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EFFECTS OF LIMESTONE TAIL ON YIELD, PHYSICO-CHEMICAL
CHARACTERISTICS AND POST-HARVEST PHYSIOLOGICAL
DETERIORATION OF CASSAVA

(Manihot esculenta Crantz.) ROOT. THESIS ADVISOR :

ASST.PROF. RENU KHUMLERT, Ph.D., 83 PP.

LIMESTONE TAIL/POST-HARVEST PHYSIOLOGICAL DETERIORATION/

CASSAVA/STARCH YIELD

This study investigated the effects of applying a combination of limestone tail
and basalt tail with chemical fertilizer on the yield, physico-chemical and
physiological characteristics of cassava roots (Manihot esculenta Crantz.) It was
conducted by undertaking two sets of experiments.

The first set of experiments studied the effects of different combinations of
limestone tail and basalt tail with the ratio of 0, 1:3, 1:1, 3:1, 0:1, 1:0, all at the rate
200 kg/rai, with and without chemical fertilizer 13-13-21 on the yield and starch
content of 5 cassava cultivars namely Kasetsart 50 (KU50), Huaybong 60 (HB60),
Rayong 7 (R7), Rayong 9 (R9), CMR 43-08-89 at a farm in Pak Thong Chai District
with 4 replicate Split-plots in RCB design. The experiment started from November
2007 to August 2008. Fresh roots were harvested 8 months after planting, from which
the cassava yield was measured. The starch content was measured using two methods:
measurement by direct extraction and measurement using Reimann scale. The results
showed that combination of limestone tail and basalt tail with a ratio of 1:1 at the rate

of 200 kg/rai, with chemical fertilizer at the rate of 25 kg/rai, gave the highest fresh



root yield at 5.84 tons/rai, with a starch content of 22.04%, while the control roots
have a yield of 4.9 tons/rai but with a starch content of 23.68%. The combination
which used only chemical fertilizer gave the lowest fresh root yield at 4.74 tons/rai,
with a starch content of 22.37%. Among the five cultivars, the CMR&9 cultivar gave
the highest fresh root yield at 5.80 tons/rai, but the lowest starch content at 20.78%.
Cultivar R9 gave the lowest fresh root yield of 4.59 tons/rai but with a high starch
content of 23.66%. Cultivar KU50 gave the highest starch content of 24.28%. The
average fresh root yield and starch content of all treatment were not statistically
different but five cassava cultivars had statistically different on fresh root yield and
starch content.

The second set of experiments evaluated the effects of different combinations
of limestone tail and basalt tail, at the ratio of 0, 1:3, 1:1, 3:1 and at the rate 200 kg/rai,
with chemical fertilizer 13-13-21 at the rate of 25 kg/rai, in all treatments on fresh root
yield, physiological characteristics, chemical characteristics and postharvest
physiological deterioration (PPD) of 3 cassava cultivars : HB60, R7 and R9. The
second set of experiments was conducted at the Suranaree University of Technology
experimental field in Nakhon Ratchasima Province with 4 replicate Split-plots in RCB
design. It started from August 2008 to August 2009. Fresh roots were harvested 12
months after planting. The yield, starch content, PPD, amylose content and Cyanide
content of the roots were then measured. The results indicated that the treatments
using different combinations of limestone tail and basalt tail had highly significant
effect on the fresh root yield but not on the starch content. The combination of
limestone tail and basalt tail at a ratio of 1:1 gave a high fresh root yield at 8.51

tons/rai, while the combination of limestone tail and basalt tail at the ratio of 1:3 gave



the lowest fresh root yield at 7.10 tons/rai. The combination of limestone tail and
basalt tail at the ratio of 3:1 gave the lowest starch content of 25.57% while the control
crop had a yield of 7.41 tons/rai with the highest starch content at 28.47%. The three
cassava cultivars had a significant effect on both the fresh root yield and the starch
content. Cultivar HB60 gave the highest fresh root yield of 9.57 tons/rai among the
three cultivars, but with the lowest starch content at 26.70%. Cultivar R7 gave the
lowest fresh root yield at 6.62 tons/rai, while Cultivar R9 gave the highest starch
content at 29.20%.

In terms of PPD, the lowest level of PPD was shown in the treatment using the
combination of limestone tail and basalt tail at the ratio of 1:1, but the same treatment
gave the highest cyanide content at 114.50 pg/g. The combination of limestone tail
and basalt tail at the ratio of 3:1 gave the lowest cyanide content at 84.19 ng/g, but
gave the highest level of PPD. There was a trend that Cultivar HB60 gave the lowest
level of PPD, but also the highest level of cyanide content at 116.34 ug/g, while
Cultivar R9 gave the lowest cyanide content at 84.53 pg/g. The results also indicated
that the average amylose content (17.70-19.50%) and amylopectin content (80.50-
82.50%) from all treatments and cultivars were not statistically different. There was
no relationship between the PPD and either the starch content, the amylase content, or

the cyanide content of the cassava roots.
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% a Q‘f {1 14 a
UINTOILTGNTNHIUNTZUIUMTINDT OO TUFA (reversed
osmosis : RO)
1 =
NILAEIU
anszaeuladiogaving 30 nlans
4 4 a I'd
noesfasa1adies (vernier caliper)
nihmnilesnuaisail
N3ZATYNTDI Whatman 11035 42
valsulsuag (volumetric flask)
=\ I'd
UnNLNoS (beaker)
HooANAaDY (test tube)
N35 1NTAANY

Yhe uazdu 9

foaiigas 13-13-21
Auvzyoadiy

wujury

nsaweano3n (phosphoric acid)

1OANDEDT (absolute ethyl alcohol)
Tnunengeon'loTe'lad (potassium iodide 30 KI)
1502210024 1ad (potato amylase; MW 100,000)
laTefu (iodine)

NIAFAIN (acetic acid)

Tanden lsen lud (sodium cyanide)

o lsiarnunse (linamarase (beta-D-Glucosidase))
AADIINU N (chloramine T Trihydrate)

Inwsau (pyridine)

Tnws 1 TaTau (3-methyl-1-phenyl-5-pyrazolone)
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3.1.2.15 da- Tws Ty Tau (bis-(3-methyl-1-phenyl-5-pyrazolone))
3.1.2.16 TaiRenlansenled (sodium hydroxide)

3.1.2.17 lasTs@eunomma (trisodium phosphate)

3.2 529105 nNFIREN taza@UNMMINAaDY

3.2.1 Usz9n9
A Yo o o o o v YY 1 o o P o Y
mInaaedn 1 Iiudnlenas s ug/meiusg 1aun wuginuasamans 50, Wugrae-
v J v J v J
14 60, WUFIZ803 7, NUFIZ8D9 9, A8WUF CMR 43-08- 89
z:' Y o o [ o J 9 " v Y v 7 Y4
mineaodn 2 Isiudinlends 3 Wug laun Wugiieus 60, Wugszeed 7, Wug 2o 9
3.2.2 NNFIBYNY
d' Y o Y ) [ Y ) (% g’/ 9 1 o w
15Naasdn 1 1¥ivudlevasnniudilevaanaviva 24 au luuaazdrsums
Y Y
NAADI IIWNIAU 168 AU
d' Y o [} ) (% [} ) (% g’/ Y 1 o w
15Naasdn 2 lsivudlerasnniudilevaanavua 36 au luuaazdrsums
Y Y
NAADY IIWNIAY 144 AU
3.2.3 aUNMINMINAADT
~ o o [ < @ ]
323.1 manaaesn 1 Msdgniudilevias nisgua tagmsiNuaIe819
o A d' o @ [ [ = a1 A /A [
autiumsnulaslgnueanyasnsluduneilnsede saniauasny@un Taslininsznaua
AT NARNUINT 14
~ o o [ < @ ]
MInaasen 2 Misdgniudilevias msgua tagmsNuAI819
o A d' a v a @ =1 = a1 A Ia Y ~
autumsnuladdveluuimademalulaggsuis TnelainsznauaImsNMARLINT 15
Y a oa o <3 = s A A A 4
3.2.3.2 10 UamMInaImsInUme) 01MgudNIedlaINeIMansazma-
TuTad 3 unImenasma lulaggsuis
Y a oA ~Aa S A A A 4 =
3.2.3.3 viollRiiamailgiiane ennsgudinsesioInemaaiiazima lulag 3

unImeaoma lulaggsuis

3.3 528ZNANMNNTNAADY
MINAADN 1 ADUNYATNIGU 2550 — FINIAN 2551
M3NAADIN 2 IABUFINIAN 2551 — AIHIAN 2552

msnaaesluiesdfiamsidou fuensu 2552 — puaius 2553
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ad av
3.4 I5N339¢
a a 1 a a a d o ¢ Y v o o (Y]
MINAABIN 1 Naﬂlﬂﬁﬁuﬁ!uﬂﬁﬂ'ﬁmiﬂl‘,!ﬂﬂiﬂ Nawan !!aglﬂﬂilmuﬂ!!‘IJQGIHT’i'JﬂJHﬁlegﬁﬁQ
Wui/meiuga q
a 1 4
'J'l\?!LWUﬂ'IiV]ﬂﬁENLL‘UUﬁﬂﬁ@-‘Wa'ﬁ]@]LLUU@NﬁNHimﬂ’]ﬂiuua@ﬂ (Split plot in RCBD)

. 2 242
Any1 2 998 912U 4 91 (blocks) Fzzign 1x1 1was Nuilgnnanuailseuia 4,100

. A v Jd o o [ o v Y v o J 4
AT NUAT main plot A9 Wuﬁﬂuﬁ’lﬂgﬁa\? 5 Wu‘ﬁ/ﬁ’]ﬂwu‘ﬁ llﬂllﬂ NUDINHATATTAT 50,

o

UL 60, WUFT2E04 7, HUFTZ009 9 HATa1wWUT CMR43-08- 89 subplot Ao AU

[

= o A
U 7A17UMINATDN AD

T1 = hilaflouaziiudu @hiuauaw)

T2 = lailunliognaen

T3 = laduudunazivuzaseadiusas 50:150 Alansude s

T4 = laduudunazivuzasoadiusa 100:100 Alanfuse'ls

T5 = laduudunazivuzaseadiusas 150:50 Alaniude s
1a J @ a [ J J

T6 = lanuuzweanluons1 200 nlaniuaels

T7 = lanuudusnsi 200 flansuse 13

Taoutjudunagiuugseadduninnldiiesdlsznouduanaluasieh 3.1 uag 3.2

! ¢
M13139 3.1 0anilsznovvearivueu

Ca Mg Mn Fe Cu Zn
(%) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
55.95 6.20 969.0 972.0 0.1 18.2

a d a q
M1319N 3.2 aaﬂﬂizﬂﬂummﬁuuzmﬂaﬂvgu

Ca Mg Mn Fe Cu Zn
(%) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
3.4 1.73 1,062.66 14,618.33 45.93 92.7

Yo Y o o [ A v o Y ' o g 2 Y
ﬂgﬂjﬂﬂﬁlﬂfa“ﬂu u’m'ﬂwmmq 119U ARDIAUYUIAND € AU mm"l’;ﬂizmm

@ R o (] 1 v J J 4 a '
2 e mm"lﬂmmﬂumuwu‘g 51]1“@?]3111EJTJ"’UENV]EJHWH‘E“IJ‘i%lﬂm 25 IFUALNANT YUNOU
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v J N f o ] o
WugAreasazategisenNutudu 75% enszdunissenneuiililgn iiesniniduns
gnuengq Tas T2-T7 ladluniigas 13-13-21 6as1 25 Alansuae lamiloununndisunis
nane Weludlzrdioigld 3 wou
< Y

MSNUTIVTINYRYA

< @ Il ] o ' < @ 1

NUTOYANDUAIDE19E0Y (sub sampling) $119U 4 Vaen Tuudazvaen NUAI0Y1
o w Y A 1 1 A 1 < 9 o g
MuMINAaLIAE 6 AUNBYATINAN HazIAURTBIRaz UaeN Taainudeyandll

Y Y ¥ A A a = A A A
1. ﬂ'J’]iqulell@\iﬂu 'J@Iﬂ?TNQQﬁQLLﬂIﬂuﬂulﬁuﬂwuﬂuﬂuﬂﬂﬂﬂﬂﬂQQIﬂﬂlﬂﬁ‘(’Jiuﬂﬂ 53]

Q

Y]

wiudnlzvateny 6 uaz 8 Hou

=

a < A a A A A = 1 = 9 ]
2. AW INUNYINARAALNDBDIYATY 8 1ADU HesndseanuNdsuanilaluiiee

= A @ < I ' A a <
AFAND1Y 8 weuviaslan (Ti’]ﬂﬁﬂ UYL Hagne, 2542) meﬂumqmqmﬂymﬂsuﬂumu

q U

= v

Aeniudzndanniige ofiag Idviuilgnlugeda’ly Fedanaiidusg inudeyalasnsd
4

o—

v v o

) v ~ 1 1 o w 1 | a o ) o
HUIN ﬂw’mumﬂwaqtm1/1”lﬁ’ﬁaﬁ’uclmma3mﬁUﬂﬁmaawmmﬂuﬂTaﬂm HIUINTUIWU

Flunanaaae'ls

'
= v

3. wawaauilan'ls AunannSunauilinanald < wandaaels
4. Usziiuganinveariiudilenas guaimvesiaiudievaslssiiuain
- 4 { ] 4 < o
losiFuauilanldainmsialaeg 1930999 Reimann scale 1az35ana Iaee34 (direct extraction)

- N5 191A509%3 Reimann  scale Tagguiiuuduerdiuirdiuiieenn 49

=

%’ @ a @ o v  w { ] %’ ' 1 Jd < 4 {
wminluemalald s ATansu a1yl ewawlesiduauiled ldananaun
4
13099
a @ o 1 < v W a @
- Aanalaonss (direct extraction) 1118 Tae guinuiiuu 1 Alaniu yade
' ] s (2 %,’ g’/ 4 X
nszaredu udni lldusaunui assas 2 miidransestlu Tauaauaa nsosdiedv1InIg
A o Ay Y X [ 2 ¥ a g S ¥ 2 a
wougnninean 1nndla lldusauniddnass souldimedu 1.5 das masluoia
A 2 & ' ¥ 2 I
pzgiiiioy nelduilaanaznoutszinm 2 93 Tug mdruihlang eudreanudou s0°c i
o o Yy A Y a a9 4 3 v 9 < o 1 o 9 Ay Y
a1 24 92T hwdlatevueatindudrunguimmindreads 2 dumia ihdeyanla il

a ¢ sd & o a ¢ <
anngrileidudauils (@amlasningiuni aynaild, 2500)

v A < A
5. AYUNTINUINYQ (Harvest Index)

a ¢y
MIIATTHVYE
o 9 Ay v a 4 1 aa Y .
doyan a1 Ins1zHANNIANA1ININEDA (ANOVA) A0 1151051 SPSS version
. 1 { a a o J 3 J a
14.0 for windows tazifSouiiouaundenissaay Tanwaidu, woesiduduils, vagnanan

1 o I o o .
Gumgmazwuﬂunﬂmﬁumimamﬁ’aﬂﬁ% Duncan’s New Multiple Range Test (DMRT)
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d‘ a N A a a a U IS
MINAADIN 2 Naﬂl@ﬂ‘ﬁuﬁ!uﬂﬁ‘“ﬂi’)ﬂ"li!‘ﬂﬁﬂlu!ﬂ‘iﬂﬂ HaWNan anHUSNINNIYNIN AN La

v d

a A W o v U o w
ﬁﬁ’mmmmmuumﬂzme 611!3114@1‘1]311%1\11/‘11459]1& 9

Q

a 1 t4
'J'NL!WUﬂ'ﬁﬂﬂa@ﬁllﬂﬂﬁﬂﬁ@]'waﬂﬁ LLUU@MﬁﬂJuimﬂTﬂﬁluﬂa@ﬂ (split plot in RCBD)

y {4 2
Any1 2 998 311U 4 1 (blocks) 5zoz1lgn 1x0.8 was Wunlgnninualszua 1,200

U

Q

o oo o [ o o J {
AT NNUAT main plot ﬁ’f] WugIud1eras Iﬂﬂlaﬂﬂﬂ’ﬁ]’luju 3 Wu‘ﬁ%’]ﬂﬂ’lﬁﬂﬂaf]ﬁﬁ 1 N9

a 4

9 ~ 1 v AN Yo a g’/ v Jaq Y @
@ﬂﬂﬂTiLlﬁﬂﬂlﬂﬂUi$WﬂWﬁwu‘ﬁ1ﬂ ﬂiuﬂainuﬂnﬂgﬂiummzuu, Wu‘ﬁﬂiﬂﬂﬁwa@]’q@ UASNWUTD

q q q

1A A I Jd Y = Ulﬂ}w o a Y 1w JdY o J
GlﬁiJ“l/]iJLﬂf)i!,G]fuml,ﬂQQQ FIEATUNITTUIONVINNINIBINIG llﬂ!lﬂ NWHITNIYLA 60, NWUPIZUD 7

a

o o w A a ' ~ J (% A A
HAZWUTILIDI 9 MTUAIAU subplot AD WHFJ‘L! TaeloenlsenauaIn1s1en 3.1 1ag 3.2 1tNotil

v 9
OATITIUNHMICTUVOIHULADLTUA TAslNaviua 4 ﬁﬁ‘ﬂﬂﬁﬂﬂﬁﬂﬁﬁﬂ

Taruiudunazivuzaeaddusasi 50:150 AlanTune'ls

u q

T2

1A

Tadtuudunaziuvzseaddudns 100:100 Alansude s

U q

T3

U q

T4 = ladwjudunezfuvzveaddudas 150:50 flaniuae 13
9y

o ¥ @ o

9 Y
UgnTlaglddrduiudlzndiey 8 iou Aadiduviam q fu asne sz 2

I + =

o J=R2 o (J ' @ J 1 o J a [
dlaisaih llaailuneuiug vinaanuenvesneuiugiszuim 25 wuamas laiload

q

gas 13-13-21 iedudlzvasergasy 2 wou Tusnst 25 Alansuas lsmlounulunnd iy
MINARDY
< v
MINUIIVTINTOYR

I o ] ] o 1 < o 1
mu%’@gmmumamwaﬂ (sub sampling) IUIU 4 UADN “lmmazuaaﬂ INUNIDYII

[

o ' { 1 < v &
ATUNITNANDIAE 9 ﬁu@]iﬁﬂa’m L!,azmmm?immawa’aﬂ Iﬂﬂlﬂﬂ%ﬂﬂuaﬂﬁﬁ

=

Yy o g ' v a A a = =
1. ﬂ']”li]f;f\jsll@\‘]@]u 'Jﬂﬂ'J'UJ's;f\W'NLW]Iﬂu@]uH’iuﬂwuﬂu%uﬂQﬂ@ﬂﬂﬁQIﬂﬂLﬂaﬂGlUﬂ@

U

(% g}J d‘ 9 [} ) (% A (% g‘/ ¢:‘ d’ 9 Y ) (%
Tagdansausn maﬁuuumﬂwmmq 4 199U IANNUFIATIN 2 1Y @uuumﬂwmmq 6

¥ '
o

= = 9 o o ‘]J [

) v '
fou Tannugeniai 3 Weduiudlzydiey 8 iMou Jannugeniai 4 eduiudilzvaa

9
1%

A [ Y A Y @ o [ =
91Y 10 DU IANNUFIATIFANY mamunumﬂswmmq 12 19U

a 1 9 Y o Y A % Y A 9 Y

2. MUIUNIADAY HUTIUIUAUNUANYDAVINNOUNUT Tagriuasansnioauiy

Q

ee

aQ

A3

H Y H

) (2 A v A A 9 L% ) (2 A v A g LY ) [
’ﬁﬁJg‘Viﬁ\i’t‘]'lq 4 19U, ATIN 2 maﬁuuumﬂwmmq 6 10U, ATIN 3 mamumumﬂwmmq
A g A A 9 o o @ A ) A ' 9 [ 9 A 9 o
S IADU LLATATIN 4 ma@umumﬂzwmmq 10 19U HUUIUNIABAUAITIFANIY LUDAUNU
) [ % A
dnlenasey 12 hou
a & A & A &g A 1 3 <

3. HAWaA MNUNYUNDDIYATY 12 1ADU Failuszeznrnzaensinumneueaina
a 4 3 v v o o @ Ay Y 9 1 o w 1 I a
Hayy I@fJﬂWi‘]NuWWUﬂW'JiluﬁWﬂzﬂﬁdﬁﬂﬂul@ﬂﬂﬁuﬁluLMQZQWiUﬂ15ﬂﬂaﬂﬂﬂu’)ﬂ!ﬂuﬂia-

Y ) o < a 1 1
NIy mmmuamlﬂuwawa@m"li
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4. wanaauilae'ls MmurmnnfFinauilihanaldxwanaadels (ATansu)
5. Usziiuguainveaiaiud1enas tiee1gasy 12 1A0U QUAINYBIR Y

J

o [ a I < { o 4 o . a o
ﬁTiJZTTEN‘1Jﬁ$L3J‘Ll%1ﬂL‘iJ@iL“]f‘LlﬁLlﬂﬂﬁlﬂqﬁ}%TﬂLﬂdﬁﬂﬂ%ﬂ Reimann scale 1@z 35aNA 1AYAT

(direct extraction) A9IN15 NAaoaN 1

Y 1 -7 -7 o QJ 90‘ (%
6. asnvdovanyuzi lveuiudnlzvas Tasguiiud iz nasvumanais hmin
@ o o J a 4 .
U3z 700-900 A5 wIanNNKIIveaden (peel) Tasldiesitie matiles (Vernier

A ' X ¥ 1y A v 3 o X
Caliper), ﬂ%i]’]ﬂ!!ﬂaﬂﬂllagﬁ']u!u@ (%) 1’71"0’]ﬂu']ﬂuﬂ"llﬂ\uﬂaﬂﬂ@ﬂuﬁ’n‘!ﬂmﬂﬁluﬂ

7. Usziiiuems 1dnane uazidule (fber) luiaiudlzvss Taeldiuszauaziuu

2e
=De

1 vede luterms 1dnans, luiidule
= o ) Ay A o
2 Mned Homs ldnads, Tidule 5% veuiion
= o ¥ Ay A o
3 MeDd 1o1ms 1dnade, Tidule 10% veiieyin
= o ] Ay A o
4 Wnede Ho1ms 1dnada, Tidule 15% veuiion
= o ¥ Ay A o
5 Medd 1013 1dnads, Tidule 20% veaiieyin
a o = A A =\ <3 o =
8. AnszHUS s Iquaaoy uuniidon nuanila man newuad uazdangdluly

° (3 1 v o [ (3 v o o o £ 2 ' U
wazaau wisuaeealutazduiiudlends Tasdadnindlenaaduzwan o neulaga

Q

a

o o @ ' o Y 9 ) = < < o Y
NITAIHTINIUDUNIDYN UAVIDVANIDUNYUHIHN 70°C L‘llu&')ﬁ1 48 GIf'JIiN quﬂUﬂﬂﬂﬂ

U

a d

A J ' ' a A =3 A ' Y A . .
IATONUANIBEY N ’UiiGﬂqsl’di}\‘]WﬁWﬁﬂﬂﬂﬂWuﬂLW@’dQ’JLﬂ3131’?1(‘%81%?]3@\1 Atomic absorption
spectrometry

a 4 @ < :

9. AFIVAOUMIINAMSITONENNHAINFNUNY) Post-harvest Physiological Deterioration

@ ad @ dy ~ v o o @ <] 1 A 9 A

(PPD) N157% PPD HUUADUAIHIAT ONH N WAz ria !ﬂUiuﬂ@ﬂ‘Vlﬂ’JUﬂllﬁﬂTW!L’)ﬂﬁf]ll“lfl

a 4 o o d ' a 4 a (A
gUNQU 25°C mm%uan‘wm 60 - 80% ﬂf]uﬂﬁ!ﬂﬂﬂﬁLﬁﬁilﬁﬂWWVlNﬁ%‘i’JﬂﬂW aadiutary
@ @ 1 ard 1% S o v v

iﬂé}ﬂﬂﬂGWﬂQQ%@QﬁﬁﬂﬂﬂL!az‘Vi’e)@g])’(]ﬂwa3J ﬁﬁﬂ%?ﬂlﬂﬁiﬂy"lll’317 FUAUATUVINATUAITNYT

y 1 1 Qa’
310 YU 2 FUALAT IHAZUUUAUEA 0 — 5 Tulaazay

a

=< va ol o
0 HuBYIN Lli]!ﬂﬂﬁ‘lﬂ!\iu -1

k4 1
a [

2 a a? A A
1 KU INATUIUNU — A1 1-20% VDINUN

a [

2 a A K 4
2 RPN NATUIUNU — A1 21-40% VDINUN

a [

=2 a a? X A
3 UUEYO IDATUUIU — A1 41-60% VDINUN

=2 a Z a ° X A
4 KUY INATUIUNIU — A1 61-80% VDINUN
v

)}

e

= a

5 NUUD AT — M 81-100% VOINUN

=


http://www.technotic.co.th/m24.html
http://www.technotic.co.th/m24.html
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A Y

S 3 P Y k) @ A A a a A o A o v w o [ X [
Lﬂ@ilcﬁuﬂ‘ﬂulﬂ%$ﬁ’ﬂﬂﬂa’f)Qﬂ‘]J“WuW@WLﬂﬂﬂWiLﬂﬂﬁuWNu—ﬂ'ﬂuﬁ')muﬁ']ﬂﬁﬁﬁﬁ (ﬂﬂ!!fﬂaﬂ‘ﬂ”lﬂ

Wheatley et al., 1985)
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10. AnngdFnalsor luasmluiniudilzndalaomsilfnse liinadane

' '
A +

A = o ' 4 A o o v &
asazanelwiau/Iwi TaTau wienaed19lae suileduaa 50 n5u wuilumudsugnid
"a 4 a o [ 4 o []
v liinu 1 gnuansudmas msanauen lee ludesnaindledinlasldarsazas
ananwsonTagldnsaoanssn anuaudu 0.1 N ud1sutsumasdrsemuealiiiaiu
WUTUYBUIMUBATDEAY 25 (viv) 31U 150 Naaaasadludiosia dudlemieeluua
. =~ 9 9y J  ada J o
(Homogenizer) 1 1#udinseelasldnszaunsaaued 1 35305 12HAINIANUIN .
a Jd Aa a [} ] [ o [} A ) a ] 1
11. AnnzilSunaezilaaludredrauilaiudilzvadilaeds i liinad 19aed14
§ [ R~ 4 v o ] 1] o [ [
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a 4 o Aa aa a I'd
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A aa aol . [ I a aa
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%,l < Qy o a 4 a [ a
Mnau nald 1 A udraih ) ainngvilsnaesiTag muasaamanuin v. Ysunaeziila-
maauannaunnsnaezilaa Ola dudlanies vazag, 2541)

Aa Yy
MIIATITHVYE
o Y a 9 a 4 1 aa Y .
hdeyan lduAinsgranuuana19n19ana (ANOVA) aaeT1l5unsy SPSS version

14.0 for windows uazifSoufiouaunaslunnnssuitTa107% Duncan’s New Multiple Range

Test (DMRT)
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o 5anauilasn f3nauifer
Uy
(%) (%)
2893 7 13.46 b 86.54 a
28939 16.83 a &3.17b
814 60 12.88 b 87.12 a
F-test *o *ok
CV (%) 24.73 4.9
. 3anauilasn f3nauifer
M5y
(%) (%)
AUAN 15.52 84.48
a 1 a 1 1
A udu+iuuzyoaadus0:150 nn./1s 14.59 85.41
a 1 a J 1
A udu+iuuzyoaadin100:100 nn./1s 13.39 86.61
a 1 a Edl 1
A udu+iuuzyoadadu150:50 nn./1s 14.03 85.97
F-test ns ns
CV (%) 29.18 4.16

ns, ** JUANANEDA, UANANAUNNADANTLAD 0.01 MEIAY

1, " o A ' o aad v A
ANDAGNNUAITNHIAUAZFUA LANANAUNNADANTZAVTN 0.05 (DMRT)
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ILY09 7 2.70 101.51 ¢ 18.35 81.65
32899 9 2.46 84.53 b 18.84 81.16
W81 60 235 116.34a 19.47 80.53
F-test ns *k ns ns
CV (%) 34.97 42 16.75 3.9
. AZUUUMNS Yunalaenlua WPanaezlilaa  Hanaeziilanwadiv
e (@ouaAN (Haan3u/Mlansy) (%) (%)
AR 2.68 103.52 ab 19.50 80.50
Autfuduriuugsoadiuso:150 nn./1s 2.54 100.97 b 19.28 80.72
Autudu+iungsoadiu100:100 nn./ls 2.21 114.50 a 19.07 80.93
Antudu+iungsoadiu1s0:50 nn./ls 2.59 84.19 ¢ 17.70 82.30
F-test ns roH ns ns
CV (%) 22.46 11.75 10.95 2.55

ns, ** THUANA1INTEA, UANANAUNADANTEAD 0.01 MU | AURTeNANAI8IYIANAZFIA UANANAUNNTDANTZAUN 0.05 (DMRT)
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(IBUANAT) (LB UAUNT) (LB UAUNT) (LB UANNT) (IBUANAT)
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flogas 13-13-21 oa51 25 nn./1s 135.38 128.75 106.56 136.44 124.88
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Autjuduriuugsoadiuso:150 nn./ls 226.25 202.44 205.44 221.50 201.31
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Autjuduriuugsoadiu150:50 nn./1s 202.50 167.19 175.00 189.38 182.81
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AnAaet ®u/ls) @u/ls) @u/ls) @u/ls) @u/ls) e
AU 5.52 4.45 5.55 4.58 4.41 4.90
flogas 13-13-21 6a51 25 nn./1s 4.79 4.56 4.44 4.02 5.9 4.74
Autjuduriuugsoadiuso:150 nn./ls 5.61 6.40 5.25 5.01 5.33 5.52
Angudu+iuuzaeadiu100:100 nn./15 6.24 6.04 5.46 5.13 6.35 5.84
Antuduinuzaseadru150:50 nn./ls 5.05 5.37 3.78 4.53 6.29 5.00
#uvzyeaadusns 200 nn./ls 5.67 5.61 4.46 4.81 6.23 5.35
wutjurudnst 200 nn./1s 5.36 5.15 5.05 4.05 6.11 5.15
Aunde 5.46 5.37 4.86 4.59 5.80 5.22
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MIVNAADdY ANae
(%) (%) (%) (%) (%)

AIVAN 25.15 22.83 24.10 24.80 21.50 23.68
flogas 13-13-21 oa51 25 nn./1s 2225 21.25 24.18 24.40 19.75 2237
Autjuduriuugsoadiuso:150 nn./ls 25.10 23.40 22.43 24.17 20.77 23.17
Angudu+inuzaeadiu100:100 nn./15 22.85 21.50 24.05 21.37 20.50 22.04
Anguduinuzaseadru150:50 nn./ls 25.74 21.50 23.88 24.80 22.35 23.65
Aunzgeadtudas 200 nn./ls 24.35 2225 24.65 25.00 20.30 2331
wutjurudnst 200 nn./1s 24.38 21.85 23.38 22.97 20.13 22.54
Minde 24.28 2225 23.89 23.66 20.78 22.97
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Angudu+inuzaeadiu100:100 nn./15 24.30 19.78 23.63 25.98 18.6 22.46
Anguduinuzaseadru150:50 nn./ls 19.98 21.5 26.15 34.07 23.23 24.99
#uvzyeaadusns 200 nn./ls 29.25 27.03 25.63 25.93 18.45 25.26
wutjurudnst 200 nn./1s 26.80 24.2 25.98 26.75 24.58 25.66
Aundy 26.38 25.12 24.38 28.26 21.71 25.17
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A4 )
. 299 7 528099  WIHU9 60
(20 )1 918
(F30.) (%30.) (%30.)
4 190U 71.61 86.65 79.92
6 101U 86.20 107.89 95.50
AR 8 1ADU 101.25 125.52 109.49
10§y 160.32 159.98 137.71
12§y 210.50 196.09 169.88
4 190U 64.04 79.70 63.86
, . . 61Aeu 90.75 98.85 108.53
Auudu+iuuzsoadduso:150 nn./ls .
8 1A 101.40 118.95 117.80
10§y 175.93 168.33 173.82
2oy 21251 211.84 231.61
4100 74.29 73.91 88.92
, 6 1AM 89.83 88.21 100.36
Aufuduriivuzaeadduioo:too nn/ls
8 1A 102.85 127.63 102.33
10fou  167.55 161.36 171.46
121fou  209.32 214.25 222.30
4 190U 91.16 86.04 84.59
, N ~ 61Aeu 96.41 80.62 100.13
wufudu+riiuvzaeadiu 150:50 nn/ls
8 1A01 93.83 123.24 106.46
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. HILI60  zER97 IRy |
MSumsnaaeg . oo _ ., Aundy
@u/ls) @w/ly  @wls)

AN 9.20 6.17 6.87 7.41
Autudu+iungsoadiuso:150 nn./13 8.85 5.41 7.03 7.10
Auudu+iungsoadiu100:100 nn./13 10.53 7.59 7.43 8.52
Autudu+iungsoadiu150:50 nn./1s 9.68 7.29 8.36 8.44

Aunde 9.57 6.62 7.42 7.87
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! d ¢ v o o ¢ =
m3amanuIni 10 Westduanievesliudrdsvas 3 Wugn

v

an g A
alagITn151¥InT09% 9

. o o H \J
Reimann scale lud3uileeg q

YU 60 5TURI7 DI 9

MIUMINAADI ﬁ“ﬂéﬂ
(%) (%) (%)
AVAN 25.90 29.30 30.20 28.47
Auudu+iunzaseadiuso:150 nn./1s 24.10 27.50 29.07 26.89
Auudu+iungsoadiu100:100 nn./13 23.50 27.23 29.10 26.61
Autudu+iungaseadiu150:50 nn./1s 20.47 27.80 28.43 25.57

AmaeY 23.49 27.96 29.20 26.88
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Q

. AL 60 33809 7 338099 D4
A1IUNIINAABN Anag
(%) (%) (%)
AVAN 27.10 33.30 31.29 30.56
Antudu+inuzaseadfuso:150 nn./ls 28.27 31.04 32.95 30.75
Antudu+iuuzaeadiu100:100 nn./15 27.74 31.31 30.26 29.77
Anguduinuzaseadru150:50 nn./ls 23.70 29.50 30.39 27.86

ANAY 26.70 31.29 31.22 25.57
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o ¢ Mg Ca Fe Cu Mn Zn
L |
(%) (%) (ppm) (ppm)  (ppm)  (ppm)
328047 048 067 11125 493 7740 5434
3LU099 049 074 12129 4.1l 75.10  49.31
W1360 046 095 139.81 431 7836 50.69
Vo Mg Ca Fe Cu Mn Zn
AIUNIINAADdY
(%) (%) (ppm) (ppm)  (ppm)  (ppm)
ALY 051 069 11950  3.78 85.66  56.96
Auguso+Hungwoad 150 032 095 113.63  3.66 83.96  50.17
Aulfuloo+iuuzyoad 100 051 079 15404 545 59.52  51.04
#uglu1so+iuuzaead 50 0.50 070 10928 491 78.66  47.61
M3NMANKINT 13 Pnasgorrisludidusiudlzvas
o 4 Mg Ca Fe Cu Mn Zn
L]
(%) (%)  (ppm)  (ppm)  (ppm)  (ppm)
52897 048 123 7586 3.33 43.80  37.11
FFIGNY 052 155 6649 6.84 3569  33.87
#101360 054 130  70.18 5.01 2928 3621
.o Mg Ca Fe Cu Mn Zn
AIUNIINAADY
(%) (%) (ppm)  (ppm)  (ppm)  (ppm)
AIVAN 055 174 7254 487 3927  36.64
AuLfuso+iuUz¥ead 150 050 128 7525 4.19 32.91 37.37
Auu100+AuDE¥OaA 100 048 176 63.55 5.59 3456 34.49
Autu150+Auuzead 50 0.55  0.66  72.03 5.59 3828 3441
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Freenad] anuilunsa-ag mmsiiluih (Us/em)
1 5.94 83.6
2 6.02 65.9
3 6.38 66.7
4 6.44 69.6
5 6.33 74.6
6 6.54 67.9
7 6.05 76.1
8 6.27 55.8
9 6.63 46.9
10 5.89 47.6
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a ' a dia av QY a [ = G
A1TNNANHINT 15 ATUAISHIAY !lﬂﬁ@?ﬂﬂm‘ﬂﬂgﬂﬂﬂﬁﬂﬂ Nﬂ13ﬂﬂ1ﬂﬂ!ﬂﬂiuiﬁﬂq5ﬂ1§

oo o i y aunseing  wWeaweSanily  Tnwumadawn
R LIANIT . ol ¢
N3A-A9 (%) Uszlevil (ppm) (ppm)
(LLS/cm)
1 6.33 73.6 0.77 7.76 40.51
2 6.41 55.9 0.32 3.37 27.53
3 6.67 79.7 0.8 38.3 42.78
4 6.73 69.6 0.53 25.72 49.11
5 6.33 74.6 0.75 4.56 36.52
6 6.54 77.9 0.18 7.14 30.52
7 6.55 76.1 0.62 4.47 83.18
8 5.91 55.8 0.24 6.23 24.24
9 5.73 46.9 0.52 3.71 40.84
10 5.42 69.6 0.38 3.14 37.85
11 5.94 41.9 0.51 4.85 28.43
12 5.88 39.1 0.43 3.33 26.32
»
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