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Effect of Rice Husk Charcoal on Reduction of Arsenic Accumulation, Plant Growth
Promoting and Arsenic Resistant Bacteria in Paddy Field Soil
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Abstract

Arsenic is metalloid element that comes in forms of arsenate (As (l1l), As™) and arsenite (As (V),
As'®). These arsenic residue could be found in soil. Consumption of arsenic-contaminated rice may cause
severe effects on human health. Application of rice husk charcoal can reduce total arsenic in soil and rice
grains. The objective of this study was to investigate the utilization of rice husk charcoal for reduction of
arsenic accumulation, number of plant growth promoting bacteria and arsenic resistant bacteria in paddy
field soils. Experiments were conducted during 2017-2018 in farmer fields which had high concentration of
arsenic at Ubon Ratchathani (sandy clay loam), Nakhon Pathom (clay soil) and Nakhon Si Thammarat (loam)
provinces. Rice husk charcoal at 1,000 kg/rai was applied to rice fields with rice variety, Pathum Thani 1
compared to farmer practice fields without using rice husk charcoal. Soil samples were collected to determine
arsenic accumulation in soil, shoot, roots and rice grains. Isolation of plant growth promoting bacteria on
selective media, e.g. nitrogen fixing bacteria, phosphate solubilizing bacteria, cellulolytic bacteria and arsenic
resistant bacteria with arsenate and arsenite forms between 2-30 mM were also performed. The results
showed that application of rice husk charcoal in all 3 sites had total arsenic level in rice grains in the range
of 0.153-0.474 mg/kg which less than those in without charcoal application fields (0.196-0.505 mg/kg) (6-23%
reduction). Whilst, the amount of plant growth promoting bacteria level in rice field with applying rice husk
charcoal in sandy clay loam and clay soil ranged from 3.80x10%-3.36x10* CFU/g dry soil that was higher than
those in without charcoal fields (18.17-1.96x10* CFU/g dry soil). It was also found that the amount of bacteria

which resisted arsenate and arsenite showed the highest concentration of 2 mM in sandy clay loam soil,
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while the amount of bacteria which resisted arsenate and arsenite had highest concentration of 30 and 10
mM in clay soil fields with applying rice husk charcoal. Therefore, the use of rice husk charcoal could be an
alternative method for reduction the total arsenic content in rice grains.

Keywords: Pathum Thani 1, rice husk charcoal, arsenic, arsenic resistant bacteria, plant growth promoting

bacteria
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Table 1 Arsenic found in soil, shoot, root and rice grain in the treatment of rice husk charcoal (1,000 kg/rai) and without rice husk charcoal in

farmer's fields at Ubon Ratchathani, Nakhon Pathom and Nakhon Si Thammarat provinces during 2017-2018

Total arsenic (mg/kg) (X £ SD)

Sample Rice husk charcoal (1,000 kg/rai) Without rice husk charcoal

25 DAS 50 DAS 90 DAS 120 DAS 25 DAS 50 DAS 90 DAS 120 DAS
Ubon Ratchathani, 2017
Soil 3.787+0.345 3.521+0.378 4.18240.561 1.992+0.109 8.015x2.349  7.407+2.381 5.386x0.187 4.629+1.488
Shoot 2.488+0.206 2.067+0.023 1.605+0.034  0.584+0.106 2.688+0.168  2.137£0.097 1.555%0.501 0.448+0.104
Root 8.849+0.946 8.634+0.880 6.679+£0.680  4.740+0.569 9.330+0.194  9.1631#0.039  7.881+2.085 6.840+0.353
Grain 0.153+0.005 0.200+0.040
Nakhon Pathom, 2017
Soil 10.915+0.707  11.620+0.987 9.707+0.350  9.166+0.291  10.288+0.949 12.708+1.632 8.350+0.133 8.713+0.203
Shoot 1.78210.095 1.581+0.081 5.735+2.133  2.477+0.141 1.580+0.280 1.312+0.116  3.641+0.425 2.217+0.552
Root 23.339+3.110 20.520+2.658 30.378+2.902 26.998+0.125 21.912+1.261 19.301+1.078 30.222+2.544 24.289+1.528
Grain 0.175+0.007 0.196+0.029
Nakhon Si Thammarat, 2018
Soil 5.242+1.144 5.5661+1.324 4.77940.326  6.58510.606 5.403+0.418  6.221+1.721  4.854+0.886 5.433+1.475
Shoot 4.31810.208 4.441+0.810 5.201+0.122  5.632+0.539 4.546+0.251 5.266+1.326  5.39810.534 4.947+0.407
Root 11.2324¢0.110  10.487+0.404 23.662+1.167 22.276+0.352 12.159+0.781 11.111£0.1568 23.069+£0.889  20.892+1.112
Grain 0.474+0.026 0.505+0.052

DAS = days after sowing seeds
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Table 2 Isolation of plant growth promoting bacteria (nitrogen fixing bacteria, phosphate solubilizing bacteria, cellulolytic

bacteria) in the treatment of rice husk charcoal (1,000 kg/rai) and without rice husk charcoal in farmer’s fields at

Ubon Ratchathani and Nakhon Pathom provinces in 2017

Treatment

Number of plant growth promoting bacteria (CFU /g dry soil)

Nitrogen fixing bacteria  Phosphate solubilizing bacteria

Cellulolytic bacteria

Ubon Ratchathani

- rice husk charcoal

- without rice husk charcoatl

Nakhon Pathom

- rice husk charcoal

- without rice husk charcoal

7.43 x 10 3.80 x 10?
2.94 x 107 2.77 x 10?
2.63x10* 3.36 x 10*
1.96 x 10* 15.1 x 10°

1.14 x 10°
18.17

9.99 x 10°
10.21 x 10*

Table 3 Isolation of arsenic resistant bacteria in the treatments of rice husk charcoal (1,000 kg/rai) and without rice husk charcoal in farmer’s fields at Ubon

Ratchathani and Nakhon Pathom provinces in 2017

Number of arsenic resistant bacteria (CFU /g dry soil)

Treatment Concentration of arsenate (mM) Concentration of arsenite (mM)
2 5 10 15 20 25 30 2 5 10 15 20 25 30
Ubon Ratchathani
- rice husk charcoal 1.51 x10° 0 0 0 0 0 0 7.93x10° 0 0 0 0 0 O
- without rice husk charcoal 12.58 0 0 0 0 0 0 19.43 0 0 0 0 0 0
Nakhon Pathom
- rice husk charcoal 744 x10° 6.88x10° 1.38x10° 1.22x10° 1.14x10* 1.24x10° 7437 6.09x10° 1.15x10°  77.42 0 0 0 0
- without rice husk charcoal 2.16x10° 4.81x10° 9.19x10% 10.11x10* 10.26 x10* 1.22x10° 88.99 4.32x10* 5.74x10° 6.83x10° 0 0 0 0




p a a D) o
\asanniinisgasisemisansullazanlusumoh
d’ _a a
waldlunsasyiuln

atinelsinin N13AN®I289 Fu wazAny (2011)
WUANNANRUSITUAUATIRILN fraction 2B9A1TUY
luaunulusuing faedsnns sequential extraction
nailaesialufgarazanatsuylFludausinuinndn
A Llesandausndudanazgaduaisinanss

(Pendergrass and Butcher, 2006) wsiLia3tAseil

Yrnnuarsuyluwdandne wudn Jsunuanaslu

4 4 :
wdasnldunauian esannunauiknaglugilaes
activated carbon Hgwgu Wuﬂaﬂummmﬁuﬁ@ﬁ CRRY
anti lunisannistudleusesansuy (Agrafioti et al.,
2014) Aatiu nasunwnauLn Il luiunaeansnsng
£ o &£ <K o 4‘ dl dl £ £
AevAineadtau] Mnaadessos
4. NMSARLENUUANTARUETNNTIAs LA TR
- b a H L4 v
WiuazAmunuasuy luauildilgning

4.1 MIAAUEINULATITENANATNN I TeAL [

o D de e " de
18977 WUF1 NAUdpguasTel ulasunildunaw
W WULLAR FeRdauaTunTes AL InYesis suau
3.80x10%-1.14x10° CFU saAuLid 1 nfN N1nNqI
N9313 8 W lAWNALINA (18.17- 2.94x10% CFU slafuusia
1 n3N) [andnuATLgy wlagunRldwnaen wu
ala dl ] a a a | k% 1 alal

wuanGendusTuninasRL e Iauwn uwaiGe
=& al a al o
AT lulngian wasuuANiFaazaaWadIWe ANy

i aall . aa a
NNNINTINAD N IEUNA LN WALLATITENA N5
uaneuladitagias Jaurudasndinssuislyld

aa a a a a P

wnaven InsnuAnFangasunisasyiuina i
wu‘luﬁuﬁmﬁmumﬂw (AUNTELT) NINNINRINIR

@Uﬂi"]‘ﬁﬁ’]u (mumumumﬂumw) (Table 2) Nafl

Lummn@umﬂmumum FotNN A AN IMANANs
271131098 UYTEIRY luA snuﬁumwmm:w@gmq
AAUYIIETRU (Voroney, 2007)
a1k Anuddesaudn msldunauiangas
al o a = ¢1=; car A a dl'
WA ugausEnidudss Taniiungluay Wesann
am = y oo & da
AANLTATBIUNALLINN HIATATINNINGU NWNHD Lay
AMNTUGY T AN WA NNz AMILINN9Ie5YY
\ALTna9RAunTe (Ogawa, 1994) LALINNANNUATN
AEUINANLIZTINTUATTANIIN VB AUYITL LUAU

et O0 11 aud 1 wnsew - Rguieu 2563

(Steiner et al., 2008) IneiuuARFud T L IRTIAL
nsazaemeama aaiiaSunniagetns it
warnisudnieuladizagiaadonlunisdanaans
Buvsednglunu

4.2 MINARBLNTAIUNIUAITULIBIULATITE]
fisaminguasesnil ulasildunauin nuwuaiGed
AUNUA TR FTUALATRNTE sl A1 1.51x107
UAT 7.93x10° CFU ARAULIN 1 NN ATNAIAL NINN9N
nasans i ldUNaULEN (AU 12.58 waT 19.43 CFU
FRRAULIN 1 NFU ANAAL) IneLuATFRRNNIANLNIY
asmyenfipuaran s faonududu 2 iadtuans
dquﬁ'{wffmumﬂgu WU WUATFTNNIANUNUENT
vmmimum NAududu 30 JadTuans uazen 5 lusl
finududu 10 faatuan s Taauasiilgunauien wu
LLUﬂwmmmumumwummmmua:mﬁium’
AUdenINITNAt il ldunasiun (Table 3) VT" f‘:
analilesananATesAuLANATY Wy oAy
daunauansuylusu Wusu vinlinnsazanSun
mwgﬁluﬁuummﬁhﬁu ANNAINNTO IUNNTFUNNY
Aauansneiu TnenuuuafiFefinanldannudasn
Fmdauasdgn (Rumien) Jasiuainisnlunng
ﬁmmumwgmﬁmmLLa:mﬁ‘Ium’ﬁ?zﬁummL‘}’J’u
fugandn uazlaruauninndiudlasundandna
quATITENT (Ausoumiiantunang) enaiilessnan
UTunauduvidedan luaumiaafinanndnausouly
Nn3e Lmnﬁmmmwgﬁluﬁuﬁmnndﬁ ARAARDANL
97891UAAY Bachate UazAUY (2009)

A7UNANITNARDY

manaaasldunauingnsi 1,000 dlansusials
‘luuﬂmmﬁmgﬂmmdaﬁﬁm?ﬂmﬁ”aummmwg
wienFeuiuulasilaildunatien wud nsldunay
v iR s suylufuuas lusiuinaanas (anidu
d2u31n) Inzanglumandng nesnda ldunaumny
ﬂ?‘mmmwu@mm%’aﬂ@: 6-23 WeuFuuiiteuiu
neaas ldldunay mumuﬂﬂnumewmmmmiﬂu
Heu uarantRuaaduunty A eiice
AugTNNTRTALIRTRINT WU n1sldunauimnlu
AuduLlunMauazAumilen e uauuuefFusaingn

65



11nnNIN17 1A UNA UL AU uBLLARLTR
FUUANTUY WL NS launaLEN il aaunAuTu
a o al a dl 2%
wilenilunse wuanuauuAnGFEnsunIuasmy lu
tlrevefEunuazen s sl ianudndugegaseau
2 iaaTuang uarnsldunaun luwd aaunAumiien
o al a % o=
WLATUIUULATI TR W a1 Ty lugtaes enfiun
PAnudndugeganszau 30 Hadtuans uazluglens
= dl [ a a & 4‘ al a ez o v
Flupnszsu 10 Jadluans aitls wuanGenAauentes
arurgnun lUAnwse e duwwanialunisld

wuATIGuduasunaRuinTesivg uazadnaisuyliet
“lugﬂﬁﬂuﬁwamﬁmm ey luiuiidassients
Uuieuasmygluauunlgndraiieiuanandrolng
aruNTansduATuAMAINLATA N ATt

NHATNTUATELTINA

ANUDLAN
21929UAM RIUNINUNAUINNTIIUNTINEAT
(89ANTTNMNTY) NATUARUNUISE Lazd1un

| 1
a

ANYANAAFINANITWRNUINAY NINWINUNAY Atael
aATITNNIATITTANTUY

LANANTANEY

Wasnand Snty, widas WRAT, Tunin yaayny uas
239t ANFEWIA. 2561. nsdAnsRARdaTnz
auieannisazanvasansyludng, wih 31-40,
Tu: nstszgaAnnisdiauasftyiideamung A
7135 W.¢1. 2561, 26-28 Aqunein 2561, Tnausausust
aud 1A mana J9 Taam, Aandndunyjs.

ANNNA WATANAWRILN. 2545, NMazaafsa9ALAINNg
dasiad. d1InANWNUIINAEINEATAERT,
NPANN,

quas nyAuwia uazqminna dneddand. 2555. 13
muquQmmw%’ﬁfsLﬁanwsdqaﬂnLm:m'mm_lamﬁﬂ
wa95u3lnA.  AUAWAIN: hitp://www.cri.or.th/
en/20120611_ricecontrol.php. (15 QumﬁuﬁrZSGZ)

AUNINURUATUNTATENTINNUTTINA. 2555, A1TNY
AnALAUANTLaTEARS . AUAWAIN: http://
pcoc.moc.go.th/wappPCOC/65/upload/File_IPD_
FILE65204997.pdf. (15 NuAWUE 2562)

Agrafioti, E., D. Kalderis and E. Diamadopoulos. 2014.

66

Arsenic and chromium removal from water using
biochars derived from rice husk, organic solid
wastes and sewage sludge. J. Environ. Manage.
133: 309-314.

Amacher, M.C. 1996. Nickel, cadmium and lead. pp.
739-768. In: D.L. Spark, A.L. Page, P.A. Helmke,
R.H. Loeppert, P.N. Soltanpour, M.A. Takatabai,
C.T. Johnson and M.E. Summer (eds.). Method of
Soil Analysis Part 3: Chemical Methods. Soil
Science Society of America Inc., Wisconsin, WI.

Awasthi, S., R. Chauhan, S. Dwivedi, S. Srivastava, S.
Srivastava and R.D. Tripathi. 2018. A consortium
of alga (Chlorella vulgaris) and bacterium
(Pseudomonas putida) for amelioration of arsenic
toxicity in rice: a promising and feasible approach.
Environ. Exp. Bot. 150: 115-126.

Awasthi, S., R. Chauhan, S. Srivastava and R.D. Tripathi.
2017. The journey of arsenic from soil to grain in
rice. Front Plant Sci. 8: 1007.

Bachate, S., L. Cavalca and V. Andreon. 2009. Arsenic-
resistant bacteria isolated from agricultural soils
of Bangladesh and characterization of arsenate-
reducing strains. J. Appl. Microbiol. 107: 145-156.

Cullen, W.R. and K.J. Reimer. 1989. Arsenic speciation
in the environment. Chem. Rev. 89: 713-764.

Doronila, A.l., L.E. Maddox, S.M. Reichman, D.J. King,
S.D. Kolev and I.E. Woodrow. 2014. Vegetation
response of Australian native grass species
redgrass (Bothriochloa macra (Steudel) S.T.
Blake) and spider grass (Enteropogon acicularis
(Lindl.) Lazarides) in saline and arsenic
contaminated gold mine tailings: A glasshouse
study. Miner. Eng. 56: 61-69.

Fu, Y., M. Chen, X. Bi, Y. He, L. Ren, W. Xiang, S. Qiao,
S. Yan, Z. Li and Z. Ma. 2011. Occurrence of
arsenic in brown rice and its relationship to soil
properties from Hainan Island, China. Environ.
Pollut. 159: 1757-1762.

Hesse, P. R. 1971. A Textbook of Soil Chemical Analysis.
New York: Chemical Publishing Co. ING. 520 p.

Huang, Y.C. 1994. Arsenic Distribution in soil. /n: J.O.

Thai Rice Research Journal, Vol. 11 No. 1, January - June 2020



Nriagu (ed.), Arsenic in the Environment. Part I
Cycling and Characterization. Willey. pp. 17-49.

Nautiyal, C.S. 1999. An efficient microbiological growth
medium for screening phosphate solubilizing
microorganisms. FEMS Microbiol. Lett. 170: 265-
270.

Ogawa, M. 1994. Tropical agriculture using charcoal.
Farming Japan 28: 21-35.

Pendergrass, A. and D. J. Butcher. 2006. Uptake of lead
and arsenic in food plants grown in contaminated
soil from Barber Orchard. NC. J. Microchem. 83:
14-16.

Rezaitabar, S., A. Esmaili-Sari and N. Bahramifar. 2010.
Potential health risk of total arsenic from
consumption of farm rice (Oryza sativa) from the
Southern Caspian Sea littoral and from imported
rice in Iran. Bull. Environ. Contam. Toxicol. 88:
614-616.

M3asImIN3i I 11 a1fufi 1 wnsew - Agunew 2563

Steiner, C., C.D. Keshav, M. Garcia, B. Forster and W.
Zech. 2008. Charcoal and smoke extract stimulate
the soil microbial community in a highly weathered
xanthic Ferralsol. Pedobiol. 51: 359-356.

Voroney, R.P. 2007. The soil habitat. pp. 25-52. In: E.A.
Paul (ed.). Soil Microbiology, Ecology, and
Biochemistry, third ed. Academic Press, Burlington,
MA.

Zarcinas, B.A., B. Cartwright and L.R. Spouncer. 1983.
Nitric acid digestion and multielement analysis of
plant material by inductively coupled plasma
spectrometry. Comm. Soil Sci. Plant Anal. 18:
131-146.

Zucker, M. and L. Hankin. 1970. Regulation of pectate
lyase synthesis in Pseudomonas fluorescens and

Erwinia carotovora. J. Bacteriol. 104:13-18.

67



