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ABSTRACT

This study, which was aimed to determine the suitable methods of using stubble
and rice straw materials to improve and increase nutrients in the soil, was divided into three study
trials: 1) use of stubble and rice straw under different management methods which may affect soil
chemical changes and nutrient status; 2) use of stubble and rice straw under different management
methods that may affect plant growth; and 3) dissolution rate and soil microbial activities under
different management methods of stubble and rice straw.

The study was conducted using the Hangdong soil type in comparing the
management of stubble and rice straw mixed with manure, urea and rock phosphate at different
rates. Results showed that the use of rice straw alone, rice straw + manure, rice straw + manure +
urea, rice straw + manure + urea + rock phosphate, at different rates had no statistical significance
on electrical conductivity, amount of soil erganisms, amount of phosphorus, potassium, calcium
and magnesium, and amount of soil carbon, within a six-month period. For soil pH, treatments
using rice straw (1,000 kg/rai) alone and rice straw (2,000 kg/rai) mixed with manure (400 kg) +
urea (20 kg) + rock phosphate (20 kg) caused soil pH to attain the lowest and highest levels at 5.53
and 5.81, respectively. These two methods were also found to be highly significant as compared to
other methods that had no significance on soil pH.

Moreover, the use of 1,000 kg/rai and 2,000 kg/rai of rice straw was found to have no
significance on the amount of soil nitrogen but both methods showed different statistical significance
when compared to rice straw (2,000 kg/rai) mixed with manure (400 kg) + urea (20 kg) and rice straw

(2,000 kg/rai) mixed with manure (400 kg) + urea (20 kg) + rock phosphate (20 kg). Other methods
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had no significance on the total amount of soil nitrogen. Concemning the changes to chemical properties
and various soil nutrients, it was found that use of stubbles and rice straw under different management
methods resulted to an improving trend on soil chemical properties.

Results of the 6-month study of vegetable weight under different management
methods showed that pure soil without any mixture and soil mixed with rice straw (2,000 kg/rai) +
manure (400 kg) + urea (20 kg) + rock phosphate (20 kg) had the lowest (48.73 gm) and highest
weight (73.19 gm), respectively. DMRT analysis showed significant difference in contrast to non-
significant results for other treatments. Regarding changes to vegetable weight under ten different
management metheds, it was found that non-mixed soil had a stable weight (48.73 gm) for the
entire 6-month trial period. For mixed soil, ash from bumed rice straw showed a stable weight
(57.31-61.12 gm) for the entire 6-month period with an average of 58.59 gm and highest 30-day
weight. For other treatments, increasing weight of vegetables was found proportionate to
fermentation period with highest weight recorded during 150-160 days.

Results on the study of soil microbial activities organism as indicated by the amount
of carbon dioxide used by microorganisms showed a highly significant difference particularly in
increased treatments of rice straw 1,000 kg/rai to 2,000 kg/rai which caused a significant increase in
microbial use of carbon dioxide. An increasing trend was also shown on the amount of carbon dioxide
throughout the 28-day period with average weight for all treatments at 25.22-52.95 mg. Non-mixed
soil had lowest weight at 25.22 mg but for mixed soil with rice straw (2,000 kg/rai) + manure (400 kg)
+ urea (20 kg) + rock phosphate (20 kg), the average weight was 52.95 mg. Soil mixed with rice straw
ash had average weight of 29.67 mg and was found to be higher than in non-mixed soil.

On the study of the dissolution of soil microorganism, it was found that the average
for a 28-day period was 8.96-22.34 mg with non-mixed soil having the lowest rate of 8.96 mg. Soil
mixed with rice straw (2,000 kg/rai) + manure (400 kg) + urea (20 kg) + rock phosphate (20 kg)
gave the highest average at 22.43 mg. For non-mixed soil, there was no significant difference at all
when compared to mixed soil with rice straw ash and soil mixed with rice straw (1,000 kg/rai). But
when rice straw was increased from 1,000 kg/rai to 2,000 kg/rai, the ensuing trend showed an
increase in soil microorganism for all treatments besides indicating that the use of urea might have

also contributed to the increase in microorganism.
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Ponnamperuma (1984) lafnu1enswavesmstansnat lugiuuuaia 9

aamsnlasuuasninemsluAuuaznananyesdna Aamsie 3 wuh mathwisdnagndiy

2 Y o ¥ ' a o g ¥ (2 L 1 1 A
au uazm3 lFjoniiavhednnlaluiiraiinlSinasmemsmsduenannnisikvsents

st eonnnulasn

b
maa3 phwyvesnissavhedndelszinungemisuaznarandnlanign 16 afe

pun3o ) . P
. Tulasiou Woavesa  Inunmaison  Wowaad™d
gUuumsvanis A3UBY A B
(%) (un./nn.) (un./nn.) (AUAENA13)
(%)
° b g =

HIN19U190NIANUT 1.81 0.167 9 10.5 3.2

e 1.94 0.173 12 12.5 3.4

Tonaunaanuine) 2.17 0.182 12 11.6 41

wiiJovsinwhadng 2.19 0.203 27 10.4 42

37: Ponnamperuma (1984)
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P
NU1: Ponnamperuma (1984)
:::’ s 9. 9 ¥
UDNINH Ponnamperuma (1984) &4 ladnyImaven1s lanauvhadiadents
nasumlanlsnasine sy lufwien/Soumsudums i lawsaglal wua Wsnasig

. ' o Yo o
E]‘lﬁ'lil“ﬂiluf]ﬂ"lﬂ'ﬂu.lﬂ‘ﬂﬂ AIN1T19 4

M99 4 waveams lonavuvhsdnluuiease 11 gedgnilamoununis luildved

AIANY T3ildvhedn Tanauuiadng
Organic Carbon (%) 1.38 1.62
Total N (%) 0.130 0.157
Available P (mg. / kg. soil) 8.4 9.8
Exchangeable K (mmol /Kg soil) 3:2 6.3
warnaan1a917 (ASU/ nszang) 6:8 8.9
HAHAAT1Y (ASY/ NI2019) 77 112
msgald N (nfu/nsznng) 1.194 1.583

A Ponnamperuma (1984)
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N7 RIITIV LAZAME (2538)
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Furloamln SesiwaziBuaveasazimiimanns dail

f1319 1 control #1997 3.2 A3 dedu 1 Alansu (1,000 Alansu/ls)

&30 2 Wednz2 ndu 000 Alaniwls) + ilunon 0.64 AY (200
Alansu/15 wazvhadna 1,000 Alansu/ls)

#1353 vhedhn32 nsu 000 Alansu/ls) + flasn 0.64 A3 (200
Alansu/1s uazvhadn 1,000 Alansu/1s) + JogiBe 0.032 nfu (10 ATansw/1s uaswedn
1,000 A lansu/19)

s34 vedha32 asuae00 Alansu/ls) +dlunen 0.64 AFN @00
alansu/1s wazv1adha 1,000 Alanda/ls) + JogSe 0.032 ndu (10 Alansu/1s uazwhedng
1,000 ATansu/1s) + warueaina 0.032 nfu (10 Alansu/1s uazvhadn 1,000 Alansurls)

g5udt 5 vhadhn 6.4 asu dpan 1 ATansy (2,000 Alansu/ls)

fsuii 6 vhedhaes nfu@ooo Alansw/ls) + onen 128 A3y (400
Alansu/1s uaghadng 2,000 Alansu/ls)

f13ui 7 vheda 64 ndu o000 Alansu/li) + flonen 128 nsu @00
Alansu/15 nazvatha 2,000 Alansuls) + dogiSo 0.064 n3u o Alaniu/ls uazvhedn
2.000 A lan3u/13)

s5uit 8 vhadnea ndu @000 Alanduls) + flomen 128 nfu 00
Alansu/1s wazvhadha 2,000 Alanu/ls) + foyiSe 0.064 n5u (20 Alaniu/ls uazwhadn

2.000 A Tansu/1s) + marturoana 0.064 N3 (20 Alansu/1s uazvhadna 2,000 Alaniu/ls)

4 2 % & & s d o . .
MaaIMIuIIMsUsuaNuUY 50 1e719UA Y9 water holding capacity
N ¥
ud21i1 111w (incubate) gamgiveuiluna 1, 2, 3, 4, 5 uaz 6 1Aou IMTiEIBE AN

J‘ ] wa; 1 d' o 3 = o 1 L o =
ﬂﬂaawmn"hmsuznmma 9 FI'IIJ'Vlﬂ'IﬂNﬂ'l')ll'I’llﬂSTZHﬁ'Iﬂ'I pH mm‘sm‘lﬂ% TR TRL
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3 a a o a > a o
msveu USnaduniviag Usualulasouimue  dSnadearesa  Tnwunmdoy

UABKKEY LaZHUNTILTYL

a 4y aa
ﬂ'l‘i‘]lﬂi‘lzﬂ‘l!ﬁuﬂﬂ'ldﬂﬂﬂ

0f (Analysis of
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i =2 1 o 9/ " o o 1 ~
ﬂ'l'i‘nﬂilﬂdﬁ 2 Pfﬂ‘kl1F~If1‘llt'lQfni1ﬁﬂ8“ﬂﬁllﬂ5ﬂ1ﬂ‘uniﬁﬂﬂﬂﬂﬁﬁ]ﬂﬂ'l‘iu[ugﬂtlUUfTﬂW‘iﬂN an

=) 1 a = )
nﬂﬂﬂﬂﬂ"l‘iﬁ]'iﬂu]lﬂ‘l}iﬂﬁﬂ’)ﬂﬂ%
MIIAUAFUMINAAD]

AUTUMINAADL IABINHUNINANDINWADAULY completely randomized

El " ' v
design (CRD) 3 3 41 Usznoualsdsnaasd 10 M5y lasmarhaeteauneion]d ild
N320799 ag 5 N lansu il‘Iﬂ'uuﬂ1ﬂ‘!ﬁ'ﬂnﬂr~!ﬁnﬂnﬂﬂ°§~l‘{l‘m"n‘] sunuijonen ﬂugﬁu UAZHY

nuroma aun ulﬂf]ﬂf‘llll]‘ljﬂ’l‘iﬂﬂﬁf)d1’1‘]fﬂ‘i WAZIDUAYDAUIRASAITUNAADY ﬂdu

o

o d a oA 14
AISUN 1 FAAIVAY (ﬂuﬂmum':'ﬂqmﬁu)

o

grvun 2 lavhadng 16 nfu ee @y 5 A lansu (1,000 A Tansu/19)

-

dsun 3 lawhadna 32 nsu Ao Au 5 Alansy (2,000 A lansu/1s)

€

o o

s3uit 4 ldudhimdonnmsmvhadnlusasido 2,000 A lansurls

S50t 5 dvad1a 16 A3 (1,000 ATansa/1s) + iJunon 3.2 n3u (200 Alanw/
15 uazvhadnn 1,000 Alansu/1s) sedu 5 i lansy

@131 6 dvhada 16 s (1,000 Alansu/15) + dJvaon 3.2 n3u (200 Alansw
15 uazvha 412 1,000 Alandu/ls) + dogSvoa6 asu@o Alaniu/ls uazvhedna 1,000
Alaniw/ls)

&150 7 laviada 16 05 (1,000 ATansu/1s) + fJunen 3.2 A5y 200 Alansu/
15 wagviradna 1,000 Alaniw/ls) + fegdv 016 nsu o Alansu/ls uazriadan 1,000
Alansu/1s) + matueana 0.16 5y (10 Alansw/1s uazvhed 1,000 dlaniu/ls)

fsu 8 Taviedn 32 031 2,000 Alansa/1s) + junen 6.4 N3 @00 ATansa
15 uazvhadha 2,000 flansurls)

#1504 9 Tawhed 32 nfu 2,000 Alansurls) + iJonon 6.4 ATV (400 i lan3y/
15 uazvhedna 2,000 Aland/ls) + degiSu 032 adu (20 Alandurls uazwiedna 2,000
flaniu/ls)

&15ud 10 Tevhadha 32 nfu 2,000 Alansu/ls) + fenen 6.4 n¥u (400 ATanw/
15 uazvhadng 2,000 A Tanu/1s) + oo 032 nfu 20 Alaniu/ls uazvadna 1,000 Alansw

15) + mariunoaa 0.32 n$u 20 Alansw/1s uazvhadna 1,000 Alansu/1s)
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hdlediaunaasInnganauuds liiinisnaasalgnAnadandeoniein
o 1 (P=1 ¥ A d'l o
uaswizwan lasszninmailgnes hiimsiddlela q unds edunaeimsasuduss
E4
vosnyanlsnasigems lussnhaiusihimsilesiunaziivadagiy Tsauazuuag suds

<
ITUSLINUNUNY
o £ - '
MIVUNAVBYAUAZINVAIBEN
g 9 o o’ o o =4 -d' a o
ﬂ'l‘ilﬂﬂﬁlf}gﬁ‘lﬂu1Huﬂﬂﬂ1uﬁ$ﬂ$mﬂtﬂﬂ3 1 180 71U
a 5% aa
mﬂm‘nzmmgammnm
3 PR o a d an i,
"Ui’)l_{fwl.lﬂ"i]'lﬂﬂ’li‘ﬂﬂﬁﬂQu']1J'1'JLﬂ'.|"l$'Hﬂ'ﬂllLﬂJﬁﬂ'i’)‘H'ﬂ'lx‘lﬁﬂﬂ (Analysis of
) ; ; N p The. > b 3
Variance) lﬁﬂ?ﬂﬂ'] F-value 1’1'lﬂ%ﬂQﬁllﬂﬂﬂﬁ"J'lﬁiiﬁﬂﬂ'NﬂﬁSﬂ'ﬂﬂ?nﬂ%ﬂﬂu 95 ll]ﬂﬁl"']f‘uﬂ

i ldnSeuiivumianuuand1aTaelyd DMRT (Duncan’s New Multiple Range Test) 38 LSD

(Least Significant Difference)
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" [ [} a a o (Y] o’
ﬂ]‘i‘ﬂﬂﬁﬂ\‘lﬁ:; ﬁﬂ}:l1ﬂﬂ'i'lﬂ’l'iﬂﬂﬂffﬁ’lf.lllﬁgﬂi)ﬂi'ill‘llﬂﬂﬂau‘ncﬁ!ﬂﬂu ﬂ'\ﬂiﬁﬂ'ﬁﬂﬂﬂ’liﬂﬂ"lﬂuﬂz

1 ¥
wWdnlugdunuee g TagdalSuaumsuoulasen laaniiain

MITUHUNTINADD]

ANUUNITNAADY TABINUHUMSINAADIN1ADAIUY completely randomized
v ' . "
design (CRD) 1 3 41 sgneuain danaaed 10 M3y Tasmsseaaetieauiasey 13 20 a5y
(=1 4 z ° o o 9/ " o - =
Tadinines sxminiimsagnraunuasdaniada saunudjensn fJogiss uaznarudodiva
é 1 o o o dy
93 10AUDUAVDIARZFITUNAADY Al

A3 1 ganruan (AU lulinisagnuay)

2

v
0 o

fsun 2 Tavhatn 16 N5y @e Au 5 A lansu (1,000 A lansu/1s)

[
o o

f5un 3 lawat1 32 niu e @ 5 Alansy (2,000 A lansu/ls)

a3uit 4 Tdndimdoninnsimhed b usasd 2,000 it lansu/ls

#15ud 5 Tavihadna 16 n3u (1,000 Alan3a/1s) + ffuaen 3.2 n¥u (200 AlTandaw
15 wazvhadn 1,000 ATaniu/15) Aeau 5 A laniu

§1307 6 lavhad1a 16 n (1,000 ATansu/1s)+ fonen 3.2 n$u 200 ATans
15 wazrha 412 1,000 Alandu/ls) + dogSvoie nsu@o Alaniu/ls uazviadna 1,000
A lansurls)

#1507 7 Tdwedha 16 nu (1,000 ATansu/15) + Tunen 3.2 n3u 200 A Tans
15 wazgvhadna 1,000 Alansu/ls) + dugSvoie asuao Alansu/ls uazshsdaa 1,000
Alaniu/ls) + wariuean 0.16 S (10 Alansw/1s wazwiadhn 1,000 Alansu/ls)

d3ui 8 Tavhadho 32 n3 2,000 Alansw/13) + ijunon 6.4 n3u (400 Alansy/
15 uazvhadna 2,000 Alansu/ls)

#3uit 9 Tevhedna 32 n¥u 2,000 ATan5w/19) + fJunen 6.4 3w (400 Alans/
15 nazvhedn 2,000 Alansu/ls) + HoyiSe 032 adu 20 Alansu/ls uazvhadai 2,000
alansw/19)

&30 10 Tavhadha 32 n5u 2,000 Alansu/ls) + fJunen 6.4 n3u (400 Alansw

15 wagrhadnn 2,000 ATansu/ls) + fJogiSe 0.32 3y 20 Alaniw/ls uazwiada 1,000 Alansw

15) + wariuroama 0.32 51 20 Alans/1s uazvhata 1,000 Alansu/ls)
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HEUAIBEAUAYBUNIBIngA1 q Thiddu udnimisysuanuaulvey

[ |:’ o a aa (Y] g © ] ] 1 ar
Tuge field capacity lawlarvihiinnesas 4 daaans wasnmimi lduuluvaetusuny
A150%a18 NaOH 1.0 N teansulsinamsveulasenlyd deasuimuah 7, 14, 21 uag

28 Su M hAmsnzimlSinamsueulasenles uazilfinavhednngndesame
o ‘ 1
mssmnaviBmaufamiveniaeenlsduazinahathavigndesaas

) d d o £
- mannlsmamsvenlaeenlea snouldsingas

[10-0.5v] x22  mgCO,

- msdmnsmnSinavhsdnngadesrain fauldsingas

[10-0.5 vl x 10.344 mgC

v = 15 Her 1 (m1 ) Wldnuaedeay
10 = @uyadyed HCl 118910 Blank Ao ilaesazais NaOH 1N §1u3u 10
UA. UAIMBARY phenolphthalein indicator 3 VoA UA2lAAIN A HC1 0.5 N 3unsENIdves

P ¥ [
asazmela dmaaoundlez 1 HC1 0.5 N imafiy 20 wa.
a d - e
msnazideyanada

doyan ldsrnnisnaasainnimsgianunls)suneads (Analysis of

: ¢ ' 1 4 o . =]
Variance) 1WOM1A1 F-value Mindoyauaninnuiana1aiszaunnudemn 95 ulesidus
i lhiSsuisumanuiand1alasld DMRT (Duncan’s New Multiple Range Test) 58 LSD

(Least Significant Difference)
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UNN 4

=Y d
HaNIINAADIATNIIIVITY

1. HANITUATIZHAIBEIIAUNMNNINAGRY

ﬁ!mﬁuﬂ'ﬁvawﬂﬁumqmﬁﬁmmﬂam uaraaglualsie 12 Auvudin o
auiiudumiion fm Sdyadsaima Tufuddndaud 20 wuanes aslifuiumiiod
miuihana ﬁﬁﬂﬂﬂizlﬂuﬁ‘g‘m?ﬂ UgAsowesmmiiunse din) pH dszanm 52 YSuna
dunivdagiifnlszanm 031 ulesidud TuTasumuafinnlssanes 0117 nlofigud
Vsinamearesaniiulss Tominemaiiaszana 133 ppm. Y51 TmmanSeuiiuanalden
1@fianlsznam 172 ppm. USuiamea@euiivanalaoulaninnlsyuia 1940 ppm. 1Suans
uunfi@ouicanufon1Atinnlszna 232 ppm. YSinamsueuluauiinnlszuna 4.04

wledidud mmaiiIfhwesAusianlszana 173 pUs/em.

A1319 12 UARINANI AT IEHAUAUTARUFANIIA

amauiAvesAuinImMAass HAMT AR 1EN

BUNTUTAY Organic Matter (%) 0.31
TuTAsiouRanua Total-N (%) 0.117
WoaWoia Available P (ppm.) 133
TWumadou Exchangeable K (ppm.) 172
UADLTYY Exchangeable Ca (ppm.) 1,940
uunto Exchangeable Mg (ppm.) 232
AT DU C (%) 4.04
anuilunsailua1983AY soil pH (1:1 H,0) 5.2
amsi Wi EC (US/em.) 173
L‘Ifﬂau Soil Texture Clay

Sand (%) 29.12

Silt (%) 30.00

Clay (%) 40.88
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o Y o ¢y Y A o
2. amsiuYByasaz N ITHYeavevht IMin Ay
2.1 Nnm‘inﬁm’fﬁ)gaﬂ"‘:mmuazﬂmﬁnmmma%’n‘luuﬂmm

=] o '

msudeyaniaudasnveunsasng Tasmsiulastesving 1xl a3

] [ 1
Unamsineidaveunyasnssznoavesdinesn taznmede I luuigalszina 1530

£ 3 .
IFUAIAT INMT ALY 5 s watsingdn Tuiudi 1 asruuas Gnedha 16 ne Tay

1 " = : s v ﬁ. ar : o Y
TYOYYI9UBIMARLND 152381 25 [ruAWAS 11IMINIINABNBMAY 119.5 N3N Hntiawadn
14 o ]

78.8 SN U IMENABN 40.7 N5 1 thntinsduvesnedaazatimasssunn 3,000 A laniu

ao'ls A998 13

v
M3 13 uaaniminyesiesdn lunalasun

E Y ¥ v
s ., nn/ne WM U/A1I 1A whmin/ls
WRL IV VI RRETRR 5 > 7 .
(A5) (nlansw) (A lansy)
n’ o 9
N9 78.8 1.26 2,017
v
WINHNADHA 40.7 0.65 1,041
WIninIWABND 119.5 1.91 3,059

a d = v
2.2 wamsAnzrmamiveaniann

a o { L]
HanIzANIAinazsIgeIIsvesnsd1Iminananes uaasluaiig 14
' ¥ & o =t - ' e a :
wu1 vhatmhumaaeslial CN ratio 110U 96:1 Usma Tulasiounanua 046
¢ o o = o : a = n’:
wesitua  Usuavoanesaneriua 997 ppm. UTuie InumaiFouviaviua 52,002 ppm.
¥
= .:1 - A ar o a o« o "
USauaaidon tazuuniiFounInug 3,491 1AL 1,463 ppm. AINAIAL AITUBUIAUNINY

d o 4 1 =
44.55 1losua uazal pH Uadszanm 6.2
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= 4 =1
1519 14 UARINANIITUATIEHMAUATIVDINIIU17

Qmﬁuﬁﬁﬂmﬂm’fnﬁﬁmmﬂam HanIsANTIZH
C:N ratio 96:1
TuTastouenun Total-N (%) 0.46
ﬂaﬁﬂa%’ﬁvﬁy’anuﬂ Total-P (ppm.) 997
TwumaiFouavua Total K (ppm.) 52,002
UnATHENTANIA Total-Ca (ppm.) 3,491
e anan Total-Mg (ppm.) 1,463
ASuBY C (%) 44.55
pH (1:1 H,0) 6.2

=3 1 [ 3/ 1 ar o \J 1 d‘.
3. Hﬂﬂ'l‘iﬂﬂli'lﬂ]ﬁalﬂﬂW\it!ﬂzﬂ1Q'l.l]'!‘i'J'Hﬂllﬂ'ﬁﬂﬂﬂ'l‘ﬂu;llu‘l]ﬂﬂ%l‘] aemifasunilas

auEdinmanil sazdinamgeimsiidluszlaviludu (manaaead 1)
3.1 manfasuudasnl pH vesdu

msuasulant pH vosduuaaslumse 15 uazaIsNenIAKLIn 1 uag 2

nnmineans  wud  mslaednlugadmiunsnaasszilunssaiiun pH vesdu
A = ' 9/ [ o oA Ja' 1 a o é’ 1

uazieuMylanednluoa NIy M pH vesruAsrgannUY  lasmmzlugn

& o 3 [ a ' A r.‘g P= - 9/ [~ 9 [

3 1AouNsn MAIINIUAT pH voaue limudubn nieliuua Iuasauamiss  msldws
9 1 o X 9 0 aa o (] 3/ 1 = ey o 9

nswivijeasn ludawa a1 pH uanmamsadanums lavhednaediuaes ualinailvin
' ] 1 a o ] o o ' ' a

pH ganims lavhsdnedudsaanios mslaijusisuiumedn ludamwalde pH vesdu

n‘ J 1 ] = — ' = ‘2’ J 1 o
WY duns lansnuneawaiinam pH UDIAUMNUIUBYNYAIIU

23 - 3 < i wia g d
msiiuiuves pH Tugedunasdalianwiunsa dieldvhadhi ieann
aoFaazH et dumsounsd WemanistovezaaasyIianmwsandu (reduction) Y9IAY
a ; ' 3 a ~ 4 . A (aaa
unnvu neldinanmsazauvesmsazaeNiluae (reduction product) ‘nuﬂgﬂsmsﬂumﬂ
a &' 3 1 o = LY + a 1 Y = Q. dg
TuAunniy  esazatsasnane libvinsedy H luauy  dewalvinn pH vosRumuay
o o ar 3 (] 9 w a a 45 2L o Y a é‘ o o
(930Y uazAmE, 2544) AU lawedludasnmuauaei v pH vesaugsu dinsu

[ 1 3 v 1 " - =3 : :
msldilenensaudasiinaldn pH gandmislawednedafeauanmioniu isansnie



A o 1

a ad 1w 3 [ % J a a a

aeniiuasBunidiruiu saismsldijonenduiluunasvesydunissaiiodaasuionssu
1 e;‘ 1 1 [ o ] ] [

mstesaatsuINIuRIY dauaunauesns lamsailswduvhadnlilddiwaldn pH ves
Auiiiy  ewsziisunvintuguiianwilunsadndostanhunais Weldasliludues
; ' = g s & = , g (= 4 &
wlsanmilunsa  dawaldan pH vesauhiiuiu  mindimslddoniilulSananunniy
p19vraIna v pH vosauanad  d@msums lansiuneamasiunuvied wud dnav

v o P J " as & o =4 [ 1
1Wa pH vesAwuTuesFawy - issnasiuvemmalignmilud  uazdey
1 o - 1 Y 1a d" © 9 = a eg 1
anddessigemisndn tazsesiidlusiganalvunfuniiuild pH vesAuriniueds

FALIU

= " 1 o bl 1 o ot 1
131 15 nfsoumeun pH ¥e1n1s lanesaazniat T mAumsTanms lugduuuag

o @ =1
A1y LU (1ADY)

Anae
NABDY 0 ] 2 3 4 5 6

AN 1 5.20 5.40 5.60 5.70 5.65 5.60 5.55 5.53

AB

R15UN 2 5.20 5.55 5.65 5.75 5.70 5.65 5.60 5.59

A5UN 3 5.20 5.55 5.62 5.75 5.70 5.60 5.63 5.58"°

AB

ATSUN 4 5.20 5.60 5.68 5.80 5.78 5.73 5.65 5.63

A1SUN 5 5.20 5.58 5.65 5.80 5.80 5.68 5.63 5.62%°

AB

Uil 6 5.20 5.68 0.0 5.83 5.83 5.85 5.68 5.69

Asun 7 520 570 578 5.83 578 .5.75 5.70 5.68""

A

ASUN 8 5.20 5.80 5.85 6.03 6.00 5.93 5.85 5.81

[] ke
VINOMA: BNHINTHIBINERMAUATLLLIALANAIRNUIEADINANUANA AN 1A DA

~ w 5. o ¢ d o
Iﬂﬂ DMRT mzﬂummﬁauu 95 lﬂﬂ‘il“b’uﬂ



(pH scale)

a
ANVIAY

anihinsaily

anuihunsaduaravesdiu (pH scale)

FEREEREEBU

6.2 i
‘ —— @i |
{ >
6.0 # i e v d
| e e — 08— mIun2
e e L E
56 —— Ui 4
54 -- O --MUN S
—a— it
5.2451
—4A — fmiun7
5.0 T T T N B T 1
. ¢ . . ¢ S % —@suns
=) = - I =) — - = - = =3 =
0 1ABUN 1 LABUN 2 (ABUN 3 LABUN 4 LABUN S LABUN 6
Jzeznal
R LT T PR T T ST EPERY 7 PP PR PLCE
- TrS Tr2
—----!----.-'.--——-—--— ---------------- r I
5.8 3% o -
| 553 s
_ s :
54+ -- S
52 ¢-- {---
5.0 : 1
vhedn vwdnsdlonen  vedtijonen vhednasdjenen
+1ogisy + fJogiTeo+
wirurp e
f3unAaes
M 1 ldvhadna 3.2 niu
arsun 2 Tavhatha 3.2 ndu + ijuaen 0.64 i
#1iui 3 1dvhatha 3.2 nfu + iJonen 0.64 N3 + flogiGe 0.032 niu
A5UN 4 Teivhada 3.2 nu + fonen 0.64 niu + fJoyEe 0.032 niu + weriureaida 0.032 N3y
fsun s lavadn 6.4 nu
MTUN 6 Tavhed 6.4 niu + fJuaen 1.28 ni
AuA 7 lavadn 6.4 n¥u + Tunen 1.28 niu + fJugiFe 0.064 i
Miun Teivhadn 6.4 niu + flonnn 1.28 niu + JoyiTu 0.064 niu + waiuremva 0.064 niu

2 7 ulSsudous pH veamsldaedanazvhadsudunmssams lugduuuea 9
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3.2 mslasuasmmsiin e sdu

manlasunlasmmani Mhvesdu uaasluaisis 16 nazarsranianuan 3
1 of = o 1 -] =) C; 5 o o 4 =1
uaz 4 myldaedaazvhadniudu ildmnsni lwiheestumuinulugn 9 5y Welins
1 o ~ 1 ' ° a d { . & o o
Tavhadnlusasnninavuamsti Iwfheesduniinur Wanzmsiuau 1dde dmiums
. ¥
Tdilonen tuni wiewsriunemve - Tuiinadiildmmsir liiheeshumnivodsihivd Ay
aa :‘\ ; L] o 1 - d‘l c; ‘4?
maada  mauiuveanimai il Tasmmzlusas 4 @ouusn WewInmsmyyuves
Tooouan q lumsazaedy  dievhsdniimsamediesnd q azrey o dasase
= =4 & A o & 1 o = A da
itunso  aalidalizneuveslulasnurarmsveusuiluuvawasuve igaunidau
L ﬂl = “— =4 = 1 =) = os Q‘) = J C:
Fumssriuisnssuvesgaunisau lunmsneliimaanmianduluduunnin _ taznlaoy
a o 4 [ ] a A o
arsouns o lugii ludhulse Tonildueglugdvesleseulumsazawdniwsanansai’ly
3 £ o a ' [ =
14152 Tomi 183nVu (De Datta, 1981) @oARABINY augYiv (2545) Wyl as lavhedniing
o 9 o = n. J ] U s -ﬁ' =t 1 9/ o d‘ ud? 1) o
mlnanmh lWdhvesdunuiuenauausa  idielimsldvhadnludasngavuy mmeih

" b 4
TWheesduazuay

a13e 16 1WSoumeuninsi ldihuesdiu (Ec) vesnmsldnedauazwiadnsuiumssans

Tugiluuueng 9

J2Uza1 (1ADY) i

A5 unAand iy
0 I 2 3 4 5 6
ffuii 1 173 o3 P 2090 264, 12680 V236 40 268 237"
&350 2 173 18 228 258 261 292 283 240"
f15u 3 173 181 227 275 293 292 292 247"
#1570 4 A B B2\ Y 257"
fsudi s 173 194 233 / 282 | 313 M 307 295 257"
F15U7 6 173 193 240 288 318 310 302 261*
ﬂo'lg‘}_l;:l 7 173 203 253 289 326 320 319 269A
#1507 8 173 213 257 302 326 322 326 274"

v E4
MINOIME:  BANINHIBINGHAMAUALIUIAWANA WA ULTAINILANUUANARNUN DA

Tay DMRT fszaunnu@osiu 95 wosisua
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a d aa
MANUIN N ATTTIAUATIENTDA

a o 1 o o =
AT HAANKIN 1 LEAIHANITAUATIZYAT pH YDIATTUNANDIN 1 -4

82

4

32821707 Asunaany
(LN 1 2 3 4
1 5.40° 5.55° 258" 5.60°
2 5.60™ 5.65" 5.62% 5.68°C
3 5.70* 575" 575" 5.80"
4 5.65" 570" 570" 5.78"
5 5.60" 565" 5.60™ 5.73"°
6 5.55"" 5.60™ 5.63° 565
ANANA NN NADA * * * *
€V (%) 1.64 1.02 0.8 0.67
LSD 0.05 0.22 0.14 0.11 9.34
AINIANYIN 2 LTAIHANIT AT IZHA pH Yo unAaedd 5 -8
FHA AR N R
(1feu) 5 6 7 8
1 552" 5.68° 5.70" 5.80°
& 565 575" B/ 5.85°
3 5.80" 5.83" 583" 6.03"
4 5.80" 5.83" 578 6.00"
5 5.68" 5.85" Y 593"
6 5.63% 5.68" 5.70° 5.85°
AMANANNADA * * * *
CV (%) 0.67 0.87 0.66 0.91
LSD 0.05 9.34 0.12 9.34 0.13

[} ¥
HINOIMG: BANTMHISINGENMAUATILIRIANAALLAAIDINANNIANANAUNNTTR

1A DMRT N52AUAMUDIY 95%

1 o aa i o A Hll
* U.Glﬂ?lNﬂuﬂNﬁﬂﬁﬁ'ﬁ:ﬁﬂUﬂ’ﬂﬂﬁfBuu 95%

ns  IUANUUANAIINYNIE DR



a 3 aa 1 o o 4
ATTHNMANUIN 3 LAAIRANTIUATIEHNNTDAAT EC ‘llﬂ\'iﬁlﬁﬂﬂﬂﬁﬂﬂ'ﬁ 1-4
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zeeIan A UNARDY
(1hBU) 1 2 3 4
1 193° 184" 181° 204°
2 209° 228" 227° 235°
3 264" 258° 275" 278"
4 268" 261™ 293" 292"°
5 286" 292" 292" 307"
6 268" y. i 292" 311t
AUANA 19NTDA * * * *
CV (%) 3.37 3.72 445 378
LSD 0.05 20.42 22.87 28.27 25.07
MINMARMIN 4 LAAIHAMTIATIZHIMIABAR EC Yoed1iumanesdi 5 - 8
b N AMTUNAIBY
( 1hBL) 5 6 7 8
1 194° 193° 203" 213°
2 233° 240° 253¢ 257"
3 282" 288" 289" 302°
4 313" 318" 326" 326"
5 307" 310" 320" 322°
6 295"* 302" 319" 326"
ALANANINNTIA * * * *
CV (%) 421 3.00 3.67 3.56
LSD 0.05 27.87 20.23 25.59 2532

v L
vanome: oANIMEISIRgERMAUmIIAwanAiuLEAsialALANA TN 1A a

Tat DMRT N15¢AUANUFDIY 95%

* I ANATAUNIADANIZAUANLA DY 95%

ns  IHUANUUANANAUNIIADA



= ¢ (& =Y N o o {
MITMANUIN 5 LLﬁﬂQNﬁﬂ]i'Jl.ﬂi'IZ‘H'lji'll'liuﬂuﬂ%U?ﬂQﬁ]ﬂGﬂTiUﬂﬂﬁﬂﬂﬁ 1-4
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FHAA R B A1TUNARDY
(1AOU) 1 2 3 4
1 1.46° 1.64° 1.59° 1.66°
2 2.06° 1.97° 2.04° 99"
3 2245 2.24% 233% 2.39%
4 2.64" 268" 2.78" o
5 2.46™ 244" 2.62"° 2.49°
6 2374 237" 278" 241%
ANANG 1INIADA * . * *
CV (%) 6.58 573 5.26 2.54
LSD 0.05 0.36 0.31 0.30 0.22
MFNMARKIN 6 HEARINANIT IR IuBUNSe Taguosiifunanesdi 5 - 8
32821901 fITUNAQBY
(1AoU) 5 6 7 8
1 1:81° 2.05° 355 2137
2 R 23§ 219" 2.328 o7 i
3 247" 257" e S 241
4 2.814 279" 292" 2.80"
5 2,63 p L3 2.84"° 2951
6 261 2.64" 276" 2.61*"
AMANANINNADA * * * *
CV (%) 3.97 412 5.29 452
LSD 0.05 0.24 0.25 0.33 0.28

] L
WIBING: DAYIAHIBINAENMAUAIILIAWANA 1A UIAAINITANULANARAUMIATA

Tao DMRT N52aUAMUIEDLY 95%

\ @ aa 4 ar lﬂ' B"
* LlﬂﬂﬁNﬂ‘HﬂNﬁﬂﬂﬁi$ﬁ‘Uﬂ’ﬂm‘Hfmu 95%

ns  UANUUANAIAUNIIADA



85

a d a 3 o w 4
AT TMANUIN 7 !L'ﬂ'ﬂ\‘lﬂﬁﬂ'l?’JLﬂ'i'lSﬁﬂ‘lJ'ilﬂmuluiﬂﬁLﬂuﬂﬂﬂhﬂﬂlﬂﬁﬂﬁﬂﬂﬂﬁﬂﬂﬁ 1-4

STz A UNAANY
(1AoU) 1 2 3 4
1 0.199° 0277" 0.287"° 0.296"
2 0.237" 0.281* 031" 0.302"
3 0.240" 0.270° 0.296" 0.293*
4 0.235" 0.266* 0.287* 0.284™
5 0.232" 0.263° 0278 0.280°
6 0.217° 0.256" 0.273" 0.273°
AANA 19N198DA * * * *
€V (%) 231 0.86 448 1.58
LSD 0.05 1.28 5.65 3.16 1.11

= o (= u‘: o o o~
MITNMANUIN 8 kLﬁﬂdNﬁﬂ’]i‘]lﬂﬁ’]Sﬂﬂ'ilJ'l’Cli'lHTﬂil‘i]UﬂQﬁﬂﬁ'UﬂﬂﬂT'il]'ﬂﬂaﬂﬁ“ﬂ 5-8

J2U219a) A1 UNAABY
(1Riow) 5 6 7 8
1 0.327° 0.311% 0.348%% 0.349"
2 0.252" 0.330" 0.368" 0.365"
3 0.249"" 0.327"* 0.356"" 0.358"°
4 0.244% 0.319**¢ 0.348"% 0.346°
5 0.234° 0.313% 0.335" 0.342°°
6 0.232° 0.306° 0.333° 0.332°
AANAIINIT0A * * * *
CV (%) 2.04 1.92 243 1.38
LSD 0.05 121 0.02 2.06 1.18

[ ¥
wiNema: BANINEISINABAMAUATUIUIRANAIAIUITAIDINANUIANAIAUNAEA

Ty DMRT N3&@UANUIFDIN 95%

* ANANAUNNADANTZAUANUIFOIY 95%

ns  BIAMBUANAINAUNIITDA



= 4 1a @ A d o o =
AMTHNNANUIN G Nﬁﬂ'l'i']Lﬂ‘i'l&’ﬁﬂ'iﬂ’lﬂlﬂﬂﬁﬂﬂiﬁﬂ&ﬂuﬂ?giﬂ‘ﬁu‘ljﬂﬁﬂ"l'iﬂﬂﬂﬁSﬂ'ﬂ 1-4
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32021701 ﬁei'l'ly‘ljﬂﬂaﬂﬂ
(tAoU) I 2 3 4
1 195" 184° 181° 204°
2 211° o 29° 235°
3 266" 258" 71t 279"
4 2 260" 292 293"
5 277" 293" 292" 306"°
6 289" 282" 293" 31t
AWANA1IN19ADA * * € .
CV-(%) 5.06 6.03 473 4.08
LSD 0.05 31.15 37.04 30.12 27.10

= v = o o o o e =
MSNMARKIN 10 #an1snserlsinaneanesandlullszTemivesdisunaanin 5-8

T2H2A1 A1 UNARDY
(L) 5 6 7 8
1 196° 192° 203° 312"
2 232° 240° 253° 257"
3 gss" BgR® 289" 302
4 310" 318" 326 326"
5 307" 308" 320" 326"
6 208" 302" 318" 323"
AANA 1N 19A0RA * * * .
CV (%) 436 3.26 2.97 3.26
LSD 0.05 28.89 21.89 20.72 23.21

' L
nugma: é’ﬂmnm15&ﬂqB°nﬁ1h"‘umuummnmnmanuuﬁm5wmwummqnummm

TAg DMRT 1528 UAMNUEDIU 95%

* UANANAUNNADANTLALANUITOLU 95%

ns  HNANUUANAINUNITDA



a d 12 o @ 4
MINAMANUIN 11 ikﬁﬂﬂﬂﬁﬂ'l'i')l,ﬂﬂ%ﬁ‘1J5NWEILIWLlﬂﬁL&UﬂJi}ﬂQﬂTiUﬂﬂaﬂQﬁ 1-4
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ALY A1TUNANDY

(heu) I 2 3 4

1 182° 188° 193” 202°

2 207" 214" 27 | 224"

3 216" 219° 296 231"

4 224" 226" 230" 244"

5 247" 245" 246" 2554

6 246" 252" 256" 263"
AANA 1IN NADA * * * *

CV.(%) 422 2.75 4.05 337

LSD 0.05 22.65 22.85 22.52 19.47

MIWMANUIN 12 warnsramsIns s ina InmmFouvesdiunaaesd 5-8
PEL A R MIUNARBI

(1hou) 5 6 7 8

1 204" 211" 216 222°

2 M7 230" 2208 245

3 25 246° 243 2555

4 246" 2577 257% 273"

5 264"° 269"" 270"° 281*

6 272" 283" 279" 295"
ANANA TN NADA . = * *

CV (%) 3.56 2.37 334 3.85

LSD 0.05 20.81 14.49 20.38 24.67

] bt
HUUHA: Elﬂ‘Hﬁﬂ"l‘kﬂENﬂE]‘Hﬂﬁ'Iﬂ‘UWHJLLH’JFNLLﬂﬂﬁ"Nﬂutm’ﬂQaﬂnﬂ’)’lullﬂﬂﬁ'ﬁﬂu'ﬂﬁﬁﬂﬁ

1A DMRT N32AUANUT0IU 95%

¥ ANANAUNIADANI ZAUANUFIY 95%

ns ludanuuanAenuUN1eann
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a d = . i o 4
MTHENNANUIN 13 L!.?fﬂﬂﬂﬁﬂ‘li']kﬂ‘i'ixﬂﬂ5'1.|']ﬂlLlﬂal""dﬁﬂnﬁuaﬂLﬂEﬂquﬂ\‘lﬁnﬁUWﬂaﬂﬂﬁ 1-4

Pi iRl ﬁ?";ﬂﬂﬂaﬂd
(1RBU) ] 2 3 4
1 2044° 2090" 2072 2148"
2 2148" 2148" 2096 2170
3 2172° 2263" 2159° 2227°
4 2276 2354° 2338° 2435°
5 2428" 2462" 2552° 2633"
6 2588" 2636" 2623" 2705"
AWANATINIADA » * . *
CV.(%) 0.62 1.24 0.74 0.69
LSD 0.05 34.61 70.37 41.82 40.34

AITHMANMIN 14 LAAINANTS AAT IS aeaEouiuanilasuvesdsunaanen 5-8

PEA A AT UNARDY
(1ABw) 5 6 7 | 8
1 2097 2094 2123° 2169°
2 2188" 2209° 2300° 2362°
3 27" 2230° 2325° 2433¢
4 2349° 2317° 2448" i
5 2518" 2545° 2648" 2825"
6 2688" 2669" 2690" 2904"
AMANANNINADA * * * *
CV (%) 0.66 132 0.77 1.44
LSD 0.05 38.06 75.49 4571 90.04

. o
MUBNA: BNHINBISINENMAUAILIGILARANAULEAIT A NUANA A UN A HA
Ty DMRT N152aUANUIEDNY 95%
*  UANANAUNIADANIZAUANUYDIY 95%

ns  TANUUANAENUNIIADA
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L= d 1= A A { { o o =
MTHNNANUIN 15 Llﬁﬂﬂﬂa’llﬂﬂ&’ﬂﬂiij’lmLmﬂul”HﬂﬂﬁitﬁﬂlﬂaﬂuVlﬁ"\lﬂﬂﬂﬁ‘lﬂﬂﬂﬁﬂiﬂ 1-4

JLHZI ATuUNANDY
(1fBu) I 2 3 4
1 242° 244° 253° 251°
2 249% 255" 258° 264%
3 255° 256" 264% 266"
4 21t 262 vy 278%
5 P 273" 284" 290™"
6 282" 288" 290" 299"
ANANATINEDA * * * *
CV (%) 1.86 293 2.07 2.68
LSD 0.05 11.97 18.85 13.70 18.00

MINMANUIN 16 LAAINAIATIZHISanunTiFsunuanlasy ldvesdrFunanen 5-8

U ﬁ1§ﬂ°ﬂﬂﬁﬂ\1
(1Row) 5 6 7 8
1 251° 255° 252° 252°
5 256" 262° 264" 262°
3 266" 266" 268" 270
4 281° 285" 282° 287"
5 7" 293" 294° 293°
6 297" 305" 307" 4 i
AWANANN DA * * * *
CV (%) 2.16 2.24 1.57 3.23
LSD 0.05 14.4] 15.22 10.67 22.17

. W
WUOIMA:  BABINIHIBINEARAVAIIUIAWANAIAULTAINNNANIIIANAIAUNTTA
Tag DMRT N32AUANUTDIY 95%
¥ ANANAUNIADANIZAUANLADIU 95%

ns  UANUUANAIINUNIIADA
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a d a 4 a o o 4
ATEMANUIN 17 Llﬁﬂiﬂﬁﬂﬁ']lﬂ'i'l:ﬁﬂﬂﬁuﬁuﬂTiUﬂuiuﬂuﬂJGQﬁ'ﬁU'ﬂﬂaﬂﬂ'ﬁ 1-4

3021907 A1 UNANDY
(1#Bu) 1 2 3 4
1 4.12° 4.15° 412° 4.13°
3 423" 425" 422" 425"
3 425" 428" 424" 430"
4 4.19*% 4.18% 4.19"° 4™
5 4.14™ 4.13° 415 415"
6 4.14% 4.13° 414% 4.15%
AMANATINTDA * * * *
CV (%) 0.95 0.76 048 0.59
LSD 0.05 0.097 797 0.049 6.04

a a o a o o P
ATTIMANUIN 18 Hﬂﬁﬁﬂaﬂ"l‘i’Jlﬂi]zﬁ'ﬂ‘i11'iﬂ!ﬂ'lﬁ"l]ﬂllI‘Nﬂu'ﬂﬂiﬂﬁ‘ﬂﬂﬁﬁﬂ\ﬁ’l 5-8

ITHTIN ﬁ?%ﬁﬂﬂﬁﬂi
(i) 5 o 7 8
1 4.19° 424° 4.25° 4.30°
2 435 438° 4.36" 438"
3 438" 4.42* 441" 4.40"
4 432" 430° 432° 432"
5 422° 421 4.24° 425°
6 421° 4.20° 421° 4.22°
AWANANNIIEDA * * * *
CV (%) 0.43 0.33 0.56 0.38
LSD 0.05 452 3.46 5.83 4.00

1 b
vinome: Sn¥InsIngquiffumuIIRuAnsRAULAAIdNAILANAIAUNNAEA
1Ay DMRT N52AUANMTDIU 95%
£ UANANAUNINADANSZAUANMTBIY 95%
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MINMAKNLIN 19 taashmindnainnisnaaslgnuesiiunaasi 1-5
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¥ ]
M3MANKIN 20 uaanimiindnInnsnaneallgnueadisunaasad 6-10
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a =

= « aa (o a P [} o
MINMARUIN 21 LEAAINTTIATIZNIIAdATIaEIBunIongndesaais laoyaunio

Y9I UNARBIN 1-5

A15UNAABY
s2EIA1 ()
1 3 3 4 5
7 5.28° 8.21° 10.85" 8.57° 945"
14 937° 11.55° 16.91° 11.33° 12.90°
21 10.51% 13.03° 20.67° 12.31% 13.71°
28 10.65" 14.80" 21.53" 12.54" 15.55"
ANUUANAIN MDA * - * * *
CV(%) 4.82 3.20 2.06 2.76 1.95
LSD 0.05 0.81 0.72 0.68 0.58 0.47

a d aa |a = o 1 a o
AT NN IAHUIN 22 llﬁﬂ\‘lﬂ'ﬁ?lﬂ'ﬁ“ﬁg‘ﬁ'ﬂ"lQﬁﬂﬁﬂiﬂ'lﬂlﬂ'ﬁﬂllﬂ?ﬂqﬂ“ﬂﬂﬂﬂﬁﬂ"miﬁﬂ?ﬁuﬂ?ﬂ

U9IRITUNAADIN 6-10

ITHEInN ﬁﬁ’ﬂ‘ﬂﬂ'ﬁﬂi
(w) 6 7 8 9 10
7 11.48° 12.43° 13.67° 16.94” ik
14 14.66° 15.79° 17.86° 19.97° 22.84"
21 16.07° 18.88" 21.03" 22 48" 23.44°
28 17.76" 20.60" 23.21" 24.48° 25.34"
ANULANANNNADA * * * * *
CV (%) 2.68 1.59 1.86 1.92 4.15
LSD 0.05 0.76 051 0.66 0.76 1.75

o

) ¥
Vinema: SnEIAEIBINgERMAUAIIIIAMAnAAULARAIlaTinNuLANA A UNIADA
Tae DMRT M32@UANUABIU 95%
X UANANAUNNAOANITZAUANUFOIY 95%

ns  MTANUUANANAUNIITDA
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