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# # 4989174220 : MAJOR ENVIRONMENTAL SCIENCE
KEY WORD: CADMIUM / SUGARCANE / UPTAKE / ACCUMULATION / CONTAMINATED SOIL /
CLEAN-UP SITE
WARAPORN SRITUMPAWA : CADMUIM UPTAKE BY SUGARCANE GROWN IN
CONTAMINATED SOIL. THESIS ADVISOR: PANTAWAT SAMPANPANISH, Ph.D.,

189 pp.

This research was conducted to investigate the capacity of sugarcane to uptake cadmium
from contaminated soil and to accumulate it in five plant parts: roots, underground stems, bagasses,
juice and leaves. The research compared sugarcane grown in cadmium contaminated sites with
plants in experimental pots. The onsite study was conducted in fields with three different level of
cadmium contaminated soil: <3, 3-20 and >20 mg Cd kg'soil or 2.57+6.04, 16.66+4.99 and
174.51:42.80 mg kg, respectively. For the pot experiment, soils were contaminated with cadmium
nitrate solution at different rates: contral, 10, 20 and 40 mg Cd kg'. A Seedling stem was then
planted in the cadmium contaminated scil. Soil and sugarcane samples for both onsite and pot
experiment were harvested at 3, 6 and 9 months, The results showed that cadmium accumulation
capacities in onsite and pot plants tended lo decrease with increasing growth time.

The accumulation of cadmium in onsite sugarcane at 9 months was 4.33, 4.86 and 6.49
mg kg™ in <3, 3-20 and >20 mg kg~ centamination level, respectively. Sugarcane grown in the pot
experiment accumulated cadmium of 8.66, 15.65, 17.47 and 28.94 mg kg in treatment of control,
10, 20, and 40 mg kg ', respectively. The results indicated that at the level of >20 mg Icg" onsite soil,
cadmium accumulation in various parts of sugarcane at 6 months was-highest in root which equaled
28.35 mg kg followed by 5.38, 5.03, 3.87 and 0.08 mg kg in underground stems, bagasses, leaves
and juice, respectively. For the pot experiment, the highest accumulation of cadmium in sugarcane
was found at 40 mg kg Ireatment at 6 months. The roots-accumulated cadmium equal to 96.57
mg kg followed by underground stem, bagasses, leaves and juice which equaled 29,68, 9.38, 3.99
and 1.19 mg kg, respectively. However, the results also indicated that the capacity of sugarcane to
uptake.and accumulate cadmium at the usual harvesting time of 9 months, in both onsite and pot
samples was significantly different (P<0.05). Conseguently, the highest accumulation efficiency of
sugarcane was 0.55 percent, onsite study and 1.58 percent, on pot experiment, at harvesting time of

9 months in 3-20 and 10 mg kg ' soil treatments, respectively.
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2.1 WARLNEN

waaengnAwnulull A.A. 1817 tng Friedrich Strohmeyer ifluiniafianaie e

vgn//dll a | . Gl dl 1 . dl dll a;lj v o |

ToRsTalun1=anfind) cadmia wazlunmInangedn kadmeia 9TailAniaInA9n

¥ o

calamine (Zinc Carbonate) Lﬂumﬂmﬂ@ﬂrﬂfnﬁmmm@ﬁﬁ@gﬂzﬂuﬁluﬂ?mmmﬂﬁ@ﬂﬁu
FaRAFUBIR (ZnCO,) Inamaliimnmznauaanuimaalalagaudalus (H,S) uadsnadsialdl
fulavzdasy (Steve, 2007) wanangavsgiudamlas (S) wnndr dinzd (zn) Tu
sesntAwLAaenlugaasda e (Greenockite, CdS) Tuiffunnuantas Geaswuilzilu

agiuusdanyd unannanaegliaanniangauddingd (Kabata-Pendias uaz Pendias,

2000: 144)

2.1.1 AUANTANINNILNINUDILAALNEN
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Anflunauy 1B luma31es96) (Periodic Table of Elements) [iiaenAudinzd (Zn) uay
san (Hg) FaflaspenfiatiuiLes (Atomic Number) WL 48 LAaTNIaasmAaN (Atomic
Mass) Wi 112.411 HAMNENAWIE (Specific Gravity) 8.65 nFusagnuARiaummues
qAUABNINAY (Melting Point) 320.9 edAtaldaa aaAen (Boiing Point) 767 4
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A [ A a [ = ! o o |gn// Aaa
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(Weathering) Wazn13fiAngal (Erosion) 189A1 ﬁm@ﬁﬂﬁﬁmim?ﬁ'@ué’w (Translocation)
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A19797 2.1 (World Health Organization; WHO, 1992) §Rsndau Zn:Cd lufinaglugaq 27:1

%178 7,000:1 laALAaN19281U 500:1
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¥ Y a
AIMNLTNUUABD AR LNEIN

A ada \ a ada
A9NTAm A11a9RINTAM Ly
(mg kg~ WIUUNLIAN)
a ada . )
#9a9m lunzia (Marine Organisms)
a119e (Algae) <1109 16
1N ae (Molluscs) Aounigou Taifin 425
15 ladiAu 547
FI Tadiin 782
FaNAs9tNtias laiAu 1,163
4 1 (Crustaceans) N <0419 6.2
NUAUNZLA (Annelids) 459 0.1993.6
1lan (Fish) 969 TadiAn 5.2
UNNZLA (Birds) 1n Tadiin 231
Andiaeagnsiaauy (Mammals) n 1ad1A1 300
F90T3mlinan (Freshwater Organisms)
W1 (Plants) NP 0579 1.8
ity lalifu 6.7
= =i, . =
YN 1t (Molluscs) AMUNAAULLN 02814
usiniten)
1&AaunL (Annelids) Masa (Wviinidlen) 0.5 014 3.2
1lan (Fish) 959 (Wrwdnden) 0.01 D4 1.04
F9NTImuLN (Terrestrial Organisms)
1 (Plants) NI adifin 27.1
AR ladiiu 257
1&\Aaumy (Annelids) Wasa (lwdndlen) 304126

v
o o

un (Birds) a5 (Wwdnden)

1 (surdnilan)

o &

FrilAENgNAvLIUN (Mammals) n

<0.05 114 0.24
Tdinu7.4

31N 8.1

An1: WHO, 1992
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e twunadandiiunnmn alanag AN
3) lugnanvingsu

waniensinldnuagluananiians  (Pure State) Wnavegsaniusigpu
ﬁﬁ‘ﬁ‘ﬂm’]ﬁﬁﬂwuLLﬁ*LLﬁﬁLﬁﬁmﬂﬂéqmﬁuam@ﬁﬂﬂza (zn) @ne setulunnmwilesdanyday
¥ = | ¥ 1o & . o
Tawasdasluaanaas 1@ (By Product) AINNNTNADNWITA TN 6 (Sulphide) az@a1d19nU
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N 2.1 (James, 1999)

8.0% 41.2%

£.3%
2.5%
21.9% 2.5%
B Phosphatefertilizers B Cd applications

| Combustion of fossilfuels g Cement
| MNonferrous W Natural

[ Iron and steel [ Incineration

917 2.1 unaenuywelauuwanLEaN

N http://www.jamesmbrown.co.uk/cd_pigments/cadmium.htm
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(Kirkham, 2006: 19-20; Tudoreanu kag Phillips, 2004)
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ADUENITNNINITLITH1UeT1IS (The Joint Expert Committee on Food Additives;
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a A o 1 o A o s v o 9/::1‘ Vo a i’/ °
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;119199 2.2 Fsnugegaaeslanzusinnsaenaaiuls (Tolerable Limits)

T
2

ﬂ?‘mngmmﬁi”uim (Tolerable Limits)

q
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o

Fa9U (ug/kg bodyweight/day)  a1aN¥ (ug/kg bodyweight/week)

WA 0.4 2.8
ansuy (atluvisedng) 3 21
wAALHEN 1 7
NAILLAN 200 1,400
hefi 3.6 25
lsan 0.7 5
GG 12.5 87.5
Anvd 1,000 7,000

R o/

P0: AuERABLNEAAIUNNIIANNIRIUI AR N UAL 1B A SUAINE, 2550
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AUUYE 1 904 (20 10u) aziluaniendngilan 2-4 Tulasniu (497 lsatdeonsenuud, 2532)
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21.5 ﬂ’J’]NLﬂuﬂH‘H@ﬂLLﬂﬂLﬁﬂN

AnunuraiufimaInn1duananilan aunrnauunidlu 2 sz fa
1) RHULLRELNAYL (Acute Toxicity)

a SN = B @ o %
Aaannisunglaenlevizeduassupaianndos luussainia Wudnuousndall

dl A a A 1 a o v a [3 b4
ANNNINNLAR  INAAINIZANEAAIFART LLNIALMIela AN lEiNeaNnNsla  Wuntinan
meladu Anaulanyluiln ladiuunsiilunesizadianvziiluiaas aauwas Uinan faun
! o iy e~ o — o = A o
nnganetlaanzartasad Budld da1n131a9ilansniay HNeaanuazdyu waaLa AN
fanelpenisnunazinaINIAaRld Unanas anlaau siaalds UapAsey Uiandiuiiia

4
=3 @ o o = = A o T o= o9 3 =

fuhanalva don Tnuazdugniiane Heaniawidiewevinaiduiy Aaiuaeinulduandias
aunseilasans inszannlifuansuaaendnll s waunnn luszaznandudunds

aripnuiilunssaladedwlnone s
2) WELLLET (Chronic Toxicity)

a Yo =l ] =1 a = =S ¥ a o 1
naannslasuueaiantddnandunimela  Auvsagaidudnniiondsagiilu
szan ansfimizeisainniamgla feinisle qoudanisiupau wdnan Tatinans
(Anemia) w1glagauan - wasnaNduazliinaeuegRNRanuazAady v THILE
éf al = £ g 1 o o P = ¥ =
pruaudinansivanlienn Aunazlaeiagninane weuansndingscuunisluaieu
a Y & ) o £ ‘L/Q/ = [~1 o 1
yaslafinudnfazlivinarsdasninlvilesuan  wananiifelianninduidnuasilinmniy

nsxgniindenie  Aiaannz@anedu Wasannlagniinans  sunmuilaazuazidangilos
sl

2.1.6 InwragLAnLNaN
waadsdiuspnasnsallduiullshiuunealalaletiu (Metallothioneins) uaz

Tazanagunnduuazle Tnaazdnlldudenismeusesscuueulasd nanauniamingu

yaaeulziuasTsiunilanzdsenay (Metalloprotein) wazwaalnlatla (Phospholipid) 1N
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Tlunud (Binding Site) danz@uaznasua daflusinndeaniediasnts Wuualmeulsdly

ansoinuldandng vinldedeazsine Tusenmeldfuuenden (Anunm wilgdng

WeNWN, 2545; WHO, 1992)

Tl 2489 lewulsrdln-alm (ltai-ltai Disease) Alaalnenuy (Toyama Prefecture)
dszmadilu Tnanueda Dr. Noboru Hagino Sufinunannissunanusmasias azin
o al Aa v a ¢=4Id 1 % al o 91; a v M tdl 9
Anzd  weddndagy  RAnnsldesna@ulviuiuinsssuanmidngldunfidgninouas
= o 1 = 1 = dla a 1 1 a A o 1
Wotinsine) Inedseeimdn wudsunnuaalasionuueglutee 1.35-6.88 Naaniusie

v
Ataniu weaiwinnga 80 U vinlidusalienduileued luwdadn  waziduime b
= 9 11 1 v a a = -QI QII %
waaLdeNdngsenie  Aeliiaeinisaedlsaisuaafian  TnaainisBudunladuman
aanseanantes Glase uazdimas aunenszaniagl Taanuninigalundgeniymsusn

(497 T9arlangeuu, 2532; ANNA Wil AnAWRUN, 2545: Bradl, 2005: 102)

wanaIni wasHaNe W lingsgne Hanialduannn alinane Avusulalings
A& waandeafy Wuaignenzsdlnuazsengnuaan ulsageanlilines Ananszny

% o

] a v 4 = = A
panNANAU I lURAT LAV AeY

2.1.7 msdudsslagiaasnnniian

1) ldlugraiunssu TavzuaaaNuazaslsznauwAnLaNgnldly
geaunssuasilssiny taadsswmanianatlelsy warawiEna Suwsldulunisldunmies
WNauANT 2000 R4 2005 %qmmimmm%’ﬁqgﬂﬁ 2.2 (International Cadmium
Association (James, 1999; ICA, 2006) k14

1.1) @mmumimmmmﬁﬁamiﬂﬂ Wi uuAmessanTLTans
finifa  aunsnilszqlwluadlé (Rechargeable Battery) Fenduumpes Ni-Cd. (Ni-Cd

Batteries) {n1siunldlugpaunssuilszinmiaunnnda 70%

1.2) AAAIUNITNNNIARAURY (Coatings) LuansimdauLvizaguianzsiae

W#1AFeNdn Electroplated Coating azlannlaveiiunen uaznumanisiansau Ly
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v 1

a dl A v al 'S 6 1 o a G ] dl 6
AUN IZWIZ‘V]Lﬁ@“ﬂ‘umﬂLLﬂmﬁ\lﬂwﬂﬂﬂuﬂqﬂmmmﬂummﬂ PN UAIUTDILATRIUE LAY
y A 2 o o A Y ya X " P
@Quﬂ?:ﬁﬂ@u@uﬂ ?Qmiﬂﬂ\? u@mLL@Zﬁ@ﬂgﬂQﬁl ’a\lféﬂu@uﬂ‘l@ﬂ UANITNU IﬂﬁxLﬁ@'ﬂULLﬂﬂLﬂJﬁlN

o Y Qy ! dl a a o L 7~ | %
falfidumudouraanrasiiu dng navieed 5 usu

nicd Baveries [l Pigments [ |coatings [ stabilizers [ |Alloys & Miscellancous
ai =u W

an -
rilY J
Hil |
50 ‘ \
40
# 4 | 5
30 . - 4
r , d ?4
'y -
20 7 -
4 ¥
L 4 E \
4 ¢
o E » _ - _ = _ .2 1

2000 2001 2002 2003 2004 2005

R

Percent of Total Cadmium Consumption

Year

U7 2.2 wunatilunislfdseloniresuanilanlutlszinnsine szndnedl 2000 D9 2005

A http://www.cadmium.org/

1.3) geaunIsuadian (Pigments) AMMFUnaIaRNLNGTHA A
AauAssaaasnadin Iagldifunarafinlomes  (Plasticizer) W UAANENARELIN
(Cadmium Stearate) lugilaasupnidendalns (Cadmium Sulphide) wazuamdandalnda
s (Cadmium Sulphoselenide) azinlfladnaesdan 4 auneduasds Mludananamn

WiALEIINA N1 ARULATalaNE A lsnInaIa UL (ICA, 2006)

1.4) 9RANMNIINNRT (Polyvinylchloride; PVC) vinutiiflusn  awila

e (Stabilizers) M HRANNNUNLINLANGE
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1.5) granunssudaaass (Specialty Alloys) Tanzunmisuilananiulans
uazifulavzdaanad Wy Cd-Au azliddauannn adianldlunnndnesaslszay ooy
~ = Ly A @ a0 & a > o L e
nipne) wazlanziae Cd-Ag aunsnstesunialasuiudn Astiauldiinimue wu 4

11 UANANNTNANANLAANENALNEILAY (Cu) AINITOLANANIUTNEILATNUNIUABNNT

a

= % 1 ¢al 4 o Yy a Lol ‘ﬂl %
@ﬂﬁ?‘ﬂ‘ﬂﬂ\‘i‘l’]‘NLLﬁ\iiﬁ IﬂﬂL'ﬁW’]Z’ﬂﬂ’]\iﬂQ‘VIu‘qmﬁﬂN@\ﬂﬂ LL@ZHW1ﬂ1‘ﬂN@I§]@ﬂﬂ?MI§]’N‘] NEAN

a a

% ! o 4 9‘-; e A e dl (<1 ! dl 4 % b4
NUAINTAU LTUW NIUNBUITDEUR m@qﬂmmm@mmumﬂ NABNTSUIEATINTALRNIN g

naniulansaue) iudu (qsn Tsatlansenuwid, 2532)

2) I luFwiupnssn waalanuneaselinaniulsen (Hg) Tadludiunanvan

o

o o ¢=II ¥ o -dl o -il/
UANBLNANN  (Amalgam) Wiﬁ@’]ﬁﬁ‘u@‘ﬁﬁu A9 INAINNID SN TEUnN TN LALAEIY

a3 1649 il ldanulsenanim

3) ldluiannsundu unadoneslugillaienia (Diethyl Cadmium) ldlunszuaunis

3|

nammRsLanalan  (Tetraethyl Lead) %uﬂuﬁqﬂmﬁumﬁﬂmz@ﬂ (Antiknock) 1w

& -
LATRNEILR

&

4) Wulnlnddnnsnmad (Photoelectric Cells) visalWinmad (Photocell) n1m%

wnvisnetas  ludoutlseneudisny uAsesieanldaauaNn s B UN YRR E1 T

a

i Tuesesinuadmiuldiunaasdiagl dszantadalieaiiadaubutg 1rTasas

=y ] o

Aynyroudvalue dudn aanlninBanyEnmas ERNARAUAT A LA LNIAUAINNID

1
a

Usehngnlnneusniiviaad (Photoconductive Cell) M ldvaangryeyaniaus ldansna

[

be

a

o © tﬂld 1 | a ¢£I o o if o o 2 .

NN AN s ta R LAY 4130910 Hanan1AuaInLAALR NG lWs (Cadmium
Sulphide) visauAALNENLEIAIWA (Cadmium Selenide) LHAQNUAY T9ABNTHANANNNID
nlasulasasnTAlunnsfinunnwlnln Tatewuanuyin anEaatnTul A ULaead98n

(mmwmuimﬁwﬁ*mmwu, 2540Db)
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21.8 4N ATINULDN wanLd e lunY

o o

TunsiuaAsnsgulEilanetinluin - asauegAudnwoiznislduss g
Phwuman TaeFeandn Soil Guideline Value (SGV) #7aAMNIRTIIUAIANNAY FiNNLlsznIe
PAIAUZNITNNTRLIARONUNTNR AU 25 WA, 2547 eanmumulunszsaiinyalf
AUATNUATIN AN AR ONWINTR A, 2535 (38 NUUANIFTT AN AL AL

a yy A o = o=l
ANINVNERINN AT ANANALLIRAS  “wInsgannasL it entesansdune Neen R I
A Tnalinaliiindunseisanansznusag N WaLNN Y991 sz S UANEA AU 9R

% ” o = = .
wasneer”  InsnuuadsnanianeNLazdIslszneuuAnleaN  (Cadmium  and
a tzll ¥ L nﬂl 1 o ¥ 1a
Compounds) Tunnsgauannaaun sz lamiiventsegerdauazinumanssusiesluiniu 37

a a o

a o 1 a dl v e dl dl % 1 a
Naanfustenlanin  uaztlmnanmsg AN AL Iflsslamiiventsau fedliifiu 810
Jaansuanlaniy (ANUNULIELNSLAZINWNINENNIaITNTN AUALRIUIAREN, 2547) T9N1T
AueAnBunalaneninluwsiaz lszmaanausnsnsiullaudngsrasfaeanmeinnimun
YRIWAAZLIITNA (ANIMN 2.3) P8 AIgIUAUA NG %38 SGV uA A UIAINUANNNT
v -dl 1 o Yo o o tﬂl
fuaNidesegun narn e lunsldFulavsuin  uwaznstleariuaonuidesan

dll dl a ¥ 1 %4
nsdeuTiresansimdnguesltamnason
nsuALANNANE AT vlaN R g IuNAR g e unssNinLFina  Auaadla
g9n91 0.01 Hadniwsedns A miuiazealaeyiollfluasdianaindt 1 dauluiudnu
d7U (ppb) WANANUAZHIBIINTGIFDIANEITN 10 ppb (N9&NTWARAMNIIN, 2521) UAY

NmsgIuANINEIAN I TUT LI tinatindwAnmeN il 0.005  Hadninsedns

(NTENTNANGTUGY, 2534)
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A13799 2.3 WmsgulaneninaeInmn AL (Soil Guideline Value) iavinnNgINIzLlgn

mMiﬂﬁu@mﬂﬁwﬁulﬂﬂﬂﬁil,wﬁzﬂ@ﬂ (HaanTNAaNanNTN UINTINLIT)

Tavizutin
Uszinalne UsemAdanne UszmAuAum

CREV 3.9 20 14
Tagilen 300 130 67
WARLTE 37 1 (pH 6) 1

2(pH 7)

3 (pH 8)
san 23 o 0.16
ﬁltﬁl/fg 400 450 55
dnina 1,600 50 43
LrLaLile 3,900 35 1.4

o o I

P30: AUTIAEUNT AANUNAIIAN1IRILI AR NUAZT B UAEEUATIE, 2550

2.1.9 mmgqummmeﬁﬂﬂummmazﬁm

o 4 o dl vy v a a ] = dl
m?m‘wummmmgﬂugx‘izgm‘m@aiwwuﬂmﬂﬂwim Imﬂ@’]ﬁ‘WHﬂ]uﬁmqﬂﬂ Tuna

HAouAesiagunIna s leae N Ionmunlugtaas Bunnigeganaenliils

©

(Maximum Residue Level; MRL) luamnsuaziv laagianaaziasalilunnsen 2.4 dsil
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A1379% 2.4 U3unnulavzminfaen il s (Maximum Residue Level: MRL) lua11n3

SN e unaufisen 11§ (@aansusenlansu)
Tanzuin e UszmAdn’  Codex”  aunwglesl’
wAaLlen  dnaans 0.20 0.40 0.20
Wr'lu iraana uazwinuslnals 0.20 0.20 0.20
fndntu 4rotwe dhavs fwli  0.10 0.10 0.10
Wi 0.10 0.10 0.05
fnatindu gl 0.05 0.05 0.05
fedng 0.20 0.10 0.05
a0 0.10 n.a. 0.05
TNUs5330977 n.a. 0.003 n.a.
pzin Suftuazsdatn 0.20 0.20 0.20
nalsi uaziintdlneld 0.10 0.10 0.10
RN ez b 0.30 0.30 0.30
Swals] 0.05 0.05 0.05
LUNAR 0.05 0.02 0.50
dledns 0.20 0.10 0.10
a0 0.50 0.30 0.30
Ynussssuan n.a. 0.01 n.a.
avswy 413 0.15 n.a. n.a.
findntu S1alna draving Sl 0.20 n.a. n.a.
5N wa b 0.05 n.a. n.a.
A8 1.50 n.a. n.a.
ﬁwaiﬁ 0.20 n.a. n.a.
ANNRITNELR n.a. 0.1 n.a.

Ann:  ° annifuaniig, 2549

bCodex, 2007

° Commission Regulation, 2006

=® B
n.a. NEIEN 13~I§Jﬂ’]ﬁ‘ﬁ"1ﬁl\‘1’1u
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2.2.1 ANHUENNNNEANEATUDIRAE

1%

-e:ldll a o 1 . o 1 o [ % zﬁ
AUNTAINYUVANARTIN Saccarum officinarum L. @m@glummu U

Dy

Class Momocotyledones
Order Glumaceae
Family Gramineae
Group Andropogoneae

Genus Saccharum

Tunsuiisniin (Species) apsdaalawiisialuanatioaniu 4 aiinka 1) dasilgn
sawis (S.officinarum L) 2) gegilaunuiau (S. spontaneum L) 3) saeduiie (S. barberi

Jesw.) WAz 4) doe1ntinffl (S. robustum Brand. it Jesw. ex Grassl.)

NINRMINANAT (2547) UATINEN GUADU (2520) louiidasidu 2 atia Ao don

o

99971 (1in Wuggnas 6 ANAUWIe 8nee 5 aauunu 1 udw) uavdeaipan (M Wug

¥
Y o A

AWIITULF 72 gWssnuns 50 (lus) Insanunsndauundnsaizniauanaesdesly Asil

1) a8 (Stalk)

[ '8

aviuresdesfudoudiAnngalunisenesing  wazazaniinianiafugldes

v a gl

(Inter Node) (Aaglin 2.4) isznausnsdauazildaiuiuauninzassissaiu 1) 4

= ] n:ll ] | = a ¥ A ! i', | a =X dl
VU ATUNDETETUINTRENIUNINATEY 2) 1aay Af AVUPNLRANLATIUNNTRENIUNBE

a

wietuld.  TneiallinasBundu diddes @rfiudssneumaanansddesidaninenn

be

] o B 1 = dl % dl % %
sinarin paulpudunInuAzAse ennluauiNeafigaudtanauialndsen feseny 12
Whaw, HAELgILsTE0d-2-3ups. uaideinaugnans. 2.5-56 uRiumg-Hldes 20-30

Udas wlaanuanazids asulsenaumnadausne fail
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~Vescular Bundles

Node * KEEEFE] ——— Root Band

Internode

— Bud
—Reot Primordia

Growth Crack

2119 2.4 AnHUzARIR AU

A http://www.sugarcanecrops.com/growth_morphology/stalk/

v

1.1) A1 (Bud vige Eye) nandeluiTnouingn unedeenaldinnused

NNNIMIANA LS INaaduiu saziasayauniugesanlvd (Primary Shoot)

1.2) 131n4in3IN (Root Band %38 Root Ring #38 Root Zone) Li3n4fe

1N AD BUNIRTIAE TTUINIBEN LA MR YT UIA ATeNLHgIN

[ %

1:3) 11570 (Root Primordia %38 Root Initials) Hanmouziduqaan lu

1
=

UTNaURAIIN -~ 9nagiasyaaniianumanil - Yusniegpautuiauiadnnaniag)
AaUAN (93171 2.5)

'
] A o ¥

1.4) AIAIYVIANUMIUL (Growth Ring) AR @auNTANEUZARNLINY

= 1 A a a 1=l dl = a 3 ' ! = a a 1 (=3
PIELRELUUALITLINLNATIN 13J3J1°1|Lﬂ’]$ NETENINERTEL ﬂLW?W&Q’W@’JHH’QZL’Q?Q’ILlﬂ‘i_liﬁl’ﬂﬂ’]\‘imu

14 HafaadndiuaaeiasyiuaNazinfuINNINAIULL 1 a1 Fumea
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1.5) 998111 (Leaf Scar %78 Sheath Scar) Wusesindunasann1uly

8

ugaunan navgaredn ulududnwnsilsvaiug uneiugniuluwisaigaies 1nsiug

RAauiued TUA1Ml ANWUEFIT) 29990800 11U ANAIAW kazANENYedsasnILu

ANMEUTTERNNUG

q

1.6) 2911 (Wax Ring) Aa daumag/lfisasniu dauilinasdlannzaguinnan

;oA o v 4 A - o o 9 & X o a @ A
ﬂ"lu"ﬂu"l ABINL11d mu‘wLﬂi&‘)ﬁ“ﬂ’ﬂ’]@ﬂﬂmﬁ?@L@N@ﬂﬂ@’lmusﬁﬂ‘lju@g Uwuﬁq mquﬂﬂmiﬂﬂﬂuﬁ

|nilI a nil/ dl [~] = . o
179 uwallanamamazidasuiu@inivann

/1

1 Root primordia
Leaf scar

31l7 2.5 Anwnuzusnildasaiisrasdas

P http://www.sugarcanecrops.com/growth_morphology/propagation/

\NafPANFLaanaINYINe (Cross Section) axdsngdauniuansinaiu 3 dou An 1)
wWaan (Hard Rind) udouuanga 398Auudamnn- Usznaufmatasionun Selaniu

(Lignin) udautlsenaunéndy  waaninuiiniasuuisusauwaciiasiudounagnialu

f i
o Y e o v A @

adu 2) eden (Flesh) agdadnll fWundn  dszneusasmaaniiuiiniiumieig
(Parenchyma 38 Storage Cells) uag 3) wes (Fiber) Ae gruiiiuvien uazyieaimis
[~3 Y o dll o o U dl g o/ 1 1 1 1
auiiulidniiedusassin Tuatsiunuile] Aredanataglssanns 1,200 via- Ao usuILLY
wedliwasiunniisunlndulasn  waridenaudalndqananawuesandu  wanaini

usnalndqanenansinazdld (Pith) sosilunguvsasnanseanaatiialil



24

2) m1 (Bud)

6

piudaunianudiduinlunisdiuuniug  gussresmisusAeudtana

AUARIBATNIVALN AIUNUNTRIAT AB FT8EITUINNTRENIUALFIURT d9uqmsen Ae AaT

FusauarinaaanuIlanIBuNA
3) U (Leaf)
ludsznausing 2 dau Aa nuly (Sheath) wazkeinly (Blade) 1) naulu Aa d9ud

1 ¥ 3 v
Anuavinansu 2) udwly Pe deudadwileniuluauly dsznausaiialuwazunuly ¥

asvdauuenaniunaalil (Blade Joint) Anuli (Fegili 2.6)

Midrib

Blade (cut)

: Dewlap
Ligule X, P2~ Blade joint

Fine hairs

Sheath

Sheath Base

21l9 2.6 Anenzaasludas

A http://www.sugarcanecrops.com/growth_morphology/the_leaf/
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4) gapan (Inflorescence)

b2 dl 1 v 2’/ a v dl U %’ nzll 1 o

A28N9DNABNUAAITIBRLTIUNE ALRTIUNNANEDLAY  waztiIAanaranatlua
% b2 o v v 1 3 b4 < £ v a o [~ 1
suldgninlilda¥wtananinliauauanaidntdes aandeaddnwuziluy nisaan
m@ﬂmmé’@ﬂﬁﬂﬁﬂ@gjumaﬂixmi “i T9uds  (Photoperiod)  3RANENIT89TY

b4
o a

goNH  ANTUIUALLAZEINIA  AINANAMNITAUUINLLA  HANNANUATANTNIBIAUT

segdszuusneles (Fiorous Root System) uHnszanseaninusauansiulusaAd
dszanns 50-100 [uAmA3 An 100-150 wukwm? UnAdesvenaiuglngldansiusniu
viaw) az 2-3 A1 WARYYienFENd) viewiug (Sett 1i7e Cutting 178 Seed Piece 1178 Seed

Cane) wasaniviawiugilgnashu adesazuanils ugasentufusudes usniag

a

¥ dl d’l % 1 o dl A
ANUBATIANTINAANNINUIDIVITINBLAENALBAR L %ﬂmngmn 2 71/ (ﬁﬂgﬂ‘i’l 2.7) AR

5.1) 9INWAIVIAUNLS (Sett Root %38 Cutting Root) #7al3eingn $1ndamsn

[~ | . dl a 1) a a 1 [ I's agl/d
\{usnguusn  (Primary Root) #AAINLNeIN lWLFRMNATINYBIVIauRUES  sINNINHE
ANBIUZHNANLANLYWININ mmzﬁmm@wi@uﬁuﬁﬁ’]ﬁqLfﬁfyl,ﬂwﬂ@ (Shoot) azlsinuie
dgl = 1 dy 1 o '8 o v dl 1 nI/ 1
AN UAZEIFBIMITIWANAINIIMIAAIN SINBBIVIBUALTaz iU sell aunsyisule
H9NUDEULEY AMTWRAUY UAZHIABIMITUNY UAIANTUINVBIVIOURUE  FINRIF0

Viaunugianfazmunaniwly

52) NupwA (Shoot Root) wiaEENdn 9nmag  wusnguin 2
(Secondary Root) WIAAAMNLNINTBIUUBNINARINYIOUAUETIN  SINURANHUzaNY IRl
C a A4 a \ A ‘= = = = o)
wuapliggndnsmatiauen. iWafalud danwzecy liduaws 8u0o-uasfaznlaaudy
% ¥ dll d? a [ ' 3’/ v i ' ¥ =
UnpnadNHe g NI Snazastaand NNt widatusnaesusssdeasd
o o o Idl ! o % dl 1 va = % dl o v a
AuauAia  wsillasanndaulauaesanfuneglsinuildanuininilsnuan  nsasty
1993 NaziinadWAalles  uavnisuanaanldilaeuanandn  snludazifiannvinuting

a dl | [~3 = aI/ QI
i TneanigluAunuizan ﬂW?LLW?‘ﬁﬂﬂﬁqﬂﬂﬁziﬂimﬂ@LL@Z@H ANNNTONEN LRI A
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o

wazuuouauldNINngn 100 wuAmAs wanansnfiag lEauudadeisninaandamile

¥

d” a ?/ % dl I yva a é’ % o & = dl d“l [l d” a
Wumuwwamglﬂ@mmu LL@%ZQ\??.IHLLU ALUNWNUTANANTINYNINURINBEY U NIMNUAUNIN

1)

" Secondary
¥ o— shoot

Sett roots

2)

gﬂﬁ 2.7 ANMOUTUBIINN 1) ANWOUTVRIINNAIMN  2) FTuUINUeIdDs

A http://www.sugarcanecrops.com/growth_morphology/the_root_system/



27
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2.3 NsgARlauEUtnUaING
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(Apoplasms) 28430 BaifunszununisgatinanlanclnanszuunismWia@nd Aanan
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A laaauaslidnasanaladan  MlisnaainisngaRwai laaauaInia eI umTen

a A

T sz Tondls WRwiall CEC apsutinAufiA1sendng 0.5-50 me/100 g (Keeney and
Wilding, 1977 #9091y anuna wilgdnmwmun, 2545) lsuansszdu CEC wevmulilu
FN9NA 2.6 §198AU (CEC 199AUAN  LAAINANINANUNLBENI MU AR BIUTLNYED

a a o 2
BAUNTEIFE) UDE
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AN397 2.6 32A1 CEC U89AL

LA A1 CEC (me/100 g)
Fnsnn <3

rffllﬂ 3-5
fntunan 5-10
11una19 10-15
gaunans 15-20

49 20-30
A4HN >30

a

o

01 AnuNA wHaANAWLN, 2545

AManwnl ndannsne warsydy neduia (2005) HAnmNsldunjulnnngs
waaieniicudienlium Imﬁlﬁﬁﬂ’]?ﬁﬂ‘iﬂ’m’]ﬁ‘u@ﬂL‘]Jalﬁluﬂ?zfﬂll'm (CEC) Fanudn A1 CEC
TugpRurngawiniy 24.6 UazgARNELAWIAL 1.8 centimoles of positive charge per
kilogram (c mole,,, kg") wazannnsAnEluAssinudn wawnaneiuglas a0 g m

c A o

= = ol )y | e o | Ae o o
mLLﬂmLN‘F;ISJVL'WIGLUVL&]N’mmmwwuﬁﬂumEIW‘;?Z?’I"]W]’]‘L& me’]ﬂ‘wuﬁﬁ SNNRENHUEAN 31

a o o

(P0.05) s ldusnsngananeiuguagassd uazaaiuglszanumsdus dounisgamsly

'
a A

ol = ey O a = p~ o |
1QW?Wﬂ1NNﬂQWNLLﬂﬂMWGﬂu ANMTuUIAAUNNAYT CEC Qﬁmqﬂq?ﬂ@ﬂﬂﬂLLﬂﬁLNﬂN1ﬂﬂ LATH

!
nslaeauwanlenliannndiganunien CEC A Mlimnulnfidgnluganuguanans

= ¥ ' a A
LLﬂﬁLNENiﬂNqﬂﬂqqﬁﬁﬁquL?@
X a v a
3) HpALLALIATNATINTBIAL

19945 19199A1AAA NN INNZRIATUTBNBYNIARY LaSHFTaNTIAIIBUVTELAY

1 o v = o zil a 1% a KR aa a
leaausine vinlilAaanusreegines Anvaizaevtieanuarinseainsedinuasianing
FIDAYNNWIUBBIAU NIFFNU N199LIBUINATEINTA NN9TaRTVBIN AILUNUARIFNTA

dgll a 1 a 1 = 1 o/ % [ % dl a dlddgl/ dIQ

reaiilanuuAasTintantnanan1sgadulanssay (Aegun 2.11) Insauninuniamuees
1 o dl | % 1Y o % a -QIIA‘I
aynaNInnInazgaduleasy Suilusiseimslduinndnson Ansuzaeslassadienunig

¥ A [z a a = 1 % a v
ABNNTT AR 134?1mmﬂ\‘im?m‘aaumuimmﬁﬂ Nﬂq‘i‘ﬂ'}ﬁlL‘Vl‘ﬂ'?ﬂ’]ﬂLL@ZﬂW??ZUWﬂu’]GLuﬁuVL@ﬂ
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annsnfuun o ld Aanwusieelsslamisanonuilulsylomivassiseivnsig un

tlnnzaeesnléif (Kohnke wag Franzmeier, 1995; ANNNA Wil

1%

AnANm, 2545)

Texture S.A.(cm’/g) %Fe,0, | %Clay | Cu|Pb| Be | Zn | Cd | Ni | Hg
Clay 67 23 52 %
Silty Clay 120 5.6 29 ///////////// //////////////%
Clay 122 3.7 46 ’“"?"""

21l 2.11 AuANTnuaditafnlunantinlany

a
1
a

NN WHO, 1992

UNEIME: S.A, MNNeD WWARDANAA (Surface Area)

Bell WwazAmy (2001) $1EM1UI1 AUNT1e (Sandy Soils) TaifluAuAiLFuAY

= a = o . o oA ' =2 =
e (Clay) wazaunseang (Organic Matter) A1 WLAN W%zdfauiun;mmm@mmmewu

T4 legendnwenugnluswsiiian (Clay Soils)

6o

4) 1BanBuvEing

a a o =
uNIIngNLITqay

(Net

Negatively Charge)

atiifuauouNIn - 1R

a

=< ' rdl ' =KX o v t:lltzl
ﬂ’]’ﬁ\l@’]ﬁ\l’]?ﬂﬁl‘uﬂ’]?@]ﬂilﬂﬂ?%’ﬂﬂ’)ﬂ@\iﬂ’)’]ﬂﬂ@@ﬂﬂﬂﬂuﬂ Uszannd 2-30 W1 A liAuUNg

Bunzdngga

¥

HAIMHATUNIUNITE

asuulasres pH 18R (Adriano, 2001: 295) atglaf

a a so a n:ll | 1Y dl o 1 ] o 1
pnsuvdingidouniulszquonagiing  Seauainimmaenans dasfleiulalilans
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6o

winazansgauglliuiniaede wanleasunifulalasaulesan (H) gnaunsdingga

duanlinlilannan pH azilaauudasdaniialdeann feiu drlufuifEunusunedingy
dl ] a < v d} 3| b4

wnzan  Tanianlanzazesngaisazaaauitenss  Gafunauiainmnusiiuniunig

wasuulas pH (Awnansdnadagianean, 2541) wanainil 8uvsddngiaainisnyinli

NIgUUNIBNAUATL (Water Holding Capacity) tnaiamizlufiunie uazidaaivunis

fnemaInIALa st luAWaNs0el
5) @13ALAR (Chelating Agent)

asAandniiluaslsznauduyised (Organic Compound) laeinilis Chelate Metal
lon A@Nans0NsfulanudUAnugstlszneuEten dsAaaREnngld 1w Ethylene
diaminetetraacetic Acid (EDTA), Diethylene triaminepentaacetic Acid (DTPA), Citric Acid
(CA) waz Ethylene diaminedisuccinie Acid (EDDS) ilwsi

[ = [

Tulszmergyuiinisindntannnuaadanlufuiaenisn - Treatment  duanee]

ATasnansldansazans EDTA uaziluana (Lime) nadilfine 1Eunnuanilannisnmiomu

anasan 27.9 1w 14.4 Haansusanlaniy (Kobabayashi, Morii Wae Muramoto, 1974)

Turgut, Katie waz Teresa (2004) lAvnnnsAnEtaa8s EDTA waz Citric acid (CA)

Tun31intTe wasiRen Tastey wastintia a9nau taenas Mnauas 1 Wuqn fRanudud

]
o =K v

v
189 CA 1.0 nfusientanin nuazduiiniaganslansisvunlagean 0.65 Naanin Gedn
¥ v 1 é’ o V| a o A Y § o o 1 :s'
pnidnduaes CA wnndntlasinWidunsiuie (Phytotoxicity) 415U EDTA Wudn 7
27 o 1A [ L4 =2 gn// [ a a o = |
anidudu 0.1 nfusenlaniy Winansgamnslaveisunawiniy 0.73 aanin dadlupas

Yy v Aaa ' Y ¥ o A s nd‘ & = a a o
WNEUNANII AN 0.3 NSNARATANTH N IANANES 0.40 Naansu

Foun - 8@ laf. (2550). lANIN19ANEINATRFIAARAANITAT AN LAALN N
MU (Helianthus annuds Linn.) Taanfnansazandunalaslumagm (Cd(NO,),.4H,0)
k% k% a a o 1 a o o = [ % ) a = a
pMdindL 20 HaanFusianlaniy wdsannisdgniailunan 35 Su inaENAEes 3 9t
A8 EDTA EDDS uay CA HANIANHINLLN A13lAN EDTA NAnudiudy 0.15 Aaansusie

a [ o 2’/ = o val = ?.’/ % ai A a A o 1 Aa [
Alanfu A1 1 A NN@‘VI’ﬂ‘VINﬂ’]‘J‘@Z@NLLﬁﬂLNEINV]\‘][ﬂuN’mVI@‘ﬂﬂﬂ 25 daansusailaniy
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(WmTnwiRa) waznudn EDTA #nnsdanasalédnndn EDDS wazr CA asgnunsnilamilast

wanienliag Tuansazanglfinanndn EDDS uaz CA

6) TUAUBINT

o A al g o o ] o = A =

anwourresiaiasudAnylunisnvuaBunnlausmin ANTArARIanIs LAz
AN UL BN UALANANAY F9RI3I9N 2.7 191 nevinaudnnaeaausaLaatd el

~ & v E e =y Pl v v = ° ,
wazeRALNsLaNTas TialEaa9n TN A NN L LA AN N UL BN IR WAL

lusnAUFunnuAndaNNTY (Jiang, Liu uwag Hou, 2001)

dl = A a 1 dl a a = o
RM3NN 2.7 ﬂ?‘NWNLLﬂ@LNﬂNIﬂW%%H@M’Nﬂ wﬂqﬂslummummmnu

BuniupaLSes

aTiaNT AR o
(HaanFusantaniy UInnwi)

. 1 4

AvulurnaAuans 28.80

PITAEN] 1.76

dnqunfiad, 419lnn 0.64

luengu 56.60

o

fun: Schlipkoter and Brockhaus (1988) #analy ANNA Wﬁﬂmﬂﬁ

1%

FNLN (2545)

o

AmiuNaiand il Hyperaccumulator ARsHAYINATNNTD lNNTAzaNAE7R WL

wazgaun sty ulmle Al (Kabata-Pendias Waz Pendias, 2000: 74)

>100 Raansusanianiy u wande
>1,000 Haansuaanianiy lu Taleas nadwss Sniaa Aeii

>10,000 Jaansusanlandy lu waentia &9nzd

1
A

NrrHanilaae Thlaspi caerulescens (Alpine Pennycress) dunnfanugnngmg
lunsazanlavenin 13 lusBunamnn  (Hyperaccumulator) @unsandmTanaalélugas pH

5.1-7.6 §7nN97W pH 4.4 TenuiFanupndnduaesunnlongegaluiahe 236 Iaaninse
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1
=

Alandu (Yanai uazAtuy, 2006) wanani fRamnsnavandinzduarnzinluiliunnngs

AL 3% WAz 0.8% MNANAL (Alloway, 1995a)

2.4 9uUIAFENLNLITDY

a

aswanng Aetlszlemd (2549) lAvianasfnsnisnszanasireduanian uALn
dgl =2 %3 al al a dld
Astluilan IneAnEINIINIzansfauasdanlssneun1aareuasite N luauning

Ul au NN unNsAy aneLHaan A9UTARIN WL AlUNLAANHILTuAUT TN

'
oA

UUNIERADAAINNANAU HRWIZAUNANNITEALUAMNAN 0-20 TURLNAT Wit NHIHaRY

q

Wudusumian Apuilunsaflua e luALEAGILA 5.39-8.22 LATAINAAAAAINNAN

o = 1 {

fuvradngiegszndnadatas 1.54.9 uazANa N0 unIsuaniaulszquaniiaeg

9 a

a o

29NN 9.7-20 [uflnasenlaniy TnadilEunuanaIRINANANTNB VTR UATANA

Tunsuanulasuilszauon lunisfudcetieuiveaniy 4 Aui Fa Nuigu

1 12
°

UNAAULNTS

[% 1

P
W
NuNeaw waruntn wudn ilsuannasdaueaslufwyintgy 27 way 23 Aaansu

)

a o X A, & o v o o o, A 4 X Ay = |
Alanfu 1uwuwzgmLLazquMQuuﬁmq AINAIAU FVUNUNABY WL Nﬂ?NWMLLﬁﬁLNENﬂﬂu

' a a o A o &Jv ' = o aa
TTUIN 0.34-2.59 Haansusanlanid uanaInHdewLdn  USunnulanlauLasdInsad

FnnuanasnNANanTuyniua

Barzegar Was Koochekzadeh (2002) NIN9ANHINNTAZAN AR N LA TINLAA 1L

13
¥ =

fas Nlanuununeaeldfluseeazingn 36, 20 was 2 T wiqa 13U N sgzanLAaLe Nl

a

b

' % (% '
A 0 o A

Y - o PRI e | A e o A o
@@ﬂmﬂ@ﬂiuwumﬂgﬂ‘ﬂﬂ@qﬁqﬂ 36 1 HANMHLANANAURLWHNUUANATUNTEALAIMNLTANU 95

13
= ¥

wafifus AnNuAngniedwld 20 uar 2 U wenanufianuan N3azaNTadLARLNENIAY
finfalagdulunjetluaudes (Bagasses) uarligaunsomipupadon wastinifialy

WIANANII8U19 (White Sugar) L6l

Rayment, Jeffrey Waz Barry (2002) innngAnsnlavzamninlusudeailgnluilss mea

apawaae uszazioan 1 saueNgueddes TenaaInni1sdisatiuinlansuinlufuues

¥ 1 =

Ail A:II = uI/ o = a %’/ '
WuNlgnaay wudn N‘]JQ?N’]MLLV’WNLNEIN, NBAILLAN, ‘]J?’PJ‘V], Mena LL@Z@QﬂZ@IM@MW\?MN@@%lu

a

see1l 0.05-0.11, <8-123, 0.02-0.20, 5-24 WAy <12-193 NaANTH lavzuinsanlaniumi
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ANNAsL TaedasiafuliFunninisazanlaneusinwingy 0.0054, 0.39, 0.0062, 0.02 WAY

1.43 FaanFuAaNIansN (H1M1Ngm) mNaIAL

Lu wazAnse (2004) TennnnsAnsnisEnALTAInIAnkARLREN LaAanza b
al [ % g o

RUFIATILT WU Tauealanazdanyd Iaadnauminaiuisanianlanzutinls seusa

AUUINURINTNARDY  LATWLIT  HnALTINRNIsazanLAatR N 13 ludouniiusnuinngn

A A

y ¥y = o o o * f 9 X A, 3
AMULAAURIFWLTULALIAINUAINSA QQ@qﬂJqﬁ‘ﬂﬂﬂ'\'ﬂ,ﬂqq Wﬂmﬂﬂﬂuwumﬁmu’] (Wetland

a

Plants) A2x471130 lun131n1Tn A s T uAseeslanemin s

Michael, Daghan wag Schaeffer (2004) lennisdnsnaninaresnsndain aeld
& = | a A & = = o
\uansAanlunszuaunns Phytoextraction anaufiduitlanuaniian uaziin1smaaeaiy
fuengu  (Nicotiana  tabacum SR-1)  pogniaianasaanalllupuninisuilen
wanenTulEu e A wudn nepEadinANluEnI 2 niNsenlaninn adunsia
prndnduresuanienlufy anganzesengy 309 Wididlu 39.9 Hadniusenlaniy

deln/ ! = = o 1 | | ' KX A o 2
uanandifanudn ansAaniuana iananmdunsadusne (pH) anae AglHaR1 i

= aa = 1§y ) 1 ry o X
LARLHENNNTANNNI0AARILS (Bioavailability) #4471

del = Adl o/ ndl o £ U =l a a
UANAINT  NN9ANEINEFUNNTLASUI AUAN NI NTIaLAAINEN DNNa LAY
1 2
danzd luAuniinisddeslindnsainnistgndenituszazioan 36, 20, 2 uaz 1 1 289
Barzegar UazAy (2005) Wuda Hifsuanuuanangeganazanat LAt 0.16, 0.13,
v 1 v 1Y
025 WAy 0.38 [aansusanlansy mINA1sl et Hednisaasnunfildidlussey
a1 N aNnanFunLAnRgN URLAI LS NNRNEITEINLIN USunnuasLE sl
a Ao 2y o N o o e Al % \ |
AundnsaenfisdwannIslgndas Hszaumndaaun insgndasusiinnsldile
Woaneiaaal 1 1 agglafianyd waannisAnEtdanugn uamianinsazanet/lu
FRENAUNAIWINAL 15.8 RaansNAaNlansy LAy luausaslAwingL 0.7 Naansusa
a o ] %’ 91; = a v 1
Alaniu winuaAlunINLIMIA LAz HNA AN LTINS NI MLAR LNt e naw a1 110N

Anlst

Segura wazAnuz (2006) vinnsAnslanzuinludaetdesnlgnlununiinisil
o o %; = a =X ] o %
nauter wazsruuindain@eredismenuialulszmeaunda tnadneludausn ansiu

4 1 1% = ¥ Y = =
uazlua9anE Wi9n ?Wﬂ‘ﬂ‘ﬂﬂll‘]ﬁ‘lﬂﬂ«lﬂ’)’]&lL“llﬂJ‘lIu‘lI‘NLLﬁ@LNEIQJ, Iﬂ?LQJEIN, NAJLLAN, ﬂ‘m‘m,
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(P

weNNTTd, Pein wardanz® Newindu 0.23, 64.3, 140.6, 0.030, 561.6, 7.95 way 177.4

a o a o 1 Aa o o o ?/ &' 1 o o v t:ll a

Haanfusenilanin anddy Mielinudn dsnanisazaniaveninuasfuininign An

i 80-90 wlafifusaasdauinulusindas Turnsianududuaaslansmininsanyly

ludes  wudn  JiuiunisazaslaveminetlulfuusindnTusnaetnadliedAny
Ail a ¢=II¢=I a ¢=II¢:I o o %’ al

uanaINi LuninIslanauatzgNTy wartFnuninisindatidaainlsangiuia ana

= o L% v v o a QI 49( % 1 dgl dl
NN@‘Vl’ﬂﬂﬂ@’mL‘?JN‘?JH?J@\?I@VZVMT]IM@%LWNgxﬂlu LAZAINITD L‘ﬂﬂﬂzﬁmmqlmu@ LEIDTURN

D¢

asflgnluiBouiinanls  aeinuanisfinedl  aunsnagdlddndesanunsnldiiu

o

d”q/ = | dl a a dgj dld|d dgl o a v
AT InUaeNT s Naunmnazan waziasoAualuiunnanisduitlavaaslanzminlumuls

uananil  Liu- UazAz  (2007) WINNSANHANIGAAAY  UAZNIIARRUENIUeY

o & 6\

wasienludng 6 anaiis wugn deusesdnaieaiantias (0.73 wefidus) faumgana
~ o X o o p = " Iy = ~

waaLdeNls wananil Aswasuineuamdsnlufy wudn sInd1aannsngamuAnLEEy
= o g . = @ v @ p~ p~ o A

uazipaautnelldeen wazdaselddunan Tauanslifidindg wanlaninisnszanafanse

A Ay e oA 4 A A Ay
Lﬁmuwiﬂmmu@u’] ﬂ@ﬂWﬁWﬂﬂuLMu@ﬂuiﬂ

Murakami, Ae A% Ishikawa (2007) 19n13ANHIN19dsan AN Tae lE AT 3 ain
2 o o = o o = o v Aa o
AR 1719 DWaed  wazdnalng T9Nn1sneaedluEernied  InealEAuuNNsEAUNT
tydlauaaanasiadyingy 0.83-4.29 Jaaniu waalaNAanianiy luszazioan 60 41

= ¥ X e By = - ol v

NARINNNTANEIATINNLAN WA 3 mumumi@mmLmmmmifmmﬂmnﬂmmuﬂ@m el
Y = — — % o —_— A a o
1191NNIHARIRARHENNINNGI0S Hazd19lne HAWITY 187, 116 war 19 Naaniuse

Alansu mNaAL

Tanhan wazAny (2007) ldAnmnisldaiuidalunisganuasasanaaduaniies

a

oI/ o a a dld d’l oI/ '
A IR A N3 A Tmﬂmmumﬂaimiwuﬂ warluhuninasduitlaussta wudn ng

o a

naaasuullalnsinianszaumnndndueenzia 10 Daanfufeans ludiuaen uazsni

a

ANWINT 1,772.3 A% 60,655.7 HARNSUARAN IANTN AZNNNNTd L ANLAALNLNIIATL 102.3

a o ] aa [ !

WAy 1,440.9 RAaAnsuFAaNlanIN LACAIN@NAWINAL 1,876.0 way 7,011.8 Raansusa

Alanfu m1NAAU 495U TUAY ANURRANNITDATANRZAALE 1,377 WAY 4,236 HAaAN5UmD

Alaniu Ndaugenuazsn mua1AL uiwuaNduduseanden uazdensaluaueglu

1BUIUAN  ANRANINAAatiilun1sEiugudn  audadluinantanugnisalunnsasas

1%

meialéige (Hyperaccumulator) HAnanwlunistintalavgminiduidleuluauls
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28ALUUNI59]8

[ 4 i a ]
3.1 ’Jﬂlﬂ’q‘ﬂﬂim LATRYND LLATAITLAN

3.1.1 danainnl

o

g

1% o o

ae? LGAe WUFANNAN LK 92-11 a1Naandaniunaings

a = o = A = ) . ai [ =2
AuUnAaan AN lseuneaeaiuALLY (Top Soil) NszAUAINNAN 15

al

R ams AN RN Aruaamezay sneidles Jendnilanau)s
eAdgns 16-16-8

nauzlgnilugen et N ARILERENWALENANY 45  URWAT  LATVIaTNAYE
WARANBE NN

NILANENIDT L1IBT 40 LAUKILANENA 110 HAALAT (Whatman, England)
nITN1EN9e GF/C (Glass Micro Filters) duinuaudnats 70 Hadwms
(Whatman, England)

tinlseannlessy

NI

wirasufaatiasing 1dun dnined nszuenmas Tilm nemsnses uiauds m9ndsy

3um3 NszanuIAN1 29mgL TNy

10) i/ Flask Buchner Filtration

11) AZUNNTOUAUIUIA 2 UAALNAT AT 0.75 NARLNAT

12) gunsndduiunisdgndas i aau wad asatin G911 Aeuy Ay LW

13) 1aNanARnN 413U ldd 198z anu At ATRIe 60 NAAAMNT

14) g9
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4
LATANND

" ax
U, B9fe

3 = < < - .
wraarpantALeldesutuadninsliinas
(Atomic Absorption Spectrometer; AAS)

dll A o [ 1 v
wsasladuivtesfaesyunluingamn
(Microwave Digestion)

FaLAIINTRL (Hot Air Oven)
W AN (Hot Plate)

dl [ | [t 1
1PFaNdAANNLTIUNIALLLAAY (pH Meter)
WAIRNTIAZIBL A 4 ANwiLle WA 220 NN
WATBITINLNY 1 AL
upAaINA
Lﬁ?mmﬂmuwgmu (Mechanical Shaker)
LAFdUARIE NN (Blender)
ATBNITLLANMUARAN LML L UTAN
(Global Positioning System; GPS)

FAA8IN1A (Hood)

AAnalyst 800, Perkin Elmer

ETHOS SEL, MILESTONE

ULE 500, MEMMERT
Cimarec 2, Thermolyne
Sension 2, HACH

BP 2218, Sartorius
SBA61, SCALTEC
NO35AN.18-1P20,
0S-2, Green SSeriker2
RTO4A, Korea

Map76, Garmin

Wiwatsan
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3.1.3 417IAN

an9LAN UTMENER, Uszina

naa lusanidudis (65% HNO,) MERCK, Germany
nealalasaaasnidnds (37% HCI) MERCK, Germany
neadanFnidudu (95-97% H,SO,) MERCK, Germany
nepLlasaaasn (70% HCIO,) Panreac, European Union
lalasiauilasaanlas (30% H,0,) MERCK, Germany
wanLien s (CA(NO,), 4H,0) Unilab, Australia
nanlalafiaaulasalwWuaAsasIan; Fluka, Switzerland

DTPA (C,,H,:N;0,,)
TastaniTuandu (TEA) (N(CH,CH,OH)) Unilab, Australia

wradanpaalsnlalawnan (Cacl,.2H,0) Univar, Australia

3.2 aouNALLUNISIAE

3.2.1 Wunlgndeamaasd aneuddan AmdaaIn a1uu 3 wilas lnanaaziaan
AIMN3197 3.1 uazFuMaesaaiusaetniauanslilugn 3.1

a o a

A ¥ o ::4‘ o % o A o o =
3.2.2 Gaunaaed Wiian1sdenAuatiunes annewes Aandnilsnauys
3.2.3 ealiRn1? an1IAEANNIIARDN 9NAINTINUNANENAY
3.2.4 HealiiRnng gudaraiiudAwienAfaun1sdanisiuondeniaz1edids

f1n9Ne g1A9NIRINUAIN Qe

dp A A e & Ao
M1T19N 3.1 Wunilgneasnseaunisilwile uresuanNaNme Y

o ‘i’
L seaunTLuiileu r
NG . Tuntlgn
LAALNEIN (NN./nN.)
thuudntes Auaun <3 12 fUIAN 2549
TNURNANUNE ATLAWNANT 3-20 20 $U9NAN 2549

TINULNANIIUNE AILALNANY >20 6 f191AN 2549
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s2INN9UUITI AU

wARALNEIN >20 WN./NN.

&

Lage-zn
Zaamm Dw e mas Datde
.

wingig W lamon

Bl 105~ B T Leom
[ BIEEETN ey
S tmrau
£l sayam

_, uw
B S e 2
o

B ngenaee Periam i

RIUIARN

Nun 118

PN d' o ' .:. '.:.::'-G' VL) A . P ',:?‘ X A a_l o \ '
gﬂ“l/] 3.1 LLHUN LL@Z@'TLLﬂuﬁﬁl@Q’ﬂﬂLﬂUﬂQ@ﬂqﬂﬂu LL@%@@E&UWHW@?\?‘H@\?@WLﬂ’ﬂLLN@@ﬂ
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3.3 §LEULLININIGIAE

Buaniiunsdnlussndnameaunatan 2549 D9 HunAn 2551 fausin1sAuadm
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34.1 nesAnwnsgeasueanienilutleulumuaesdeaiitgnlunui anaus

ABA IIUIARN

= X Ao X a Y 9
1) ﬂq?ﬂﬂHqWHVIVINﬂ’]?ﬂHLﬂ@uLLﬂﬁLNEINﬁrlﬂﬂl‘ﬂﬂu@qqﬂﬁ\ﬁfﬂﬂ@q?@uwlﬂ

nHAERS (GIS) uanssazRunle luAnsIsi 3.4

a d'o = @A :il/ all o < o 1 a !
AUNUNNNANE LT UA UL BN UN Iﬂﬁ‘l/]’?ﬂ’]ﬁ‘l,ﬂ‘]_lﬁlﬁ]‘ﬂﬂ'}\‘iﬂuLLUUQN

v
%

ANTNAN 0-30 IURALNAS ATUILNININAAAY 3 61 IpeltiasaatineAuaantily 2 d1u

WnsneeNAUNNRIaN (Ar Dry) T 1A LazsauN umnzLngg 10 Mesh 1192 2 Raawns e
nsnsvianantiRuassaetngmu (Soil Properties) Iaginisnfmedsne Awuanalu

FN9NT 3.5 UAY 2) UIANRLNALNIBLTYNYN 105 eeAmaLTas w1 24 49Tue un uay

FAUNIUALLNINUUIA 2 DAAMAT LNENIN1FLATILIA LA TN

B399 3.4 ARAARALMLSIBI9ALILIENEe TNLT

& A4
MINUNNT

o

<A

AR 1)

» X -
F2AUNTUUL DA LN N

Nt (1) wilaa Wim X Nim Y
(Haaniusianianiu)
<3 5 1 458625 1839156
= 458642 1839156
3 458655 1839156
3-20 22 1 456460 1842030
2 456444 1842035
3 456423 1842038
>20 5 1 456550 1843022
2 456558 1843019
3 456571 1843018
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A9 3.5 WITIRIADT LATAINITIATIZIAUNUINI AN

RFREZLH A8N19ATT
AnANLTRNT AL AN pH Meter (A1 = 1:1)
Buvizeing Walkley and Black Method

ﬂfsﬂum’]u’]‘iﬂuﬂ’]ﬂmﬂLﬂﬁﬂuﬂ‘iiz‘ﬁmﬂ Ammonium Saturation and Distillation

Rt Gravimetric Method
Funaslulasiauianue Kjeldahl Method
Bnnumlaaiasaias Colorimetric Method
TNungdes Ammonia Acetate 1N pH 7.0 Extraction
ﬂ?mmmmﬁﬂu%\mm Microwave Digestion baz AAS
Frwnuziidenu Hydrometer Method

2) nsweisenuilasilgn

Py A ~ A o oqou= A o = o
L?Nﬁr‘]ﬂﬂqﬁ\iﬂmg 1ﬂLLlJ‘3 LL@:‘ﬂﬂ?'ﬂ\m?ﬂLmﬂNmu&lV@ﬂ ABRNIREAUATY LL@:sL'VIN

X a 1 RPN o A o v  Aeyo o ol
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3) nistgnuazguasne

1
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AU 2 A3 Ae AFIusnldTjmeuENilgn (useanu) ludnan 50 Alaniusals uaraisn 2
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4) NNFALAIRLNY

4.1) naiudaetinedas anaiudaetnedenyn 3, 6 waz 9 1hau Faun 3 A
Tnetirdenandrainliazenudauanoanidugausne Wud .0 viewiugita W uazddu
Thedaunasdnduinanduin|fifusudes LA ARG andaiwiings  thleud
QIUNYH 105 BeA@aITEA WU 24-48 dalae arsdamiinash udeannti v lddedwinude
uplfaziBon HulFlunedy WediliRresimdianuanidenludausie) 2asden nu

72AIZ10A1AN9LALA28EN

4.2) NMINUAIBEINNAL YIINITLALABENNAWYN 3, 6 uaz 9 hau taeiufatinggy

'
= o

LULANTSZAUAYINAN 30 WUAKAT WUFauREanuAUNsfAuAet9dey HAuLNdow

ldsaunAmsdlungdusig (pH) FaeeNAUEUNUAR NN RIAN (Air Dry) WasLaAY

1
P a

uwdrulilaunguuugi 105 avAEmalios WK 24 Galue auinui ua uavdauEIy
FZLNNTWIA 200 Mesh %78 0.75 Haamng ulflugedl eninsndsunnuanidauy

Aran AL ANNITEZIANTRINATNLIFNALNY

= = P a y A ~ ° -
432 ﬂq?ﬁﬂ‘]ﬂ’qﬂq?@mﬂﬂ LLﬂﬂLmﬂﬂiumumﬂﬂﬂﬂﬂ‘ﬂﬂ@ﬂiuL?'ﬂuV]ﬁ@fﬂ\? ANLNBALNAN

=

[ o al
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1) N1FAIWLNUNNTNAADY (Experimental Design)

WEILNI19NARR9AR Factorial in Randomized Complete Block Design (RCBD) (£4
3107 3.3) dsznausog 2 fTads Geiladeh 1 Ae angaeInsiudetnedes 3 A3 laun 3, 6
waz 9 e fadef 2 Ae svduANNEENduIeIdnslssnauLAnlaNlumIm 4 seiu Taun

AYLAN, 10, 20 UAT 40 HaANTN wpalaNsanlaniumy TnaiinmAaeaIuIL 3 41
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g‘ﬂﬁ 3.3 NMIVINLNUNAADNLLIL Randomized Complete Block Design (RCBD)
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2) ANTLATHNAY

N9 UARLINAUANNLANEAINITN  TERBNITULUGN  NsvdlANEN  0-30
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LuRANAT Husetinagan Naan e a7uau 1,800 niandd (50 flanfu (Hninuia) sie
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= )
4) NFHTUNNTINANBN

lnansdasinetnedndensiuan 3 &1 ethaieszinlnnuandenazas
Inensteadaansalussn  warlalanmulesfeenlas  m1u38nns2ed United  States
Environmental Protection Agency (USEPA) Method 3052 (USEPA, 1996) waan
At B auendlaudaaiaresesnendanattefuduaiininefines (Atomic
Absorption Spectrometer; AAS) Fawudn eseslaignanniaan 1A (Not Detectable) wams
Widuin viewiugfdandlunmeaedi liiinnsludewiensazanlor 1esuaniio

] ] 2'/ o A o 34 dl Y o o v S°/ o v [ ' o
usiaeneln @’muuﬂﬂLZ‘l@ﬂ@’]@@ﬂ%lﬁ@qM?UﬂQﬂlﬁNﬂlu’]ﬁ wazt N INALALINIY Yiaunwg

3

JRPY , Y oo | - \
WiTﬂQﬂLLm@ZW@uNmW 2-3 A1 LLAZATAITHANBEUSLEN @NU‘uﬁ\m LL@ZW'\LLNU@W

5) NMFLATENAITUIENAULARLNEN

Faumiinassgnetuandanlunm  (CA(NO,),4H,0)  Fldmudndauniiu

¥ ¥ = a ai o ¥ v I o a a o = 1

WnduanaandanluaL N72AUANENIUNGL 10, 20 LAz 40 HAaNFN LAALNENGR

Alaniumu TnsAwIaINTTngs 50 Hlandusanmusilgn (Hminuia) Aannsen 3.6
v 1

WATINNNTazANE N9z nat kAN AN 1uEanaW 100 TaAART  WAMAY NNTUL

gnanuau 9 AruzilgneiessiuANdndy (Mianisneaasanuau 3 1) Tnaldudsanni

daadonytlszinn 2 inew ialiuiladndeaddnainigsen 100 wesidus

A19797 3.6 FNnuanssznaunanlanlumam (CA(NO,),.4H,0) Nldasli iy

AN BesAaLN e N AL 1Buugnsilsenetuandanlumm
(HAANTN LA aNAanN laNTUAL) (Cd(NO,),.4H,0) (nfusanituslan)
10 1.3721
20 2.7442
40 5.4884

NG HIATHIANATBIUAREEN WAL 112.411
uaaluanareassynauandenlunsm iniy 308.479

(nABYanN N)
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Tileafausnuda 3 1hau
8) NIILNLAIBLIY
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3.5 N153LATIERILST L ARLREIN

3.5.1 NN9LATILINLE N LA eI TN A 1AL

AN LA HeN LAY AN lasuNfnat19RANRNILATAL LAY IRULAD
F9NMITNATUIL 0.5 AFH uAsndntassaansalalnsaaesnidudy a1uau 9 Naaang fu
nealussndudL A0 3 Haaang IMnIN3an13989 USEPA method 3052 (USEPA, 1996)
paeAraaladuiugeeszuululasnm (Microwave Digestion) Imedinnssialilsunsndvniy

1 a Y o d‘ £ 1 a// al v '
nngeiasAuldfannsei 3.7 lnanluniseasiauun 25 U N99ANLNTEANHNIANILIAT 40

uA5UFunssasnlsdanlaaawliils 50 #Aadass wulluaon  dnlufesziun

BuniuAaNaNseATasarnandALa mafudualnins e a s

F19N 3.7 nanuazgmuugin g lunistesfusos sy lulasion

2'/ -QII a a =
AUADUN LA (UN) AUNNH (BALTALTER)
1 10 200
2 15 200

=

3.5.2 NM9AAznEHN AN NANTA1N190g AR AN AL

nMsAnnsninauanduiinsasnsgaiddganau inldlneiifetieiui
ReauauLTi 3NUA waziauUngiNILng 2 BaAwns ufaderiwin 1w 10 nil ldas
Turamgilany MEIaNNTL Fdastneaia DTPA (NANKIN ) AU 20 HadanT Unwam
faindnemnsfldy ilddisenatuuonguu gldanudanindy 120 seusiewnd

{lunan 2 dalue udainlinsasdaenszansnses GF/C Tnaldilugaainiadaalunianses
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laidasd5uiliunmns wmasarargilgainnisnsasasluans atinldwidsunnaniiausoe

wrasarnaniaLaltasudugilninslmnes (NsNAT1NN9NEAT, 2544: 72-75)
3.5.3 maﬁmm:ﬁmaﬁmmmmﬁﬂﬂumwﬁiwj 29N

nsnssiindinaniLAnia N ludausne] 2ed8ee Hanun 4 d9u A 910 ieuiug

1 '
o

a [ -] a Y o | A A = v %’l o
W dusas wazly nanagatazilasldsaasinaNaNHIuNIUAAZIRsALAY T9tNwdn 0.5
o 1 v a v Y o a aa o/ '8 6 O a aa
n5u dassnunialumIndUdwaIuIu 8 Hadans fu lalasiauasaanlafaiuoy 2 NAAAMAT
e ldrraaileduiuslas dasssunlninsen (Microwave Digestion) Tilsunsndlddusy
, p > o A o ) % - %
AnselasNtanliFamnane 3.8 ldszazinanlunistaaianus 30 W19 NIA9ARENITAN
N9891Ua% 40 warUsuIBuImsAaeninilsAantlaaanlils 25 Radans wHuldluaas wnll

a s = % r-‘ll a oy qI/ a o
AAEFINUTuLAAIHENAYLATEYe s AaNNALe LT SUTRALN IRIN LRaS

FI199N 3.8 natuazg NN lunise asdaus1e vesdendaszuvluiagian

%umu*ﬁ' IR (mﬁ) @mmﬁ (mmlfnm%m)
1 3 85
2 9 145
3 4 200

4 14 200
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3.5.4 N33 iNT N nuLAaR an luindas

3TN aealanluingas 13annsedeasaamn i Ineldnsedndu
o a . Y . . A a F 7 %
NANIINNU 3 TUA (Ternary Mixture Acids Digestion) Af nea bussndnd ﬂﬁ?m‘*ﬁmﬁﬂ
Wndy : neatlesmansn Tudnsndquiniy 10 0 1 : 4 (Jackson, 1973: 331-334) Aadtndas
inms 50 Hedams ldaslutinines seuwenlidamelaviean (innnmeseslugan
al a aa % v QI ddg ¥ o/ a aana
21n1A) AuNLENInIlsznan 25 Haaans idesFuiauInIadn dunanandfizeanis
a ’ 2 d‘ a ::4' 9; 90/ o gq' Yo
NARANTMNA  (Caramelization)  @aipainnisdasuiilaszesinnnalutindesialaisy
1 v v v
ANFaulugn I laiflvnviTedndas  ndsanuanasannen il ndaldnsanan  (Mixed
Acid) AMuan 25 Haaans asldluiinines s ldnsnaslddesiutindes tnatladaanszan
%; % = o ana o 1 2’/ = a ana 1 %
wfing hdeadinsialiseadunsanan Tussndeiuiinisnn]izenetiaguuse wlo
s Win aldinistenanysal dasaunszialdundasiila ndsainiunsassiae

nszANIANILes 40 U5uiiuinssnsiiniadannlaaanlifls 25 Jadans AU Waqe Wa

i lsnABunnasianlutnsas saspradazAan AL safuduanins iipa s

3.6 ms%mmzﬁiagammﬁa

nsdanziauulsUsuresdeyalBuininmanaenianluiy  uazifEunn

AgazantAnlaNlgas (naARuan A) Nlsarnnimeaeslasld ANOVA Weanien F-value

[

% b % = dl | a v %; %
a9 FunnipnNTNdRIaLAAWNaN WL NN aWAUGIAN Tudes Wndee uaylu Tns

9

o

¥ U 1 | o I A o © o -e:l' dll ul/ & g -c:lall
foyalauansAmnuuanseinagwltad Ay RsrAuaNEaiW 95 Wefidus lunsiin
% a 1 o Y o = 1 % 2 ac

doyaiinaoinuansdaiy  inisuFaumeuauuanstesdeya  AaeRENI9TeN
Duncan’s New Multiple Range Test (DMRT) wazAtuaniineldldsunsudnisagd SPss

(Statistical Package for the Social Sciences)
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NALAZIANTURNANITIAE

ay 3 & L a
4.1 @mﬂNUﬁlLLﬂzﬂﬂﬂﬂ‘izﬂﬂULU’ﬂﬂ AUABINY

= = = A - 4 vy o o .
lunisdnsnisgansianlennluidewlusuiseldees  femauanHUz AN
I's a | dl a ndl o 45 dgl dl o 2 a
wATadAlIENaLeIAuAeN  HAIRANNAUNTNEIANHITNIA N AaNEN LR NN aNTRNN
ANLAMNLAENNIAN  aNNAULANFSTY ‘ffiqié’ﬁﬁmﬁLﬂmzﬁwqmﬁl,mm‘f&mj URIHL
v o o X . v ¥ .
Touasananaldlumae?d 41 wanaind  n19Aneaae AT RAINITLLNNIN AR
3| 1 A dgj Qi a |Aﬂl o 1 ' o % ¥
panilu 2 dou Ae 1) lWNNNase egNenalNgen aandnnn 1eanemnnINlgneas
¢=II¢=I o dgj a 1 o dl a i’/ a ff/ é{/ d'if a
3 918 NNTLAUNITULILAUURI WA ALNEINLANFANN L TIAWALANIDINA 3 NN LANLAILTIL
a v [ v =K dl v = | a d’l all
AuWILgndaninay wasRsagunilgnaas 2) Tulaunsaas iuAvanuninemanss

o o ) [ s = A @ a -dl o o o '
ATLUAPANINTZTITN RILNBLNBN mmmﬂqus Lﬂu@luﬂLﬁﬂﬂ@ﬂﬂu@ﬁﬂZM@QNWﬂﬂu

o a ;34/ -QII a a o é{j a [ a 1 . 1 [~1
AMANTAYIAUAINNUNA NN BuzitianuduANgaY (Loam Soils) A1ATMIY
3| 1 I 1 = 3| =® 1 a = al o d”
neatduangetlutdas pH 6-7 Hananillunasnensagey dousnuluizaunsaes Hansuziie
AuiluAwmilanilunsg (Sandy Clay) ArAadidrnsaludne winfdu 4.87 nldanineu
1 % [~1 o (=3 7 o/ dﬂl a 1 2 [~ a ?/ o
Aaudnaflunge seazdinlidndneasiiiefuAaudaufiunseti  Snianna nnsaly
o o v 1 a dl | a = = 5
m?@m@uT@szuﬂimmﬂfnmuV}Lﬂumumum (Cottenies, Kiekans, Wwag Van Landschoot,
v 3 1 1
1984; Bell uazAsy, 2001) wananit Bunnimanduluny iuantladanilanfinnudAny
1 a a % v = 9/%’ A dill o a ] é’ o O %
Aantgastyiiulnmasdes Inadasiinngldinvrannuduataesdiuszuumnawlldiansu

o 1 |-

TIFNDLNAUN AR NUNIHN AN H1Fu A NTUL szu s 13-14 Wafifus

[HaNANsNdNAIANANNID U suaniatuLszaton - (Cation.  Exchange

a o

Capacity; CEC). ANBunTaing (Organic: Matter; OM) 4a¥a1A81111s1an. (Macronutrient
A A o = 1 a = g
Elements) 229fa Ao Tulnsiaw weanedd wazlnunad@an wuda Aulueunaasaiial

Aananawiniy 3.6 ¢ mol , kg 1.31 wwefidusi 0.066 wWafidusl 280 ppm uaz 26 ppm

pns1ay dfluandeglulfunuipandiAulununaseis 3 wWunAne Aslduanslilu

FIN399 4.1 AINNN99IENIUIBY Adriano (2001: 295) WL AUNHIENNBWYIETRGNIN LAy

|

WeRuniannazdangs vnliAY CEC  guauwdy  awiy  awwnsanamlédn  wWadl



ANANNID TUN9RARNLAALHaN IWAWNH AN CEC 44 lAnnnndn

F9°99 4.1 AMUANTAN AR LATNEN TN BIAWLTBI6

a !

AUNNA1 CEC M
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ANNTFILATIZS

o k1 =l L o o
srauNTTultanuanien luuna

W1HLmaT
(Haaniu wasLHaNAanlansum) FaUNAADY
<3 3-20 >20
ANANNLTIRNT AL WA (n=3) 7.45+0.03 6.36+1.10 7.53+0.07 4.87+0.51
auvisedng (%) 1.48 1.31 2.52 1.31
Amansnsnlunnsuanul e 6.6 13.3 7.8 3.6
Usrquan (c mol,, kg ')
ﬂ?uﬁmm’m%u (%) (n=3) 13.27+£1.96 14.11+0.66 14.24+1.96 13.08+1.43
lulnsiausianan (%) 0.074 0.066 0.126 0.066
Woaasanaun (ppm) 415 342 439 280
Tnunades (ppm) 63 80 78 26
uAnesivn (faaniu 2.57+6.04 16.66+4.99  174.51+42.80 2.65x0.76
wARLHENFARA lANTNAY) (n=3)
Nng (%) 55.60 51.20 42.80 53.00
N8Il (%) 25.00 22.80 31.00 11.00
Aumien (%) 19.40 26.00 26.20 36.00
enu Audautll  Aufauwmilen Audu Aulnilen
N9el Uunael unse
(Sandy (Sandy Clay (Loam) (Sandy
Loam) Loam) Clay)

dl A a = = a dl 4&1 1 a v
ﬂ’]ﬁ‘V]‘i"Wﬂ‘ll’ﬂ\‘i‘W?]NﬁQ’]N@’]NW?OIMﬂ’]?@Z@NVﬁ‘@@J@ﬁ\i@%‘WHWﬂuLﬂﬂuﬂﬂﬂuﬁu L‘?.I’]iﬂ

Tugdausine 1eaialuFunniuansaiuliiy Afadauansedwiidinnendes visilade

Y = RPN 1 = A . ° 9 A A A Ada
NWATULANLLALNNLNIW NHNARANITIARDLN (Mobility) LL@Zﬂ’]ﬁ‘uﬁiﬂiﬁ‘ﬂﬂﬂ%ﬁ]ﬂﬁ‘@@ﬁﬂﬁ]fm

(Bioavailability) 111 ArAmdunsaluee (pH) WeRun (Texture) AMN@IN1TalUANT
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wanulasuilszquan  (CEC)  anusineAndeandindusandu  (Oxidation-Reduction

Potential: (ORP) %38 Redox Potential) auv3aimg (OM) T@‘Viz%u“] (Other Metals) AU

q

Ly a2 e . = a a = | v
AANANYTUTBIAY (Fertilization) Funuandanluny slareswanidan Jusu wae

fladen1asnuie u atin uazaaiugaesing usu (Adriano, 2001: 281, 293)

AudunisanziinEuinaaaanded luAuniansAne wudn Auanui
A39 AWNBLNADA F9NTARIA NRszFUNILLTvaedwAnNEN <3, 3-20 WaY >20 Naansuy
sanlanin  dayaannszuuaisaumaniAans (GIS) (NRC-EHWN, 2005) Hisunmu

UAALNENINAY 2,57, 16.66 WAy 174.51 Naansufanianiy siua1sy wazduluEau

= =

NAARY AUNANEY  A9WARLFAULT NiFNILARALHYNGNAUYINAL 2.65 Raansusa

3

a o dl ra I a tzll ¥ o5 dll 1 o/ dl
Alanfu sﬁ\‘l)lllLﬂuﬁ’]ﬁ\l’lﬁlﬁ‘ﬁunJMﬂ’]WﬁumiﬂﬂitiﬂﬁuLWﬂﬂW?ﬂﬂu‘ﬂ’]ﬂﬂLL@ZLﬂ‘]&PL‘l?ﬂ??NW

a o 1| =

A ldldne 37 Aaaninsenianiy (A9 unlsuNg LAY LEUNTNENNIFTINTNR LAY

AuIARRN, 2547) WANAINT Zarcinas WAZALY (2004) lavianasAnmnlanzuinlumy ann

Faat1Au 318 gty NTeALAINANLBIAY 0-15 LTWAWAT N19gusnatnaInfn

[ A Aa 2 o o =
INEAINTIN 1N LL@ZWH‘V]V]INi@‘VI’]ﬂW?LﬂE’@?ﬂ??N lunaAnany NMARzduaan NNAWLNA NA
o = = [} o a a %
ACIUDDNERENLALR LLﬂzﬂqﬂiﬁlﬂl“ﬂ\‘]ﬂﬁ‘ﬁimﬁi‘V}ﬂ IPENINNTAIAINTTRUANANTaTA Aqua

regia Wu91 HezALuAndeN g139y TasiHen neduas tsan dnifia nxin uazdanzd aglu

a A (-

AUNAYINTL 0.15, 30, 80, 45, 0.10, 45, 55 AT 70 RaANSUFAANIANSN ANNANAL BIRINHA
nadneRuassliFiiudnunlaaalun ldannsdwtlaulanemin aruisansiBuiniuenLs

Mluilowse]luhuldmun

4.2 nsaamsuAniianlngaaaNlanluN a8 LNaLNgan AIRITARIN

=2 = = 2 dl a dl dgl % 1 =2 |
nsAnnsgepsianantnstasilgnuAumlmien HuiansAneaaniiu

! A = = = 4 dl dgl dl a o [ % o
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ay 2) ﬂﬂ‘]ﬂmﬂ'ﬁ'@uﬂﬂ\‘iLLﬂﬂLNHNIﬂﬂ@ﬂﬂWﬂgﬂluL?ﬂuVIﬂ@’ﬂ\? »Lﬂ‘ﬂ']ﬂ’]'i‘g BNa9nInlInaLs q?

1 9 '

(AAKLIN A) tHasanludandnninfslandesnnndaundanilaluniansduean Inadnum

a

ﬂ@ﬂﬁﬂﬂlu’ﬂ 2549 Winiu 13,139 19 (A15IN9N1ANENITNANIEREUAZUIANANINE, 2550)
o ?:/ = ?:/ .if =X [~ = Aﬂl U 3 =3 al dl
Aati nasAne el Aadunisdnyivalimeunmnnannsa lunisnaRnIwAnLE N

X . vy & o 0 o = A Ax g - A o
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TnansdgnluGeunaass  IiNsALANLENNMULAALNENANITALIANMIE NI UNFBINIs
=X ¥ o =2 =® = ] 1 4 tﬁl Y @
sandlfinnsAnntenisavanuandenludousing aasden naawnsaldiiuuuaniely

nndanissiall Inafsaazidansasalilil

4.2.1 Funnupadauianua lumu

TusssuanRuasnusaly szdumududuuasuan ity luAuinInviTatianiy Auas)

el

)}

AuBunnuaesuaaidaunet luiiusiunia (Parent Rock) laevialilAud miuinemsnssud
o a Il a a a o —— o A A ' c: 1 Ail .
sepuwaalanagluAulssiany 1 JaaniusenlaniuvisedluszAuaindail  (Adriano,
2001) Fawudn luusaziuivizaudazlszme Jl3uniwanienluausaanwansnaiulyl
SNFAALNNTY LFNEARLAI MU AN TN AT ML 8998UAN3 e (Ontario) UssnALALIAN

wudn Aszduuandenlunuweanwiniy 0.56 daaniuseilaniy (Inswuegflugos 0.10-

1 14

8.10 Raansusanlaniy) (Adrano, 2001: 270) asnelanmin  n1sAnluaseills

¥
A a = ¥

° = P A = 2 g X
MnngAnen  Tudseniunane - sesldunundgnde  wazwuilyninisdwilan

a

wasi e luAundnsUgndnaluEiunnmegs inldwandreinisazanuwanieonluBuinm
guiundiNmsgIueInsszndtszimea  asldnuuadinisazanuanlenlilinu - 0.4

Jaanfusenlansy (Codex, 2005) Aatiy nemINgluNLNfINan21 aglaiunisdadduler

|
=

o = 1% | £ a = = o
Uiulasuannnisdgandandlunistgnaasunu - ivensnaneniues  visaiunaeau

1
0 o A | o

Qlld o = %’/ ¥ o 2
VlmLmu‘wummmﬂmmm@miwmmﬂizmﬂhﬂ@quu ’ﬂﬂ‘Vl\‘iﬂ’]‘i‘ﬂQﬂ‘ﬂ@ﬂﬂ\‘lIV]N@IF]@‘]_ILL‘VILL

o

1
= 14 !

NATHTRANES wazANed bitieelindanastgndaaninasnistfimsnaesnsnsns foe

a q
1 v

;:ll =2 @ A = a o o d”
WBRULEIR HununaasnisAnedae luaien

ao X Py = = 2 PR
RS IANANAANILL.  LAZINNLAUNNTANE RN L AR NI N AN HNNS
tutlauluau IngutaninsesuaIdiduduansuanilawaanid 3 72 1oun Usunning
1l auaaalARHENNIZAL <3, 3-20 LAY >20 NAANTN wAALaNAanlaniuAw en1nis
1 [~3 o 1 a 434’ Azll o 1 dll ) a e A vaa ,3 £
guiiyset AU NN UNAINa2 L‘WﬂmimLmﬂzwa@mfmm@mamummummmumm
\ L |k Y B E 14 W1 v o 9
ANNNTINLRDTFNS] dunausallae INEAINTUBIRT 3 NUNAINAIR 1mmmiﬂ§ﬂ@ﬂﬂ LAY
o dl U al = = ¥ o < o 1 a 1 o
ALATNTN Uaziiesasdany 3, 6 uay 9 LABU mimmma‘mum@mmmmu@uiﬂmm@
a g dl = i’/ a dl a g 1 =
ALY INAUNLENIULAALNENAINNA L1AU TINARINNTIATIZI WL UFHEULAALIEIN
Z// a Z// o % % = | o | al o o o qul o
navualuAuie 3 szauanudnde  TdEAuusnsnsiuedsldadAnynneaianazsu

ANEedy 95 wWafidus AvlduanlFlugn 4.1 Tanaaannisdneil inlinsunaEunmn
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B SNV S S S Ry o « o
wpaLHeNsNanUutloueg lununass  Huuolinanasdessazinanaedniaiufietng
Y X ~ =l o a X oA a = =
goaunuau n1snBuinuAlanisiNa uAuanasil esanlufuenauandonloasud
agluginesansazamiu (Soil Solution) MlRaRANANIDgARILAMEEN laREY uAY

= o

A A o , Y o = o ~ > a
Lﬂ@@umiﬂ@gﬂﬂﬂ\ﬁﬁqumq\ﬁj ﬂ@\?@@ﬂim AIHNNAN Iﬂﬂ?NqMLLﬂﬂLNﬂﬂwquﬂﬁluﬁu@ﬂ@\‘]
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9 1AL

(4 31p0u B 6 1hau
200 —
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100

dFanaunantian (Raansn/nlansu)
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(]
|

<3 3-20 >20

STALANNLINTULRILAALNEN (NRANSN/ATaNIN)

QII = ?:/ a da’ Qi a =3 o 1
gﬂ‘l’] 4.1 YFuNUUAALNE NI UNA LUAUAINNUNATY ATNIZLIA1T89N1TILAAEN (n=3)

WANAINY WLTN YNITLTAILBININALARLNN 3, 6 uar 9 ke UFNIn
NN S ( . . a A & oo o o
wARLHENTaMNAN AN WA NSz AU Nd iU eswAndsnnwTenluAn  Aennsnen

4.2 Tpeszsunistuitlataasuasianlufy >20 SaaN5Y uwAALNaNFAanlanFuAL JAdu

©

2

WANANALIZ AL AN NI NIRILAAEEN <3 hay 3-20 Faaniu wasRaNmAanlanfuRL

a o ] o aa o

atNHTANATYN AT AN AUAMNITaNTU 95 1Wafidus (ngudns b)
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dl = ﬁ'/ a dgj dl a [ Y v I
R399 4.2 UFunuAAEENASNA TUARAINNLNATY ANseALAMUdNduaasuAnLEE N

TuAY (n=3)
2YAUANN NI UIRILARLH B BunauanaNiannalufu (Raansusenlaniv)
(Haanfusenlaniy) 3 1P 6 LD 9 |hau
<3 2.35°+0.42 2.23°+6.42 1.89°+1.11
3-20 15.76°+3.59 13.98°+5.23 11.71°+5.72
>20 161.08b164.65 153.12bi30.27 144.61bi30.34
NUNELIR) FANHINIEIEING 1 UG LENANLANFNIaENelTEE ATyn19atian

sYALANNNITRNW 95 1afiFus (n1ANwIn )

=

4.2.2 upawlenlugUangarusngamals

Tusssntfresanazilaveninazanag iy uaznznewmuldvanagiuuy (Form

178 Speciation) Taagiluuuniainanladnene sluuMNtuasAsdTinatnsninll4

Uselemlld  wazaunsnazanlaludaldinvsenizandt  Bioavailability Telavieutindil
. ) . = o o 7 | a Ada Ay ve o ¥ o
Bioavailability ¢ a1axuwsliuianuisndenansznuseelmnanlasulavzuiniy An1s

azandngseanianinnanlanzmindid Bioavailability A1 (Davis, Ruby uaz Bergstorm,

k1l

v % %4 1
o o

1994) Aty nosAnEANHATEMIN s AN TR LA aNTIat Tug g aunnganals
Tnannsgusnadahnlunung 3 seauANdNd NezezinatuaInisiiufaetng 3, 6 uay

9 1AL

AINHANNIANE AgLN 4.2 BR1nuAnian lugUNTgamnsnaenslfanAuien

I
=

.i‘ 9“,/ o Y v = aj :il/ dll a =X <
NI 3 TEAUANNITNYTWIANLARLNENNUUITAY IHANANTUNDNTEEZI9A1RIN9LNL

o ] 1

YetihImelFNLAAEENAZAN . NUGT NrTAUAINdNduaaIuAnL TN <3 ag 3-20

Tadnfu uAnlausanlaniufu NA1ANNLANANT e TTEdATUN1ea D ATNIZAL AN
dll oI/ & < & dl o % % a a [ = 1 Aa % =

e 95 wWasidus laaNszAumnulNTe <3 Naandu LAANENAeNlaniN HAN
WANFANAWIUYNITELINANTBINTNLFMRENN (NGNENET a, b Uaz o) wAZATEAUAN
¥ k% a a o = 1 a o a 1 dl [~1 % 1 A =
WNTU 3-20 NAANTH LAALNENARNLANTNAL WL NITELNAITBINITNALA8LNN 9 LAY |

o o 1

PFNnLAAHENLANFINAINTZEZI0AT 3 UaT 6 nauatelitd1Aty (nquénes a uaz b)
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AMFUNTEAUANNENTUIRILARLEEN >20 NAANTH wARLRaNAaRTaANTNAL Wud1 UduIe

waoiflenlugliifganansogandld  ldflannaumnsneiuetnedidtdndoyneadaniss sy
iEiesy 95 Wefidu Tnaszazinaresmaiiusetne 9 iew HfFunuuendanlugl
firanansngealdunnndnfiszazinan 3 uaz 6 iew deileuintu 0.37, 0.82 uaz 30.46
faaniusanlaniy anszdumdndureswanfanluAy <3, 3-20 uay >20 HAANsW

wAALENAan IanFu AL
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ﬂg El 3 haw  FEl 6 bmeu 9 LARU
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5 b 5 a a
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S 0
<3 3-20 >20

FLAUAMNLANTUARILAAL NN (HAaANTN/ATansH)

317 4.2 BunuuandsnlugLnngaiinsngans lianaulununass auszezna1189nng

WiLFaatng (n=3)

o o ° o o

NUNELIR) MENHINTHIBING T LBNAMNUANGANe N TTEA AT 9aiAT sz AL

@

P

AT 95 LlaFidus (n1ANwan 9)

-dl = =® [ % 9 = a o/ ¢=ll 1 t:ll
IHaANEINTEAANIT NTUIRdtAA Ny 1uAY Aeuandlilunns9n 4.3 wudn 7
FYAUANNINTUTLAALNEN WAL >20 RAANTN wAANENFARNIANFNAL NANLANFNS

vszauAudndy <3 uaz 3-20 Tadniu wanllanselaniumu adreldadAyn19ania

NezAuAMN@aiu 95 wWafidus ynszazinatreansiiugaetng 3, 6 uaz 9 Lhau
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5119199 4.3 TasnnuuandanlugLnngainnsagass ldainaulunuiass auseduaay

% % a a
isdunaananLie s lim (n=3)

2YAUANN NI UIRILARLH B Funaamianlusu (Raansusanianiu)
(Haanfusenlaniy) 3 1P 6 LD 9 1hau
<3 0.06°+0.02 0.25°+0.02 0.37°0.07
3-20 0.19°+0.06 0.33°+0.04 0.82°+0.35
>20 18.52°+9.44 27.58°+1.24 30.46°+3.10
NUNELIR) ﬁqﬁnmmmﬁmqﬂuuuq%\i JanARLANFNsataTTtd Ay nnea g

sYALANNNITRNW 95 1afiFus (n1ANwIn )

TunsfAne anueaiaiaNn  waziunnuandanlugLnnga1unsnaang
a Aﬂl zilj = dsll t:ll a 1 = £ ' o { A
THupunludleutaadanamnnunass  wudn  Huuelfuusnseiy nanAe  Sann

= o p o \ =~ prp = Yy o
LAALNENVNNUHNAN LLuQIuﬁJ@@@Q LLmﬂ?NqMLLﬁﬁLuﬂmiugﬂwwsﬂ@qﬂq?ﬂaﬂﬂﬂiﬂﬂLLu"JIuﬂJ
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a A

S £z % . ~
NN TAE 2RI TN UL E N BUAALHENANTAINI0A AR bW a1alinans
dl :ﬁl a a |+ = ' ¥
awvp - FaunnauieIannanananasesnisldilaiadaesnemsnsluseudnanislgndes
Tnadinsldilenigns 16-16-8 iausa 2 Asasmani vinliuaalaudlanaazaaaanun s
UINTU T9FBAARBTLNNUATEURY Villarroel, Chang #az Amrhein (1993) NlFB1N19FANEA

a a + ] = = al A 1 = =® = zal 49(
@VlﬁW@‘ﬂ‘ﬂ\‘I‘]Jqﬂﬁ]’ﬂﬂ’]ﬁ‘@ﬂmx‘iLLﬂﬂLNEISJ UAZAINTALUNT W99 NNNTAAANLLAA LN ENLNH UL 50

k-

& =

wasidust Wedinnsldilanantuiie (NH,) Wwheaiu Lorenz uazAtuy (1994) NlAseN1u

31 maiauee leasu (K uwaz NH,) lutle dluatmeaddnyassniaiinleaauaeslangmin

o

fflegluansazaneiu Asdmarinlflesauredlanzmaniignaanslnefiannnty wenainil
A1AAARINENINNNEITINENANNEITHTNFVDIAY ﬁaﬁmmLﬂﬁﬂuuﬂmgmmmm
ansazantuanienlanaufinaaanisngeidd wasulledlugtieansuseneudeten
sadameanaznan el iinsageaeWIE T Auinluandunfierlug e

ansnsanans Il LA uws sy
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4.2.3 ArAnadungeiluang (pH) lumu

NAdapT IEannAnEAIANNIT NN IAILNANNIR9RY  ANNIZEZINANURINIT
[~1 o 1 v A A dl £% =X = a dJ | 1'% dl o o
\fusnatNdaRAa 3, 6 Lay 9 AU e lTmIuINan N NIARaasAY TduilafundnAny
Tunsganauanianlasdan uasanlgiiniafusaatnsaulununAnmlidaaiaanuiy

[ %

N3AIUANNIBIRUUAY WL WuRARsAunisduilaureswAnlaN <3, 3-20 way >20

o ar aa [

Jaaniu weaaausanlaniuau ludauunns1eiuasialdadAnun 9t ANz AUAINN

o

-8

asiu 95 nlefifus NnszezinaIaen et (AN 1) Asuansldlunnsen 4.4

anuansAnEa wuda ArpoRdunsadussrediuia 3 Aui agfluges pH 6.05-
7.53 Fafludosimanzansanisainfuinaesdas tasnudn Tuusazssazinai1ednaii
o , P = @ P = & v P a
Faeta HAnaduiunsaidudnalasuulagiienidniies HaaN1aInganIngNeInIALes
wAazdaana lungR LA wAnANeiY Inefseesina11adn I iiuFesneties 6 e
Tuynseaumnudniuaweaioniainsidunsaiusiiganas  vstlenadlumenzeg
Tudasggn Wekuarareiudaiinsdantdeslalnsianlessy (H) esnnn iAWl
anniilunsaNInTu (YNA1 qaTan, 2544: 60) AtiuAsENaNlAA U ATluaNg

ANANNNNTNITEEIABI]

1 v 1
A5197 4.4 ArpandLdunsaluang (pH) anArluNLAeass (n=3)

sepumNIdNdUIasLAR LT TLUZIIN A1 uungaluang
(HaanFusanianiy) (1HD1) (pH)
<3 3 7.45+0.03
6 7.23+£0.09
9 7.50+0.21
3-20 3 6.37+1.10
6 6.05+1.63
9 6.28+0.67
>20 3 7.53+£0.07
6 7.26+0.05
9 7.30£0.33
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Arpudunsadudnsansn  iulladudndysaniaasniuinuesdes  Selae

Unf  AunwnizandmiunisdgnéesmsiAipnuidunsafusagsendne 6.0-7.5

1
P o

[Hasann snpe s luAuazazaaeanun lidesgans sy loailduinign druiumun
{unsadpvzassdnniull azinliisiganimsunaiinliaunmazaseanunlideagalil
Tselomils wazdilananilisnnaimsuatinazaisaanuunniiullawduisunidas
T9INNNIEUEeY U391 wewmnid (2541) laagiszduanadunsaifusinglusyay
sinae] anmui i lunisinlides dalduansliluniaan 4.5 Teaviald wudn Redinnsgans

= Aal é( 4ﬂl 1 | | ! . A =2
wAaLHe NN TBHaA A NLunNaTuA9anaY  (Decreasing pH) UATNIAINIIDAARS
uwaaLdenluAuungg (Acidic Soil) HgendnAunilusng (Alkaline Soil) wisaASLIaLA

(Calcareous Soil) (Adriano, 2001)

AN NN 4.5 N9tlsziiugssumntlungaflusnasnululiaas

seAUAINHNLITILATALTLANIRIAL Arauunsaduang (pH)
NTIATUKI (Extremely Acid) <45
nImampNn (Very Strongly Acid) 4.5-5.0
n7mMAaA (Strongly Acid) 5.1-5.5
n7m111nany (Moderately Acid) 5.6-6.0
nIALANTIRE (Slightly Acid) 6.1-6.5
\lunans (Neutral) 6.6-7.3
AN (Slightly Alkaline) 7.4-7.8
ANL1UNAaNY (Moderately Alkaline) 7.9-8.4
AR (Strongly Alkaline) 8.5-9.0
ANAANNN (Very Strongly Alkaline) >9.0

AN: U507 wavaisl, 2541
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= dl = a [ % ] d”
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1) 13NN ANAR LN I ]

AnuANTANEILENANTA AN ARIENTINNdIUYedes  Miszazioa1ednIs
fusnatneden 3, 6 uar 9 1heu luudazsziuaudnduresuaniian Asuandldlugly
oA & o = = Y o
4.3 WUI Nezazlaa1ednIBiUFaee1e 9 heu UeNIunsazananlanludesyns iy

o o aa o

pudnduaeswanlan Srnuuansiued v ldadiAyneaianszauau@edu 95

IS o

% o " e = 3 o = ,
wasidus (ngudnms a waz b) uaziiFuiunsazanuaaieanludasnnign Aawindu
1.39, 2.05 kay 6.10 Aaaniusa 1 Audasl WFaNAWINTL 4.33, 4.86 LAY 6.49 RaAnNTNAa
a o % -QII -dl ' £ % a a a o
Alansudas (MN9197 4.6) NILAUANNTHINIBILARALNEN <3, 3-20 WAE >20 RNaAnsd

= I a o a o o dl [~1 o 1 A dl =X
WAALNENAARIANTNAY ANNAIAL NIZEZIIANIBINITALFAIDLNG 9 LHIAU TINARNNNITANE
289 Rayment Wazmdy (2002) AldinnisAnEnnisazanlaveminluses aalUTunmn

al a Q’ £ |d| o a a o = of < o 1 v al
s T UALENALeLNIZAY 0.05-0.11 NaaNN wAAsNsanlaniN wud1 daninig
v v
granuAnRENTAWNTL 0.0054 AaaniuAenlanid (Wwiings) 1wanainil Barzegar way
ARz (2005) MnannsAnmnisgessuanianlufy wudn deuaiuisnavanuAnidesly
v v v 1 % a a o 1 a o o o 1
das wazaudeslAwingu 15.8 war 0.7 Faanfusanlaniy muasu  wazwudnlu

¥ - L - Py .
ANNUIANA. LAZUIANANIIE WANdzanupnlla s lulFuinmdasuinaulianunsnmn
| ” = Ao = Ay o oP ¥, ° v v =
ANlE  TaRARNNINURAHZaEaan lanaaN a2l NN lEnsLdneasiAdNa 1810 w19

= - P X o a Y £ o % o = e X !
AaAuAmEeNNN 9 wilaued luauld - Tilausaanrdaniunisdne luadailasnudn
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<3 3-20 >20

SLAUAMNLANTUARILARALNEN (HAaANTN/ATansd)

dl = % ) Ai/ nzll a <3
g‘ﬂ“ﬂ 4.3 ﬂ?‘NWNﬂW?@Z@NLLﬂﬁLNHNIM@@HVJﬂ@QH@WﬂW%W@N ATNTSECLIRITBINTTINL

Anaging (n=3)

o o = o [

EQEIVT MdnmenIEIgang 1 LenANLANANNeEI e AyneatAnszdu

6

ANNITIAN 95 L lafius (N1ANLAN 1)

QII = £ 1A o é{j -dl a o 9 9
R399 4.6 Ysunnisazasuantian lugasmAanianiianninunasy ANseauANudNL

YaguAnLian 1Y (n=3)

FLUZIANUBINITNUAIBES 15NN dzaNLAALREN (Raansumanlaniudas)
(1haw) <3 3-20 >20

3 3.45+1.08 3.53+2.49 4.82+2.00

6 4.12+1.30 4.42+0.92 6.23+1.53

9 4.33+1.01 4.86+1.63 6.49+1.45
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1.200 1.784 1.374
AILAN 1.433 2.542 5.681 2.488 1.581 2.249
4.992 0.000 3.793
14.649 12.687 10.136
10 12.456 . 12.475 8.149 10.052 9.776 9.987
12.318 9.320 10.149
23.579 28.954 17.496
20 21.601  22.321 17.347  21.802 14.854 16.130
21.783 19.104 16.040
34.417 33.919 33.791
40 45147  38.958 @ 33.915 31.645 29122 30.913
37.311 27.102 29.826




140

A N A = a A Iy P
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al

o ¥ ¥ = a a a o I a o
FLALANNIUNUUUD sunnuanRen luny (Raansumenlaniy)

WARLNEIN . . .

A al A = A =
e e e 3 AR O] 6 LADL O] 9 LADU O]
(HaanFusanianiy)

0.056 0.102 0.141

ALIAN 0.076 0.080 0.088 0.106 0.162 0.168
0.108 0.128 0.202
0.127 4.552 6.816

10 0.079 0.093 3.495 2.704 1.896 4.198
0.072 0.065 3.881
0.177 3.396 13.184

20 0.017 0.109 3.040 3.152 5.007 9.483
0.132 3.019 10.257
0.347 18.392 12.418

40 0.139 0.222 16.135 11.540 23.746  18.694

0.181 0.091 19.919
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2YAUANNITNTULD Funnandanlumy (Aaanfusanlaniy)
WARLHE Y | . 4 . 4
GaAnsseRlanii) 31918 @a8 - 6AAYW @AY 9lRAu  Laqdtl
1.902 4.445 8.120
ALUAN 3.621 3.049 86,4 3.613 8.765 8.663
3.625 3.026 9.105
10.667 13.147 15.760
10 il 52+ “ = 188 5( 10.527 13.414 14235 15.648
11.734 16.569 16.948
15.864 22.096 16.819
20 174584 ¢ © 116043 12.382 16.127  18.372 17.471
12.971 13.902 17.222
24.551 22.651 16.819
40 20134 ~ 21.287  27.356  23.146 18.372 28.936

19.176 19.431 17.222
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F1979% A12 PasnnuueaianludiusindeanlgnainFaunnaes

o F 7 = % a a o I a o
TCAUAINNEANUUUBN FunuuAndanlusnday (N@@ﬂﬁ‘wﬂ@ﬂtﬂﬂﬁ‘ﬁd)

a
BAALNEIN

a a a = ot =
e e 3 1Aau LRRAE 6 LAnY O] 9 AR O]
(HaanFusanianiy)

3.637 3.034 3.762

ALIAN 3.427 3.939 4.583 4.633 3.785 4.607
4.753 6.284 6.274
38.270 54.002 34.481

10 36.179 35167 41.194 52,122 24.494  28.399
32.050 61.171 26.221
53.971 57.907 40.988

20 48.264  47.865 52.779 57.604 22.634 33.534
41.359 62.126 36.981
91.518 94.203 94.450

40 95.520 94353 106.635 96.566 86.369 81.968

96.020 88.861 65.084
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QII = 1 1 v A -e:ll =
ANTNN A13 ﬂ?N’]mLLﬁﬁLNHNIMZQQHVI@HWH@Lﬁlﬁ/]ﬂ@ﬂ@’mL?@M‘V]ﬂ@ﬂ\‘i

o F 7 = 1 o & a a a o I a o
TCAUAINNEANUUUBN IE‘SJ’]‘MLL@@LNEINGLMVI@HWM@L@N (S\I@@ﬂﬁ‘wﬂ@ﬂiﬂﬂﬁ‘ﬂd)

WARLNEIN . . .

A = A a A a
e e e 3 AR O] 6 LABL O] 9 LADU O]
(HaanFusanianiy)

0.000 4.563 2.378
ALIAN 3.033 1.011 2.891 3.112 2.070 2.433
0.000 1.883 2.851
4171 8.184 9.245
10 4.136 5.796 9.358 12.543  14.442  12.026
9.082 20.088 12.390
17.592 18.067 14177
20 10.018  156.425 20.547 16.925 13.579 16.175
18.666 12.161 20.770
17.051 27.217 15.478
40 21.880 23.072 28.098 29.681 27.751 26.790

30.286 33.727 37.141
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FLAUANNITNTULDS Bunaanianluanudes (Raanfusenlaniy)
LAALHEN . 4 . ] . ]
31l @Al 6LlARW LAY 9lAau  LaAd
(HaanFusanianiy)
2.841 1.529 1.747
AILAN 2.534 2.379 2.024 2.334 2.221 2.383
1.762 3.450 3.181
7.556 93110 15.864
10 17365 9.141 6.362 6.835 17.773 14.905
8.513 4.829 11.078
10.578 9.370 17.713
20 11.072 10.645 8.313 8.660 16.219 17.138
10.284 8.297 17.483
12.338 11.097 20.337
40 17.516 13.521 6.429 9.380 19.625 19.094
10.709 10.614 17.320
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FLAUANNITNTULDS Bunnuandenluindes (Haansusanlaniu)
LAALHEN . 4 . ] . ]
31l @Al 6LlARW LAY 9lAau  LaAd
(HaanFusanianiy)
0.000 0.105 0.154
AILAN 0.000 0.000 0.000 0.064 0.166 0.167
0.000 0.087 0.181
0.425 0.481 1.245
10 0.321 0.351 0.663 0.514 0.614 0.821
0.306 0.398 0.605
0.600 0.988 0.781
20 0.716 0.653 0.503 0.758 0.566 0.876
0.642 0.784 1.282
0.937 1.467 1.988
40 1.032 0.951 1.049 1.190 1.566 1.392
0.884 1.055 0.622

VLR ANNUUILUNTRIEN AR WAL 1.05 NFNFARNUIANLTURALNAT
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FLAUANNITNTULDS Bunauanienluludes (Raansusanlansy)
LAALHEN . 4 . ] . ]
31l @Al 6LlARW LAY 9lAau  LaAd
(HaanFusanianiy)
3.645 0.593 0.701
AILAN 0.598 1.985 0.594 0.993 1.630 1.426
1.721 1.794 1.947
6.550 I 1w 2.556
10 6.418 7.102 1.543 1.302 1.923 2.405
8.338 1.234 2.736
8.244 3.933 2.336
20 7.909 7.618 3.588 3.147 2.265 3.149
6.702 1.922 4.846
9.437 4.438 7.300
40 10.820 9.994 3.115 3.997 2.725 4.600
9.727 4.437 3.774
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FLAUANNITNTULDS Usz@nnmnisgesunnidenlufvaasdas (1lafifus)
LAALHEN . 4 . ] . ]
31l @Al 6LlARW LAY 9lAau  LaAd
(HaanFusanianiy)
0.095 0.298 1.443
<3 0.143 0.189 0.648 0.447 2.468 1.599
0.328 0.395 0.887
0.017 0.304 0.230
3-20 0.128 0.054 0.108 0.178 1.267 0.552
0.018 0.121 0.159
0.003 0.019 0.101
0.005 0.005 0.026 0.027 0.084 0.079
w0 0.008 0.036 0.052

t:ll a a XK = a 2 t:ll =
£1919% A18 ‘]J?Z'ZW]ﬁﬂ’]Wﬂ’]?@]ﬁﬂﬁLLﬂﬁLNENluﬂuﬂ’ﬂﬂ@’ﬂﬂWﬂQﬂ@qﬂL?’E’J‘MVI@I@’E‘N

2YAUANNITNTULD ﬂixaw%mwmﬁqmﬁmﬁmLﬁﬂﬂuﬁummﬁ”@ﬂ (GGG )
ARLE N . y r h . 4
Sadniusiaiians 3121 @AY 6Ll 1RAe 9lAAu  LaAt
0.501 0.845 1.674
10 0.492 0.499 1.071 1.067 1.701 1.584
0.505 1.287 1.377
0.383 0.604 1.158
20 0.395 0.370 0.753 0.685 0.858 1.098
0.331 0.698 1.279
0.555 0.787 0.680
40 0.309 0.429 0.485 0.674 1.064 0.813
0.423 0.750 0.694
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dld 1 = a
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NATRNIEEENAMHAR LT LLAME NN A TR Y

1.1.1
ANOVA
Sum of
Squares df Mean Square F Sig.
<3 mg/kg Between Groups .344 2 A72 .323 736
Within Groups 3.188 6 .531
Total 3.532 8
3-20 mg/kg Between Groups 24776 2 12.388 509 625
Within Groups 145.914 6 24.319
Total 170.690 8
>20 mg/kg Between Groups 407.143 P 203.571 102 .905
Within Groups 12033.329 6 2005.555
Total 12440.472 8
<3 mg/kg 3-20 mg/kg
Duncan® Duncan®
Subset foralpha =.05 Subset for alpha = .05
Time 1 Time N 1
9 month 1.88833 9 month 11.70900
6 month 2.22833 6 month 13.98067
3 month 2.35000 3 month 15.76333
Sig. 481 Sig. .367

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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>20 mg/kg

Duncan’
Subset for alpha = .05
Time N 1
9 month 3 144.60733
6 month 3 153.11933
3 month 3| 161.07933
Sig. 678

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

149

ANOVA
Sum of
Squares df Mean Square F Sig.
<3 mg/kg Between Groups <151 2 .075 43.278 .000
Within Groups .010 6 .002
Total 161 8
3-20 mg/kg Between Groups 672 2 .336 8.070 .020
Within Groups .250 6 .042
Total .921 8
>20 mg/kg Between Groups 232.771 2 116.386 3.483 .099
Within Groups 200.492 6 33.415
Total 433.263 8
<3 mg/kg
Duncan’
Subset for alpha = .05
Time N 2 3
3 month 3 .05533
6 month 3 24733
9 month 3 .36967
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.



3-20 mg/kg
Duncan’
Subset for alpha = .05

Time 1 2

3 month .18867

6 month .32667

9 month .82467
Sig. 439 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

150

>20 mg/kg
Duncan’
Subset for alpha = .05
Time N
3 month 18.52033
6 month 27.57533
9 month 30.45667
Sig. .050

displayed.

Means for groups in homogeneous subsets are

a. Uses Harmonic Mean Sample Size = 3.000.

1.2 NMINARELNATEIIZEZINA TN INFaN sazaNwAANaN Tuduse 289808

121  usvadseazinanlsanisazanuandaN ludanyndou

ANOVA
Sum of
Squares df Mean Square F Sig.

<3 mg/kg Between Groups 2170 2 1.085 7.681 .022

Within Groups .848 6 1441

Total 3.018 8
3-20 mg/kg Between Groups 4.801 2 2.401 4.960 .054

Within Groups 2.904 6 484

Total 7.706 8
>20 mg/kg Between Groups 43.497 2 21.749 6.863 .028

Within Groups 19.013 6 3.169

Total 62.510 8

<3 mg/kg 3-20 - mg/kg

Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05

Time 1 2 Time N 1 2
3 month .26367 3 month .29100
6 month 1.18633 6 month 1.47100 1.47100
9 month 1.39333 9 month 2.04567
Sig. 1.000 525 Sig. .083 .351

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

displayed.

Means for groups in homogeneous subsets are

a. Uses Harmonic Mean Sample Size = 3.000.



>20 mg/kg
Duncan’
Subset for alpha = .05

Time N 1 2

3 month 3 1.02533

6 month 3 2.03100

9 month 3 6.10967
Sig. 515 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Ay = o
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1.2.2
ANOVA
Sum of
Squares df Mean Square F Sig.
<3 mg/kg Between Groups 5.245 2 2.623 444 .661
Within Groups 35.476 6 5913
Total 40.722 8
3-20 mg/kg Between Groups 13.582 2 6.791 2.313 1180
Within Groups 17.614 6 2.936
Total 31.196 8
>20 mg/kg Between Groups 19.228 2 9.614 295 755
Within Groups 195.474 6 32.579
Total 214.701 8
<3 mg/kg 3-20 mg/kg
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Time 1 Time N 1
3 month 3 3.60267 3'month 3 3.90100
9 month 3 4.88567 9 month 3 5.02733
6 month 3 5.42233 6 month 3 6.88067
Sig. 409 Sig. .085

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.



>20 mg/kg

Duncan’
Subset for alpha = .05
Time N 1
3 month 3 25.22733
9 month 3 25.27733
6 month 3 28.35267
Sig. 540

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

12.3  uATaszaIZinaNlfan 38 anLAnEaN luauiugiay
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ANOVA
Sum of
Squares df Mean Square F Sig.
<3 mg/kg Between Groups 3.685 2 1.843 1.566 .284
Within Groups 7.059 6 1.1477
Total 10.745 8
3-20 mg/kg Between Groups 1.024 2 512 .165 .851
Within Groups 18.593 6 3.099
Total 19.617 8
>20 mg/kg Between Groups 1.737 2 .869 2.145 .198
Within Groups 2.430 6 405
Total 4.167 8
<3 mg/kg 3-20 mg/kg
Duncan® Duncan®
Subset for alpha = .05 Subset for alpha = .05
Time 1 Time N 1
6 month 2.27933 9 month 4.00167
9 month 3.43633 6 month 4.16367
3 month 3.77367 3 month 4.78433
Sig. 154 Sig. 617

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.



>20 mg/kg

Duncan’
Subset for alpha = .05
Time N 1
9 month 3 5.08933
6 month 3 5.37733
3 month 3 6.13133
Sig. 101

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Ha g i ¥
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1.2.4
ANOVA
Sum of
Squares df Mean Square F Sig.
<3 mg/kg Between Groups 3.650 2 1.825 4.691 .059
Within Groups 2.334 6 .389
Total 5.984 8
3-20 mg/kg Between Groups .344 2 72 17 .891
Within Groups 8.777 6 1.463
Total 9.121 8
>20 mg/kg Between Groups 77.722 2 38.861 3.335 .106
Within Groups 69.912 6 11.652
Total 147.634 8
<3 mg/kg 3-20 mg/kg
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Time 1 2 Time N 1
6 month 3 1.94167 6 month 3 3.11833
3 month 3 3.08367 3.08367 3 month 3 3.52700
9 month 3 3.43300 9 month 3 3.53833
Sig. .066 518 Sig. .694

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

displayed.

Means for groups in homogeneous subsets are

a. Uses Harmonic Mean Sample Size = 3.000.



>20 mg/kg
Duncan’
Subset for alpha = .05
Time N 1
6 month 3 5.02533
9 month 3 6.48233
3 month 3 11.85867
Sig. .056

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Ay = 5 o
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ANOVA
Sum of
Squares df Mean Square Sig.
<3 mg/kg Between Groups .000 2 .000
Within Groups .000 6 .000
Total .000 8
3-20 mg/kg Between Groups .000 2 .000
Within Groups .000 6 .000
Total .000 8
>20 mg/kg Between Groups .020 2 .010 2.072 .207
Within Groups .029 6 .005
Total .049 8
>20 mg/kg
Duncan’
Subset for alpha = .05
Time N 1
3 month 3 .00000
6 month 3 .07833
9 month 3 11333
Sig. 103

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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1.2.6
ANOVA
Sum of
Squares df Mean Square F Sig.
<3 mg/kg Between Groups 6.484 2 3.242 3.480 .099
Within Groups 5.589 6 .932
Total 12.073 8
3-20 mg/kg Between Groups 14.137 2 7.069 1.960 .221
Within Groups 21.634 6 3.606
Total 35.771 8
>20 mg/kg Between Groups 10.460 2 5.230 574 .591
Within Groups 54.677 6 9.113
Total 65.137 8
<3 mg/kg 3-20 mg/kg
Duncan’ Duncan
Subset for alpha = .05 Subset for alpha = .05
Time 1 | 2 Time N
6 month 1.95967 6 month 3 2.63033
3 month 2.48700 | 2.48700 3 month 3 3.04767
9 month 3.96500 9 month 3 5.47300
Sig. .528 110 Sig. A27

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

a
Duncan

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

>20 mg/kg

Time

Subset for alpha = .05

1

Sig.

6 month
3 month

9 month

3.87000
5.98433
6.29733

377

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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2.1.1
ANOVA
Sum of ’
Squares df | Mean Square F Sig.
3 month Between Groups 46491.659 e ! 23245.829 16.631 .004
Within Groups 8386.676 6 ; 1397.779
Total 54878.335 8
6 month Between Groups 42265.780 2 21132.890 67.194 .000
Within Groups 1887.034 6 314.506
Total 44152.814 8
9 month Between Groups 38127.125 2 19063.563 59.926 .000
Within Groups 1908.722 6 318.120
Total 40035.847 i 8
3 month 6 month
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Concentration N 1 2 Concentration N 1 2
<3 mg/kg 3 2.35000 <3 mg/kg 3 2.22833
3-20 mg/kg 8 15.76333 3-20 mg/kg 3 13.98067
>20 mg/kg - 161.07933 >20-mg/lkg 3 153.11933
Sig. 676 1.000 Sig. 448 1.000
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.
a. Uses Harmonic Mean Sample Size = 3.000. a. Uses Harmonic Mean Sample Size = 3.000.
9 month
Duncan’
Subset foralpha = .05
Concentration N 1 2
<3 mg/kg 3 1.88833
3-20 mg/kg 3 11.70900
>20 mg/kg 3 144.60733
Sig. 525 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square F Sig.

3 month Between Groups 677.024 2 ’ 338.512 11.394 .009

Within Groups 178.251 6 : 29.709

Total 855.275 8 :
6 month Between Groups 1489.316 2 ! 744.658 1461.381 .000

Within Groups 3.057 6 ony

Total 1492.373 8
9 month Between Groups 1783.490 2 891.745 275.185 .000

Within Groups 19.443 (S 3.241

Total 1802.933 8

3 month 6 month
Duncan® Duncan’
Subset for alpha = .05 Subset for alpha = .05

Concentration N 1 Z Concentration N 1 2
<3 mg/kg 3 .05533 <3 mg/kg 3 24733
3-20 mg/kg 3 18867 3-20 mg/kg 3 .32667
>20 mg/kg 3 18.52033 >20 mg/kg 3 27.57533
Sig. i 977 1.000 Sig. .896 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

9 month
Duncan’
Subset for alpha = .05

Concentration N 1

<3 mg/kg 3 .36967

3-20 mg/kg 3 .82467

>20 mg/kg 3 30.45667
Sig. 767 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares | Mean Square Sig.
3 month Between Groups 1.035 2 : 517 3.368 105
Within Groups .922 6. 154
|
Total 1.956 8 :
6 month Between Groups 1.088 2 .544 3.119 118
Within Groups 1.046 6 174
Total 2134 8
9 month Between Groups 38.998 2 19.499 5.612 .042
Within Groups 20.847 6 3.475
Total 59.846 8
3 month 6 month
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Concentration N 1 Concentration N 1
<3 mg/kg 3 .26367 <3 mg/kg 3 1.18633
3-20 mg/kg 3 .35767 3-20 mg/kg 3 1.47100
>20 mg/kg 8] 1.02533 >20 mg/kg 3 2.02367
Sig. ' 061 Sig. 056
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.
a. Uses Harmonic Mean Sample Size = 3.000. a. Uses Harmonic Mean Sample Size = 3.000.
9 month

Duncan’

Subset for alpha = .05

Concentration N 1 2

<3 mg/kg 1.39333

3-20 mg/kg 2.04567

>20 mg/kg 6.09900
Sig. 683 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square F Sig.
3 month Between Groups 922.528 2 ’ 461.264 15.373 .004
Within Groups 180.035 6 | 30.006
Total 1102.562 84
6 month Between Groups 988.974 2 E 494.487 65.900 .000
Within Groups 45.022 6 7.504
Total 1033.995 8
9 month Between Groups 825.903 2 412.951 105.398 .000
Within Groups 23.508 6 3.918
Total 849.411 8
3 month 6 month
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Concentration N 1 2 Concentration 1 2
<3 mg/kg 3 3.60267 <3 mg/kg 5.42233
3-20 mg/kg 3 3.90100 3-20 mg/kg 6.88067
>20 mg/kg 3 25.22733 >20 mg/kg 28.35267
Sig. .949 1.000 Sig. 539 1.000
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.
a. Uses Harmonic Mean Sample Size = 3.000. a. Uses Harmonic Mean Sample Size = 3.000.
9 month
Duncan’
Subset foralpha = .05
Concentration N 1 2
<3 mg/kg 3 4.88567
3-20 mg/kg 3 5.02733
>20 mg/kg 3 2527733
Sig. .933 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square F Sig.

3 month Between Groups 8.394 2 4197 2.508 162

Within Groups 10.041 6 \ 1.673

Total 18.435 8 |
6 month Between Groups 14.621 2, ! 7.311 11.709 .008

Within Groups 3.746 6 : .624

Total 18.367 8
9 month Between Groups 4.235 2 2.118 .889 459

Within Groups 14.296 6 2.383

Total 18.531 8

3 month 6 month
Duncan’ Duncan
} Subset for alpha = .05 Subset for alpha = .05

Concentration N 1 Concentration N 1 2
<3 mg/kg 3 3.77367 <3 mg/kg 3 2.27933
3-20 mg/kg 3 4.78433 3-20 mg/kg 3 4.16367
>20 mg/kg 3 6.13133 >20 mg/kg 3 5.37733
Sig. 075 Sig. 1.000 109

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

a
Duncan

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

9 month

Concentration

Subset for alpha = .05

1

Sig.

<3 mg/kg
3-20 mg/kg

>20 mg/kg

3.43633
4.00167
5.08933

252

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square Sig.
3 month Between Groups 146.614 2 73.307 7.387 .024
Within Groups 59.540 6 \ 9.923
Total 206.153 8 |
6 month Between Groups 14.530 2, ! 7.265 5.408 .045
Within Groups 8.060 6 : 1.343
Total 22.590 8
9 month Between Groups e 2 8.988 4.017 .078
Within Groups 13.424 6 2.237
Total 31.401 8
3 month 6 month
Duncan’ Duncan
} Subset for alpha = .05 Subset for alpha = .05
Concentration N 1 2 Concentration N 1 2
<3 mg/kg 3 3.08367 <3 mg/kg 3 1.94167
3-20 mg/kg 3 3.52700 3-20 mg/kg 3 3.11833 3.11833
>20 mg/kg 3 11.85867 >20 mg/kg 3 5.02533
Sig. .869 1.000 Sig. 260 .091
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.
a. Uses Harmonic Mean Sample Size = 3.000. a. Uses Harmonic Mean Sample Size = 3.000.
9 month
Duncan’
Subset for alpha = .05
Concentration N i
<3 mg/kg 3 3.43300
3-20 mg/kg 3 3.53833
>20 mg/kg 3 6.48233
Sig. .053

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df | Mean Square Sig.
3 month Between Groups .000 2 I .000
Within Groups .000 6 : .000
Total .000 8 :
6 month Between Groups .012 2 .006 3.974 .080
Within Groups .009 6 .002
Total .022 8
9 month Between Groups .026 2 .013 3.856 .084
Within Groups .020 6 .003
Total .046 8
6 month
Duncan’
Subset for alpha = .05
Concentration N 1
<3 mg/kg B .00000
3-20 mg/kg 8 .00000
>20 mg/kg = .07833
Sig. .057

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

9 month
Duncan’
Subset foralpha = .05
Concentration N 1
<3 mg/kg 3 .00000
3-20 mg/kg 3 .00000
>20 mg/kg 3 11333
Sig. .059

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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2.2.6
ANOVA
Sum of
Squares df Mean Square Sig.

3 month Between Groups 21.170 2 10.585 2.737 143

Within Groups 238208 6 \ 3.867

Total 44372 8 |
6 month Between Groups 5.636 2, ! 2.818 .325 734

Within Groups 51.947 6 : 8.658

Total 57.582 8
9 month Between Groups 8.393 2 4,197 3.730 .089

Within Groups 6.751 6 1.125

Total 15.144 8

3 month 6 month
Duncan’ Duncan
} Subset for alpha = .05 Subset for alpha = .05

Concentration N 1 Concentration N 1
<3 mg/kg 3 2.48700 <3 mg/kg 3 1.95967
3-20 mg/kg 3 3.04767 3-20 mg/kg 3 2.63033
>20 mg/kg 3 5.98433 >20 mg/kg 3 3.87000
Sig. .080 Sig. 470

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Duncan’

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

9 month

Subset for alpha = .05

Concentration N 1 2

<3 mg/kg 3 3.96500

3-20 mg/kg 3 5.47300 5.47300
>20 mg/kg 3 6.29733
Sig. 132 378

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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3.1.1
ANOVA
Sum of ;
Squares df : Mean Square F Sig.

control Between Groups 145 2 .073 .015 .985

Within Groups 29.510 ‘ 6 4.918

Total 29.656 | 8
10 mg/kg Between Groups 19.494 2 9.747 4.008 .078

Within Groups 14.592 6 2.432

Total 34.086 8
20 mg/kg Between Groups 70.766 2 35.383 2.522 .160

Within Groups 84.170 6 14.028

Total 154.936 8
40 mg/kg Between Groups Zieiere 2 1.427 .029 972

Within Groups 295.712 6 49.285

Total 298.567 1 8

Control 10 mg/kg
Duncan’ Duncan®
Subset for alpha = .05 Subset for alpha = .05

Time Time 1
9 month 3 2.24933 9 month 9.98700
6 month 3 2.48833 6 month 10.05200
3 month 3 2.54167 3 month 13.14100
Sig. .881 Sig. .054

Means for groups in-homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.



20 mg/kg
Duncan’
Subset for alpha = .05
Time 1
9 month 3 16.13000
6 month 3 21.80167
3 month 3 22.32100
Sig. .098

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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40 mg/kg
Duncan’
Subset for alpha = .05
Time 1
9 month 30.91300
6 month 31.64533
3 month 32.29167
Sig. .823

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

3.1.2  uavessTevaaIndseFuuAndaN lugURNTa s ARl
ANOVA
Sum of
Squares df Mean Square F Sig.
control Between Groups .012 2 .006 9.002 .016
Within Groups .004 6 .001
Total .016 8
10 mg/kg Between Groups 25.901 ‘E 2 12.951 3.341 .106
Within Groups 23.261 E 6 3.877
Total 49162 | 8
20 mg/kg Between Groups 137.213 2 68.607 11.954 .008
Within Groups 34.434 6 R
Total 171.648 8
40 mg/kg Between Groups 520.483 2 260.242 5.879 .039
Within Groups 265.579 6 44.263
Total 786.063 8
Control 10 mg/kg
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Time 1 2 Time 1 2
3 month 3 .08000 3 month .09267
6 month 3 .10600 6 month 2.70400 2.70400
9 month 3 .16833 9 month 4.19767
Sig. 270 1.000 Sig. 155 389

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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20 mg/kg 40 mg/kg
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05

Time 1 2 Time 1 2

3 month 3 .10867 3 month 3 22233

6 month 3 3.156167 6 month 3 11.53933 11.53933
9 month 3 9.48267 9 month 3 18.69433
Sig. A71 1.000 Sig. .082 .236

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

3.2 MIMpasUNATedITEznANILgnTIRFan sz anAnE N ludawsne 1esdat
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Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

ANOVA
Sum of
Squares df Mean Square F Sig.
Control Between Groups | 30.315 2 i15.151 188.511 .000
Within Groups 482 6 .080
Total 30797 ‘ 8
10 mg/kg Between Groups | 32.841 ‘; 2 16.421 26.855 .001
Within Groups 3.669 | 6 611
Total 36.510 8
20 mg/kg Between Groups | 28.663 2 14.332 8.120 .020
Within Groups 10.589 6 1.765
Total 898258 8
40 mg/kg Between Groups | 81.846 2 40.923 5.421 .045
Within Groups 45.291 6 7.549
Total 127.138 8
Control
Duncan’
Subset for alpha = .05
Time N 1 2 3
3 month 3 .79300
6 month 3 1.78300
9 month 3 5.08567
Sig. 1.000 1.000 1.000
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10 mg/kg
Duncan’
Subset for alpha = .05
Time N 1 2 3
3 month 3 3.53233
6 month 3 5.79767
9 month 3 8.21067
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

20 mg/kg 40 mg/kg
Duncan® Duncan’
Subset for alpha = .05 Subset for alpha = .05
Time N 1 ‘ 2 Time N 1 2
3 month 3 4.49633 3 month | 6.95200
6 month 3 6.66567 ’ 6.66567 6 month 3 10.43933 10.43933
9 month 3 | 8.86767 9 month 8 14.33500
Sig. .092 ’ .089 Sig. A1 133
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.
a. Uses Harmonic Mean Sample Size = 3.000. a. Uses Harmonic Mean Sample Size = 3.000.
3.2.2  Harsszeznatidanisdzanuandanlusndas
ANOVA
Sum of
Squares df Mean Square F Sig.
control Between Groups .929 2 465 .266 775
Within Groups 10.470 6 1.745
Total 11.399 8
10 mg/kg Between Groups 896.120 2 448.060 9.561 .014
Within Groups 281.168 6 46.861
Total 1177.287 8
20 mg/kg Between Groups 879.562 2 439.781 8.516 .018
Within Groups 309.845 6 51.641
Total 1189.407 8
40 mg/kg Between Groups 371.410 2 185.705 1.744 253
Within Groups 638.752 6 106.459
Total 1010.162 8




Control
Duncan’
Subset for alpha = .05
Time N 1
3 month 3 3.93900
6 month 3 4.60700
9 month 3 4.63367
Sig. 858

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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10 mg/kg
Duncan’
Subset for alpha = .05

Time N 1 2

9 month 28.39867

3 month 35.16633

6 month 52.12233
Sig. 271 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

20 mg/kg 40 mg/kg
Duncan’ Duncan’

! Subset for alpha = .05 Subset for alpha = .05
Time N I 1 2 Time N 1
9 month 3 33.53433 9 month 81.96767
3 month 3 47.86467 47.86467 3 month 94.35267
6 month 3 57.60400 6 month 96.56633
Sig. .050 148 Sig. 145

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

3.2.3  HawRNIrtziaanfIlsansaranLanisn Ui uR gAY

ANOVA
Sum of
Squares df Mean Square F Sig.
control Between Groups 6.899 2 3.450 2.048 210
Within Groups 10.107 6 1.684
Total 17.006 8
10 mg/kg Between Groups 84.595 2 42.297 2.188 193
Within Groups 115.970 6 19.328
Total 200.564 8
20 mg/kg Between Groups 3.374 2 1.687 .089 916
Within Groups 113.400 6 18.900
Total 116.773 8
40 mg/kg Between Groups 65.847 2 32.924 .563 597
Within Groups 350.690 6 58.448
Total 416.538 8
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Control 10 mg/kg
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Time 1 Time 1
3 month 3 1.01100 3 month 5.79633
9 month 3 2.43300 9 month 12.02567
6 month 3 3.1l 283 6 month 12.54333
Sig. 104 Sig. 119

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

20 mg/kg
Duncan’

! Subset for alpha = .05
Time N I 1
3 month 3 15.42533
9 month 3 16.17533
6 month 3 16.92500
Sig. 696

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

40 mg/kg
Duncan’
Subset for alpha = .05
Time 1
3 month 23.07233
9 month 26.79000
6 month 29.68067
Sig. .345

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Aa p >
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3.2.4
ANOVA
Sum of
Squares df Mean Square F Sig.
control Between Groups .004 2 .002 .004 .996
Within-Groups 3.675 6 .613
Total 3.680 8
10 mg/kg Between Groups 103.657 2 51.829 7.404 .024
Within-Groups 41.998 6 7.000
Total 145.655 8
20 mg/kg Between Groups 117.989 2 58.994 149.503 .000
Within Groups 2.368 6 .395
Total 120.356 8
40 mg/kg Between Groups 142.568 2 71.284 9.850 .013
Within Groups 43.420 6 7.237
Total 185.988 8
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Control 10 mg/kg
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05

Time 1 Time 1 2

6 month 3 2.33433 6 month 6.83533

3 month 3 2.37900 3 month 9.14133

9 month 3 2.38300 9 month 14.90500
Sig. .944 Sig. .327 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

20 mg/kg

Duncan’
Subset for alpha = .05

Time N 1 2 3
6 month 3| 8.66000
3 month 3 10.64467
9 month 3 17.13833
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

e = 5 o
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Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

40 mg/kg
Duncan’
Subset for alpha = .05

Time 1 2

6 month 9.38000

3 month 13.52100

9 month 19.09400
Sig. 108 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

3.2.5
ANOVA
Sum of
Squares df Mean Square F Sig.
control Between Groups .041 2 .021 18.388 .003
Within Groups .007 6 .001
Total .048 8
10 mg/kg Between Groups .343 2 171 3.269 110
Within Groups 314 6 .052
Total 657 8
20 mg/kg Between Groups .075 2 .038 570 .593
Within Groups .395 6 .066
Total AT1 8
40 mg/kg Between Groups .292 2 146 794 494
Within Groups 1.104 6 .184
Total 1.397 8
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Control 10 mg/kg
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Time N 1 2 Time 1
3 month 3 .00300 3 month .35067
6 month 3 .06400 6 month .51400
9 month 3 16700 9 month .82133
Sig. .067 1.000 Sig. .051

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

20 mg/kg 40 mg/kg
Duncan’ Duncan’

! Subset for alpha = .05 Subset for alpha = .05
Time N I 1 Time 1
3 month 3 .65267 3 month .95100
6 month 3 .75833 6 month 1.19033
9 month 3 .87633 9 month 1.39200
Sig. .341 Sig. .269

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Aa P >
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Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

3.2.6
ANOVA
Sum of
Squares df Mean Square F Sig.
control Between Groups 1.491 2 746 .683 540
Within Groups 6.549 6 1.091
Total 8.040 8
10 mg/kg Between Groups 56.914 2 28.457 61.925 .000
Within Groups 2.757 6 460
Total 59.671 8
20 mg/kg Between Groups 39.962 2 19.981 15.079 .005
Within Groups 7.951 6 1.325
Total 47.913 8
40 mg/kg Between Groups 65.446 2 32.723 14.313 .005
Within Groups 13.718 6 2.286
Total 79.163 8
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Control 10 mg/kg
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05

Time 1 Time 1 2

6 month 3 .99367 6 month 1.30233

9 month 3 1.42600 9 month 2.40500

3 month 3 1.98800 3 month 7.10200
Sig. .302 Sig. .093 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

20 mg/kg
Duncan’
Subset for alpha = .05

Time 1 | 2

6 month 3 3.14767 ’

9 month 3 3.14900 |

3 month 3 7.61833
Sig. 999 | 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

40 mg/kg
Duncan’
Subset for alpha = .05

Time 1 2

6 month 3.99667

9 month 4.59967

3 month 9.99467
Sig. .643 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square F Sig.
3 month Between Groups 1454.299 3 484.766 14.529 .001
Within Groups 266.921 8 33.365
Total 1721.220 11
6 month Between Groups 1486.177 3 495.392 28.881 .000
Within Groups 137.222 8 17.153
Total 1623.398 11
9 month Between Groups 1326.241 3 442.080 178.252 .000
Within Groups 19.841 8 2.480
Total 1346.082 11
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3 month 6 month
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Concentration 1 2 3 Concentration N 1 2 3
control 3| 254167 control 3| 248833
10 mg/kg 3| 13.14100 | 13.14100 10 mg/kg 3 | 10.05200
20 mg/kg 3 22.32100 | 22.32100 20 mg/kg 3 21.80167
40 mg/kg 3 32.29167 40 mg/kg 3 31.64533
Sig. 055 | .087 .067 Sig. .056 1.000 1.000
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.
a. Uses Harmonic Mean Sample Size = 3.000. a. Uses Harmonic Mean Sample Size = 3.000.
9 month
Duncan’
Subset for alpha = .05
Concentration N 7 1 4 R 3 4
control 3 2.24933
10 mg/kg 3 9.98700
20 mg/kg 3 16.13000
40 mg/kg 3 30.91300
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

v
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ANOVA
Sum of
Squares df Mean Square F Sig.
3 month Between Groups .038 3 .013 2.500 133
Within Groups .041 8 .005
Total .079 11
6 month Between Groups 221.522 3 73.841 2.810 .108
Within Groups 210.239 8 26.280
Total 431.762 11
9 month Between Groups 576.858 3 192.286 13.613 .002
Within Groups 112.998 8 14.125
Total 689.856 11
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3 month 6 month
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Concentration N 1 Concentration N 1 2
control 3 .08000 control 3 .10600
10 mg/kg 3 .09267 10 mg/kg 3 2.70400 2.70400
20 mg/kg 3 10867 20 mg/kg 3 3.15167 3.15167
40 mg/kg 3 22233 40 mg/kg 3 11.53933
Sig. .052 Sig. 505 077
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.
a. Uses Harmonic Mean Sample Size = 3.000. a. Uses Harmonic Mean Sample Size = 3.000.
9 month
Duncan’
! Subset for alpha = .05
Concentration N E 1 2 3
control 3 i .16833
10 mg/kg 3 4.19767 4.19767
20 mg/kg 3 ; 9.48267
40 mg/kg 3 18.69433
sig. ' 226 123 1,000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

4.2 NMINAFBLNATR9TEALANNTNIUTNFaN Az AN LA AN N ludIwsne) 2evdet
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ANOVA
Sum of
Squares df Mean Square F Sig.
3 month Between Groups 58.354 3 19.451 78.724 .000
Within Groups 1.977 8 247
Total 60.331 11
6 month Between Groups 113.572 3 37.857 12.778 .002
Within Groups 23.701 8 2.963
Total 137.273 11
9 month Between Groups 133.088 3 44.363 10.331 .004
Within Groups 34.354 8 4.294
Total 167.442 11
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3 month
Duncan’
Subset for alpha = .05

Concentration N 1 2 3 4

control 3 .79300

10 mg/kg 3 3.53233

20 mg/kg 3 4.49633

40 mg/kg ) 6.95200

Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
6 month 9 month
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05

Concentration N 1 | 2 3! Concentration N 1 2
control 3| 1.78300 | control 3 5.08567
10 mg/kg 3 \ 5.79767 10 mg/kg 3 8.21067
20 mg/kg 3 6.66567 20 mg/kg 3 8.86767
40 mg/kg 3 10.43933 40 mglkg 3 14.33500
Sig. 1.000 ’ 554 1.000 Sig. .064 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

v

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum-of
Squares df Mean Square Sig.
3 month Between Groups 12678.484 3 4226.161 301.039 .000
Within Groups 112.309 8 14.039
Total 12790.793 11
6 month Between Groups 12784.717 3 4261.572 81.334 .000
Within Groups 419.165 8 52.396
Total 13203.882 1"
9 month Between Groups 9466.779 3 3155.593 35.618 .000
Within Groups 708.761 8 88.595
Total 10175.540 11
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3 month
Duncan’
Subset for alpha = .05
Concentration N 1 2 3 4
control 3 3.93900

10 mg/kg 3 35.16633

20 mg/kg 3 47.86467

40 mg/kg 3 94.35267

Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
6 month 9 month
Duncan’ Duncan’
; Subset for alpha = .05 Subset for alpha = .05

Concentration N 1 4 S Concentration N 1 2 3
control 3| 4.60700 control 3| 4.63367
10 mg/kg 3 52.12233 10 mg/kg 3 28.39867
20 mg/kg 3 57.60400 20 mg/kg 3 33.53433
40 mg/kg 3 96.56633 40 mg/kg 3 81.96767
Sig. 1.000 .381 1.000 Sig. 1.000 523 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

¥

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

423  uaIegszAUANdNduRNsanIsazanLAnHN e uRUE AN
ANOVA
Sum of
Squares df Mean Square F Sig.
3 month Between Groups 875.272 3 291.757 14.916 .001
Within Groups 156.477 8 19.560
Total 1031.749 11
6 month Between Groups 1095.903 3 365.301 19.251 .001
Within Groups 151.803 8 18.975
Total 1247.706 1"
9 month Between Groups 916.508 3 305.503 8.670 .007
Within Groups 281.886 8 35.236
Total 1198.394 11
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3 month 6 month

Duncan’ Duncan’

Subset for alpha = .05 Subset for alpha = .05
Concentration N 1 2 Concentration 1 2 3
control 3 1.01100 control 3 3.11233
10 mg/kg 3 5.79633 10 mg/kg 3 12.54333
20 mg/kg 3 15.42533 20 mg/kg 3 16.92500
40 mg/kg 3 23.07233 40 mg/kg 3 29.68067
Sig. §202 .067 Sig. 1.000 .253 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

9 month
Duncan’
E Subset for alpha = .05
Concentration N ; 1 2 3
control 3 : 2.43300
10 mg/kg 3 . 12.02567 12.02567
20 mg/kg ) | 16.17533 16.17533
40 mglkg " 26.79000
Sig. ' .083 A7 .060

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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4.2.4
ANOVA
Sum.of
Squares df Mean Square F Sig.
3 month Between Groups 200.932 3 66.977 15.754 .001
Within Groups 34.011 8 4.251
Total 234.943 1"
6 month Between Groups 90.178 3 30.059 9.135 .006
Within Groups 26.323 8 3.290
Total 116.501 1"
9 month Between Groups 510.103 3 170.034 43.701 .000
Within Groups 31.127 8 3.891
Total 541.230 11




178

3 month
Duncan’
Subset for alpha = .05

Concentration N 1 2 3

control 3 2.37900

10 mg/kg 3 9.14133

20 mg/kg 3 10.64467 10.64467

40 mglkg 3 ! 13.52100

Sig. 1.000 ! .398 126

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
6 month 9 month
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05

Concentration N 1 2 Concentration N 1 2 3
control 3| 233433 control 3| 2.38300
10 mg/kg 3 6.83533 10 mg/kg 3 14.90500
20 mg/kg 3 8.66000 20 mg/kg 3 17.13833 | 17.13833
40 mg/kg 3 9.38000 40 mg/kg 3 19.09400
Sig. 1.000 138 Sig. 1.000 .203 .259

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

¥

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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4.2.5
ANOVA
Sum of
Squares df Mean Square F Sig.
3 month Between Groups 1.495 3 498 150.230 .000
Within Groups .027 8 .003
Total 1.5622 11
6 month Between Groups 1.993 3 664 19.220 .001
Within Groups 276 8 .035
Total 2.269 "
9 month Between Groups 2.270 3 757 3.988 .052
Within Groups 1.518 8 .190
Total 3.788 "
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3 month
Duncan’
Subset for alpha = .05
Concentration N 1 2 3 4
control 3 .00000

10 mg/kg 3 .35067

20 mg/kg 3 .65267

40 mg/kg % .95100

Sig. 1.000 : 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
6 month 9 month
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05

Concentration N 1 ’ 2 3 Concentration N 1 2
control 3| .06400 | control 3 16700
10 mg/kg 3 } 51400 10 mg/kg 3 .82133 .82133
20 mg/kg 3 .75833 20 mg/kg 3 .87633 .87633
40 mg/kg 3 1.19033 40 mglkg 3 1.39200
Sig. 1.000 ’ 146 1.000 Sig. .092 162
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

¥

a. Uses Harmonic Mean Sample Size = 3.000.
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4.2.6
ANOVA
Sum of
Squares df Mean Square F Sig.
3 month Between Groups 102.181 3 34.060 28.899 .000
Within Groups 9.429 8 1.179
Total 111.610 11
6 month Between Groups 18.854 3 6.285 11.094 .003
Within Groups 4.532 8 .566
Total 23.386 11
9 month Between Groups 16.105 3 5.368 2.524 131
Within Groups 17.014 8 2.127
Total 33.119 11
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3 month
Duncan’
Subset for alpha = .05
Concentration N 1 2 3
control 3 1.98800

10 mg/kg 3 7.10200

20 mg/kg 3 7.61833

40 mg/kg ) 9.99467

Sig. 1.000 ! 576 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
6 month 9 month
Duncan’ Duncan’
I Subset for alpha = .05 Subset for alpha = .05

Concentration N 1 “ Concentration N 1 2
control 3 .99367 control 3 1.42600
10 mg/kg 3 1.30233 10 mg/kg 3 2.40500 2.40500
20 mg/kg 3 3.14767 20 mg/kg 3 3.14900 3.14900
40 mg/kg 8 l 3.99667 40 mg/kg 3 4.59967
Sig. ‘ 629 204 Sig. 203 115

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square F Sig.

<3 mg/kg Between Groups 128 2 .064 3.639 .092

Within Groups .106 6 .018

Total 234 8
3-20 mg/kg Between Groups .165 2 .083 .058 .945

Within Groups 8.627 6 1.438

Total 8.792 8
>20 mg/kg Between Groups A7 2 .064 1.632 272

Within Groups 234 6 .039

Total .362 8

<3 mg/kg 3-20 mg/kg

Duncan® Duncan’
Subset for alpha = .05 Subset for alpha = .05

Time 1 Time N 1
6 month 7.22667 6 month 3 6.04667
3 month 7.45333 9 month 3 6.28333
9 month 7.50000 3 month 3 6.36667
Sig. .051 Sig. 762

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

>20 mg/kg

Duncan®
\ Subset for alpha = .05
Time N 1
6 month 3 7.26333
9 month 3 7.30333
3 month € 7.53333
Sig. 157

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square F Sig.

Control Between Groups .000 2 .000 .000 1.000

Within Groups .307 | 6 .051

Total .307 8
10 mg/kg Between Groups .051 2 I .025 1.469 .303

Within Groups 104 6 : .017

Total 155 8 :
20 mg/kg Between Groups .048 2 .024 3.018 124

Within Groups .048 1 6 .008

Total .096 8
40 mg/kg Between Groups 169 2 .084 3.024 123

Within Groups .l 6 .028

Total .336 8

Control 10 mg/kg
Duncan® Duncan®
Subset for alpha = .05 Subset for alpha = .05

Time - 1 — Time 1
3 month 4.5733 3 month 4.8167
6 month 4.5733 9 month 4.8733
9 month 4.5767 6 month 4.9967
Sig. ! 987 Sig. 156

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

20 mg/kg
Duncan®
Subset for alpha = .05
Time 1
6 month 47733
3 month 4.8100
9 month 4.9433
Sig. .065

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

40 -mg/kg
Duncan®
Subset for alpha = .05
Time 1
6 month 4.6400
3 month 4.8867
9 month 4.9600
Sig. .064

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square F Sig.
<3 mg/kg Between Groups 3.384 2 1.692 7.352 .024
Within Groups 1.381 6 .230
Total 4.765 8
3-20 mg/kg Between Groups 402 2 .201 1.506 .295
Within Groups .801 6 134
Total 1.204 8
>20 mg/kg Between Groups .009 % .004 18.329 .003
Within Groups .001 6 .000
Total .010 8
<3 mg/kg 3-20 mg/kg
Duncan® Duncan’
Subsetfor gha = 08 Subset for alpha = .05
Time 1 2 Time N 1
3 month 18873 3 month 3 05447
6 month A2E28 6 month 3 A7773
9 month = 9 month 3 55170
Sig. 534 1.000 Sig. 158

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

>20 mg/kg

Duncan”
Subset for alpha = .05
Time N 1 2
3 month 3 .00520
6 month 3 .02720
9 month 3 .07907
Sig. 130 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square Sig.
3 month Between
.054 2 .027 4.234 .071
Groups
Within Groups .038 6 .006
Total .092 8
6 month Between
271 2 .136 9.129 .015
Groups
Within Groups .089 6 .015
Total .361 8
9 month Between
3.632 2 1.816 5.299 .047
Groups
Within Groups 2.056 6 .343
Total 5.688 8
3 month 6 month
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Concentration 1 ; 2 Concentration N 1 2
>20 mg/kg 3 100520 ' >20 mglkg 02720
3-20 mg/kg 3 .05447 .05447 3-20 mg/kg A7773
<3 mg/kg 3 18873 <3 mg/kg 44697
Sig. 479 i 085 Sig. 181 1.000
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.
a. Uses Harmonic Mean Sample Size = 3.000. a. Uses Harmonic Mean Sample Size = 3.000.
9 month
Duncan’
Subset for.alpha = .05
Concentration N 1 2
>20 mg/kg .07907
3-20 mg/kg 55170 55170
<3 mg/kg 1.59927
Sig. 361 071

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of \ ‘
Squares df ’ Mean Square F Sig.
10 mg/kg Between Groups 1.766 2 : .883 32.620 .001
Within Groups 162 6 : 027
Total 1.929 &
20 mg/kg Between Groups .801 ‘ 2 401 22.333 .002
Within Groups .108 : 6 .018
Total .909 8
40 mg/kg Between Groups 226 2 113 3.786 .086
Within Groups L0 6 .030
Total 406 8
10 mg/kg
Duncan’
Subset for alpha = .05
Time N 1 2 3
3 month 3 4993
6 month 3 1.0677
9 month 8 1.5840
Sig. 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
20 mg/kg 40 mg/kg
Duncan’ Duncan’
Subset for alpha = .05 Subset for alpha = .05
Time 1 2 3 Time N 1 2
3 month .3697 3 month 3 4290
6 month .6850 6 month 3 .6740 .6740
9 month 1.0983 9 month 3 .8127
Sig. 1.000 1.000 1.000 Sig. 133 .364

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square F Sig.
3 month Between
.025 2 .013 2.318 A79
Groups
Within Groups .033 6 ’ .005
Total .058 8|
6 month Between !
.302 2| lo 1 5.539 .043
Groups |
Within Groups 163 6 .027
Total 465 8
9 month Between
912 2 456 10.800 .010
Groups
Within Groups 20 6 .042
Total 1.166 8
3 month 6 month
Duncan® Duncan®
Subset for alpha = .05 Subset for alpha = .05
Concentration N 1 Concentration N 1 2
20 mg/kg 3 .36967 40 mg/kg 3 .67400
40 mg/kg 3 42900 20 mg/kg 3 .68500
10 mg/kg 3 49933 10 mg/kg 3 1.06767
Sig. | .083 Sig. .938 1.000
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.
a. Uses Harmonic Mean Sample Size = 3.000. a. Uses Harmonic Mean Sample Size = 3.000.
9 month
Duncan’
Subset for alpha = .05
Concentration N 1 2
40 mg/kg 3 .81267
20 mg/kg 3 1.09833
10 mg/kg 3 1.568400
Sig. 140 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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