Fadurnidadsiimaiuasianuddgmaesvgiafiuty muideiidhgussasniiossiiunaves
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

[

AEN 3Vt Fanoau 1UTaU 917 MIULATEAINANTOU ﬂ?i%ﬂﬂ’]iﬁ?@@’]%?i

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
(Rerkasem, 2018) ﬁwlﬁmamﬁm%ﬂqumﬂﬁ”ﬂﬁaa YDIAYBBNTYUAZN1998NVDINZDBLIA, (Chen
mmmmﬂ nsanaseskandmITIfivgnaelaniiy et al, 1998) wuauitediseeuinraiieanaen

wasuargamgiguininenuaumadlunszuan lursgungiigs minlauasasanesinemsidl
nskALLNAT warnsUfausvesnnn lussesnay  Tuseudisawe shivenufifinvesazesasay msen
n#3 (Matsui et al,, 2001; Rang et al., 2011) Jaudu  vesaresusy waznisdawda wuduidy 20

HANSENUVBIANUATEATNINANTOU (Heat stress) LﬁaLU%ULﬁEmf"fwunmmuumia“maﬁmmmiﬁ
famegnsnuldglulsemalneduiuunfladinng- TuiiTuseu (Lordkaew et al., 2013) uana1nsany
seruimanssnuvogungigeiifnonandngnn  menudiunislmjslusewmndulumafiunandn
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LAZAMATNHANER §2981909 U N15Inasavane
Tuseunmslumnuswu 0.05, 0.1 uae 0.2 Wesifun
luguvesveusng vludnisasanlusdunas
anslulawmsmlusdadadeafiaduiiudy (Pandey and
Gupta, 2013) 1uituataassdusuinnisivluseu
GUI’.J&JLﬁuﬂﬁmﬂ%ﬁwIUiauLLaxwamﬁmm%nlc;ﬁﬂ’h
nslulasuluseu (Songsrin et al., 2023) Tuaam
mmﬂwuammuaﬂuqmauuﬂuam’guu,aasﬁums
ﬁvaﬂautﬂuﬁmmiuﬂﬁﬂmuw YIYAANANTENU
nanmruadluiivnatosde Wy 917818 Lara17
(Marschner, 2012) ImEJﬁUMUWMIuﬂWi%’ﬂmU%mmﬂfﬂ
luiu mﬂmiammiammam uag qummmmﬁm
USRIINSTNATITILET LAy mmmwﬁmmmﬁ
993N % (Chen et al., 2011) uammmummmw 4
NaRAAYMIAUTIINIALLAS AT 191nTa TN
FINMNUAZAILAIN ﬁy’qﬁﬂiaam%mwﬁuagﬁuﬂ%mm
msazauluainng 9 vesivdaneiaiuaundaus
Youtgaa (Chalvvong and Prom-u-thai, 2022)
mwmmmmﬂma%aﬂaummwmamamn wsou
mm'ismumummaanmawumuawa ﬂauiumumn
(Chaiwong et al., 2022) AMEUNNIABUAUBIUEITT?
maﬂaqjaﬂaummu WU s lusns iz ay
Podiunandnlagean wnislrludnfigaiulundy
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
AMULATEABBNTLATY (Oxidative stress) wazsnen
ama"uaqmvmuﬂmmwmm‘[,uivﬁuL%aéLﬁaﬁ%Lﬁm
AMULASEN (Sarkar et al., 2022) senslsAmunisiu
Jomaduonalalana mnfivegluanmaaoudily
WLz Ew msvv'umﬂu?juﬂu'“;%ﬂwﬁmmsmmmﬁﬁ
ﬁaalﬁﬁmlfﬂy%ﬁﬂQmmﬂﬁmwauazmauauaw{a
AASERlABEN93IRER (Osotsapar, 2015)
TudagUuiinisuuugeniugadtelmd
fqauamislnruinisgs iWurieaiaawed d
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AuEdIaATYERa 91aug na3 Wurdiiian
é’suﬁ‘ifﬂma (Glycemic index) ﬂwuﬂawﬂ'auﬁgwm"’w
Tasnsnwilugianasiasgunindnuingng nua3
fiadaiithaaiads 56.9 iewssuifisufurnivey
urdiidan 80.1 uazdsluamevaueniaaluiden
ndsuslnasinaneiveuusafe 28.8 Wesldun
(Sanpawithayakul et al., 2026) auﬂuwuaﬂuﬂau
wuilnafinosmsauauszduinaluien wazysn
aunm Ineduluuenunemsvesauilnaiiiuty
w19z seuRaTeINsEanudanou
warluseusauiuluen lnenuinisdanudaneud
3,000 ppm saufuluseudi 90 pprm Imawam
mammusaa ANEIITN TIUIULEANDTI UAY
thwifniadn Ium’gwuq Sakha 104 (El-Temsah, 2017)
whuddedanandudunsluaningieiniaiun
DUQUAIMILAY BIAUUANANIYDIg AN TTEMIS
qmﬂaﬂlmlmmaﬂwmutﬂummmiammﬂammmaw
TarauguieaiuauuLann 199y qummﬂuav
u¥messemelng uenanidanunmsinuiane
psnUsznounandauazaunma 1 lUsAuLas
aslulawnsn Inglulaussiliunanesinemnslusde
wu dangd daflarwiddymenmamislaruinisues
1 Turarfinuiteadaneusasluseululssine
g anlnaudunisfnvmaveaunagsmuenainiy
(Lordkaew et al., 2013; Chaiwong et al., 2022;
Songsriin et al., 2023) §9luwus1eaud Uszidu
wavesnsindanouuarluseunslusuiunisle
anmgfienniafifanuunna19uesgumugosns
FalausznanegquUan Ui%ﬂEJ'UﬁJUGUy’]’JWUS: nua3
LﬂjwﬁyﬂmmmLawwsﬁﬁmmﬁﬂﬁ’ﬁgwmwgﬁmﬁw’ﬁu
MnaautAvidefsitnad undaluinisinu
NM33AN19517 1ML D NYIHARAALAYATIAIMNG
Tnsumsvesunitugll amelaaniwerniefiuanaig
fureaunazggUan vuited el iaguszasaiiio
Uszifiunavesnisnudaneuuazlusounislune
KanAAuATAATlATUINITITLE Nv43 Tugg
Ugnitanetu uorduuimienisdnnigsineinns
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guUnsaluazdsnIg

fflunuiseiivlasnunsnsly a.duda-
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
1o wuamdafiiduuselony wanfiduusslowy wa
waaLLmﬁLﬂjuﬂiﬂwﬁiuizé’uqa

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
(0.01 L‘IJEJ‘i‘L%uG; B L@3w191n Boric acid) LLazWumﬁ
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
FONONIUTITTHY oYU i ofeszuziAun o
(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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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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wifsdinsaiydvln nslunandn LAZALAIYNG
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Arua3snangumvndadluraansasstenanias
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Effects of Soil and Foliar Zinc Fertilizer Application on
Grain Zinc Concentration and Its Milling Depression
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Abstract: Zinc (Zn) is an essential nutrient for cell functioning in plants and animals. Biofortification is
a promising strategy for increasing grain Zn concentration in rice, but its loss during milling process to produce
polished rice has not yet been evaluated. The objectives of this study were to: 1) evaluate the effectiveness
of Zn fertilizer applications on grain Zn concentration and 2) determine the effect of polishing process on
milling quality and grain Zn loss in San-Pah-Tawng 1 (SPT1) rice variety. The experiment was laid out in 4 x 2
factorial in a randomized complete block design (RCBD), comprising with four Zn fertilizer treatments, 1) no
Zn application (control); 2) soil Zn application; 3) foliar Zn application; and 4) foliar micronutrient cocktails
(Zn, |, Fe, and Se) applied at flowering and seven days after flowering grown at two locations, 1) research
station, Chiang Mai University and 2) San Sai district in Chiang Mai province. Results showed that foliar Zn and
foliar micronutrient cocktail increased Zn concentration in unhusked, unpolished, and polished rice compared
with the control. Moreover, concentration and content of Zn in rice grains can be affected by the location.
Zn concentration in paddy rice, unpolished rice, and polished rice, as well as grain Zn loss in the research
station was higher than the San Sai after the polishing process. This experiment indicated that foliar Zn

application effectively enhances grain Zn, but also increases its loss during the polishing process.

Keywords: Foliar application, soil application, foliar micronutrient cocktail, zinc accumulation
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Table 1. Zn concentration in unhusked, unpolished, and polished rice of SPT1 variety with four

Zn treatments (control, soil Zn, foliar Zn, and foliar cocktails) grown at two locations

(CMU and SSF)

Zn concentration (mg/kg)

Treatment Unhusked rice Unpolished rice Polished rice
CcMU SSF Mean CMU SSF Mean cMU SSF Mean
Control 20.2 155 179 b 17.6 14.5 16.0 b 11.6 8.8 10.2 ab
Soil Zn 19.1 12.8 159 b 19.0 135 16.2b 10.4 8.7 95b
Foliar Zn 35.8 26.3 30.1 a 222 17.3 19.7 a 11.7 10.9 113a
Foliar cocktails 35.4 30.6 329a 20.4 17.8 19.1 a 10.9 10.7 10.8 a
Mean 27.6 A 21.38B 19.8 A 158 B 11.1 A 9.8 8B

Effects by analysis of variance

Variable Unhusked rice

Unpolished rice

Polished rice

*%

Treatment (T)

*%

Location (L)

TxL ns

*% *

*% *%

ns ns

The lowercase and uppercase letters indicate the comparison among Zn treatment and location, respectively. Statistical

significance: *, P < 0.05; **, P < 0.01; and ns, not significant.

193



Journal of Agricultural Research and Communications 42(3): 189 - 203 (2569)

Table 2. Zn content in unhusked, unpolished, and polished rice of SPT1 variety with four Zn treatments

(control, soil Zn, foliar Zn, and foliar cocktails) grown at two locations (CMU and SSF)

Zn content (mg/100 grains)

Treatment Unhusked rice Unpolished rice Polished rice
cMU SSF Mean cMU SSF Mean CcMU SSF Mean
Control 56.4 46.7 516 b 39.9 34.4 369 b 22.1 18.9 20.5b
Soil Zn 54.6 39.3 469 b 41.8 32.1 369 b 20.7 18.0 19.4 b
Foliar Zn 103.6 77.3 90.4 a 50.3 41.1 45.7 a 24.1 233 23.7 a
Foliar cocktails 100.5 89.4 94.9 a 45.7 42.5 44.1 a 22.4 23.2 229 a
Mean 78.8 A 63.28B 443 A 37.58B 22.3 20.9

Effects by analysis of variance

Variable Unhusked rice

Unpolished rice

Polished rice

*%

Treatment (T)

Location (L) **

TxL ns

*% *

ns ns

The lowercase and uppercase letters indicate the comparison among Zn treatment and location, respectively. Statistical

significance: *, P < 0.05; **, P < 0.01; and ns, not significant.
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Figure 1. Zn loss under milling process in unpolished to polished rice in Zn treatment (a) and location

(b). The lowercase and uppercase letters indicate the comparison among Zn treatment and

location, respectively. Statistical significance: **, P < 0.01; and ***, P < 0.001.

Table 3. Milling quality of SPT1 variety with four Zn treatments (control, soil Zn, foliar Zn, and

foliar cocktails) grown at two locations (CMU and SSF)

Husk (%) Bran (%) Head rice yield (%) Broken rice (%)
Treatment
cMU SSF Mean CMU SSF Mean CMU SSF  Mean CMU  SSF Mean
Control 20.7 21.1 209a 9.0 73 82ab 637 64.6 642 6.7 7.0 6.9 bc
Soil Zn 22.8 19.6 212 a 7.6 9.2 84a 64.0 63.4 63.7 5.0 7.0 6.0 c
Foliar Zn 21.6 17.8 197b 66 81 T7d4bc 644 644 644 6.7 8.5 7.6 b
Foliar 21.2 18.4 198b 6.1 76 69c 645 645 642 88 9.4 9.1a
cocktails
Mean 216 A 19.28B 7.4 8.0 64.0 64.2 68B 8.0A
Effects by analysis of variance
Variable Husk (%) Bran (%) Head rice yield (%) Broken rice (%)
Treatment (T) * * ns *x
Location (L) *x ns ns *
TxL ns ns ns ns

The lowercase and uppercase letters indicate the comparison among Zn treatment and location,

significance: *, P < 0.05; **, P < 0.01; and ns, not significant.
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