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Residual Effects of Na-Bentonite on Changes in Soil Properties, Growth
and Yield of Khao Dawk Mali 105 Aromatic Rice Grown in an Acid Sulfate Soil
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ABSTRACT: Sodium bentonite mud leftover from the natural gas pipeline construction process
has high alkaline properties and can be used to improve acid sulfate soils. It has a high sodium
content which may increase the aroma of rice. This study investigated the residual effect of
Na-bentonite utilization on changes in soil properties, gsrowth, and yield of Khao Dawk Mali 105
aromatic rice (Oryza sativa L. cv. KDML 105) grown in acid sulfate soil. The KDML 105 rice was
planted after harvesting RD43 rice (Oryza sativa L., cv. RD43) in the same experimental plots
under randomized complete block design (RCBD) with four replicates and four treatments,
namely, no soil conditioner application (Control), Na-bentonite application at the rate of 93.6
t rai’ (NaB), a combination of Na-bentonite (46.8 t rai') and dolomite (1 t rai') application
(NaB+DL), and dolomite application at the rate of 2 t rai’ (DL), but no soil conditioners were
applied in this growing season. The results showed that applying Na-bentonite (NaB and NaB+DL)
increased soil pH after the rice harvest which was significantly higher than control and DL
(P < 0.05). It also significantly decreased lime requirement compared to control and DL
(P < 0.05). The highest cation exchange capacity, available phosphorus, and available potassium
were observed in NaB followed by NaB+DL, DL and control, respectively. The lowest extractable
aluminum and sulfate were observed in NaB. In NaB and NaB+DL, soil electrical conductivity
and sodium adsorption ratio tended to decrease after the rice harvest. The growth, grain weight,
tillering, panicle number, filled grain, straw dry weight, aboveground biomass, and 2-acetyl-1-
pyrroline concentration of rice in NaB, NaB+DL, and DL were not statistically different (The rice
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plants in control died within 2 weeks after transplanting). This study reveals that the utilization

of Na-bentonite as a soil conditioner for acid sulfate soil provides the residual effects on plant

nutrients and soil pH stabilization, favoring the rice cultivated in the subsequent season.

Keywords: Na-bentonite, acid sulfate soil, Rangsit soil series, Khao Dawk Mali 105 (KDML 105)
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Tlunlasdiuszanm 42 Ju lun1sneasanesu
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mﬂfﬂigmﬁmau WJudy (Attanandana, 2007)
nslafanusuussRuiunnsstusilsien
mahlnivesansazanefiatnniufidudase
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Figure 1 Residual effects of Na-bentonite (NaB) and/or dolomite (DL) application on (A) pH, (B)
lime requirement (LR), (C) electrical conductivity at saturation extract (ECe), (D) sodium
adsorption ratio (SAR), (E) cation exchange capacity (CEC) and (F) exchangeable sodium
percentage (ESP) in an acid sulfate soil. Error bars indicate standard deviation. Different
small letters indicate significant difference (P < 0.05) of the treatments in each soil
sampling time, while different capital letters indicate significant difference (P < 0.05) of
two soil sampling times in each treatment
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Figure 2 Residual effects of Na-bentonite (NaB) and/or dolomite (DL) application on (A) organic
matter, (B) total nitrogen (N), (C) available phosphorus (P) and (D) available potassium
(K) in an acid sulfate soil. Error bars indicate standard deviation. Different small letters
indicate significant difference (P < 0.05) of the treatments in each soil sampling time,
while different capital letters indicate significant difference (P < 0.05) of two soil sampling

times in each treatment
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Figure 3 Residual effects of Na-bentonite (NaB) and/or dolomite (DL) application on (A) extractable

potassium (K), (B) extractable calcium (Ca), (C) extractable magnesium (Mg) and (D)

extractable sodium (Na) in an acid sulfate soil. Error bars indicate standard deviation.

Different small letters indicate significant difference (P < 0.05) of the treatments in each

soil sampling time, while different capital letters indicate significant difference (P < 0.05)

of two soil sampling times in each treatment
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Figure 4 Residual effects of Na-bentonite (NaB) and/or dolomite (DL) application on (A) extractable

aluminum (Al), (B) extractable sulfate (5042’) and (C) extractable iron (Fe) in an acid sulfate

soil. Error bars indicate standard deviation. Different small letters indicate significant

difference (P < 0.05) of the treatments in each soil sampling time, while different capital

letters indicate significant difference (P < 0.05) of two soil sampling times in each treatment
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Usinaumaniiarinlduansnstuniead (Figure 40)
Tngluunsedanui fuvisdaiimanlufivann us
Tldlasunansenvainanuiduiivveanan
deswnsindfanuanansafieslunistestu
iﬁIﬁLﬁmﬂawmL‘f]uﬂwaamﬁﬂiﬁImamimmﬂ ynou
Yaundnfiusiasind aamaiwmimméuumaﬂ
RiaikY) LLW\]uLﬂﬂﬂ’]iﬂ@slmLM@ﬂV]LuE]LEJE]SUEN’i’]ﬂ o8
aunsaeaUBinumaniiedeutansnludily
Snedndiaansasaydvinlddulsniuineg
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fUsunn Fe™* Tuansaganefiugandn 300 fadnsuy
fo8ns (Attanandana, 2007)

n1sRsRvlaLasnandnvasd1INusu1IRen
uzd 105

AN NITUANND WAZIIUIUTINABND

anmwvasfuidunsnaguussnnigaly
msumuaudIalitnaliaunsanusaanIngs
nanld wazmeiileagUszanm 2 dUnsi ndsin
A1 (Table 1) vinlsldausadinnisiasaduln
Handn wazauvenvesdnld Tnaanudunse
JULsBIAUdNalAnAu U wve ey gty
widn waan1ila wazlalasaudald (Attanandana
and Vacharotayan, 1986) %QLﬂuﬁaﬁwﬁmﬁquLLiq



sonsiasyivlavesity venaind manadu
Usrleyirassinemnsidadanuduiusiuan
vy WeAudunsnguussagilivoalealy
Ausgluguiiliifuvsglovideiy 1iosangnai
mawanuarezaliiy nbiiuinANuATEAIN
nsuaneaneda JsinasionaaTeyaulnve sy
Fsdanaldnnarmgaestnn densvianleaneda
vasfiwvilinNgvesianaseg1eiitduddny
(Vejchasam et al., 2016) uanand Ssdawalau
HUSHUANUTNTUYDIT DM U LA A
duduadidndae drudiiuniamaassfiing

ANA9AINAThE LT AEULUUNB buRuSalalalus

Wiesognaisamaensldiuiusia 3 §3u Ae NaB
NaB+DL way DL aunsavleswdlvaninainay
NIAUBIRY (Figure 1A) dinanuuusslovives
woamo3a (Figure 20) wavanuTunmezgiiifiarin
16 (Figure 4A) 1osanozgiitalsifusinems
WY wimnfuliseRuvesergiiugeasinasonis
wuaeaa sunltussuuteulasl vangsguusin
NANITHAUIVEITIN wazdNAN1TRAlthaznIs
waoutnenoaneda weaduy waslnunadusly
{9 (Attanandana, 2007; Shamshuddin et al.,
2014; Panichsakpatana et al., 2016) ﬁ\‘iﬂgu A9
ldansusuugsiuisdmalidnniuivninenuyd

105 AUgnaunsasendin wimyaule waglv

wandnld Fromnil nslieszsidoyavest
JadumsSeudieusening NaB NaB+DL uay
DL 1vidia
INNTIATIENRNANNA19YDINT LA Tan
Usuugsiusiormigaestiissesfuien wui

ansn.n. e
)

Gﬁwﬁﬂgﬂi‘uﬁﬂ%’“umwmaaqﬁﬁmamﬂﬁwmﬂmﬂﬁﬁ
ldesuunelussolilalalufiieegaseinse
nstdladesuuneludsuiulalalud da3ugs
waglalunnsefunieada (P > 0.05) Wuienu
N13UeNn (Tillering) tagduIuT1waNe (Panicle
number) 989913 (Table 1) uaduwualuningalu
NaB ﬁmsu,mﬂaLLazﬁﬂuauiaaﬁiaﬂaqﬁumum
fevvespuiiiady

Ymtinnadausie dmsnsinudte wazana
Fanmdruniionu

ms”lmamﬂiwimuwLmﬂmmummﬂw
m‘wuﬂmamu,mLLavumuﬂﬁﬂLquawnwuﬁm’s
manugd 105 wmqmumm muuenAeLBENa
lufifudAgyneada (P > 0.05) Inad1ilu NaB
thutinnedauiageiign (379 + 80 Alansusisls)
50989117® NaB+DL (339 + 143 Alansusols) wag
DL (277 + 61 AlanSusiols) audeu vasdt 1h
wiinsnuvieiirngefigalu DL (214 + 116 Alansu
mols) s998911A® NaB+DL (207 + 101 Alansusie
19) uag NaB (192 + 34 Alansussls) auaiau
(Table 1) Mnuadsnd1Favilidniugrnnen
uzd 105 W 3 f3unismeaes Tnatiniweiu
willoAuldunnaresiunisadauiu (P > 0.05) lng
funlthigsfianlu NaB (695 + 101 Alansusials)
50989117® NaB+DL (667 + 208 Alansusels) Lag
DL (579 + 65 Alansusels) muasu Feaenndes
fuaiAdeves Mi et al. (2017) fisneuin nsld
wunelufaiusavlvnandndiunadiumilenuy
yosiiuTule
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Table 1 The height, tiller number, panicle number, straw dry weight, root dry weight, and
aboveground biomass of Khao Dawk Mali 105 rice as affected by soil conditioners

application expressed as mean + standard deviation

Treatment’ Height Tiller Panicle Straw dry Root dry Aboveground
(cm) number number weight weight biomass
(No. hill)  (No. tiller’) (kg rai™) (kg rai™) (kg rai™)
Control - - - - - -
NaB 135£3 9.1+10 8.8+ 1.0 379 + 80 192 + 34 695 £ 101
NaB+DL 138 £+ 7 9.0 + 2.7 8.4 +20 339 + 143 207 + 101 667 + 208
DL 135+ 2 8.9+ 3.0 79+19 277 + 61 214 + 116 579 + 65
F-test ns ns ns ns ns ns
V (%) 2.7 19.2 11.3 26.1 33.8 19.2

! Control = no soil conditioner application (Data of rice growth and yield in the control treatment

were unobtainable due to a very strong acidity causing rice plant death), NaB = Na-bentonite

(93.6 t rai") application, NaB+DL = Na-bentonite (46.8 t rai”) + dolomite (1 t rai") application,

DL = dolomite (2 t rai") application.

CV = coefficient of variation, ns = not significant according to F-test at P < 0.05

Lﬂamumuaﬂaumm Ywiinushe 1,000
WA u’mumuaﬂmfnmuiasau 14 8as1du
sendnatwnudatunedauie wazduinig
Viuien

mamﬂﬁﬁwaamﬂﬁfam%’wiﬁuﬁme
mmummaimnwuﬁﬁmmaﬂuva 105 anamJ
Lﬂasmumuamaumm (Filled gain) wazaiin
Wi 1,000 Luan (1000-flled grain weight) 989
I1lduananaiune@dd (P > 0.05) uadluualiy
L‘w:umﬁuulumiumimaaaﬁlaimmauquu‘malum
18908197 (Table 2) ami‘uumumuaw
anuTutesas 14 (Grain weight at 14% moisture)
ms‘umsmaanﬂmamﬂsuﬂwmumemaﬂul:um
naseUnuEnTin LT uSesay 14 WuiReiy
wisunsvnaesldlsiesuuneludii 2 sy
N5NAaeY A NaB (316 + 46 nlansusels) uag
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NaB+DL (328 + 70 Alansusiols) duwildusinld
Tnilnanansdnganiiiuildlalaludifiososig
e (302 + 45 Alandusels) Jsaonndasiueu
39809 Pongwichian et al. (2009) finuin 417
Y1In0nULa 105 ﬁﬂ@ﬂiuamﬁu%’mzlﬁﬁmﬁﬂ
winimwdenunnimsugninluduilidu d
fanudusiusiuusinaluinenluiu egralsinnu
NaHARERIINMTAABIS T AN LEnTe
SoiSsuiisuiunananadsresiniiuguninen
1rd 105 luuszmdlne fe 363 Alansurals (Rice
Department, 2020) uaziilefia1saunsnsidau
ssuhaminidnfunedaura (Grain straw ratio)
wazdaiinsiuien (Harvest index) Tuustazs3u
Msvaaes WU Aedsd S Usesdnwadiiny
upnensiueg1alidted Ay vneada (P < 0.05) e
Suulthufugetunusnsmsldalaluffifiaty
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Table 2 The filled grain, 1000-filled grain weight, grain weight at 14% moisture, grain straw ratio,

harvest index, and 2-acetyl-1-pyrroline (2AP) concentration of Khao Dawk Mali 105 rice

as affected by soil conditioners application expressed as mean + standard deviation

Treatment' Filled 1000-filled Grain weight Grain straw Harvest 2AP
grain (%)  grain weight  at 14% moisture ratio index concentration
(® (kg rai™) (ug g™

Control - - - - - -

NaB 603+ 65 23.82+202 316 + 46 0.86 +0.18  0.46 £ 0.05 1.85 + 0.89
NaB+DL 59.2+ 1.8 2248 +1.09 328 + 70 1.08+0.39 0.51+0.08 1.38=+0.28
DL 584 +50 2275+0.77 302 + 45 1.14 + 0.38 052 +£0.08 1.18 +0.17
F-test ns ns ns ns ns ns

CV (%) 9.1 4.8 18.9 28.2 12.8 36.9

! Control = no soil conditioner application (Data of rice growth and yield in the control treatment

were unobtainable due to a very strong acidity causing rice plant death), NaB = Na-bentonite

(93.6 t rai") application, NaB+DL = Na-bentonite (46.8 t rai") + dolomite (1 t rai") application,

DL = dolomite (2 t rai") application.

CV = coefficient of variation, ns = not significant according to F-test at P < 0.05

AUDNYDITT?
Han1sAnwIN1sUSuUseAulagleney
wuneludseuSunuansvien 2AP UdudAd7
nées wuth Frafusunenazd 105 iugnlusihsu
mMsvaaesfitnanndswedniuuunslug (Nag)
wialalalud (DL) WesegaieInsansiisiuiu
(NaB+DL) @nansananansvies 2AP va4uant?
Taumnsinsiuegeludidoddgnisads (P > 0.05)
TnefiUSiunaansvon 2AP 1@ae 1.85 + 0.89, 1.18
+0.17 waz 1.38 + 0.28 lulasnsusansu amuaau
(Table 2) agdlsfiniu nsUsuURuelyfey
wunsludilesegranefiuwllduyinlianiuvos
mamﬁmﬁmﬁluqﬁu AOANABINUNANITILATIEH
fuiiwuin msldledouumeluddaduianis
ledeulesaulussiusenovaglulassasna il
Auflannsilnihvesasazanefiatnaniuiion

fadeth (Fieure 10) AdnTIEIUNSRAdUlTLAEY
(Figure 1D) AdnsnSevazlafounanildeuls
(Figure 1F) wazUTmaleidendiatnldgely
(Figure 3D) Fvanavilidriinanueseniiiednin
nsailuduneunsavauutionsdn (Arai and
ltani, 2000) wagiilodndAuLAToaLRLTY
dlosnanudnvesiu ovdmaliiiusinaes
2P ludadufisduld (Lutts et al., 1996;
Pongwichian et al., 2009) Fsdenadesiiu Gay
et al. (2010) fisreaui Anurenveudnd ez
wsUsaumuenudy Wossnmsiuduvesans
2AP JunaannAnsesenanasAslusye ey
penABNYDII il USinauans 2AP veaidndn
nesitusunnonuyd 105 MNNnAaeIASIEen
genindimuludnivenlaeiluifiusmaems 24P
Usgunae 0.1-0.2 lulasnsusensy (Rice
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Department, 2021) uagtaganindnindeiugy
ponNgd 105 TuwuIdeves Mahatheeranont et
al. (2001) idr5rauazdnsziUsunaans 24P Ty
l¥madia cas chromatography tuilouii Fanu
wandndesiuguinenugd 105 TUsunens
2AP 581114 0.12-0.34 lulasnsuransy

GEIL

nslalefeniuunalud 1 qmﬂaﬂm’a
(N43) ﬂawuﬂum 2 iunsnaaes ensding
andnsTiansnsatIeiisuas SwsuTiovreafu
Winrdn (yedudedn) audsnafufewandn
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omsidulselowd (oavesa Inunaden
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wanleaau TuvitasanszduaLdufivros
Faanazazaiidulufulafninsuiuusdiumeg

Inlaludiiiesognafeanassinsuniuau dmsunis
W3LAUle Nands LazUIunaansven 2-acetyl-
1-pyrroline 993917 UgvINONULE 105 Luidl
AULANANAUNSEDR daua1n1sunininves
ansazaneiannanauisusasethuassnsd
mmmui%mwiumuwgwumuamﬁmﬂa
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ol Jaaguladn msldilefenivunaludiluans
Ust'Nmul:d'imﬂmammwmaﬂuﬂ‘ﬂums
Uaﬂmﬂuqmﬂaﬂmlﬂmamuﬁmmmiwmmvms
3ﬂw13vmumaﬂmamu meammiﬂiwimumu
Busgnssodies 1eun nsldyunay 53RNt
Lwaaﬂsvm‘uwL@ﬁtjﬁuaamulummmmmmvamums
Ugndn (5.0-6.5) mumumﬂaﬂﬂwumm
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