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Use of sulfate fertilizer for increasing rice yield cv.
Sakol Nakhon and its effect on soil properties
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Patcharee Saenjan'*, Jamnong Tragoolram' and Nipa Thammasom'!

UNARER: fawma (SO,”) Lﬂumimma'ﬁ'ﬁqLﬂumﬂm‘amavﬁmLﬁu‘immvﬂﬁm%’mm@mﬁmﬁm T Yyt
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Mfamﬂﬂ@auuﬂmmmmwmmu AFunAaed lawn snsdan 4 ems1: 0, 100, 200 waz 300 NN. SO * NEnuag
’Lﬁj‘ﬂﬁLLfauTmuwWﬂmeaLWm (16-20-0, 42% SO,%) dudavan Tneuisld 2 A¥a mumwmfa\uﬂumumum
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AdnAty: daue, nanandn, asAlsznaunanan, S1amilen

ABSTRACT: Sulfate (SO,?) is essential for rice growth and grain production. This experiment focused on the influence
of the rates of sulfate on rice yield and the components of glutinous rice of cv. Sakon Nakhon. Experimental treatments
consisted of 4 rates of sulfate: 0, 100, 200 and 300 kg SO,* ha''. Ammonium phosphate sulfate was employed (16-20-0,
42% SO,*) as the source of sulfate with two split applications. A silty-clay paddy soil was tested with treatments laid
out in RCBD with 3 replications. The results showed that sulfate improved not only the number of complete grain per
panicle, but also the percentage of filled grain. Rice yields were not different among sulfate treatments with the range of
7.71-8.41 t ha! while those without sulfate gave only 1.9 t ha''. Sulfate gave more rice straw weight and higher harvest
index. After paddy soil was submerged, the pH increased to near neutral. Various ions from the fertilizer dissociate in
the soil solution, resulting in higher EC. The contents of organic carbon, total nitrogen, calcium and magnesium in the
soil after rice harvest were lower than the values before rice planting. Ammonium, phosphorus and sulfate contents in
the soil were highest during the tillering stage (after top dressing application) and decreased with the rice growth stages.
The available phosphorus content in the soil decreased throughout the rice growth period. Changes to the mentioned
plant nutrients manifested that they are subject to plant uptake; soil microbial assimilation; loss in form of gases from
soil, especially for ammonium and sulfate; and leaching of anionic phosphorus and sulfate by water. Besides plant
uptake of ferrous, this nutrient was also oxidized in the rice rhizosphere, rendering lower content.

Keywords: SO,>, rice yield, yield components, glutinous rice
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fawlm (sulfate, SOAZ’) ﬁ@gﬂmmﬁmﬁ’mxﬁu
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A8N19ANE

Mnemaaedlungunli sendnaneusnINA -
WoENIAN WA, 2554 Tuwrdainemsnsluiam
FALUTTNIUNUBININE TNUNUBIAT ANLATWWTIaY
N9 F9UTAeBWAL (16° 32 50”7 N, 102°
51' 177 E) aynsNaa1umuLiy Isohyperthermic
Ustic Endoaquerts (ﬂa‘mﬁm\lu’]‘ﬁlﬁu, 2548)
Funeaestiiesudufumiatunaeuil (silty
clay) AnuaNTTENHANduazialvesAulFuanaly
1u (Table 1)

Table 1 Chemical and physical properties of soil

Parameters Value Unit
Soil Texture Silty Clay -
Bulk density 1.40 g/cm
pH (1:1H.0) 5.14 -
EC (1:5) 0.04 dS/m
Total Nitrogen 0.83 a’kg
Organic carbon 10.08 a/kg
NHA* 15.40 mga/kg
Available P 3.27 mg/kg
Exchangeable Ca 1239 mg/kg
Exchangeable K 80 mg/kg
Exchangeable Mg 203 mg/kg
Sof' 46 mg/kg
Fe™ (28 days after submergence) 1018 mg/kg
Mn?* (28 days after submergence) 123 mg/kg
Cation Exchange Capacity 14 cmol/kg
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Tuntsmeaeslaldouwanlubaunaams
Fangns 16-20-0 (Fatnm 42%) 219UHUNNT
nasesuuugnluufenanysnd (RCBD) H 4 iU
8z 39 @"mﬁmﬂmﬁmmm@gﬂmm 0-300 NN./
wEnuns tnewivldle 2 pse pie? 1 ldFumin
p¥adi 2 ‘L@'Lﬁﬂ%ﬂfgmq 51 Ju (Table 2) lunnAnFy

Table 2 Rates of sulfate used in this experiment
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UsliihBana N, P.O_uaz K O winiu anidu
dmandame Ineliusoslalawenlanflaunas s
gm3 18-46-0, ¢i5e) (N 46%), Humlaaiim (P O_3%)
LL@%‘EWLLML%NM@”IWT(KQO 60%) gAVINENNAITL
1#5U N, PO, w8z KO WL 123, 188 uaz 75
NNAENLAS ANNAIAL

Treatment

Rates of soj' " (kg/ha)

Ammonium phosphate

(kg SO,*/ha) Basal (0 DAS?)

Top dressing (52 DAS?)

sulfate” (kg/ha)

Control” 0
100 25
200 50
300 75

0 0
75 238
150 476
225 714

o

" Ammonium phosphate sulfate, 16-20-0 (42% SO *); * Days after sowing; * nnasulaFy N, PO, uaz KO

e

NN

Aeunnaedluiuitnedamae 3.28 fuianuas
wagldlonaunedenalSlumn 2 dlnnv dsanni
A9l0 Ann wasiiien Jugululasdetnung 4 x 4 m
AU 12 wilas nanudamtsaiuganaunsliu
897 125 FuAENLAT Lﬁ@“ﬁﬂ'ﬂﬁﬂ 9 U BAIUINY
(DAS) ﬁﬁaﬁﬁ LL@:?ﬂmizﬁuﬁﬁﬁmmqq 5-10 .
AaNNRIRL aungzie 1 dand deunisifufien
Ugeslshinusslaanisansszie

WAUAQE19AY 5 7282IRIN1INARNDY AB
naunAADY svavsunan (11ne1g 38 DAS), seae
LANNA (58 DAS), 3=8izaanaan (86 DAS) LAZIvely
FuiRen (109 DAS) TnenfusegnaAufinNan
0-15 @, ANAULUTN (air dried) UALAZIAUNL
ATUNTIIUNA 2 Nal. LHEALATI pH, N3t oA
(EC), Tulpsiauianunluf (total nitrogen),
ANFUAUBUVIE (organic carbon), WAAKTEN (Ca),

Tnunadaw (K), wazuunili@as (Mg) uazneanass
ﬁLﬂuﬂi:‘Emﬁ(available) d9uANNEINIT0 lUNNT
wanulasunanlaany (CEC) AR ilanizluy
Fundufnifien TuansRanmufufeneduan
ReAmIzidamn (SOAZ'), wassa (Fe®) way
wanluLew (NH,") wazasbRsafulAAuFqatng
Fugael soil core AVMAMNMLNLLUIINIBIAL
(bulk density)

FUREHaNART (Jeng et al. 2006) \iLd19
it 1x1 3 gusudng 25 fu ilemuumdn
R399 darinutingg 1,000 Waa wilafidus
waan Faimtinvnedng vdaAuden (HI)
NNT9ATERANLLTUIIUNNEDTE (analysis of
variance) laglduuunisnaaeawuy RCBD
W Ben i AR IR INNMARelAEAE Least

Significant Difference (LSD) sinelisunsa Statistix
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Table 3 Effect of sulfate rates on grain yields and yield components (n=30)

SOAZ’” Filled grain 1000 grain weight ~ Rice yield  Filled grain  Straw  Harvest index
(kg/ha) /panicle (9) (t/ha) (%) (t/ha) (HI)

0 17 b” 27.79 1.92b 71.57 ¢ 3.08b 0.38 b
100 54 a 28.92 8.25a 91.67 a 9.44 a 0.47 a
200 58 a 29.20 8.41a 91.47 ab 8.92 a 0.48 a
300 70 a 29.75 7.71a 86.55 b 9.29 a 0.45a

F_test o ns o o o «
CV (%) 19 3 20 3 5 6

" Ammonium phosphate sulfate (16-20-0, 42% 8042’), ? the same letters are not significantly different,

* significantly different at p < 0.05, ** significantly different at p < 0.01, ns: not significant.

NANIFANE

a e o ~ & o =
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é’mm%’mﬂmr&i’amﬂﬂﬁﬂuuﬂmqmauﬁma
irduazlFunus a1 luAuwl pH uas EC
lusnsazanafu

nsilasuuilas pH ag/lur99 5.5-5.9
(Figure 1 (a)) wazlafnaiuluniazandy A pH
Lﬁ'u'%uﬂixmm 1 Wing AnAINaUNAaed (5.1)
\iLAERiL EC (Figure 1(b)) afinsdatinen EC
Fiduann 0.04 ATdunwa. Senetlugs 0.068 -
0.085 AdTmwa.iHesannlufuiiaudagastin
Piunuanlaasunaziaulassuldeanunatly
AIazANENANIY A1 EC Tlsvazunnnel duansls
Wiudnduildsudamnludns 300 nn.so*
nanund firn EC gendnitlaldladamineting
ATad1 Aty 9ada A1 pH Iuﬂﬁiwm@mﬁag"
Tusziutnfuas EC agflusyausin

Waanasaniluls:lamilufu
Weanesaiidulszlenianneunnaeiian
3.27 WN. /NS Lﬁu%uuﬁqmnﬁqﬁmgiuﬁw
4.46-20.69 1n.AanuwAT (Figure 1 (c)) Tuynszes
mm?tyLﬁuimﬂ?uqmv@@mmﬁLﬁ'u%umuﬁmm
s0.” ldethaitdndrymeadnidle Feufuizy
ﬁiu’“lm’a.]m Lﬁmmﬂﬁmﬁ@@g"lummwﬁﬁq
weanlesaazifulslemfnniu neareiaunedon
fignaafinlasauniadumieauazeanlafes
AN Lﬁﬂﬁmiﬁqﬁﬁwramwmvﬂ@m:mm@ﬂm@g"
luansazarafi (Chiang, 1963) LATAN LR Ld
300 nn. 8042’/LzmLLW?ﬁﬂ?MﬂMMW@?@Mﬂﬁ@m
lunnszey azdaunaindnluszazumnna (tillering)
ﬂ?umemWﬁa’Luﬁﬁuﬁim”%vﬂﬂsﬁ"m'V\Im
(ammonium phosphate sulfate) azfFumnn
Tuanszazdundmnn Lﬁmmﬂié’i”uﬂmwiwﬁﬁ
Aewfusetinedu 6 51 ndsanntuneanesa
S Bunnanasluszezeenaeniiiosanfieinluld
Tunnsasoyisule wazazananluszsLien
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Tnungdide s waadan wazuundidanlunu
Taavialsunusigeinisidnlaaziiu
Ysunaimasaninagaldudodenamaes lumu
TwunadenazdiFunugenszazndn (Figure (d))
TedAnaglutdag 59-107 un.K/NN. HasaInnIg
danvin i lnunadonlulle (KC) unnsaaglu
241782878 A U NAIANUUINLNALTINAZANA
o a o A o ..
papnAszeynIsRstyLiaesaInivagald Unssin
aznulwwnadenlulFuiaan luauduuunay
ANUNINTUAUTUA 19189 A WU B 11U 1
Twunadanausagodaldlaanisdusy
(leaching) 1 (Thenabadu, 1967: Kyuma, 2004)
1 = a A =
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wAaTENEAT 1,209 Wn.Ca/nn. Tunalgniiaes
lutae 965-1,558 wn.Ca/nn. (Figurel (e)) wae
douuuniliBareunnaadisneg 203 un.Mg/mn.
lungugnilaieglugas 142-196 un.Mg/nn.
(Figure1 (f)) AIN&1FL %ﬂﬁhﬂﬁﬁmsﬁum@

1 d’l Y Y ¥ ¥
DIVUNTEVNANULRE LLMM%T’]QLLQQQEL%M@@(’WQ@
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HA10gluta9 0.51-0.70 N/NN. ARAIAINTIEUNARES
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daLWe bR
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1w sEsydule wenainiudainsgoyids
Tugdueeing H_S (Engle and Patrick, 1975)
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wassalumu

ﬁ?‘mmﬁﬂmmwgﬁqmmmm% (Fe*") Tumu
#ilAn 1,018 un/nn. luggugndinfunnuresia
(Fe*) HAnAnagflutag 299-726 un./nn. AaBANIT
wstysiuTnaesdng (Figure 2 (d)) esaniagnald
TunnnasyiuinaanudFunuasfaanasnnu

. o o ed
a1g119 waz wasfaanagnaandladnusinn
oxidized layers Tuhu (Ponnamperuma, 1972;
W3, 2547)
Aunsdarsuauluiuuaz CEC lunu

d‘ = o %’ a a ' a

wWannisderdiunnaunsganfueulumuan
adRNAaUNAaas (10.08 n./an.) (Figure 2 (e))
WsEAUENUNNTlaFTENAL T999NNTEANRUNTET
Arfuanlufu wasiiA1aglugae 7.10 - 9.43 n/nn.
naunAandA NdNITalunITLanlARuLAR
loaaulunuilAn 14 Fuilua/nn. wdsnglgnedlu
109 12-16 iuRlua/NN. Mnszaznisasyduln
o o 1l 1 a a o o a
fnadammliinaneBuinduisdanfuenlufn
Lay CEC 189A1

agu

ansndama 100 nn.SO “ranuns liinandn
dadaiuganaunsge 8.25 Fuianwas uanndd
Frsulalddlefe 4 wih Jedamalddmoundn
sias0e (WefiuinisiAufnmdn tvdnuis
yedn waz afiinRenfindy wansstouiy
aumﬂuamwﬁaﬁﬁﬁﬂﬁ pH v89AuNAdN N
asiuinans waziannleseusine lullaazane
@@ﬂuﬁﬁiuﬂﬁ@:@mﬁuuﬁﬂ%u Tnefiuanlaion
veanaia uazdamadingandsniuiilalate waz
UTunuanaspNszaznisiasyaulinaasdno



KHON KAEN AGR. J. 41 (3) : (2013).

= a  a o o P ]
MnszeznisasqAule dnsdanalaiinase
Panaulnuna @y waa@ay wazuuniifaulumiu
WA FuNuNszazIiuRgaazAINIINauNAaag
UTununasialuAuanasnaansveznI91as 0y
a ¥ 1 -&I 4 a3 U
wulnaesing snamsmaniliuanslifviuiign
= [ A a a ea Y v
Nagnldinemnse vragnaaunstauldaiianag
= = o al a
gann wanluHenLazdamingndeaanainmuly
stlwasfinalapnnienils neanefauazdaimnazgn
wntzeanlianayniasulddraitiasainidusis
2711919EAAY dauasiaciagn oxidized TuiiFion
2 2 =< o o 1 U
snd191l3uiasanas dnsndanliinase
PFunnduvrdansuaulufunas CEC 1095U

ANUBLATY

NUITEl ddalamaenuganyulae
Sulszannit] 2555 LAY UNMANENAERAE WA
1 2555 TisuadaInasn1sUINIIAANIT4 11N

WULBNATIN NUINeNdeteuliu AnvElsylas
1878LNIzAMNT lulanIall

LANA1IFDN9DY

NINWRLNTIAY. 2548. AnmnuziazantRvesgafulunig
mu@@mammu@mmﬂ?vmﬂim LANANTITINNT
atiufi 55/03/48. dniindnsnadunazananaunnsl4nau
ASURAUNTIAL NITNTIUNHATUAZEUNTAL

NINFTINANHAT. 2537 ARENITULANATIATIZIAY LAy
AuziINITTANITALLATL e An1TURRUILAY
ANETUTIRRNINAANTNAITINTNEAT NILNTIUNHAT
Lazaunand.

W3 wauduns, Qaide dunsantin UAZTUY F3ANNNT. 2547.
nmwmamammmmmumumﬂ‘lmmmmmi
mumﬂmmmwmmmmmu wazilFauifey
HARBLIUNUNUATEFAA. 1IN IRITAUATUNT N9,
26: 795-806.

229

Ali, R., M.J. Khan, and R.A. Khattak. 2008. Response of
rice to different sources of sulfur (S) at a various
levelsand its residual effect on wheat in rice-wheat
cropping system. Soil & Environment. 27: 131-137.

Cai, Z., G. Xing, X. Yan, H. Xu, H. Tsuruta, K. Yagi, and K.
Minami. 1997. Methane and nitrous oxide emissions
from rice paddy fields affected by nitrogen fertilizers
and water management. Plant and Soil. 196: 7-14.

Chaing, C.T. 1963. A study of availability and forms of
phosphorus in paddy soil. p. 123-124. In: Principal
and Practices of rice Production. International Rice
Research Institute, Los Banos Languna, Philippines.

Doberman, A. and T. Fairhurst. 2000. Rice Nutrient
Disorders and Nutrient Management. International
Rice Research Institute: Manila.

Engler, R.M. and W.H. Patrick, Jr. 1975. Stability of
sulfides of manganese, iron, zinc, copper and
mercury in flooded and nonflooded soil. Soil Science.
199: 217-221.

Geneshmurthy, A.N., A.D. Mongia, and N.T. Singh. 1989.
Forms of S in soil profiles of Andaman and Nicobar
Islands. Journal of the Indian Society of Soil Science.
37:825-829.

Haneklaus, S., E. Bloem, E. Schnug. 2007. Sulfur and
plant disease. p. 101-118. In: L. Datnoff, W. Elmer, D.
Huber (eds) Mineral nutrition and plant diseases.
APS Press, St. Paul.

Jeng, T.L,, T.H. Tseng, C.S. Wang, C.L. Chen, J.M. Sung.
2006. Yield and grain uniformity in contrasting
rice genotypes suitable for different growth
environements. Field Crops Research. 99: 59-66.

Kyuma, K. 2004. Paddy soil science. Kyoto university
press, Kyoto.

Ponnamperuma, F.N. 1972. The Chemistry of Submerged
Soils. Advance Agronomy. 24: 29-96.

Ro, S. 2011. Effect of Sulfate-Containing Fertilizer on Rice
Yield and Methane Emission from Irrigated Paddy
Soil. M. S. Thesis: Khon Kaen University, Khon Kaen.
Thailand.

Ro, S., P. Seanjan, T. Tulaphitak, and K. Inubushi. 2011.
Sulfate content influencing methane production and
emission from incubated soil and rice-planted soil in
Northeast Thailand, Soil Sci. Plant Nutr. 57: 833-842.



230 WNUNERS 41 (3) 1 (2556).

Thenabadu, M.W. 1967. Chemistry of rice soils and Zhang, Y. S., and H. W. Scherer. 2002. Mechanisms of

principles of fertilizer use. Division of Agricultural fixation and release of ammonium in paddy soils after
Chemistry, Central Agricultural Research Institute, flooding. lll. Effect of the oxidation state of octahedral
Peradeniya, Sri Lanka. Fe on ammonium fixation in paddy soils. Journal of

Plant Nutrition and Soil Science. 165: 185-189.



