
Improvement of Acid Sulfate Soil for Rice Production 
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1?l1l-J~ I'l bAd1:;1X~'W~'ll-JnlJ~tJ~'l!~(i1 (W+L+G+F) 

91nl:J'i'lnldYl(i1'i'l'1l'li'ilJ~ l nldU5lJU~'l~'W'l(i1l'J nl d1'!'i\l'W1'U-5l?1dl 1,1 00 nn.Caco/l~ yh1~~1 pH 'lI'1l'l~'W 

b~l-J~'W91n 3.98 bti'U 503 A'l1l-JLtl'Wnd(i1bb'i'l:::'1l~i'l'lJl-J~bL'i'lmU~tJ'Ub~'i'l(i1'i'l'l91n 2.97 LL'i'l::: 1.25 cmo l(+)/kg b1J'U 

1.18 bL'i'l:; 0.68 cmol (+)/kg l:J'i'lI:J~I?l-ii1'lb~l-J~'U91n 260 nn .lH bti 'U 349 nn.lH bb'i'l :;il bU'1lfL.n 'WlIlbl-J~(i1~lJ'i'l (i1'i'l'l 
(17.23 %) b~'1lb<}1l'JlJnULLU'i'l'l control (20.61 %) nldH~'~1'l~'Wb~tJ'l'1lt11 'lb~tJ'1hl~ 1 l-J1dm~l-JI:J~I:J~I?I-ii1 'lb~ Lbl?1 

L~'1l ci\1 b11'UnldA'lU ~nlJnl d1~tI'UYh1~1:J'i'l1:J~ 1?I-ii''lilbb'U'l'liJ:m~l-J~'W (364 nn .t1~) nldH~'~l'l~h.lA'lul'inunl d1~ 
~ ~ .. 

\l'Wbb'i'l:;1~~tJ~'l!~(i11'll-J~'ltJY111~1:J'i'l1:J~l?liil'lb~l-J~'Wbtl'U 389 nn .lb1 'l(i1l'JilbU'1lfL.n'WlIlbl-J~(i1~lJ'i'l (i1'i'l'l LiI 'U 16.51 % 

nld1~~tl bAiJ1'l l-J ~'l tJY1 11~iil'liJ nldb91'C)J b~lJ 'll?l bb'i'l:::1~1:J'i'l1:J~1?l b~l-J~'W'il t11'l-n(i1b9'U bb'i'l:::nld1~~ tJ LAil1'll-J~'l1'J 1?l1l-J 

~ 1'l bAdl:;1X~'W~'m nlJ~tJ~'l!~1?IY111~A'l 1 l-Jbiil-Jii'U'lI'1l'l N 1'UI?I'ilsn'lbb'i'l:::1'Ubl-J~(i1iil'l K 1'UI?l'ilsn'l LL'i'l::: Ca 1'Ubl-J~(i1-iil'l 
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Abstract 

Munoh soil series (Fine, mixed, semiactive, acid, isohyperthermic, Sulfic Endoaquepts) is one of 

the acid sulfate soils in tidal flat area which is normally submerged in rainy season. Most of the areas are 

rice cultivation having low yield due to the limitation of acid cond ition and low fertility. The objective of this 
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2 ~'il~ ?1l l'1 lJlrl"ll~tf 111P1'i'll 1 1i~cilI'l1 I'1IWf ~1 ru::Yl f<"'i lMrml-J'll l~ ).J.I'1~'lI~l'WfI~'WYlf "l . 1'1~'lI~1 
3 ... _ .... r .., .... _ ... 
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study IS to investigate the management of acid sulfate soli for rice production at Phikulthong Raya l Deve 

lopment Study Center, Narathiwat province. The experimenta l design was carried out in a randomized 

complete block design with 8 treatments and 4 blocks as following: 1) control, 2) lim ing (L), 3) washing soil 

with water (W), 4) washing sOil with water and liming (W+L), 5) washing soil with water + liming + apply of 

chemical fertil ization according to soil analysis (W+L+F), 6) washing soi l with water + liming + green 

manure (W+L +G) , 7) washing soil with water + lim ing + apply of Yz chemical fertilization rate according to 

soi l analysis + green manure (W+L +G+YzF) and 8) washing soi l with water + liming + apply of chemical 

fertilization according to soi l analysis + green manure (W+L +G+F) 

Results revealed that the soil pH value increased from 3.98 to 5.03 for the L treatment whereas 

exchangeable acidity and exchangeable AI decreased from 2.97 and 1.25 cmol(+)/kg to 1.18 and 0.68 

cmol(+)/kg respect ively. The rice Yield increased from 260 kg/rai in the control to 349 kg/rai in the L 

treatment whereas the amount of unfilled grain decreased to 17.23 % in the L treatment compared with 

20.61 % in the control treatment. Even thoug h the W treatment could not increase the grain yield but in the 

W+L treatment the grain yield increased to 364 kg/rai. High yie ld of 389 kg/rai was obta ined in the W+L+G 

treatment whereas the amount of unfilled grain decreased to 16.51 %. The growth and grain yield 

increased clearly in treatment applied with chemica l fertil izer. The highest concentration of N in rice straw 

and grain, K in rice straw and Ca in grain was found in W+L+G+F treatment which was the best 

management for the highest grain yield (532 kg/rail in Munoh so il series. However in term of economical 

aspects , the W+ L +F treatment is the most profitab le treatment which had a production of rice at 521 kg/rai 

and received a profit at 2,887 bahUrai . 
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~'WLtr¥tJ'd~~'j,i~'el ~'\.m)'~~~ (acid sulfate soi l) dlu~h.,l~u'lJ'i116jfil~'i1~'l~ ~ r1'dll-J~l:\..11)'nl'Wnl)'l~eJl!HJ~!Pl 
~1 L~'el LYl tJ lJ nlJ ~'Wi'd11J ~~m~~'W~ Lt1'W~ J1lJ ~l-J ~~l ll'ri'li'll'W~ ~ ~'W9'l hiL'i1:\..11!:~ l-J 19l'el nl )'tJ~ n¥hH L ri'el'l91 n ~ 
m~ ih l-J !:tl'W'el ~1'W~'W'i1i.h iil~ ~'WLt1'WtRl-Jlrul-J1 n ~ 'W~ f1'd 1 l-J'Q ~l-J~ ).J\j n l1ri'tl 'Wil'l ~1 LL~!:~ LC'el ~'WLt1'W~'W L'i1i1m 

~1~l-J ~1'W1JitJ1n ~'h'Wl'i1cV~'lH~'W~l 'Wnln11'Wl LLI9l1~ eJ~ eJ~ !Pl~lLri'tl'l91n ~'W~tJ5mtJ1 L{h~m~~~ l-Jl n ,ihl {ifi l [;J 

'ell'i11)'1'W)'tJ~ b1J'WtJ ),!:LtJ'l!t!I9l'tlYhl~l'W~'W'tltn'W),!:~lJ ~11J1'l r1¥'ln'l n1J'1l1~ bbf1~'W ~'l eJ~l~vh~tJ~n ~ f1'dl l-J'1l'el'W LL'el 
~ ~ ~ 

19l'elf1'dl:l..JL1J'Wvhj"'lI'el'l'el~~Ul-J ~'lf1'dll-J Lil-Ji'W'lI'el'l'el~iJU~L~tJ'l 1-2 mg/kg il'drl9!: LL~~'lmnl),'el~~Ul-J Lt1'W~'jj"lJl 
(Tanaka and Navasero, 1966) 'W'eln91ndtJ5mtJ1~'W~Lt1'Wm~~~l-J1ntJ'l~eJ~I9i'elnl)'~~tJ),!:~'Vlfim~'lI'el'ln9nnl-J 
nl)'tJ'eltJ ~ ~ 1 tJ~ 'W'Vl~tJr)191m 'el'l9~'W'Vl~tJ1'W~'W nl)'tJ~ ni1'dl'W~'WLtr¥m~~1mJieJ~e.J~I91~~~'W~l Lt1'WI'i''el'l~ nl),~~ nl),, , ~ 

~'W~ L'i1l-J1 !:~l-J itJr)~t! LL~ !:r1ru~ (2541) lJl~ n'jj"l nl)'tJtlJtJ~'l~'WLtr¥tJ'd~~ L~'el L~l-J eJ~e.J~l91il'd t~tJn1)"n'l~l'W1'W 4 

~tJ ~1~LL~'d),!:1J1tJ'el'elml~~H~19~bL'li'li'l1'i1~LL~'d),!:1J1tJ'el'eln'IJn 14 ~tJ~l~ ~lJ~lil'dl~e.J~e.J~!Pln'l 300 nn / h ~'l 
n~lLLtJ ~'l~1~~nl)''li'l~1'1lth'lii?H9'W 'lIru~~ C11'd), LL~!:r1ru!: (2549) ntJ'll'W~lnl),lJ~nil'dl'W~'W~~'WL~m~~'ll~ 
~'U)'!:LL'l!:L~ tJHii'W~'WlJ~ l'Wtlllln 1 ,400 nn;1~ ~'dWllJ~tM~~(91 ), 16-16-8 1'Wtl(91),1 40 nn .;1~ LL~!:~mr1~~(91), 46­

0-0 'b~tllll),l 10 nn .lh t~ tJHtluvh~~~'dl-J~'d tJ,ihl~eJ~e.J~!Plil 'd~'ln'l 473 nn.;1~ ~'l~'ln~lnl)'l~HtltJY;'lIMI~l{i
'I 'IJ 'IJ q 

e.J~eJ~l91b~tJ'l 431 nn;1~'elth'li~b9'W 91nnl)'~n'jj"lnl)'tJtlJtJ~'l~'WLJm~~t~tJ~finl)'l9il'l1 L'i1thd ~lJ~ l e.J~e.J~I91~ 
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rJl?I m.h::; ~'1 flb~'fl ~nm n'lJ"H~'l~'l'l ~'WrI'JU ri nu n 'l11 oil,j'W~h~ nu n 'l J'boilu tJ brliJl?I'l~ri'l1 brl J''l ::;,r~'Wbb~::;iJtJ~ 'il ~ !?1 b~ '1l 
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,jfu,j~ '1 bb~::; b~~~~nnJl'l Y'l'lJ'fl'l ~ 'WLtJiU'J9!?111X mm::;~~ I?i'fl n'lH91blJ liiiu LI?I bb~ ::;n'lJ'b1X e.J ~ e.J ~ 1?I'lJ'fl'lii'l'J L!?1tJL~ 
e.J~I?l'flU bb'Vl'W'Vl'l'l bV'lJ'~~n.,~'1~ ~.. ..., 
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~'lbil'WnlJ'L'WY;'WY1~'Wbmm~!?1'll~~'W~L'W::; (M unoh soi l series Fine , mixed, semiactive, acid,, ... 

isohyperthermic , Sulflc Endoaquepts) Jl'ltJ1'W¥!!'W tl~ n~'ln'lJ'~I1l-J'W'l.y;f1~'Vl'fl'l "1 '1ld1 '1l'l 9'WJ''lfi'J'l~ L!?1 tl'J'l'l 

bbe.J'W(m'Vl~~'1l'lbbUU~~1'Wu~'fl n il8 v1'lfum1'Vl~~'1l'l 4 u~'1ln f1'fl 1) hn~,j'W (Con trol) 2) L'6'l,j'W (L) 3) H~'l ~'l'l, ...... 

~'W (W) 4) H~'l~'l'l~'WrI'Jurinun'lJ'1~,j'W (W+L) 5) 1oil~'l~'l'l~'WrI'Juy)nun'lJ'1~,j'W~'J~nuumrli1I?l'l~ri'l1brln::;,r
'IJ 'lJ qJ ... 

~'W (W+L+F) 6) H~'l~l'l~hJrI'Juri n1J n'lJ'L~,j'W~'J~nuutJ Y;'ll~~ (W+ L +G) 7) H~'l~'l'l ~'WrI'Jurinun'lJ'1~,j'Wbb~::; 
1~~mrliJ '/, 'lJ'fl'lri'l1brln::;,r~'W~~l-Jnu~ tJYl;~~ (W+~+G+'/,F) bb~::; 8) H~'l~'l'l~'WrI'Ju~n~n'lJ'1~~'W:b~::;1~ 
tlmrli1I?l'l~ri 'l1brlJ''l::;,r~'Wi 'J ~nuu tJ Yl '1l~!?1 (W+L +G+F) (umrli1I?l'l~ri'l1brln::;,r = umrlii'ElI?lJ''l6-3-6 nn . N-

q " 'I q 

Pps-KP /l~ ('WY'lfI?lU u~::;r1ru::;, 2547)) 

m 'i~u:a'in1!tl 
~'W~~'l'J 1n'l'J~'W{~Y'lJ'J'ruL[~ 90 ltl'WY;'1l'Vl!?1~'1l'l 

n'lJ'H~'l~'l'l ~'W L'Wv1'lfu~H~'l~'l'l ~'W'\.-1~'1"'ln1n !?1::;,j~'1ltJ~'lll'll'if'l'W'l'W 1 ~,j ~'l,rll~'JJ'::;U'l tJ~'l'fl'flm~ 'il 
Vhn'l 'd\mb,jJ' '\.-1~'19'lmr'W,j~'1ltJ~'l bl'll'if'l'W'l'W 15 rJ'Wll~'JJ'::;U'ltJ~'l'fl'flm~'flvhn'lJ'un ~'l ~~'lun~'l,j~'fltJ~'l wJii'l 
ll~::;J'::;U'ltJ~'l'fl'fln'Vln 4 ~,j ~'l,r .,'Wii' ,, ·)'J~~~'1Yi'fl'l9'1V1tJ ~J'::;U'ltJ~'l'fl'fln 

n'lJ'1~ ,ju 1~1?l'l~v1'l~Un'ld'Vl()1~'fl'lL!?1tJL~-C;'W,j'Wu~ Y2 LR (itJrJl1l-JU bb~::;r1ru::;, 2530)V11'1lL'W'ElI?lJ''l 1,100 
... ... 

nnll~ L~tJV1~'l'WrI~mrl~'lnu~'Wri'1l'Wun,;h 15 rJ'W (V1~'l'W-C;'W,juU!?1'\.-1~'ln'lJ'1mb,jd), ... 

Y;'ll 'UtJ ~ ~ 'Loifi:~'W'ElmnudJ'WY;'llutJ ~()1 1'Wv1'lfu~1~uurl'llMV1~'11n ~'W ll?l1-tJ ~ lb,j~'lvhn'ldV1~'l'W l~ ~ !?1 Yl 'llUtJ 
'1 q q q 

~ ~1?l'l~v1'lfun'lJ''Vl ~~'fl'l 1n~u n~uY;'llutJ~~ b~'fl~uY;'1lii'1l'ltJ 50 rJ'W ~~'l'W-C;'W,j'Wu ~1'W~'lfu~i1n'ld1~,j'W~'J~~'JtJ
q q 'lJ 'lJ 

~~.,j n'lJ'1tl~U n~uY;'ll~tJ ~!?1 bb~::;,j~ 'tl tJ1,x~tJYl 'll ~ !?1t.J'1l tJ~~ 'l tJ 'W'lU 1 5 rJ'W ri'tluvh n'lJ',j~ nii'l'J 

n'ld1~~mflii bb1J.,j1~ 2 r1f'lI?l 'l J.J v1'lfun'lJ''Vl~~'fl.,j L!?1tJ1~r1f'lbbmV1~'1Unv1'l 71'W ll~::;r1f.,j~ 21~b~'fl~'Wii'l'J 
l1J.J rl'lV1'WI'1'll'tlI'1'tln ("Il'W'l~u,j~'1'Vl~~'tl'l 3 x 5 l?l'ld'l.,jb~l?ld) 

n1'iLrhJ,r'£l J.J'a m'iL"t~ ruL~ utlJl e.J'ae.Ja~ Ll'a~ ~'aIJl 'il ULLYl'UYll\lLPI'i1!t~ih.. ..~ 

bnu.jf'fl ~~n'ln.,1(Ul&iuLl?lbb~::;e.J~ e.J ~1?l1u~'W~bnul~m 2 x 4 l?l'ld'l'lb~l?Id ~'1dfl'fl n'lnbl?lnn'tl 9'l'W'JUJ''J.,j /
... ~ 

n'fl ~'l '\.-1'Wn 1000 l~~~ l,j'flfl.nU~llJ ~~~'L1 bb~::;~'l'\.-1,rne.J~e.J~1?I 
d'J1Jd'J~iim-J ~ b~'tl1lrln::;,re.J~I?l'tlU lb'Vl'W'Vl'l.,j lV'lJ'~'in9 A'tl 1) ri'l blJ''1'1'l'W 1~ bbri n'ldbl?l1-tJ~ ~U n'lJ',j~n n'l d 

<U d.!l '1..1 

~ll~fm~n bb~::;n'l dLnU b~m 2) ri'lrJ~!?11~uri b~ii\~~'Wjfii'l'J l~~!?1~'W{Y;'llutJ~!?1 umrl~ ~'W,j'Wu~ ll~::; 3) d'lrl'l 
'lJ q q q q 'I qJ 

, , <­

lI'iu~'J'tlt.J'l'l~'Wri'fl'Wll~::;V1~.,jn'ld'Vl!?1~'fl'llh::;~url'J'l~~n 0-15 'll~. bY;'tl1lrln::;,r~~uii1'Vl'l'HrliJ ~.,j\1 ri'l 

r1,) 'll.Htl'Wm!?1-~'l'l (pH) ~ t.!'Vl1-t61?l~ (Organic matter) 1'WLl?ln9'W~'1'\.-1~!?1 (total N) ~'tl~~'tlf~~ d~u,jd::;LtJ'llU 
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(Avail. P) L'Y'<bb'Vl'i'lb~mJ bbY%;H~rJlJ bb'i'l~bbl-Jn'Mt1l-J~u~mu~m.!trli' (Exch K, Ca and Mg) rl'nmu'Wm~~bb~mU~m.l 
lr1i' (EA) bb'i'l~tl\1~U~~bb'i'lmu ~t1'Wlr1i' (Exch. AI) 

~ l",futil'lmh'lY;'ll :) Lrl'i'l ~~rl'll~ bolJ ~olJ'W'lJtl'lfi l liJtl l '\.11'i'~'l'\.1~ ~1'Wi?ltl-D'l LL'i'l:; b~~~olJl 'l L~tJ:) Lrl'i'l :;~rl'l l ~ 
L<Vl-J<V'W'lJ1l'll'WLl?ln"l'W v11l'i'lv1tlff.'l L'Y'<bb'Vlf.'lb91tJ~ bbrl'i'lb~tJ~ bb'i'l:; bbl-Jnih91tJl-J 1?l1~~)j1lm'i':)brl'i'1~~til'ltlril 'l~'W Jl ~tJ 
~"il 1'i'l~ufuu'i''l~'W Lb'i'l:;m'i':)brl'i'l:;~b~1li?l'i''l''lfU'i'1l'lml?l'i''il'W~'W~i1 b'i'il-J 1 bb'i'l~ 2 (ml-J~[9JJ'Wl ~~'W , 2547), , OJ> 

~~n1"iVl ~~,£).:J 

\!.I a "ll 'il'ln1 'ii tpl n1'i~'W lJhlnl'i b'1.1; EI'U Ll '1.1 a'l'Vl1 'l \ Aii "ll 'il'l;) \.I 

(;.J'i'lm 'i'~ Lrl J'1 :;~'i'l~u"i'Vl l 'l LrlilU1'lU'i':;m'i''lJ1l'l~'W 'Y'<U~l ~'Wilulimm dJ'Wm~9~ ~1 n rl'l l mll'Wm~ bb'i'l~ 

1l'i'l~U~~ bb~ mu~tJ'Wlr1i' fi1l'W<Vl'l f.'l'l v1tl'i'l~tlf'i'l~ bU'WU'i'~LtJ'll'W1r1i'fitl'W<Vl'l'i'l'l 1'WLl?ln"l'W~'l'\.1l-J ~1'W~'W~ 1 1'W'lJ ru:;~
~ ~ ~ 

~'W'Yi1tJ11?l~~'l l-J l n ~'l'WL'Y'<bb'Vl'i'lb~tJ~ LLrl'i'lb91tJl-J bb'i'l~bb~n\1L91tJl-J~LL'i'lmu~tJ'Wlr1i'~ll-Jln (Table 1) m'i'ufuu~'l~'W 
L~tJm'i'1~~'W (l) Y111,xfil pH 'lJtl'l~'Wb~~~'Wtlril'lilutJ~l f'l'lJ~'l'Vl l 'l'i'l(l~ 1'W'lJru:;~W:l l l-Jbu'Wm~bL~:;tl\1~Ul-J~ 
LL~mu~tJ'Wlr1i''i'l~'i'l'ltlri l'lilutJ~l f'l'lJ~'l'Vll'l'i'l(l~ m'i'1.jfJl ~1'l ~'Wb~tJ'ltl ril'l L~m (W) hi'i'l lmnl b~l-Jfil pH '\.11-tl'i'l~ 
rl':lll-J Lu'Wm~ U'i'l:;tl ~ijUl-J~ bb'i'l mu~tJ'Wlvn'W~'W1r1i' UIPl m'i'HJl ~1'l ~'Wrl'lufi nu m'i'1~u'W (W-t-L) Y11 11X rl':lll-JbU'W 

~ ~... 
m~ LL'i'l~tl~ijUl-J ~ Lb~mu~tJ'W1r111'W~'WilLL'W':l LUl-J'i'l~'i'l'l m'i'1~utJLrlil1'll-JrIi'':ltJI?l 1 l-Jfi l1 brl'i'l~~~'W (W+l +F) Y11 11X 

~ , 
mmru~'W'Vl1tJ 1i?1rl1'WLl?ln"l'W~'l'\.1l-J ~ bb~:;L'Y'< bb'Vl'i'l L91tJl-J~ bb'i'lmu~tJ'Wlr111'W~'Wil Lb'W'lLUl-JL~l-J~'W l'W'lJru~~v1tl'i'lv1ilf'i'l~ 
LU'W1.J'i':;LtJ'll'W1r1i' L~~;'Wtl ri l 'lilutJ~l f'l61Jri'l'Vl l 'l'i'l (l~ m'i'1~~ tJ Y;'ll'i'l~1'll-J rIi'':ltJ (W+l +G) hiil(;.J'i'llPltln1'i'bU~tJ'WbLU'i'l'l 
rlru'i'll-Ju"i'Vll 'lL rl ilu l 'lU'i':;n1'i''lJil'l~'W bLlPlm'i'1~utJ Y;'ll'i'l~1':lWlUUtJLrlilI?l 1 l-Jfil:) brl'i' l :;~~'W (W+l +G+F ) Y11 11X , " 
~~tl'i'l~ilf'i'l~ LU'WU 'i'~LtJ'll'W1r1i'il bb'W'lLUl-J L~l-J~'W (Table 2) 

Table 1 Some chemical properties of study soil (Munoh soil series) 

Soil chemical properties Analytical data 

pH (HP) 1 • 1 (HP) 3.9 1 

Lime requ irement (kg (CaC03)/ra i) Woodruff buffer method 2,186 

Organic matter (g/kg) Walkley and Black method 53.0 

Total N (g/kg) Kjeldahl method 2.0 

Available P (mg/kg ) Extracted with Bray II and ascorbic method 22 

Exchangeable K (cmol(+)/kg) Extracted with NH.OAc 1 M pH 7 0.06 

Ca (cmol(+)/kg) Extracted with NH.QAC 1 M pH 7 1.27 

Mg (cmol(+)/kg) Extracted with NH.QAc 1 M pH 7 0.2 1 

Exchangeable acidity (cmol(+)/kg) Extracted with KCI 1 M 3.09 

Exchangeable aluminum (cmol( + )/kg) Extracted with KC I 1 M 1.83 

~a"ll'il'ln1 'ii~n1'i~'U~'iln1'i\~~'Yb~'UL~Ll~::: n1'i'l~~~~~~"lI 'il 'l';11 

n1'i'UfUU~'l~'WLU¥m9~L~tJn1'i'1~~'W (l) Y1111Xnl'i'LLi?lnntl bL'i'l:;Jl",'W·n 1 ,000 bl-J~~'lJtl'l<Vl':lilLL'W'lLUl-J 
L~ l-J~'W '!I ru:;~Jl'\.1Un (;.J ~ (;.J~i?I'!Itl'lolJl 'l L~l-J~'W1lri l 'lilirtJ~l f'l'lJ ~'l'Vl l 'l'i'l(l~ L~ tJil butlfL-n'W(?rbl-J~ ~ ~u 'i'l ~ 'i'l'ltlth'lil 

UtJ~l f'l'lJ~'l'Vl l 'l'i'l(l ~ nl 'i'HJ1 ~1 'l~'WL~tJ'ltlri l'l L~tJ'l (W) hjil(;.J'i'll?itlnl 'i'bbi?l nntl nl'i'1,x(;.J'i'l (;.J~i?I Lb'i'l:;bUilfb.n'Wi?lLl-J~~ 
~U'!ltl'lolJl':l LLIPln1'i'HJ1~1'l~'Wrl':lU~nunl'i'1~~'W (W+l) Y1111X(;.J'i'l (;.J~i?I'!Itl'l<Vl 'lL~l-J~'Wtlth'lilirtJ~ l f'l61J~'l'Vll 'l 'i'l (l~ 
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'lI ru ~~ btl'fJ'fl.n 'hl!?lb:wil~~'!.J n lb'hl'd Li1:w~~~'1 mJ'1d~,[JY1"ll~~~h:WI11'dtJ (W+L+G) l111~e.J~ e.J~l?IojJ''d L~ :W~'hl'flth'lil 
UtJ~ly;)ru~'1m'l~ n~ b~'fl bYltJ'!.J nu mJ ~'1~H~,~I'1 ~'hlA'dUf1 nu nlJ'1~1.J'hl (W+L) nlJ'1~ ,J tJ bAil ~'l:W l11'ltJl?ll:Wf11 

';jbAJ'I~~~'hl (W+L+F) l111~mml?lnn'fl e.J~e.J~!YI "h'hl'd'hlJ''d~ /n'fl bb~~~~'vIUn 1 ,000 b:hlil~'lI'fl'lojJl'd L~ :IJ~'hl t~tJ ;j 
bU'fl f b.Ji'hl !?lb:W~~~U ~ A~'1 'fl ~ l'1nUtJ~, f1 b)d ~ '1'Yl 1 '1~ Ii ~ n 1 J'1~ ~ tJ bAil I?I l:IJ f1 11 bAn ~"'~'hl i'd:W nu ~ t.I~'ll ~ A 

(W+L +G+F) l1 11>\xojJl'd1~e.J~e.J~I?I~'1n~I~ I ¥umJ''YlA~'fl'l~'hl l 'fl~I'1ilutJ~If1f:1J ~'l'Yll'1~Ii&l (Table 3) 

Table 2 Improvemen t of an acid sulfate soil on some chemica l properties of Munoh soi l se ries (after 

harvest) 

Treatment pH OM Total N Ava il. P Exch. K Exc h.Ca Exch. Mg Exch. Ac idity Exch.AI 

glkg !J/~g lng/kg eFnol(~ )Ikg ernul(" );)<9 c I1101(+)/I<9 Cfllol( T)lkg email r)ikg 

Control 398 b 50 .9 1.90 26 .3 
0 

0.061 1.1 9 
u 

0.23 
0 2.97 " 1 25' 

L 503 a 54.4 1.95 27.0 
b 

0062 4. 56 " 0.31 a 1.18 b 0.68 
c 

W 400 " 51.2 1.83 26.0 
0 

0.056 0.97 
0 0.22 b 277' 1 .10 aD 

W+ L 507 ' 55.9 1.95 273 
0 

0.063 4.48' o29 
ao 

112 
0 0.60' 

W L+F 5.05' 61.3 2.35 37.8' 0.065 408 a 0.27 ab 1.11 b 086 be 

W-.--L I·G 4 .95 " 57 8 2.33 26.8 
b 

0.063 4.24· 0.30' 0.81 
0 

0.55 ' 

W L+ G+'/,F 5.18 a 58.3 2. 18 27.8 b 0.067 4.14 a 0 .29 aO 0.98 
b 

0.70 ' 

W+L+G+F 523' 62. 5 230 428' 0.067 400 ' 0.28·b 1.20 b 0.65 
c 

F- test ns ns ns 

CV(%) 4.1 13.3 16.2 15. 1 26.12 19.40 14 .8 20.0 26.1 

mean value in the same co lumn fo llowed by common lette r are not significant by different at 5 % level of probability by DMRT 

FI '.J l)JL'Ii)J'Ii'U"IJ'tI-:Jfi1lJl'tnVlI'l"1. 'Ue.J~u.lalJl"lhul.'il::;nl'i~ ~ ~.:s (total uptake) flllJl'tllV11'a 

mJ'1.J fu1.J!'1 ~'hlb~tJ~~ALAtI n'! J' 1~~ 'hl (L) l111~A'd ;:hI b-n:w-n'U'lJ'fl '11'hl LI?I J'b"'l'hll~I'l'fl-D'IiJ bb'hl'd Li1:h1 b~:W~'U 
'lIru~~L~bb'Yl~b;t1~ Lb~ ~bbAm;t1:W b~:W~'hl'fl~1'1ilutI~ 1 y;)ruri 'l'Yl1'1~ Ii&l nl J'H~'~1 '1 ~'hlbY; tJ'I'fl~I'1b~m (W) 1~iJ e.J~ 
vl'f)A'd1:W b-n:w-n'hl'll'f)'1D1!?l'fl1'v11J'1'hl(?l'fl-D'I bbvln1 J'H~,~, '1 ~ wi1 'f) (;h bU'hlm J'A'dU~nUnl J'1~~'hl (W+L) l111 ~i'1 'd1:W 
b-n:w-n'hl'll 1N1'WLliln"'l 'W iiLb'W'd t i1m~:w~'hl ru~~L~ bb'Yl~ b;tJm~:hI~'U'f)~I'1ilutJ~1 f1b)dri'lm'l~Ii ~ nI J'1~~ t1Y1'l1~A~'d:W 
l11'dtl (W+L+ G) l111~A'dl:h1b.jf:wojJ'W'lJ'fl'l1'hlLl'l n"'l'hl bb~~bb:w nth;t1m~:hI ~'hl'f) ~1'1ilutl~1 y;)rlJri'l'Yl l'1~ Ii~ 'lIru~~~'fl~~'f)f~ 
bW~L~bb'Yl~b;tJ:wil bb'hl'd Li1:w b~:hI~'hlbi1'fl bmtlU LYitlU ntml J'H~, ~''1 ~'hlA'luf1nunlJ'1~1.J'hl (W+L) nlJ'1~ ,J mAil~'d:hl...... . 
l11'dtJ (W+L + F, W , L·' G t- Y:.F bb~~ W+L+ G+F) l11NA'"l1m-n:hl-n'hl'lJ'fl'lDlliJ'fll'v11J'~bll'hl'fl'lf11.JJ'~n'f)ul'hlI?l'f)ofl'l b~:W~'hl 
'f)~I'1 "'Utl~ , y;)C\i~ '1m 'l ~ii ~ bb~~~U~ 1 m J'l~~tJ bAil i'd:hl I11'd tJl'hl'1l1'l nA1'1'v1~'1'l1'f)'1f111 lA n~",~'Wh:hl nuiJ t.I'rl'il ~ A 

(W+L I G+ Y,F) l1 11~A'd: :W b-n:w -n'W'lI'fl 'l bLA~ b;tJ :w1'W1il'fl<D'I ~, n~, bl1.J~ '1~l~~ tJ bAiJ~ 'd :WI11'dtJI'l1:W f111 bAJ'I ~",~h~ 
(W+L + F) 'f) ~I'1;jUtJ~l y;)rIJ~'1'Yll'1~ii~ (Table 4) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



59 'l11~I1Lm~lIlm~:;"Ifl ).J n~, 

Table 3 Imp rovement of an acid sulfate soil on rice growth and rice yield. 

Treatment tillering grain yield yield components 

(40 OAT) (14% MC) number of panic les 1000 grain weight unfilled gra in 

Kg/ra i G % 

Control 14 .55 c 260 9 15.15 b 28 .56 
c 20 .61 ' 

L 15 30 ": 349 ' 1563 
b 29.02 tc 17 .23 

b 

W 14.40 " 260 9 15.65 
b 28.46 c 20.49 ' 

W+L 15 28 "0 364 e 15.78 ° 29.04 to 17 .19 
b 

W+L+F 18.43 a 521 b 17.45 · 30.24 ' 14.40 
c 

W t·L fG 1528 t: 389 
6 

15.90 
b 29.15 te 16 .b 1 ,) 

W+ L+ G+ 'hF 15.90 
b 433' 17.25 ' 29.66 b 14 .77c 

W L+G+F 18.05 ' 532 ' 17 .58 ' 3050" 14.26 
c 

F-test 

C.v.(%) 3.9 1.9 4.0 1.9 6.6 

mean value in the same col umn followed by common letter are not significant by different at 5 % level of probability by OMRT 

eJ~ nlJ'";) LA n:;,xjjlIWEllV11J'~ dj'W'El.,j~lh:;n'Eluh,m.J~ (>1~h'l ~u~lmJ'1~u'W (L) Yh1~A'l1:I.J L~:I.J~'W'lI'El.,j, ~ 

1'WLI?lH'"l'Wb~:I.J~'W'El81.,ji'J,r8~lArkJ~.,jVl1.,j'i'j D~ m J'H'~1~1.,j ~'W'El81.,j b~m (W) hJi'J eJ~I1i'El A'll:I.J Loii:I.Joii'W'lI'El.,jjjl "l'El1V11J' 

~ dj'W'El.,j~uJ':;n'Elu1'Wb:I.J~(>1~1'l mJ'H'~1~1.,j~'WA'lU~numJ'1~u'W (W+L) 1~~11~A'l1:I.Jb~:I.J~'W'lI'El.,jjjll?l'El1V11J'~dJ'W
~ ~ , 

'El.,j~uJ':;n 'El U1'WL:I.J~ (>1oiil'l LLl?ln L9Il.,j n'WVI1.,j'i'jD ~ntlbbU~.,j~1~u'Wb~8.,j'El81.,j b~m (L) bb~:;mJ'1~1I8Yl'll'i'j(>11 'l :I.Jv1'l8 
~ , 

(W+ L+G) 1~Yh11XA'll:I.J b ~:I.J~'W'lI'El.,j jjll?l'EllV11J' 1 'Wb:I.J~(>1~l'l b~:I.J~'Wb~'El LYi8U n'U bL U~.,j~H'~l~l.,j ~'WA'lU rlnu mJ'1~ , ~ 

U'W (W+ L) mJ'1'i:'lllmAi'Ji'l:I.Jv1'l81?l1:I.Jrh";)brlJ'1:;,x~'W (W+L+F) ~111XA'llmoii:I.J~'W'lI 'El .,j1'WLl?ln"l'Wbb~:;'i'Jm\'i'J'Elf!!l... , 
b~:I.J~'W'El81.,ji'Ju8~lArkJ~.,j'Vll.,j'i'jn ~ L~ 'El bm8U bYi8'U n'U LLU~.,jI?lJ''l'"l!!l'ElU (L) LLI1i1~ bLI?l nl1il'l n'W'Vl l'l!!l n~ b~'El bYi I'JU nu 

bbU~.:J~1~u'Wb~8'l'El81'l b~m (L) bb~:;~U~l mJ'1ojf~l ~1'l ~'WA'lU~ nu m J'1~U'WLL~ :;1~1I8 LAi'Jl?ll:I.J ~1";) LAJ'l:;~'W 
' 1,.1 <lJ 'IJ q 

1'l:I.Jnu1I8~"tl'i'j(>1 (W+L + G+F) 1~~11~A'l1:I.J Loii:I.J~'W'lI'El.,jjjl[!l'El1V11J'~ dJ'W'El.,j~uJ':;n'Elu1'Wb:I.J~(>1~l'l ilA 'll:I.J LLl9lnl1il.,j, , 
Il'W'Vll'l 'i'j n ~nu LbU~.,j~1'i:'l1l8 LAi'Jl?ll:I.J ~1";) LAJ'l:;,x~'W (W+ L + F) LL~:; LLU~.,j~~mJ'1~1I8 LAi'J1 rmv1'l81'W'El19IJ'1 A1.,jV1ct.,j, , 
'lI'El.,jrh";)LAJ'1 :;,x~'W1'l :I.Jnu1I8Yl'll'i'j(>1 (W+L+G+ '/2F) (Table 4), 

b~'El~'"lln1..l1mJ'~(>1~.,jjjl"l'El1V11J'~J'El'l~1'l'"lln~'W ~u~lmJ'1'i:'l~'W (L) ~11~nlJ'~(>1~.,jjjl"l'EllV11J''lI'El.,jojfl'l 
L~:I.J~'W'El81.,ji'J,r8~lArkJ~.,j'Vll.,j'i'jn~ m J'H'~1~1'l~'WL~m'El81.,j L~m (W) 1~i'JeJ~I1i'El mJ'~V"I~.,jjjll?J'El1V11J''lI'El.,jojfl'l 
LL~ :;mJ'1.n~1~1'l ~'WA'l'U ri n'U nl'l1~1.J'W (W+L) 1~~11~mJ'(>1 (>1 ~.,jfill91'EllV11J''lI'El.,jojfl'l LLI?l n I1il'l n'W'Vll'l!!l n ~nu LL1.J ~'l~ 

'lI 'U <u q 

~mJ'1~~'W (L) m'j'1~~8Yl'll'i'j(>1i'l:I.Jv1'l8 (W+ L +G) ~111XmJ'~(>1~'l'i'J'El'i'j'i'J'Elf'i'l L~LL'Vl'i'jL'll8:I.J LLA~ b'll8:I.J bb~:; 

Lb:I.J n ih'll 8:I.J b~ :I.J~'W'Elti 1'l~,r8~lAru~.,j'Vll.,j'i'ln~ 1'W'lI ru:;~n1J'(>1 (>1~'l1 'W Ll9ln'"l'W1~bL[!lnI?1 1.,jn'W'Vll'l'i'jniii 1. ~'El Ll,HUlJ LYl8U 
~ ~ 

nUn1J'1.n~1~1'l~'WA'lU~numJ'1~u'W (W+L) mJ'1~lImA~1'l:I.Jv1'l81?l1:I.J~1";)LflJ'1:;,x~'W (W+L+F) ~11~mJ'(>1V"1~.,j
<u 'lJ q <lJ 

jj1I?J l 'WLI?lJ'b'"l'W 'i'J'El'Zl'i'J 'El f'Zl L~Lb'Vl'i'jL'llmJ LLML~8:I.J LL~:; LL:l.JnuL'll8:I.J~.,jn~lLL1.J~.,j~i:JmJ'1~~8Yl'll'i'j(>11'l:I.Jv1'l8 
(W+L+G) 'El81.,ji'J,r8~lArkJ~.,j'Vll.,j'i'jD~ LL~:;~U~1n1J'1~~mAi'J1'l:I.JiIi'l8[!l1:I.J~1";)LAJ'1 :;1.-I-~'W1'l:I.Jnun1J'1'i:'l~8 Yl'll'i'j(>1 
(W+ L +G+ F) 1~~1'l1XmJ'(>1V"1 ~.,jjjl [!l'El1V11J''lI'El.,jojfl 'l i'J A'll:I.J bL I9I n 1?11.,jn'WVI1.,j'i'jD ~ nu bL1.J~ 'l ~i'J n1J'1~1I8 LAi'J1'l:I.JiIi'l8 

<u 'I , I ..... I q 

1?l1:I.J~1";)LAJ'1:;,x~'W (W+ L +F) 8m1'Wn1J'V"I(>1~.,jLLA~Lon8:I.JYi L~ :I.J~'W'El81.,ji'J,r8~lAru~.,j'Vl1.,j'i'jniii (Table 5) 
... ~ 
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Table 4 Improvement of an acid sulfate soil on nutrients concentration in rice straw and grain. 

Treatment Nutrients concentration (g/kg) 

pN K Ca Mg 

straw grain straw grain straw grain Straw grain straw grain 

Control 79
d 97" 1.8 b 3.4

b 
6.6 ' 2.6 4.6 

c 082"" 1.9 b 1.74 

L 8.4
Cd 

11 .2''' 2.3 b 3.9'" 8.ll 00 2.8 5.1 b 0.92"" 2.0b 1.86 

W 8.0
d 

96
d 1.8 b 37

b 
7.7 " 2.8 4.7 ' 079

b 1.8 b 1.70 

W+L 8. 5"'· 11 .3
bc 

2.3 
b 4.0'b 9.8 

cd 
2.8 50 

b 0.92'b 1.9" 1.91 

W+L+F 9.6'b 12 .1 ,b 3.8' 4.8' 12.5 'b 3.2 5.5 ' 090'b 2.4 ' 1.93 

W+L+ 8. 3' d 10.7 ' 31 • 4.0'b 11.0 "0 3.1 5.2 
b 0.87'b 2.3 ' 1.90 

W Lf-G f- V,F 92''''' 11 .9'
b 

3.6 ' 4.4'b 11.5 .0 3.1 5.2 
b o98'b 25' 1.83 

W+L +G+F 9. 7' 12.4' 3.7' 4.8' 13.0 ' 3.3 5.7' 100' 2.6 ' 1.85 

F-test ns ns 

C.v.(%) 7. 7 5.9 16.8 14.5 10.7 14.7 2.4 13.2 9. 1 9.4 

mean value in the same column followed by common letter are not significant by different at 5% level of probability by DMRT 

~a 1J1't)'U LL 'Vl~ 'Vl1 >3 Ll'fl,.,.~n"l 
.. 0­

e.J'Cl n IJ'UJ'~liJ'We.J'ClIWilU IIVI'WVll'1ll"lJ''jj'~n"l Yiu~1 n lJ'ufuuJ''1 ~'Wtr?18 nl J'1ih,JI~I'1 ~'Wf'1 'dU y;) nu nlJ'l~U'Wll'Cl ~ 
d3 q 'iJ 'lI 

1~Umf'1~vn~Y;)11lf'1J'1~,x~'W lU'W1fi~1,xnlh~Vlfi~'1Mri'l 2,887 UlVl lt1 n lJ'H'uuV;'lI~ r?11'd~~'d8'V111,n~nlh~Vlfi 
q q 'lI 'I q ... 

'Clr?1'Cl dJ'W 2,624 LJ1 V11L1 ~'d'WnlJ''Clr?1nlJ'H'~mf'1iil'Vl~'fHYb''1f'1~'1'j,\~.:J'lI'il'ly;)11lf'1J'1~,x~'Wtr?181~~8 '''lI ~r?11'd~~'dtJ'V11 
1,xl~nlh~Vlfi l'~8'1 1,701 UlVII't1 ~ln~11'W~lfuV1J''d''l~'ilU~.:JiJnlh~Vlfil'Vhnu 1 ,755 UlVIIH nlJ'H'J,~l.:J~ 'W 
f'1 'd UY;) nu nlJ'1~u'Wll'Cl~1~iltJYl'll~r?11'd~~'d81~nlh~Vlfi~'~(7) l~8.:J 1,438 UlVl /H 1'W'lI ru~~ nlJ'ufuuJ''1t(7)8nlJ'1~

'iJ 'U q q q q 

u'W l~mmh'lb~m bb'Cl~nlJ'HJ'~l.:J~'Wf'1 'duy;)nunlJ'l~u'Wl,xn,h~'VlfilYhnu 1 ,503 bl'Cl~ 1,583 UlVII't1 (Table 6)
'iJ 'U 'lJ q 

Table 5 Improve ment of an acid sulfate soil on nutrient uptake in rice 

Treatment Nutrient uptake (kg/raj) 

N p K Ca Mg 

Control 9.98 
d 

2.5 1 ' 7.87 ' 4.75' 225 ' 

L 1322 ' 385 
d 

1065 
d 6.23 e 2.86 

d 

W 1005" 2 58 " 8.08 e 4.73' 2.16 e 

W+ I_ 1322 ' 379 
d 11.90 d 5.98 e 2.81 d 

W-t L+F 20.93 a 8.30' 21.62 ' 9.36 
b 482' 

W+L G 14.28 C 51 6 C 14 .53
c 6.65 " 3.47 c 

W L-+ G-t Y>F 16.86 b 6.4 8
b 16.73 b 7.4 3 ' 4.07 

b 

W+L+G+F 2174" 839' 2308' 99' 512 a 

F-test 

C.V.(%) 6.6 14.5 8.6 4.0 7.6 

mean value in th e same column followed by comm on letter are not significant by diHerent at 5 % level of probability by DMRT 
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Table 6 Benefits of Improvement of an acid sulfate soil for nce production 

Treatment 

Controt l W W+L W+l+F W+L rG W I L IGI-Y,F il/1L IGI F 

1 Cost of production (bath/rai) 1,365 2,685 1,465 2,785 3,365 3,230 3,495 3,760 

soil preparation (bath/rai) 540 540 540 540 540 810 810 810 

planting (bathlrai) 400 400 400 400 400 400 400 400 

management (bath/rai) 100 100 200 200 250 300 300 300 

harvest (bathlrai) 250 250 250 250 250 250 250 250 

fert il izer and lime dust (bath/rai) 75 1,395 75 1,395 1,925 1,470 1,735 2,000 

2_ Revenues (bathlrai) 3, 120 4,188 3, 120 4,368 6,252 4,668 5,196 6,384 

rice produc tion (kg/rai) 260 349 260 364 521 398 433 532 

market price (bath/kg) * 12 12 12 12 12 12 12 12 

3_ Net profit (bath/rai) 1,755 1,503 1,655 1,583 2,887 1,438 1,701 2,624 

Not * market price at 20/03/2009 (Department of Internal Trade, 2009) 

4 d' 

1"'1~CU IW~ nl~'V1 ~~'fl~ 

'll (;l ~t.l:wL t.l:; bijt.l~t.l~iJ ~ntJJl1~1 t.l n1~vllt.lIWl n n11U~ nYl'll'llil(;l~t.l ltiil-l"'l1 n~Jl1~~t.l~ bi'l t.l~nu Ls.tJU~-l , " " 
~IU~:W l~i1~t.llUt.l~t.lmumiJn1n:;U1tJ~'l~'l:w1n ll~:;"'llnn1~~mn~u11UDm-tJ1~t.llijt.l m(;l~t.lll~'1:w1n (Table 

q iI "" " t I I 

1) L(;ltJun~ ll~'l'll(;l~t.luiJ ~'lI:IJhi l~:lJI:;~:lJ1t.lll~~'lI:IJiI(;l:IJ~:lJUmr ll~Ylt.lYivhl1n1n1 (;l~i1'1 dJt.lYlt.lYiYiH'lt.ln1~vll , , " 
t.l1:IJ 1 n'tlt.lvlI1,xiJ n1 ~19l n fh'l'll'tl'liltJ~1~~'1~U11 iJ~ 'tl ~~'tl ¥~~ lUt.lu~:;ttJ'llt.l1~ fi'tlt.l.jj','1 ~'1 "lI ru::;~ iJlt.lLI9l J l'''It.li'l~:W (;l , " 
1t.l~t.l~, t~ll'VI~l~tJ:w ll~~l~tJ:IJ ll~:;ll:IJnUl;tJ:W~ll~mu~tJt.ll~~':IJln (Table 1) n1~~~t.liJDll9lm~I~~'1mh'liltJ , " 
1 t.lm:w1 ru~, iJ e.J~1,x.jj"'l iJ ~'lI:1J'ti 'tlt.lll'tl ~i1 ~'lI:IJ ltlt.lYhj''lI'tl'l'tl~iJ'l1:IJ ~'1ll~"'l :;~U11iJ'tl ~iJ'l1:IJ~ ll~ n lu ~tJt.lM1t.l~t.l 

" " 
l~tJ'I 1-2 mg/kg .jj"'l ii"'l :;ll~(;l'lmn1~'tl~:D'l1:Wltlt.llhtl~ (Tanaka and Navasero, 1966) ll~:;"'llnn1~'VI(;l~'tl'l~U11 

iJ'tl~iJ'l1:IJ~ll~mu~tJt.ll~t.l~t.lfi'tlt.l.jj'I'1~'1 (1 _83 mg/kg) (Table 1) ~'1 Fageria and Carvalho (1982) ntJ-lIt.l11 

~'lI:IJl.jj':IJ.jj't.l~n~I9l'llil-lil~:D'l1:IJ~LUt.lY1'jj-I?i'tl.jj'I'l"'l:;iJfilert.llLU~~'1LLI?i 1_11-4_34 cmol( +)/kg (~t.lIlU~lm~t.l~·ih'l) 
n1~U¥UU~-l~t.lL(;ltJn1~1~~t.lvlI1,xfil pH 'lI'tl'l~t.ll~:IJ~t.l (Table 2) L~'tl-l"'lln1t.l~t.lm(;l9(;l~'lI:IJL.jj':IJ.jj't.l'll'tl'l 

H+ 1t.l~I~~::;~ltJ~t.l"'l::;~:IJ~t.ljfnulEJt(;l~1~;~ (hydrolysis) 'lI'tl'l A1 3+ ~1'tl hydroxyl AI L~'tl H+ 1t.l~I~~::;~ltJ~t.l~n 
'6'l:;LVit.l (neutralized) luL~'tltJ 1 "'l::;n'tl1,xLil(;ln1~l9lnl9l::;n'tlt.l A1 

3
+ LUt.l AI(OH)3 Ca

2
+ "'l:;L.jj'11~~'tl~iJ'l1:IJLL~::;~(;liu~ 

~'tl~~'tltJ~"lIiI'I~t.lLL'VIt.l vl11,x pH 'lI'tl'l~t.ll~:IJ~t.l ("'l'lfn';, 2530) ~'1e-J~1,xA'lI:IJLUt.lm(;lLL~:;'tl~:D'l1:IJ~LL~ moLI~tJt.l1~ 
~(;l~'1 (Table 2) LL~:;n1n~:IJ~t.l'll'tl'lfil pH ,'lIi1-l~t.lvll'l,xn"'lnn:IJn1~tJiltJ~~ltJ;;)t.l'VI1tJ-JI9l[)'lI'E1-lLLuAYiLs.tJLL~:; 
m::;U'l t.ln1~~L~m.jj''tl-ln1Jn1nu~tJt.llt.lLl9ln'''lt.l1t.l~uLLiI:wL:lJ LutJ:lJLUt.l1t.lLI9l~'VI (n itrification) L~:IJ~t.l vlI1,xDII9l'tlI~I~" ,
1t.l~t.l[)nu~(;lu~'eltJ1,xiltJ1t.l~u~Yl'llUI1uH'u~:;ttJ'llt.ll~:w1n;t.l ~t.l.jj"'l~I:IJI~[)(;l (;l~'1 1 t.lLl9ln"'lt.l L~ LL'VI ~ L~tJ:IJ lL~::;

'U 'lI 'U " 

llA~l~tJ:lJluH'u~::;ttJ'llt.ll~l~:IJ;t.l (Table 5) ~-le.J~1,x·ih'liJn1n"'l1b1.dLiiiuLl9lll~::;e.Jfle.J~m~:IJ~t.l"'lln 260 LUt.l 349 

nn_;1~ (Table 2) ~i1(;lA~'tl-lnUn1~~mj'I'l1'tl'l~~:lJI~t.l (2549) ;'1~lmlt.l~1 n1~H'~t.l·1t.l-el19l~1 1_0-2_0 !>It.l/l~ 'I'l, 
1,xe.Jfle-J~I9l.jj"'l~tlfln1t.l~t.lLU;m9(;l'll(;l~t.l:IJtt.l::;l~~j~t.l"'lln 372 nn_M (hn~ut.l) Ltlt.l400-500 nn_;1~

'U q 'lJ 'U 

n1~H'J'~I-l ~t.l l~ m'tltJl'1 L~mhi~I:IJI~[) L~:IJ pH LL~::;~ (;l ~'lI:IJ dJt.lm(;lll~:;i1fl:D'l1:IJ~ llfl n lU~tJt.ll~t.l~t.l 
" 1~ (Table 2) vlI1,xn1~l"'l1b1.dliii1Jtl9lll~:;n1~1,xe-Jfle-J~I9l'll'El-l.jj"'lhilll9lnl?il'1nt.lnUllUfl-l control (Table 3) ;'1oft'tJ-JlIJ.Jt! 

llfl:::Aru:; (2541) 1~ntJ,.:nt.l11 n1~HJ''ll::;~I'1A'lI:WlUt.lm(;lLL~:;~I~Y1'jj-Jl1tJ1t.l~t.l1t.l~:;tJ:;llmm'''lhh':h,I,e.J~vlt.lVl 
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~'El'l ijm ~(p)1 LUl.m1~1'i'El LC'El'l bbrl~::LU'WmnJ.nu~ b~m'l'r'l e.Jrl~~tJ ~m '"l n 1~ufutlN ~'WLrrtJ1.nJ1~1'l ~'WfI'"l lJl'1 nu n 1~1cl 
~ , ~ 

~'W"Lrl::;~ £J'W'll ~vl1'"lJ.J~'"luYh1~m~~rr~'lIi1l9J'flT\,n~'lI'El'lii1'"l91n~'WiJ bb 'W'"lL~J.Jb~J.J~'W (Table 4) cl'l e.Jrl1'IXtJrl e.J~~ii1'"l 
b~ J.J~'W1'W'lIru~~ bU'Elfb.n'Wi?lbJ.J~rr ~ lJ 'lI'El'lii1'"liJbb'W'"lL~J.Jrlrrrl'l (Table 2) ~'Elrrfl~'El'lnlJ m~~ m~1'l1'1N rn'"l~ bbrl::;flru ::; 

(2549) ~'lntJ'l1'W11 m~1clu'W 1U'1l~ ~1 1,400 nn.lH i'"lJ.Jnuuuii1'll~rrvl11~ii1'"l~Urln1'W~'WbU¥m~rr'llrr~'W~::;bL'l~
'IJ q qJ q 

L~J.J~'W91n 219 nn.lH (control) bU 'W 376 nn .M bbrl::;vl11,xbU'Elfb.n'Wi?lbJ.J~rr~1J'lI'El'lii1'"lrlrrrl'l91n 14.6 % (control) 

LU'W 12 .9 % 

~'WLtJ¥m~rr·n(91~'WJ.JL'W~bU'W~'W~ l'l f1'"l1J.J'ElrrJ.J~J.Jmru~1 (Tab le 1) m~1clutJbfll'l1'"lJ.J~'"ltJ ~1J.Ji'h1 bfl~1~tf 
q 'IJ q '\! q 

~'W vl11~·h:d:jn1~b91 t1!b~lJL(?lbbrl~1,xe.Jrle.J~~b~J.J~'W'Elth'l-nrrL9'W (Table 3) ~'l 'W'lflJ"lbJd bbrl~'1J.J~rl (2545) ~1J11 
m~ufuu~'l~'WLuim~rr'llrr~'Wl;;I1'W ::;I:rr tJ (m1cl~'W1'W'1l~~1 1.5 1?l'WI'li 1cl~tJbb'ElJ.JLJ.JbCtJJ.J ~!l ~ L~t'l1'W'1l~~1 40 nn .lli 

i'1 J.JnlJ~ tJI'.!L1 tJ (46-0-0) 1'W'1l~~1 10 nn.lH ii1'"l1,xe.Jrle.J~~~'l~rr e.Jrlm~Am~n~lJ11m~1cl~tJbfll'lbbrl~~ tJY1'll~(91i'"lJ.J 

~'"ltJvl11,xi'h pH 'lI'El'l~'W ~'W'VljtJf~~ ~'El~~'Elf~ L~bb'Vl~b~tJJ.J 1'W~'WiJbb'W'"lL~J.JL~J.J~'Wb~1lbY1EJlJnlJm~'HJ1~1'l~'W 
1"11 1J 1'1 nu n1~1clu'\.,d'JJ.JnuutJbfll'l~1J.Jvh~bm1 ~tf~'W (Table 2) b C'El'l91n m~1clutJ ';;; ']j~rr1'JJ.J!ihtJbu'Wn'1 'i'b~J.J 

"U 'U q q 

~'W'Vl1tJf~ rlLrr tJ ~N1,xnlJ ~'W ~'W'VljtJf~ (1 ih~''lU~~9rlU bb~::;U ~~9U'J n b'lJ'W ~1'W'J'Wm nvh1,x~'W~1 J.J1 ~rI bnlJfm~rnJ tJ~ 
1cl~'l1u1'W~'W1~'W1'W~'W U~~"lu'Jn'lI'El'l~~'Vl1tJfI?l~' 9~~lJnlJ H>O4- bL~~~1m~rlU~ rru~'EltJ1~-W 'll~rr ~ 'lhJ1.nl~vl1 
1,xYJ 'El ~YJ 'fl f~hjrI n ~T'lLrr tJ l '\..I ~ n bbrl~1l~~UlA 'l .w'l! rr rr ~'l1u'Hu~~LtJ'l!'W1~tJ 1 n 1 'WM 1~ ~'Wn ~rr'fl'Wm fI~'W9::; rr rr-nlJ 

'V 'IJ qJ q 'U 

H+ 1~J.J1n m~~rub~tJ K+ 91nm~rln'll::;~1'l9'lbnrr~'W1~~1tJ U~~9~lJ'lI'El'l~'W'Vl1tJf~rl9~'lhtJrrrr~rr K' HbL~::;~~'ElJ.J~
<u Qj' '\I q q 'IJ 

9::;u~rrU~'EltJ'El1l n:J-J1 dJ'Wu~~LtJ'llUI'i 'Elv1'111'WIn iJ'\..I~'l 'W'El n91 mr'Wmn~J.J~'W'VljtJrrl'l111 ~nu~'Wbu'Wm ~uftJLflN~h:) 
'11 'El 'l ~'Wvl11~~1 nvh! ~1 J.J 1 ~rI (91 (91 ~'l Ii1 ~'El1m ~Y1'll1'W~'W1u1.n1~~~'W n 1 ~1clutJ bfliJ Lbrl::;U tJ~'ll ~ (91 i'JJ.J ~'JtJ~'lvl11~m ~ 

'IJ q q q 

(91(91~'lIi1~'El1'j,\1~'lI'El 'l ii1'J~'ln11'VlmbUrl'l (Table 5) ~'le.Jrl1~'t~e.Jrle.J~~ii1'J~'1M~'l 532 nni11 (Table 3) 
qJ q 'lJ q 'l.J q 

e.Jrlm~u~::;Ln\.!e.J~~'ilUbb'Vl'W'Vl1'1b1'1~'jj-~n9 ~u11m~ufuuN~'WL(91iJm~1.nJ1~1'l~'WfI'Jul'1nun1~1~' l'WL b~~ 
d.9 q l,rl'IJ 

UtJbflil~1J.J1'11f) LI'111 ::;tf~'Wbtl'W1fi~1,xn1h~'Vljj~'l~(91 2,887 U1'Vl11i m~'Huuvh! ~ (91i'J J.J ~')tlCi 'l LL.J9 ~1~ e.J~ e.J~ ~~ 
q 'iii 'lJ q " 

b~J.J~'Wbbl'i1'11H~1tJ1'Wn1~1r1 ~u n~u Y1'lltJ EJ ~(91b~J.J~'W vl11,xn1h~'Vljjrl(91rl'lbU'W 2 ,624 U1'Vl11i bbl'ib~'ElbY1 tJunu 
e.J~ e.J~~~ b~J.J~'W~'El11 ~J.J I'llnlJ m~rl'l'Vl'W cl'J~::Sfim~rl rr m~1.nutJ bfliJ b~~1l bY1tJ'l f11'l'j,\n'l'll'fl'l 1'111 bm1 ~tf~'WL(91tJ1clutJ 

q q q q 

Y1'll~rri'JJ.J~'JtJCi'l bb.J1 1"l ::;1~e.J~~ b~J.J~'W (433 nn .i1i) bd 1l bYltJU nu l?'hfu~~'J9~'ElU (260 nni1i) bbl'i1'11 'H~1tJ1'Wn1~ 
1n ~u nmJ Y1'!1~tI ~(91 b~:J-J~'W n1~rl(91mJ.J1ru~mfli1rl 'l m~'ElfI1'l'j,\n'l'll'El'l 1'111 bfl~1::;tf~'W'li'JtJrl (91 I'llH~1tMI-W'Eltl:J-J1 n 

bm1::;1'11UmfliJiJ~1f111'1'El'Wii1'l~'l1'11 ·l·if~1tJ1'Wn1~e.J~I?l~'lb~ :J-J~'W bU'W 3,495 U1'Vli1i vl11m~n1h~'Vljj bY1t1 'l 1,701 
, ~ , 

uw'li ~1n111'W~1ful?l~'J9~'ElU~'ll'lnlld~'Vlfiwhnu 1,755 U1'Vli1i cl'J'W1'W~1fu~'HJ1~1'l~'WfI'Jul'1nun1~1clLJ 'W, ~ ~ 

bbrl::;1clUI'JY1']j ~ ~ i'JJ.J ~'JtJ1,x e.Jrle.J~~b~J.J~'W~'EltlJ.J1n b~'El bYitlU nu n1~1.nJ1~1'lfl'JU 1'1 nu n1~lclu'W 1'W'lIru::;~ I'llH~1tJ 
1'Wn1 ~e.J~l?lb~J.J~'Wvl11,n~n1h~'Vlfi~1~(91bY;tJ 'l 1,438lJ1'Vli1i m~LJfuU~'lLrrtJm;1cl~'W bY1I'J 'l~ ti1'l L~m bbrl::;m~H 
J1~1'l ~ 'Wfl 'JD 1'1 nu n 1 ~1clLJ'W Ii.., LL~ "l ::;vl11,xii1'J 1 ~ e.J rl e.J ~ ~ L~ l-J~'Wb t1'W b~ 1l bmtJu bYltJlJ nu ~ 1 fD ~ ~'J "l ~'ElU ul'i 

~ ~ 

1'1 11.n~1 t1lwm~~rrm~~'W~1J.J':)fim~I?l'ln~1'Jn b~l-J;'W~'Jm'li'Wn'W (2,685 bb~:; 2,785 lJ1'Vli1i) bb~ ::;1~r'hh~'VlfiLr1m 
1,503 bbrl::; 1,583 UI'Vl11i ~-.lbbM'l1,xL~'W11umfliJiI'll'lfl'J1J.J~1bU'WI9i'Elmn~J.Je.Jrle.J~~i1'J ~urln1'W~'WbLlim~(91, ~ 

(Table 6) 

m~ufuLJ~'l~'WbU¥m~rr'll(91~'WJ;lL'W::;Li?l tJ m~1~~'Wvl11,x1'11 pH "lI'El'l ~'Wb~J.J~'W f1'J1J.J bil 'Wm(91 bb~::; 'El~ iJUJ.J 
~ bb~n liJ ~tJ'W'~rl(91rl'l ~'l e.Jrl1,xe.J~e.J~~ii1'J b~J.J~'Wbbrl::;l'l bLJm\.n'Wi?lbJ.J~(91~lJ'1I'il'lii1'Jrl rrrl'l m~1.nJ1~1'l~'W br1 t1'l tl ti1'l 
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v 

L~tJ')LLlrbJ'6'llmnl L~ l-J pH LL'i'I:;'i'li91~'l1l-JbtlumVl~1'el'el'i'lilul-J~ (L'i'l nLU~tJu1~u~u1ril bbl?ib~'el~lbnUmJ'~'l'lJri r1'lJmJ' 
v v 

1~uuv'h1~eJ'i'leJ~l?l'ii1'liJ bbU'lLuw~~Au 
2. nlJ'uf'lJ U J'-.l ~ULVl tl nlJ'HJ1~1'l ~U~'l'lJ ri r1'lJn1 J'1~lJULL'i'I:;iltJYl'll '6'l i91 oif 1 'liJ nl J'Vl Vl~W~'el'6'l~ 'el f'6'l 

" '\J '\J'!J" 

LVi Lb'VI'6'l L~tJ l-J LL~m;ntJl-J bb'i'l:; bbl-Jni:MtJl-Jb~l-J~U ~'l eJ'i'l1~ eJ'i'leJ~l9loif1'diJ bb U'lLUl-J L~l-J~UbVltJiJ bU'elfb'EUr;1Ll-J~ Vl~ 'lJ 'i'li91'i'1'l 
nlJ'1~~tJ b~iJ~'l l-Jrihml 11~oif1'liJnlJ'v'l1'lJ b~'lJLlil bb'i'l:;1~ eJ'i'I eJ~I9l L~l-J~umh'liVl L9U nlJ'1~~tJ b~iJ 1il1l-J rh~ b~J'l:;'; 
~ULL'i'I:;1~il 

q 
tJYl'll '6'l i91 ~'ll-J r!l'ltJ v'h 1 ~~'l1l-J Loif:wiiu"II'el'l 1 U Llil n9U1UI9)'eleD'l Lbfl:;1 ULl-J ~ Vloif1'l LVi LL'VI ~ bl1 tJl-J1UIil'eleD'l bL'i'I:; 

bb~ml1mJ1uLl-J~i91oif1'l'6'l'ln~1'V1mbU'i'I'l ~'leJ'i'l1~oif1'liJmn9~n.lb~'lJLl9)bb'i'l:;1""eJ~m~I9)~'l~i91~'l 532 nn.ll~ 9'ltJ19:;LUU 
'lJ q QI '!J q 

~~~~~~Vl1UbL~'lI'el-.l n 1 J'uf'lJut-lU1t-l ~Ub~'el b~l-J eJ'i'I eJ~l9)ii1'l 
3. eJ'i'I nlJ'UJ':; bilw-J'i'lIil'el'lJ LL'VIU'VI 1 -.l bf'1J'1.'Ijn9Vi'lJ~1 mJ'1oifJ1~1-l ~U~'l'lJ ~n'lJ n 1J' 1~~u bb'i'l:;1~~tl b~iJ 19)1 l-J Y'1 1 

~b~J'l:;';~U n-.lbb~h:;1,xeJ'i'leJ~lilbYltJ-l 521 nn .ll~ bbl?iv'hl,xiJr'hh~'VIfil?i'elh~-.l~Vl b'{hn'lJ 2,887 'lJ1'V1 9'ltJ1"l:; dj'W1fi~ 
~~~Vl1Ubb~'lJ'el-lmJ'1~eJfllil'el'lJbb'VIU'VI1-lbM1.'Ijn9 

-llU~9tJd btlu~'dU~~'l'lJ'el-.l nl J"/111'V1tJ 1 tJ'V1UTI ~1'l11 n1 J'9Vl nlJ''VI f'V1 tJ1 m~u [\1 ~';)'lllfinnf'11 ~ Iil f 
'lI'el'll 'el'lJ'V1 J':;~ m~m:;'el191 n Jfl1 ~~'lI1finnf'11 ~ 19) f~l,x~lmn1.'l1-llU~9tJ 'IlU'lJdril'ltJ ~ Iil'i'l'el Vl l-J 1 "II 'el'll 'el'lJ ~mb91~U1~ 

q q 

~'W8~n1.'l1 nlJ'~I?l.JU1~ ~'i'I'VI'el-.l "1 ~1,x~'lll-J'el'4b~J'l :;~1UnlJ'9Vlv11 bbU'i'I-.l'VI i91'i'1'el-l~9tJ bbfl:;'lI'el'lJ'el'lJ "lmb91~U1~~'dU 
~bM1~';~U~1'Wn-.l1U~I?l.JU1~~Ub'lll?l 12 ml-J~l?l.Ju1~u~1,x~'d1l-J'elUb~J'1~~1un1J'';)b~J'1:;';CI'h'elth'l~U bb'i'l:;Yl'll

q 

• 1 • ud( ~..J... 1 - ~ .- '"vn1l-J W)U'I1f11 £J tJ. 2552. J'1I'11'll 1'H !'l'1ln (U 'ltJ'Il 20 l-JtJ1 1'1l-J 2552. n1l-J n1UI1 f11 t) tJ n1:;'VI~ 'N'/'jltJ'll('1l'1l tJLl1U). l-J l 
~ ..J~ . ..

hltp'liWww dill goth ('lU 1'1 1.J I'1U 21 l-JtJl l'1l-J 2552) 

o .... _ ... :J .... J _ ... J ..... 
nrn~OOJtJl~MtJ 2547. ~il'1ln11'iLI'1~1::-JI1i''l'1l Eh'l~U ~1 Yl 'll<1i1i1lui"l.JUi'l iiiu LI.!'l :;nl~1LI'1~1::,xL~ '1l 1111'l~fu ~'1l'll-J '1 111131'UaUf\1 Lfi l-J ~ 1. 

illtJn'l 'VI tJ l F'I, ilIII1LYi '1l 11'WOOJtJ1'1ll?ltJ m l.J'W!iil.JtJ1'1ll?ltJ. 

n1m~ilj.JtJ1~~ tJ 2547. ~ )j'1l nlfiLI'111 ::1.fr!i''lflth~ ;;tJ J1 Yl 'l! <1i1I?lUfuUNiiitJ LL !'l :;n1fiLl'1n :: ;fL~'1l1111'l"lfm'1l~l-J l I1l131U~tJfh Li'il-J~ 2. 

~1'.!n1'V1 £J11'11 i1 l11 fL~'1ln1 ~!iil.JtJl~ iiiuml-J ~oo.J'Ul~;;U · • 

~'1~n'; ~U'IlfL''l1'IJ''l'IJ. 2530. LI'1i1'll'1l-.l ;\tJ. 111 ii'll l,j,m'lltn mn1'Vl£J1~£JLm~1iI11'11 i1li1f nt'lL'VlYi '1 .' 
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U~ fo1l'l 'IJ lJwrmru LL~:: ~l-J'Wl1 \!'lUUl-J 2545. n1 l'i1nM1:m1Lfl n::tfn1 1~i1ln1 l'~UlmtJ'l~i1IiI'l-JiUM1lJ L'~l-Jl :; illJL~'1llYll-J t.l!'l t.l~ (I\i1'l 
lU~'U~ ~UL,EU'l4'i1I~1I'1 n~1'1 n~l-Jui"1.J,ji-.l~ul,EmUl1::~u~u'VI1u n'1l'l'1l 't1mffitJLLl1:;~' n1lJ~lnJtl1~6itl 

u'Wrlll,r l.i 'l 'lu ~:;l~ir!i. '1l 'lf\ l "l 'ii1::l ill1(u, 1<1 ,r il-.l~::U~:: ;;M!, ~1?l1?l1 'l11(u nm utj'll lLl1:;9UIiIUl ..ril 'l1IjrJ!'l 2547. ri lLLU::-Wln111-TI 

U 1'UU'1';''lIil 'l lJ~h'i ll'ln ::",1 \'! . ~'nuu1~tJ'i, 'l f1 1l-J1'1l'l 11 nM!Il1 n1:;'VI1'mnMlilnL!'l::I'l",n1ru. 
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