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Absiract

This study reported generation rate of centrifuged residue of the concentrated
latex industry, its characteristics and the utilization of centrifuged residue as a soil
conditioner. Three concentrated latex industries were investigated in Songkhla province.
The survey results shown that the concentrated latex industry generated solid waste in
terms of centrifuged residue with the average value of 9.7 kg. wet wt./ton of raw latex in
July to August 1998 and 10.3 kg. wet wt./ton of raw latex in December 1998 to January
1999. The centrifuged residue was always found to be dumped in the factory or to be
used for landfill. However, some factories burned it or discarded it together with sblid
waste.

The centrifuged residue was analyzed for the physical and chemical
characteristics. It was found that it contained many nulrient elements, such as N, P, K,
Mg and Zn. Therefore, it was considered to use as soil conditioner. The average
- concentrations of N, P (as P,0,), K (as K,0), Mg and Zn of centrifuged residue sampling
in July to August 1998 were found to be 2.06, 19.6, 1.8, 5.31 and 1.01 % dry weigh%.
respectively. The analytical results of centrifuged residue sampling in December 1998 to
January 1999 shown to contain with N, P (as P,0;), K (as K,0), Mg and Zn with the
average concenirations of 2.14 , 21.6, 2.1, 7.56 and 0.51 % dry weight, respectively.

The dried centﬁfuged residue was extracted with de-ionized water. The
analytical results shown that the centrifuged residue was not stable. it could be leached
and dissolved with water. After it was dissolved with water, the solubility of K was found

to be about 69 - 88 %. Whereas the solubility of N, P, Mg and Zn were observed to be

{5)




11 - 12 %, 1 % and less than 1 %, respectively. The eluant from centrifuged residue
extraction was analyzed for BOD; and COD. It was found that the proportion value of
BOD, and COD was more than 0.5. This shown that the eluant of centrifuged residue
extraction was biodegradable matter.

The potential of using centrifuged residue as soil conditioner was examined by
testing with Manila grass. The experimental results showed that grass added with
centrifuged residue grown better than adding with chemical fertilizer. In addition, the
centrifuged residue could keep soil's pH to be neutral and enhance adjustment of soil

condition.
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- pH
- Density

- Moisture Content

- Solid Content

- Volatile Solids
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- Magnesium (Mg)

- Zinc (Zn)
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winilimas GEpIEe]
1. Moisture Content Gravimetric Method
2. Solid Content Gravimetric Method
3. Volatile Solid Gravimetric Method
4. pH pH meter
5. Density Weight/Volume
6. Total Nitrogen {N) Kjeldahl Method
7. Phosphorus 'Lugﬂilm PO Spectrophotometric  Molybdovanadophosphate
Method
8. Potassium Tugtlues K,0 Volumetric Sodium Tetraphenylboron Method |
9. Magnesium (Mg) EDTA Titration Method
10. Zinc (Zn) ) Atomic Absorption Spectrophotometer

v wliviei 12 4 uas 5 imswnilugiuesihatian dauwsiiimaii g 7
9 =% ar 13 { 1 ‘J =
8 9 uaz 10 vhmsdensiluplissbedrwidshunsaufiguunil 70°C

! v
Amiumnrimesh 6 insdemsiilugluesietnanuaziagaui




19

wenanitainniudlendnsmBinunmessanteaniamasing 1 Taendrnan
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dmadan 3:1 @ (2538) WinmualiRe Smmnns
| ¢t N hwila?t 100 m? §wiu
7 mnintlwantend gas 1500 | wihuaaties ik 2 - 8 noAl
dmadon 1:1 ¥ dledeuiufiuinilumnlgn

g es 1", ﬂ'v'll
vihdwiunimeseaRiail Ag
8 mniuthuantjownd gns 16-0-0 | il 1.6 gN/0.04 m”

dmsdan 1:3 @

yaemg : (1) dnanduintfus N uas K W 15 % Tnansld vestuidondauin
“(NH,),S,0, uasTnunaidaunasles (KCI) udmliy Tnaniaianntuth
Cwhsnnauiuuenluidandamn wazTwunaidauaaalss Tudndou
1.00:38.61:15.67 tdmH KA Lgmueiluene 1.6 gN/.04 m?
) (3) uaz (4) shnntudluwienmeasudonad 15-0-0 udmangdaw 3:1 1:1

o o o ¥ Ao g o
ez 1:3 muawil udninh] g luiuanlddgnuadudmne 1.6 gN/e.04 m*




21

] 9 = g §r s 73
wiazgan mAsawLiiung 3 41 Tnendgnuedtunszuly aum nde X e

WINAL 60 X 80 ANTINIEHAINAT 1uvadusazudauvinil 20 X 20 marsuRimg Tne

qriludssgeinanunudchilflgnundn  udasdinsWomenwnsinidudseiy duansly

nwisenay 4

20 9y

60,

\

mMwlsenay 4

WANEIE)

" 80 .
<
P
20 1.
Cyh #1, #2, # 3,
C40 #140 #240 #340
- Cy, #1,, # 20 # 35

|
uamlitaanmaasfldlunslgnuniy

= = d ¥ oW T % E
Gy Cuo UAT Cyy MiNEli godumuauialdidgnueaiusiinsiamanwsfis

ehadaniuiunisignun Tnariufies? 20 40 uaz 50 U AINEW

#1,- #3, #1,- #3,U8s #1,- #3, whelia ganimmarosfiinislgn

. y < A .
whuazlEmemsits Tneinniaveasd 3491 uas WA 20 40 uas 50 fu

HINARL

.q = 4 oF = ' -
3.3.2 mawirauiu : MRl ddnenduiuinnhmag (sandy loam) Tned

particle size A3l Aim % sand WL 74.33 % silt Wil 17.45 WaT % clay iy 8.22

v oy
o = 8

msnanagniad bidiuieumalgn  Ailviamsdnmdnsaemenanneazindueg

- -4 h T3] er & -ﬁ‘ 2 o
ﬂuﬂi‘ﬁﬂ‘ﬂuﬂﬂ‘j‘ﬂﬁﬂtLﬁZ‘HﬂQﬂ’]ﬁ‘LﬂULﬂﬂ‘lﬂ")ﬁ sranam g 5




22

333 msdgaua : vnmadgnualuusiazutas Tagldunhaminminviy ) il
I g . -
fomdopinafnldign  AannlgnundhisemsiinugiWinszanaudalgniilfssasinag

ar 5 =J ’ o -3 ’C‘:
wsnzguiuAun ezl uamndanlgniaiaudarisain gy

1 t 1 v v 1
334 el seiduar 2 A5 Tumewduaslumewdu Teeldinafeas
— ¢ ’D’ 4 bt |° g
sty 35 — 4.0 anymsauns salfunanihfisail azlimn Wi lueduudawinses

o g o 1’/ = A 1] :}/
uazvin lehindulua s Ssfumiun g

:// 1 ‘J £ s
3.3.5 msldly : ldafadaanaulgn sudissyliluudazganimanad AT 4
ey Inszanavinnszuzadeainane wesWndangnindilaanniomiaiiadllau
feannuanszann 3 — 4 wAns Eulunszusdndsznn 11 - 12 uFles) ez

H 9 5
1 ufaRlgnun

& =J [+ =5 8 = 1 o o =y
3.3.6 nanuNgn :ﬂ']TLﬂ‘LILﬂﬂ@ﬁmqt{ﬂiﬂuﬂﬂuﬂiﬁﬂLLﬂZMﬁ\?"Q'\ﬂﬂ’]?ﬂQﬂ A

o
N7 Al
:’J .:J =3 A 3 & o
A% mafungwahuesiuE
1 naun7gn
2 udeanignugild 20
3 wdsndgnuedls 40 du
4 uidnlgnuedidl 50 du

: dy =& :J & - 3 & 2 Z 5o
mu’lumsmummumum:mu m‘[mﬂma‘mwmﬁmﬂ?:uz LazZinuauaIn

AautAn AUt sAuauanL soann 3 - 4 muRung

3.3.7 mafiufaysuazmadasa -« inmsuindeyaniaadniiuln Tng

3.3.7.1 dunadnunisvenianwionlgnuazudanialgn 20 40 uas 50
Fu Inadanm
- dnwous . Snwnusd

- ANNEY A




23

o o - , dig o
3.3.7.2 vvehniaslHUgnleinn 1 wlse daunimasad waznah i ldvds

4 . , A
snmaALAEafiingn 20 40 uaz 50 4 IsudazgaMMases Iusdwinan wazeui

= L ’6‘ o = - = € ‘ . A
Awmzinsinninui Insaufiguuugd 70-80 °C uasinTz1ivn Volatile Solids

g or ‘:i L) -3 1
3.3.7.3 uRsudemiivandyduinlueisaunlameses  Togld

E 2 3; o ‘0’ ar L -J p 14 [=3 .:1
faymimingaussimninuien Fannsiuine uusiazdaeann

=Y ] o 4 o a -y '

33.7.4 vhdursunalgnuasudaannmafiuien widwmsinimiines

NNMENTRLAZIAIANLATIEY Methods of Soil Analysis Part 2 (Page et al.,1982) uaz
=Y =y Qr l:’ ] - u‘ﬂi = Sl ey

nTAATISRvLaTY (Audng udlwed, 2537) - Feilinmilmesidnmuadsimemed

AT 5

A3 5 UARMTAATIZITNNTIIRE 5N -] Te%H
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1. Moisture Content Gravimetric Method
2. Volatile Solid Gravimetric Method
3. pH (1. 5 water), pH meter
4. Electrical Conductivity (Ec) (1 : 5 water), conductivity meter
5. Total Nitrogen (N) Kjeldahl Method
6. Phosphorus rI:L,sgﬂ‘mﬂ\‘z PO Spectrophotometric Molybdovanadophosphate
| Method
7. Potassium lugtluas K,0 Volumetric Sodium Tetraphenylboron Method |
8. Magnesium (Mg) EDTA Titration Method
9. Sodium (Na) | | Atomic Absorption Spectrophotometric Method

10. Zinc (Zn) Atomic Absorption Spectrophotometric Method
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el inganan (iReunsngA - [RauRaunAN 2541)

— -
MUACIBYA T99911
A B C
1.1BuNnneNgn (A 100 80 80
2 HANAR
2. 1enat (R 41-43 35.2 34.5
(% TRNINENNAR) 42 44 43
2 2 erngndTWLURSA (FlVdu) 2.6 24 4
(% YDWINENER ) 2.6 3 5
3. Msldansmisneaniwinensan
- Ammonia { % Aavwviintineng) 0.4 0.35 0.58
- TMTD/ZnO (% siasdnmminingny) 0.062 0.40 0.091
el
A.. AN T lLnsenRzNaw Mg
- DAP  (nN./AudngNgs) 1 1-1.5 1.5
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- Auoudatie (@) 26 20 20
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7,200
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(% wet wt.)
VS 48.4-54.5 52.4+3.47 57.1-58.5 57.9140.74
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| o drywt)
Mg 4.76-6.08 5.5940.73 4.46-5.52 5.0310.53
(% dry wt.)
Zn 0.67-1.39 0.98+0.41 0.64-1.49 1.0440.43
(% dry wt) | 7
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(% dry wt.)
, Pas PO, 19.7-23.6 21178212 21.4-22.6 22.0710.61
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(% dry wt.)
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3.2 NANSILATIEHANHULVNNENNLALIANADIRAY

i
ar ar

-3, A Q ar Y _ 1
muw‘l%ﬂqnmﬁqmmummmﬁmﬂNfi fanuoisiiuAndaulunsg (sandy loam)
=l . . ot ‘-:{’

1aedl particle size A3

% sand iy 74.33

%silt Wiy 17.45

% clay Wiy 8.22

A = o ) = ar -4 k73 k74 art 1 o =3 ar E=1 -

wasiiafuiethdmumdsnnidgnuald 50 A wudd AnnuzAuganailufi
smalunaiet (sandy loam) Ineil particle size fratl

% sand Wiy 74.21

%silt Wiy 18.60

% clay iy 7.18

v
s

0 e 4 } o = L3 = o 1
tazanm AU I lgnuoiiouuasaanistgn MmN IHIAEIA )

o

farzylumnane 5 Winannsnaaes Ml

321 sglulgiau
3.2.1.1 anudvdusediuinnalufvuneulgnits
=y -=f 2 <3 L= r ar
AN idama e s gan mMaeas A
=y =y = d{ -] —=
sz mns 4 TneAamsagniadraniauadliszinn 8 - 4 wufiins Wadinuen
Ao vumsadudureduinnawlufiuiusaalunii 16 Taawudn 4an1maaes
¢=i [ 1 ] [] o
1 %atﬂu‘gmmuﬂu WlHldsmamnsia o frnAnuduiuesiuingan windl 0.030 %
'cf o g o o -=d ¢ ={ = & o =] ar =
dwinufe dwiigannmaassau Fafimadnegulnsauiadneimhoai Pe 40
2 | YY) 3 JO d 4 o 1
gN/m?wudimnadiuduaedluinaau Al Ae ganimaanadl 2 TARNNING uilanazganis
A d -y ¥ s 1 L] 1 ot
aandt 3 SuRuninduiladiuen N was K Senanudiudusaduingiay winiu 0.124 %
%’ ar g ar o ar -1 er d‘—‘i —
PUTINUEY 1az 0.120 % twminuie muUaIAL S INTUGANNTNARENN 4 %muﬂﬂmﬁqms
) 4 | - 1
15 — 15 ~ 15 UAXIANINAAEBIN 5 Fafueniigns 15 - 0 ~ 0 famanadiudunad
Timsian windu 0.130 % vhminude uaz 0.137 % Wwminuda mud el uasganng
< d o X ' o !
nagasl 6 7 8 dudAnnnaullwausjaiail 15 - 0 — 0 Adudmandan 3:1 1:1 uaz 1:3 A

arnduduresilnseuming 0.134 0.132 uaz 0.131 % unsinudis amuadu
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m19w 16 wansaridindugesuinaauluiusacganimasesnanld lgnis

finaeinafid ﬁﬁa‘ﬁ'lﬁﬁmmm?ﬁ‘ﬁ | N (%dry weight)
T1 laildamamns (control) 0.030
T2 nnih 0.124
T3 mnauslaLffuen N uas K : 0.120
T4 Uenald gms 15-15-15 0.130
T5 Jeiadl gas 15-0-0 0.137
T6 mn%uﬂqwauﬂa 15-0-0 §Msndoy 3 : 1 Tnskwin 0.134
T7 nndutige 15-0-0 dasean 1 : 1 T 0.132
T8 nnnthrasle 15-0-0 Samdan 1:3 Tnendnvin 0.131

wnewe] @ fhegeinga T1- T8 hduiriundsnuanesi Wisno wmnsiasnsia:

FANINARNY

3.2.1.2. amudinduaaanghdmnaundaandgrugild 20 uas 50 4

wA gl 20 usr 50 Suudnivined wAuNNIRTITE
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AnTAnNEN (96)
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3.2.1.3 m3lfmpulnsauaesimni (N uptake)
anuamsaanzy - acaduiuzediuinnauluiuganiunuias
=, A cl ar o b .
Aunldlgnunf Atnan 0 20 usy 50 U wdaiundnnuiiunsids i ulnaauan iy

wnn (N uptake) IngiAuatean
- =J 4 —
N uptake (%) = (%naanaspas N i ldigouafa - %menases N Tudngraa)

wazAmnanii Snsnnsidonbilnsauuedhmieiofs (N

uptake by plant per day) TRgAMIMATN
gmannsldonn N sevnjwiadi (%N uptake/day)

- o
= - (nnsanadtes N Wiuilflgnun) - (enranasans N TuAugaALaw)

uauduinlgn

annsamians ransldsn lulanausesdiumdh (N uptake)
uaeimnsliiom lulnsaumawumistadis (N uptake by plant per day) Frauamnatunw
Usenen 31 way 32 FadleRmsnningsand 50 f wud ﬂqmmmmamﬁ 2 fimslfan
Wuilnsiasaasruvain (N uptake) §agm memmmm‘hﬁﬂuﬁmmiﬂmﬂmﬁ 847365
6 uax 1 lauilainslfanglulmsausassiumnin (N uptake) Wil 241 225 224

291 20.8 17.5 16.0 Ua 13.3 % ANRIAL
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@M1 N2 uptake N fadl (%uptake/day)
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205unsnaadnsLgn

30 FumFsnaanirlgn

dqaLan

L4
50 SumuataImslgn

Avlssnat 32 ukadRsInag uptake N aasucisiadis TuwsiazganTnaaas
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'
=,

ast k) lo’ ot A ¥ ¥
1N 17 uamdnsdoumaans e iulnsauseiwiveadnmdlusies

TANNTVARDY
shdauaaanisifsniulnsausaminuiiniReiu
N[BT (%N dry weight/kg dry weight)

T T2 13 4 - 75 16 T7 T8
20 JuUIn 0.80 1.0 2.3 2.0 3.3 0.6 0.8 1.0
PaanisLgn
A/ 0.04 005 012 010 017 003 004 005
30 TUVAY 0.2 1.0 1.4 1.8 1.2 15 4.7 2.1
LaInnsLgn
iU 0.01 003 005 006 004 005 016 007
50%uiavim | 0.5 1.0 1.9 1.9 2.3 1.1 28 1.6
ansLgn
WAL/ 0.01 002 004 004 005 002 006  0.03

3.2.2 saswadd (as total P,O,)

3221 Anudidusgriaara¥i (as total P05 sadurenlgnite
mﬂmuﬁumiﬁlﬁﬁmﬂ'\ma‘ﬁfﬁm'luﬁuuﬁia:ﬁ;mm?wmﬂm OSPT
T 4 wuamaidiuduasiaanaia (as total P,0g) uAWAILARIMATHMNTY 18 Tl
gamsnaaesil 1 dafhugaaugy Eiiﬁiﬁﬁ'w;mmﬂﬂ 1 Sannadindusemaddein
(as total P,O.) WU 0.038 % vrmiinura LLﬂ:‘Qﬂﬂﬂ?ﬂﬂﬂﬂQ‘ﬁZ 3456 7usz8 e
Anudiutuneaeariada (as total P,O,) Wil 2.216 0.065 0.243 0.038 0.363 0.174

4az 0.138 % 1miInuwiia ANNAIEL
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s 18 weasardiissmesrieda (as total P,0,) WiAuusiazganivaseriowld

lgniva
HOLH R msﬁlﬁmmmmiﬁ‘ﬁ P,O, (%dry weight)
TH1 laildag@1umns (i control) 0.038
T2 itk : 2.216
T3 Ml 5udn N uas K 0.065
T4 il gus 15-15-15 0.243
T5 tendl gns 15-0-0 0.038
T6 mndiutlanga]s 15-0-0 §adan 3 2 1 Taenuiin 0.363
T7 nnahnasile 15-0-0 Ssdon 1 : 1 Tattiwnin 0.174
T8 Andutheais 15-0-0 §mandan 1 : 3 Tnenimnin 0.138

wneme © dhadiuga T - T8 Fhiifundmnusussibismemnsiseesiias

FANINAAD

3.22.2 Asdidunearadrada (as total P,0,) T udamlgnuel4
' 20 UAT 50 U

ydanndgnuainli 20 waz 50 AU wdaniihetnaiundnnsd
wupdduraaanea (as total P,0,) Wi Awdadlunwlizney 33 uas 34 feaz
Wi arudnduremearaid (as total POy WiuilAsan waziiadunnuth
nlefifuinsanastesusiazgammansdisiasdanon  aldnadaugadiunmlsznay
35 uaz 36 Intluusazgammesas  ulefiduinnranasasmeaseialuiuganiuny
Souriulafifuimssnasesaaveialufuitilgovai saziilefiarsnulefifuinig
' anasuamagaieliunlilgnudifionn 50 wudnlefifusinnaanausraavieFal
ﬁqqqqﬂ'lwqmmmmamﬁzLLammmmuﬁ’mﬁu’lwﬁmmmﬁmmﬁ 843 67 5usr 1
Tnailanlafifusiniranatvasaanads winfl 84 71 66 61 60 56 50 uaT 42 %

AIHRIAL
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total P,0; (% dry waight)

0.00

—&—T1
—&E—T12
T3
- 3 T4
. ——15
- %
T T T ;a T 18
e T
0 10 20 30 40 50 60
—=—T8

FTHINAD

nwlsznel 33

uansnaadnduzaaanaid (as total P,0;) WhngarILANTaY

uwsiazgANINAReY Maan 0 20 uay 503w

total P,Qc {% dry weight)

——T1
—E—T2

T3
T4

—¥#—75

—&—T6

——T7

sraviaan (1)

Amdszney 34

2 A a =y A
wansansdindurasesveda (as total P,0,) TuAunldgnugh

' = o
FRUFRSTANINARBINNIAT O 20 was 50U
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100.0% -

80.0% -

60.0%

400% -

20.0%

0.0% -

Fndan 104 total P,0, Tursazinaifine (%)

T T2 T3 T4 i) T6 T7 T8

1 gnléllu 20 Fuuen
wa4n13Ugn

gnldlilu 30 fundd
saamnlyn

mj‘lmﬁaﬁutﬁﬁﬁu
AANTIARBY

ARILIAY

Mvidsznay 35

wamdndaufesazansvingriaa (as total POy lupiugaAILAN
1 A ar ar at

TRusazgannaes Tanas T 20 Fuusnaasnislgn 30 Suwas

gaansilgn uasdndoufanarasanniada (as total P,Og)

-=i =) '
iwaang

100.0%

80.0%

60.0% -!

40.0%

20.0%

0.0%

ol
#ndnaunnd total P,0, Tussaznanifine (%)

Clgnléhilu 20 Funan
1pdmsilgn

gniFlilu 30 dunda
1aen3Uqn

2] ng’lmﬁaﬁmﬁaﬁyu
ANTHARDY

T T2 T3 T4 15 16 T7 T8

ANNTNABD

nwlsenay 36

« o d
wansdndaufennzaarinavessa (as total P,O.) luuhldilgn
& 1 = ot
el Tasusiazgananes Nanas Tu 20 Fuwsneanisiign
30 Suwdaamsnisilgn uardndonfeusraalasaia

(as tatal P,0,) Ninaan]
20 g
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3.2.2.3 mildomresnaisaesiiumnin (total PO, uptake)
ANHANNSIATI aruidudusesesnaia (as total PO, MY
ganuauuaiuAldlgnunn flosn 0 20 WAz 50 T udwhanduoninslfenn
waanafarasiunnn (total P,0, uptake) nsiAiuaan

P,0, uptake(%)=(%nesnasae P,0, TuAwildugnuen) - (SennianazasP,0, WiugaALAN)

wazAantiudnsnsldanweane fsuaaiumnindadis (P,0, uptake by plant per day)

TneATIaRN
fmsnsdan PO, 1o raiy (%P,0.uptake/day)

A dow - |
= (%nrranadted PO, Wiunlilgomnin) - (%n1renasteaP,0, \WAugAALLIAN)

oo
Auauduinlgn

sannasduans dnantsagreara¥aesiuunf (total P,0,
uptake) wazdnsinaslimwoanefsuasfumaiiradis (total PO, uptake by plant per
day) fauanshanwilazna 37 uaz 38 Fuilafiansnunlatsud 50 51 wod TANIINARDY
7l 2 finmhaveanefallld (otal PO, uptake) gugn uazaRAAIALgANT
vones?l 6 7 4 8 3 5 uax 1 Tgildminhogresvedallld (total P,0, uptake)

Wit 43,1 36.9 32.8 32.5 30.3 24.6 23.7 Uaz 21.0 % MNATAL
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N7 uptake total PO, (%)

10.0

0.0

El gntélulusodu
udgsnen1rilgn

O gntdlailuzodu
usnysanlgn

T

T2 T3 T4 5 T6 7 T8

ANTNAADY

Awdsznay 37

w@msnnguptake P,O, 18I LLUARZIANIINARDS

w20 Ssnaaanislgn  uew30 Fundstaimeilgn

1.00 -

0.80 -

0.60

0.40

0.20

N3 uptake total PO Aiadu (% uptake/day)

0.00 -
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20fuwmnasamslgn 30Tunflmennlgn  B0TuRMHATEamFLgN

4381

Amilsznay 38 wanedimaInTs uptake PO, Taangfwiaduluusarganisnaass

11420 Juusnaaanisign 30 Fundreanisgn uavso Juianun

294n751lgn
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o 3 o L v o
3.2.2.4 damdowreanisidaeeaniada (as total P,O,) Astiwninun i

dnmdanzenisldsmaswedd (as total P,O.) VAT
Fadi waneia innms i aswaswasia (as total P,O,) T lsghiinmaigiu
Tmﬁ'u%u'fmﬂﬂ3:LﬁumnmsLﬁu%umaqﬁﬁuﬁﬂuﬂﬂ 1 Alandniinuds FaBunanald
gWesviaia (as total P,0,) ’qumﬁuﬁ'l%ﬂgnmﬁ"}'tuuﬁiﬁ:'qmmi‘wmﬂmﬁ'u Tvinauan
tuuraaniai® (as total PO, 'luﬁu'twqmﬁumuamaqLwiﬂ:*gmma‘wmﬂa\ui’u 7w
wisvasi hmdousesmsomanreda (as total PO sernTvie i Ao

[N

HAFINURA total onsluau'lwﬂqmmﬁﬁnm ; (%P0, dry wt.)

) s ot l:]
nar e win Ui tdeanaidne ; (kg dry wt)

NNIATUERMdtenT e Wareds (as total P,O,)
ﬁiaﬁmﬁnmﬁwﬁﬁuﬁu‘mﬁw 20 Tultsn 30 Fundd uazdan 50 1 Winadugaslumine 19
uazileRansnintansnd 50 A wudn ﬁmmfmmaaqﬁﬁé'mmﬁquﬁlmmﬂ'ﬁ’mﬂwﬂﬂwﬂé’a
(as total P,Og) ﬁiaﬁmﬂ’nmﬁ’ﬂﬁﬁuﬁumm Ao gAnTmased 2 tasanamNs ALl
mmaaes 6 4 7 8 3 1 uav 5 Ineflpndmandmsusanisidswplaadadn (as total
p,0y) Fierhurueilintudhy 334 7.4 55 50 29 1.2 1.1 0.8 wefduf i

uianaawaia (as P,0,) raflaniutinuissasni mussu
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. S R R
MmN 19 wansdmmdaunaanisd total PO, saviuniughfinauluudssganmases

ar ] g ar =J =a' z
fngdaunanisld total PO, sl IRREY

BNIAY (%P,0, dry weight/kg dry weight)
T1 T2 T3 T4 T5 T6 T7 T8

20 Fuusn 1.0 37.4 0.9 3.3 0.6 7.0 3.8 3.9
eNmsgn

WRe 005 187 005 047 003 035 019 020
30 AUNAY 1.2 28.7 1.4 7.7 1.0 7.1 6.2 1.9
avILgn

REAL 0.04 0.96 0.05 0.26 0.03 0.24 0.21 0.06
sofufomn | 1.1 33.1 1.2 5.5 0.8 7.1 5.0 2.9
LENTLgN 7
WREA 0.02 0.66 0.02 0.11 0.02 0.14 0.10 0.06

323 awlwundldan (as K,0)

3.2.3.1 arwidiniunecinunaden (as K,0) huriaulgniis

<3 A - 1 o
ANMARNEN T X sad luRvLsiazgan1Imaaes faszy

el s A
Tum39 4 wuasadindusesimimaiBan as K,0) lufusuananalumsg 20 Waign

é § 1 1
mmaseshi 1 Buflugamugn Wlfldsmemnila q Sewmudiidusesinunades

e ¥ d 4 . 4 4
(as K,Q) Wiy 0.908 % 1iidnuiie Ianisviaaasi 5 SRua s ldamanunsioin N
2 q 1

v
Wiesaghaies deannudnduaastimaidon @s K,0) Wiy 0968 % wwninudy

. L 4 4 J
dmiuganismeaasil 2 3 4 6 7 uaz 8 avluasWismannaliwnadan (as K,0)

dsznoustjeinn erpaudindusecdnunaan (as K,0) wiiiu  1.364 1.367 1.479

1,251 1.252 4@z 1.136 % WUNWHNuds M8 M
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M9 20 wassaHdinduansTrunaiBan (as K,0) winusiasganmanasriowldlgni

AaginsAi mﬁﬁ'{,ﬁ‘mqmmiﬁﬁ K,O (%dry weight)
T1 Tdldsm)ams (2 control) 0.908
T2 nnutls 1.364
T3 mnTutlsien N uaz K : - 1.367
T4 Jenadl gms 15-15-15 1.479
T5 fenmil gus 15-0-0 0.968
T8 mn%uﬂqmﬁuﬂﬂ 15-0-0 771691 3 : 1 Tntdamnin 1.251
T7 mnﬁuﬂamauijﬂ 16-0-0 $m1€n4 1 : 1 Tnendavin 1.252
T8 nnduthenile 15-0-0 dmadan 1 : 3 Wneiwin 1.136

winawe  fageiuge T1- T8 dhifufriuudsannuauansi Wanevnsieusias

TANTNARBY

3232 arudiniuasswunadon (as K,0) Wiu ndswmlgnunhls 20
uaz 50 Ju
o b4 9 o $r 0 e ] o <y &
wdnUgnuelel 20 uay 50 A wdarddhedwAudreei
wupndndusstnumadan (as K,0) Wiu duaaslunvilsznan 39 uas 40 Teazisiy
1 =y -y A i
130 pomdiduesinuna@en (as K,0) wesfugerunuuaziui ldlgnughiranas
d hod & o« & L t ] a4
wazsiflamuanuihulefidwinsanswsrasganimeasadlusiasdeaon  acldiadi
ugoalunwideznay 41 war 42 Tewluwsiazgammeses  Hulefidusinisanssuas
Tnungiden (as K,0) Tuiugaacugu deandulafifusinsanssastnmadeon (as K,0)
o
T g
d = o s = =
waziiaRan e fisuinmaaasnaslnundisasd (as K,0) Tumn
4 1 £ ; [ r A=i
g wodd Waefidwinisaassaasiwunaifion (as K,0) igegaluganismacesi
H i ot - A ot
4 soaaslihily gantenaaeddl 3 2 uazwiriuluganimsiaesh 6 uar 7 uazdallilugn
- - 'J hd ar . [ ~ & L
Mmeasad 8 5 uar 1 suddy Wnaflulafifudnssnssuasirnunaidon (as K.0)
WinriLl 54 50 46 41 41 35 29 UaY 25 % ANNATAL
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3.2.3.3 mal¥sne unadenaesiumnit (K0 uptake)
nuanmsarsiaadinduradmnadon (as K,0)luAugn

= =j =J ar ° g
pauAu uasiunlfilgnunin Alan 0 20 war 50 AU udarhanAnwnudunisldsw

TwungiTannesiumnin (K0 uptake) e mmAIN
K,0 uptake (%) =(%N136ARIUAY Kgo‘luﬁuﬁ'l%’ﬂqnmﬁ’q) - (%N EaRaLed K0 AUgRALIAN)

wazAinaiudnns e wimadaussswimegwiodi (K0 uptake by plant per day)

TngiAnuanian
dns 519518 K,0 savdiunniisiadi (% K0 uptake/day)

a o 2 =)
= (% n3anaeTas KO luanntdlgnue) - @Gemsanasany K0 luiuganiuau)

© PP
undinlgn

annsanan Bnams o Tumadanse i (K0 uptake)

wazdinsnsllion Twunadonaesfunisiof (K0 uptake by plant per day) Asugnalu
o« v d d o d e 4

nwilsena 43 uas 44 aausay Faflefiarsaniagsuit 50 41 wud1 gANTMARDIY 4
=] o = b2 LA -J

fmadanTnunaenlld K0 uptake) gegn uazanswnuaillugamMmanasi 3

2 6 7 8 5 usy 1 WwedlAninieninunadunhild (0 uptake) wivil 30.7 29.0

25.0 8.2 18.0 14.9 12.3 UAZ 12.2 % ATNATAY
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= 1.20 -
[0
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4
LT |

3.2.3.4 dhrdosssmsldanimmedeu (@s K,0) sevive s
fnrdaauaanslimaimumadeu (as K,0) sermninve i
winai Uinunns e s (as K,0) 'luﬁuﬁﬁﬂﬁmﬁ’ﬁﬁmﬁ‘m?rytﬁuimlﬁu%u‘fma
Ussifanmiafisdueaimive 1 Alandainaini fabununie s des
(as K,0) ‘lwqmﬁuﬁ'l"ﬁﬂ@nmﬁﬂuuﬁiﬂzqmmmmﬂmﬁu IdvinauRInUFanns s nunad
(as K,0) ‘lur‘i‘m’l.wqmﬁumuammuﬁiﬂ:mnwmaﬂ\afviu 1 Wi wzandl Shmdanges

LY d X .
msliane wumaidien (as K,0) Aerdwilnuef sy Amonain

NAsNTed KO TuligranaiAnem ; (%K Odry wt)

| o ar P
uasnaasiinuiaswnilutaaaaidne ; (kg dry wt.)

anMsAnsRdaensldasinunaiden (as K,0) sienin
uﬁnmﬁqﬁtﬁu%u’l,wﬁw 20 Fuan 30 Fundt nazda 50 M Enadauandlumnsa 21 d
lefansandemalasuuas wud unsgenmmasasddnndaunaanisisminunades
(as K,0) ﬁiaﬁmﬁfnmﬁﬂﬁtﬁu%ﬂuﬁqq 20 FuusNgInd1199 30 WML UALNGANINAREY
fiamsdavuasnsldaninunadan (as K,0) aiau?wﬁnmﬁ'\ﬁtﬁu%u'luﬁw 20 Fusnen
ndn 30 Amds wanileRansaninaaui 50 4u wud ‘qmm?wmaﬂﬁﬁé’mmmummmﬂ%’
16 TRunaIden (as K,0) derhminmefiadngedn Ae gamemasesdl 4 sasadliifhugn
mMmARas 3 7 2 1 6 5uaz 8 mudiy Tneldngasdassns o wimaiduy
(as K,0) slaviwinueiistuiy 204 287 238 12.6 120 11.3 105 uar 9.7

v v
wafiduminninudeiwunaifen (as K,0) e lanfiniwminuiaemni aua i




& 1 ’D‘ L A
AN 21 WaasAnIgautanis i K0 savhwiivgihiis
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Lo 25 1 4 ar 9 o o &
anadanaenisld K0 ma}mmnmmmwu%u
49281 (%K,0 dry weight/kg dry weight)
T1 12 T3 T4 T5 16 T7 18
20 Fuusn 0.3 16.5 26.6 32.6 0.4 7.0 0.3 8.4
waemsgn
R 0.02 0.83 1.33 1.63 0.02 0.35 0.02 0.42
30 Furae 23,7 8.6 30.8 26.1 205 15.6 47.3 11.0
BENNNILan
AT/ 0.79 0.29 1.03 0.87 0.68 0.52 1.58 0.37
50RWRUNA | 12,0 12.6 28.7 29.4 10.5 11.3 23.8 9.7
waennTlgn
AT 0.24 0.25 0.57 0.59 0.21 0.23 0.48 0.19
3.2.4 suanilidey

= ‘J = ar
nmaduas ifamamnsfsaduin desylinime 4 wuaanaddu

wnausnTidan uAunavgnunussudsangnls 20 uaz 50 S fudnanglumnsa 22

3 1 = U A 3 [}
Fannuan1snagas wud Aunewlgnunlugammasssd 1 Fadhigarunuliliidan

-l L 2E 7 af o 1 e g ar 97 o
ANTIA T HAMAMHVTHAHUDIUNNMILTEN N 0.136 % WIMUNLM TANTINARANY 2

é = ¥ r-l g o ¥ o ' 1
FuAunnduiluazganimagei 3 Fadunniualivdr N waz K Sarmonaudiuduges

wunihden winfu 3.868 % Wniinuite uaz 0.136 % Wntinudis ANaL daudugeanis

d o4 . 4o
Ynaea?t 4 Tdniainilgns 15-15 -15 uazgammanasi 5 Sadujaailgns 15 -0 - 0 11

9 . v
- Ananuddgssunnili@uyingy 0.545 % swninuda uas 0.237 % Hwdnuve s

o ot J ! = Y o
§190 WazgANYIAREH 6 7 8 Taiunniuthmanjenil 15 -0 -0 frednadou 3:1 1:1

waz 1:3 danaududusesuniliBoumingy 2,734 0.547 uaz 0.273 % Wmtinuii s

A6
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o at  ar ¥ = 4 d =3 o LA t" ]
dvudhathadiun 1 lgnughdatuudsnndgnls 20 S wudfinonyg
T 124
didumawunii@enluganimasasit 2 uaz 6 1 2.390 % dwndnwie uas 1.696 %
1’4
ik muadl wazludsthsiuudaanugnls 50 du seanununilidsaawnzlu

A4 ¥
gananaassl 2 TaRaudniweunididauanaavde 0.136 % swinudi

A5 22 waaanaadindunas Mg TuRunaulgnuasudsanidgnls 20 uaz 50 T

A Mg (% dry weight)
AnBLiNIAY — - »
0 24 20 2 50 A
C1 0.136 < 0.065 < 0.065
C2 3.868 3.431 2415
C3 0.136  <0.065 < 0.065
C4 0.545 < 0.065 < 0.065
Ch 0.273 < 0.065 < 0.065
C6 2,734 1,882 0.915
C7 0.547 < 0.065 <0.065
oF: 0.273 <0.065 < 0.065
T1 0.136 <0.065 <0.065
T2 3.868 2.390 0.136
T3 0.136 < 0.065 <0.065
T4 0.545 < 0.065 < 0.065
T5 0.273 < 0.065 < 0.065
T6 2.734 1.696 0.130
T7 0.547 < 0.065 < 0.065
T8 0.273 < 0.065 <0.065

e @ - Metduge C1 - €8 nAugamiuRranudamassstssazgang
nasasdelilflgnita
eoaa ada o |
- Fadsiuga T1-T 8 luAuidiuudsanlgnitasns udazganismnans

. cdwy 4 v wy o
- <0085 %dry weight (luAZeliaandAingaaasmensasdald (Detection limit)
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. pRPrY = = o [T,
anmadingi ianawnsisasluiu Mzylumnsme 4 wuasdi

gaadansA Wivraugrumih ussudsanugnlél 20 uas 50 A Adnanwmalumna 23

A919 23 usmAnacdivdiutes zn Wursalgnuasudesaniignid 20 uaz 50 Au

A Zn (mg/kg)
Fianginmy — — -
0 M 20 WU 50 1u
C1 1.67 1.64 1.50
C2 52.10 36.98 31.03
C3 3.38 2.95 2.50
C4 2.38 1.79 1.23
Cb 1.79 1.68 1.34
Cb 17.58 13.12 11.64
C7 10.80 10.46 9.60
C8 5.00 4.94 3.20
T1 1.67 1.59 0.91
T2 52.10 31.98 24.28
T3 3.38 2.31 | 1.74
T4 2.38 1.72 0.94
TS 1.78 1.67 1.26
76 17.68 8.57 521
T7 10.80 9.44 7.98
T8 5.00 3.80 1.60

Wwanee - fadhaiuge C1 - 8 dhifugpmuraniLamnaasausasganne

yomadidllifignite

- fhadhaduge T1-T8 dhiufiundnlgnites wiazganisnaaes -
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INHANNINARBY AT 23 Wud ﬁuﬁﬂuﬂtgnmﬁﬂumm?wmmﬁ 1
dafhuganunu WiFdmnamnsta 1 fawnadidusesdinzgd vl 1.67 mgkg 10
nsnaaedl 2 Fadunindutl uaz ﬁmmmmﬂmﬁ 3 Aadumndutiafum N uaz K S
Aruddupaadansd winfiu 52.10 mg/kg uaz 3.38 mg/kg AusdL dmilganiminaes
7 4 Sedanfeniigns 15 - 16 - 15 LAZgAMINARDIT 5 Sadioiadignsts — 0 - 0 Hen
ponidiuduzesdinzBivinily 2,38 mg/kg 1AZ 1.79 mglkg MNAIWL uﬂ:"zgmma‘mﬂmﬁ 6
7 8 AFunndudlmaudand 15 - 0 - 0 Aoudnadou 311 1:1 waz 1:3 Henaudi
yadanzAWiaf 17.58 10.80 WAz 5.00 mg/kg MIHAL

dvurashamuildUgrundaiumndeannlgnlé 20 it wud e
dtugnsdens@luganimaeas?l 12 3 4 5 6 7 sz 8 1y 159 31.98 2.31 1.72
1.67 8.57 9.44 uas 3.80 mg/kg MNAIRL uazanauly 0.91 2428 1.74 0.94 1.26
5.21 7.98 uaz 1.60 mg/kg AELAAT 50 A %Qtﬁﬂﬂmimﬁmmwﬁ'hﬁl’mmﬁqn:ﬁ
e 50 Aundsrnmalgnazuiulidn 'lwqmmsmﬁmﬁ 2 Aeldnrauttafhugasilien

. o o . 4
anafrfnsdldnzAnndregupudeningaileauiiganimasesau |

326 A1 pH
= - = o '
anmaFngriamamsideduin fArnlimnee 4 wuat pH 189

Auriowlgnuniuazuseannignld 20 uaz 50 A Awuaamalumen 24 Femnuams
ypaed w1 viengrmaiTlE 20 40 uaz 50 4 A1 pH seRUlUAZgANIMARESH
& 2 2 o W a < 5 =i Y
mawaslas As A1 pH ans Beasiuliddunldlgnunfrilunbiiluniranasaes
] 1= ] = ] L’ LY 4 &
A1 pH unnndrAugaaauaN Tnaen pH ﬂmmunau'lﬁﬂqnﬁmﬂ%ﬂmmﬁmwnlﬁmmmm?
‘J i ] o
Foudo Wiamamasesil 1 2 3 4 5 6 7uazr 8 {An pH WU 7.67 7.96 6.87 6.80
6.62 7.46 7.49 uay 7.16 muddy uazamauily 6.10 6.69 4.98 585 4.91 5.92

546 war 513 musumdeantgnld 50 Hu




ANT19 24 UaANAN pH Iasdiuteulgnuasudsantignid 20 40 uas 50 u

o A pH
il ” - = »
0 du 20 40 50 4
C1 7.67 6.43 6.31 6.34
C2 7.96 783 - 7.35 7.02
C3 6.87 6.50 5.96 5.65
C4 6.78 6.61 6.33 6.00
C5 6.62 5.66 5.64 5.30
(of+ 7.46 7.47 6.58 6.29
c7 7.49 6.77 6.13 5.52
C8 7.16 6.46 5.61 5.38
T1 7.67 6.94 6.50 6.10
T2 7.96 7.75 7.02 6.69
T3 6.87 5.96 5.89 498
T4 | 6.80 6.61 6.14 5.85
T5 6.62 5.44 5.35 4.91
T6 7.46 7.43 6.38 5.92
T7 7.49 7.01 6.14 5.46
T8 7.16 631 5.40 5.13

vanewe - fatdvuga C1 - C 8 hiugpeuguannlamaasizausiazganis
naaesidliglgnita
- fhnthaRuga T1-T8 dhiuifundsnngniitans wiazganmananes
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"3.2.7 Amstldfn (Electrical Conductivity : EC)
ar 3 @ = 4 g4 =n =J ar
anmsiadnaiiiin (EC) sedidlfifivansiifrmamisfiafim
T 4 wudA s itfesduiaugnuniuasudennigruddtléd 20 40 uaz 50

Fu loasangaaumns 25

A9 25 ugaAtnanin i (EC) rasdiunalgnuazudsannilgn 20 40 uaz 50 T

o Electrical Conductivity (mS/cm)
ATREN — - - =
0 20 2 40 U 50 24
C1 0.062 0.058 0.039 0.032
c2 0.757 0.564 0.531 0.386
C3 2.550 1,220 0.707 0.266
o 2170 1.044 0.980 0.264
C5 3.340 2.510 0.366 0.287
Cé 1.336 1.074 0.728 0.434
c7 1.330 1.001 1.050 0.246
C8 2.240 1.494 1.190 0.289
T1 0.062 0.046 0.038 0.028
T2 0.757 0.531 0.481 0.310
T3 2.550 0.875 0.386 0.238
T4 2470 0.371 0.483 0.158
TS 3.340 0.722 0.332 0.145
T6 1.336 1.040 0.695 0.362
T7 1.330 0.872 - 0.571 0.245
T8 2.240 1.231 0.615 0.279

wneime - shetheAuga C1- C8 Fhifugamrupraniamaaasausiacganig
yianasislllgnits

v’ ) = = n=i -3 ar ]
- fanthaduga T1-78 dhiuiumdmnignitsres uwiazganimmanes
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Qe 25 g1 AmathiimesRuiinma A ledhludnumne:
Bitariiu A1 pH Asudsamlgnuaflé 20 40 uas 50 44 Anastiiihaesiuluwiazgs
msmaaesdinausua eaaiuldiauiidlgnurh e inluniseassssenig
liennnddugarouay  esnshiniihgssdunaul g Bnauans ity
5198 M3 BURD 'lwqmmmmﬂmﬁ 1234567 uay 8wy 0.062 0.757 2.550
2170 3.340 1.336 1.330 uar 2.240 mS/cm mNAIAU uazamaaill 0.028 0.310
0.238 0.158 0.145 0.362 0.245 UKz 0.279 mS/cm FINAWII asaMIgnils 50 H

328 swlusay (Na)
= :J 73 =g Py ar 2 2
anMsFngsi iiese s e Y Ay 4 woaaondudy

el i devgnuns uasmdaandgnunle 50 39 Idnadsuandlumnima 26

M54 26 ugaaudndiuges Na lufuneuwlgniasudanmlgnls 50 4u

e ArduduIes Na (mg/Kg )
FinatvAu — .
0 U 50 4u
Ti 10.70 13.65
T2 11.57 18.70
T3 7.70 25.65
T4 53.67 25.01
5 13.95 13.23
T6 12.83 10.69
s 10.64 12.19
T8 10.56 11.37

wnewn ¢ fadiuga T1 - T 8 dhegeiuiildgnunasswsiazganismaaas
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Walawihei Taanniutideuwiaiasianududusedlanauiaandnniuian
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douiigana Ty Tusnisivinnisauuis A liendutusadluinsaulunndutivey
4 A 1 o [l dw ch e o
whiamad @4 A1 pH aavhatsmnauiidauwianaiduriv
- o v 14
g B PO, uaz Mg tunniudiads aswiulidniiaanududugendums
(<3 ar ] i:l o 3:1 ;4’ A = ot 1 :’z -=| J ] ’:/ g
FusntnenZandd veiliflaswnainmatiuiedidluaien 2 sailidenggeiin e
] v v
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= ; : 4 o fu = o ¥ e X
N9 magnesium ammonium phosphate Gsnuunilifaunnmnznouasgiug anssi
y X ¥ 4 o ¥
Tihaan danaldninduthil P,o, uaz Mg unaiu Traavwnznanduilenlfanndawinnena
o o d” o) T =5 T =
dwiunsthmniuihiddimssaindanlszney lnandassiunaiinsassg
13 4 ) L4 ] A I
ping 4 Aidteg nandutls TnamsldiAsaciia X - Ray Fluorescence (XRF) aztiuléidn nn
¥ 124 T 14 v
Suilildnndrininenanasdachaiheai uenanazszneuhfios N, P, K, Mg uaz
L é 13 k<
Zn uffo dallenn Ca, Al Si, Ti, Rb Mn, Fe, Ni, Uas Cu andinel feussmianemanii
= A ey r.-
une e ne1wssee (secondary nutrient elements) iRoRaINe uazunasgiiih
ARFWBMITOFIRDMNTEBN (micro nutrients) Tarasiasnnsulfunoudes furd M,
S O 4 4 é A a
Fe uaz Cu uszuwswfiuamensianihianizie 1y Al Sadhimsisniuae
< = u é ci" : .
Wiuunetile uaz Si dulhismidnihises Equisetum sp., Diatoms (eagns  Tagneni
o J v d 4 -
wazAny, 2641) windiilunsaihdaneminfassiaaldiaonaula e 1w T, Rb uas

Ni

=
2. MEANBIATINATNISDIUNISREAEUIaIN N LN
Tum@naasgunmn luniasangeaannautiaui Tnanisiinindutlauuia

WAl de-ionized water ugRTIdansing o M acwiuldidn  nnduihilianwliaadia
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gt uaztidn Bunnaaauiarsme lAlamadawindy 552 % Ywrnuds

ez M uiat Nt A nAN 2541 Deifeunnaan 2542 Wy
mnﬁuﬂmmﬁmm'm%u ;iﬁ:ﬁi'n_l?mmmml,l,%q‘ﬁmm WAL 57.7 % ua 423 %
AINAIAL A1 pH e nauth Wil 8.63 HAZANATNVN RSN 1.0477
FyaLi. ém%’umﬂﬁvuﬁ@LL&’iﬁﬂﬁ‘znﬂu‘lﬂﬁfJﬂﬁm N P (as P,0) K(as K,0) Mg Uaz Zn

=y ot ] -=I [ ,a’ o« 9 e 1
TneRadluAaaainy 2.46 21.6 2.1 7.56 WAz 0.51 % muumLﬁ\i RINaAL LLﬁ:ﬁflﬂ"]
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AT NHUAN 1 LLﬂmqmﬂmﬁLﬂﬁ:ﬁ@mﬁnmzmqmﬂmwLm::mﬁﬁ@\'zﬁmﬂwmﬂﬁLLﬂqmnﬁqmeiﬁ‘muﬂﬁmﬁuﬂﬁﬂ'l.wi'qw‘i’mmwm

(FaunsngAN - RwnAl 2541)

R
paate | pH | pH | Density | TSC | MC VS TN TN P,05 K,0 Mg Ca Zn
il | wet) | (ay) | @md | % | % % % % % % % % %
(drywt) | (wetwt) | {drywt) | (drywt) | {drywt) | (drywt} | (drywt) | (drywt)
A1 8.03 | 6.34 | 1.0513 | 334 | 666 54.3 2.71 2.40 19.7 1.75 6.08 0.22 0.973
A2 0.03 | 621 | 1.0453 | 394 | 60.6 58.2 3.45 2.33 20.4 2.67 5.52 0.15 1.486
B1 9.13 | 8.57 1.0800 325 67.5 48.4 2.04 1.82 15.5 1.58 4.76 0.18 1.388
B2 8.06 | 6.11 1.0525 42.8 572 58.5 3.36 227 20.5 1.57 4.46 0.19 0.636
C1 876 | 6.56 | 1.0677 | 285 | 715 54.5 1.81 1.57 18.3 1.44 5.94 0.15 0.569
c2 .11 6.36 1.0133 37.0 63.0 571 2.91 1.95 23.0 1.89 5.10 0.23 0.992
vewR o A1 wanedd sregnannTutiandainediaeu A
A2 waned faeannniikandeizediaa A
B1 wanede shasamnauieantoinsedsan B
B2 el fredmniuiiendeuadse B
C1 Vnetia Sretaninautlaniainoestnen C
c2 PN ﬁaﬂﬂ'wmn“z"iLxﬂqmnﬁ\zﬁuﬂmﬁﬁ‘qmu c
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ATEMIN 2 uARMKAMIIATTRIANETIIsn sz pTisauhetnnTulsniuiianahinedunyldmdaasen

(1FaLf0NAN 2541 - uNPIAN 2542)

wWARmes
faeeine | pH pH | Density | TSC | MC VS TN N P,Os % K,0 Mg Ca Zn
e | wet) | @) | @m) | % % | % % % % % % % %
(dry wt) | (wet wi) | (dry wt) | (dry wt) | (dry wt} | (dry wi) | (dry wt) | (dry wt)
A1 8.67 | 6.53 | 1.0239 | 380 | 620 47.5 1.79 1.70 23.6 1.31 8.05 0.22 0.241
AZ 8.82 | 6.25 1.0396 421 57.9 55.7 2.45 2.20 22.6 2.45 7.73 0.19 0.810
B1 9.20 | 6.68 1.0556 44.4 55.6 44.8 1.81 1.60 19.7 2.33 7.67 0.15 0.590
B2 8.49 | 6.32 1.0433 45.4 54.6 57.3 273 1.82 222 1.76 7.54 0.21 0.585
1 8.29- 6.47 1.0270 | 40.8 59.2 57.2 2.52 2.33 20.2 2.33 7.66 0.19 0.453
c2 8.31 6.48 1.0066 1 43.0 57.0 55.8 3.43 3.20 21.4 2.50 6.72 0.22 0.362
viewg - A1 winefie dhedhannTuikandeinzedtianu A
A2 vanefe fhetemndutianiinedaau A
B1 vt fsthennaudiandainaedlau B
B2 vanefe  fhedneniidlanndehiuedtaanu B
1 wnei Freeannniudiannieinoetsas C
c2  wwnefe fednmniudiendehmediem ©
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. - 1 -1 g at -I al' X oo L 4\' ,D/ o a a
AsanUan 3 uasdANeRtTet M aTisuiazilefifuinnfinsaniminansameivasainugnld 20 40 waz 50 T

o [ S I AV v | v | dwedn g | v | e
GANT an an v Porfin an an A Yo an alg v AR
NAADY (NTH) (nFu) (nF) (n3N) (nFu) (nfw) (n3u) (nFu) (n5w)
Swiu | 20 u Sudu | 40 Fu Sudu | 50 u
T1 1111 15.81 4.7 42.7 12.28 19.84 7.6 61.7 13.45 31.48 i8.0 134.9
T2 12.26 34.81 225 183.8 12.56 57.00 44.4 345.2 12.41 86.48 74.1 597.7
T3 12.60 26.94 14.3 113.8 12.53 31.94 1¢.4 165.0 12.61 43.90 31.3 248.3
T4 12.51 29.40 16.9 135.2 12.32 3513 22.8 185.2 13.03 45.05 32.0 2454
T5 12.70 18.44 57 45.3 12.49 2017 7.7 61.6 12.66 35.09 22.4 177.3
T6 10.49 23.12 10.6 85.1 12.61 34.19 216 170.6 12.53 53.96 41.4 330.6
T7 12.46 22.95 10.5 83.9 ']2743 29.35 16.9 136.1 12.41 38.87 26.5 213.3
T8 12.87 17.94 5.1 39.4 12.64 29.94 17.3 136.9 12.67 50.32 377 297.2

201




1 k4
-

’ aj ’0’ o A!I L3 s d\l g ar o ar
ANINHWAN 4 UdaeFniaAtIsiwinuinftiazefifuinrfiuseniwnihukaemgmamindgnld 20 40 uaz 50

RnNT vt | dwdn | siedn v |- dwein | e Swnin | v | e
NARES uiia N Pin %A RS wke iy %L Wi RN Pt AT
(nFu) (nfY) (nfu) (NFu) (nfN) (nfw) (NF) (NF) (NFW)
Gudu | 20 Au Sudu | 40 A Sudu | 50 du
T1 4147 8.04 3.87 93.3 4.61 9.35 4.74 103.3 5.05 12.96 7.91 157.6
T2 4.60 14.86 10.26 2229 4.71 30.31 25.60 5435 4.66 34.84 30.19 649.1
T3 4,73 11.15 6.42 135.9 4.70 16.92 12.22 259.9 4.73 18.47 13.74 2905
T4 4.69 13.40 8.71 185.8 4.62 18.58 13.96 301.8 4.89 20.11 15.22 310.8
T5 4.77 9.87 5.10 107.1 4.69 9.99 5.31 113.5 4.75 1987 10.82 2278
T6 4.69 12.71 8.02 171.0 473 17.43 12.70 266.9 4.70 23.74 19.03 404.7
T7 4.68 12.09 7.42 158.4 4.67 15.87 11.20 240.2 4.65 16.79 12.13 260.7
T8 4.83 9.95 512 106.1 4.74 18.84 14.09 297.3 4.76 21.41 16.65 350.2
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FTNNLIN 5 uassARAsrasdTunnaaniassmgl (vs) Mintuuande fiduinsifinaesSunnuaauderzue 1 (VS) tavsirauiia

ndeangn s 20 40 uaz 50 Ju

ANTT Swndn | dwedn | sbwin v | shwdn | i St | e | skt
VAABL WA WA P A IS Wi P Yoriied Wi Wi T %L
(nu) (n3u) (n3u) (N3u) (N3} (nFu) (n3u) (n3u) (nN3u)
Sudu | 20 Hu Gud | 40 Fu Gu | 50 Gu
T1 2.62 4.96 2.34 89.8 2.89 6.14 3.25 112.3 3.7 9.79 6.62 209.8
T2 2.89 8.90 6.01 208.0 2.96 21.13 18.17 614.1 2.92 29.85 26.93 922.0
T3 2.97 7.26 4.29 144.8 2.95 10.15 7.20 244.0 2.97 14.81 11.84 308.6
T4 2.95 6.83 3.88 131.6 2.90 11.13 8.23 283.4 3.07 16.06 12.98 421.7
T5 2.99 571 2.72 90.8 2.94 7.41 4.47 152.0 2.98 11.27 8.29 278.4
T6 2.94 7.81 4.87 165.4 2.97 .13.66 10.68 3574 2.95 18.72 15,76 533.7
T7 2.94 7.60 4.66 158.4 2.93 10.98 8.05 274.8 2.92 13.75 10.83 371.0
T8 3.03 6.00 297 97.8 2.98 13.33 10.35 347.6 2.99 18.39 15.40 515.8
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i < -=| G e Py
AITNHUN B LtﬁﬁNﬂ’]LﬁﬂﬂLLﬂZﬁQHLUﬂQmuu’]ﬂi‘ﬁﬂﬁ‘ﬂﬂdLﬂ‘ﬂﬁ‘t‘ﬁuﬁm’l‘j‘muﬂﬂq

wingnaswmni udsaindgnis 20 40 uaz 50

AeRtuazdnuitasnnsguasalefifuimsfinwihansamo

gamsvaan| wdsnnUgnld 20 4 | wResnugnld 40 5 | wsaangnld 50 4u
fade SD. Aadt SD. AntaRt SD.
T1 421 182 61.7 9.6 134.9 21.5
T2 183.8 2.9 354.2 14.9 597.7 28.9
T3 113.8 24.3 155.0 13.5 248.3 16.8
T4 1362 | 165 | 1852 | 226 | 2454 9.7
T5 45.3 12.6 61.6 16.0 177.3 4.1
6 85.1 26.7 170.6 25.8 330.6 37.9
7 83.9 26.8 1386.1 35.1 213.3 9.5
T8 39.4 6.9 136.9 13.5 297.2 35.8

1 =j AJ =3 8 ﬂ\‘
ANTIHLEN 7 LEANANBRYUAZAULLIENILIUNA ?3’1u'ﬂﬂ\3Lﬂﬂ§Lﬁiuﬁlﬂ']?lWN‘ﬂﬂ\l

dnninusfssanin waaanlgnlsl 20 40 uay 50

4 44 -‘-'J & £ y l: e 2 &
Awdtiasdaaisaummsgresnefiduimaitinimiinuisnaw

ganeviaasy| wasamlgnld 20 fu | wdenudgnld 40 M | wdeanilgnls 50 Fu

AnLadel SD. Anadt SD. Aniadt SD.
T 93.3 17.9 103.3 19.3 167.6 25.9
™ 2229 | 146 | 5433 | 501 | 6491 | 494
T3 135.8 38.3 259.9 38.9 290.5 22.7
T4 185.6 - 30.6 301.8 39.6 310.6 14.1
T5 107.1 222 113.5 22.8 227.8 30.6
-T6 171.0 511 266.9 35.8 404.7 42.5
T7 158.4 28.8 240.2 35.4 260.7 1.9
T8 106.1 256 287.3 22.8 350.2 34.5
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ANTINNUAN 8 wARIALBREUAZAIUITIEN WHHNIATFIULEN wWefgusininiuLes

Bnnuasssnssziveadng (vS) asasumaisis nassanlgnls

20 40 uaz50 M

FnAtuazdauisnusnnsguansalefisusinniu vs wedumduk
gAnaMased) udendgnld 20 A | wdeamlgnlé 40 A | wdemamlgnlst 50

Aade SD. Aniads SD. Anlafs SD.
T 89.8 12.6 1123 24.0 209.8 224
T2 208.0 9.0 614.1 35.7 922.0 32.6
T3 144.6 33.0 2440 35.9 398.6 16.1
T4 131.6 18.4 283.4 25.2 421.7 30.6
5 90.8 26.5 162.0 234 278.4 31.4
T6 165.4 17.2 357.4 39.9 533.7 36.2
T7 168.4 29.3 274.8 36.9 371.0 24.6
T8 97.8 24.8 347.6 30.3 515.8 34.1
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ANTWHUIN 9 UHAIANNITHUULAI N 'Luqummuammzmuw'l‘ﬁﬂ@ﬂwm

gausazganimaaad udwandgnld 20 waz 50 Fu
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. N (% dry weight)
Fiaae1Rl
wdeanUlgn 20 U wAINLgn 50 AU
C1 0.029 0.027
C2 0.096 0.066
C3 0.087 0.067
C4 0.091 0.058
CbH 0.082 0.057
C6 0.078 0.062
C7 0.087 0.067
C8 0.082 0.062
1 0.026 0.023
T2 0.086 0.036
T3 0.072 0.032
T4 0.074 0.029
T5 0.075 0.033
T6 0.073 0.041
T7 0.081 0.039
T8 0.077 - 0.033
winewn ¢ - fetAuge C1- C 8 WhiujrmiuAnenulamnaetaswsiazganig

yaaasisliFlgnma

o 1 by <3 ‘J a* 1
- fhadeiugn T1-T8 ThiiuAriundnlgnutiees uiasganisases




AFEUan 10 uaasnsanasaes iulnsian luga 20 Suusnzaanistgn

30 Fundsssnsilgn waz 50 Fuunareaninlgn

msanaasiaaluingiaun (%)

AugaANIAN Funldlgnuai
FANTINA RN - — — — — —

20 Fuuen | 30 Fumds |50 Nuimael 20 Suusn | 30 FUMAY |50 MFUNA
saannlgn | assmnlgn | 1asninlgn ﬁmﬁqsﬂqn aean7eilgn | sasnnsdgn

Tt 3.33 6.67 10.00 13.33 10.00 23.33

12 22.58 24.19 46.77 30.65 40.32 70.97

T3 27.66 24.95 52.60 40.13 33.22 73.35

T4 29.79 25.46 55.25 42.90 34.72 771.62

T5 32.85 25.56 58.39 45.26 30.66 75.91

16 41.79 11.94 53.73 45.52 24.23 69.75

T7 34.15 15.14 49.29 38.70 31.79 70.48

T8 37.34 15.28 52.62 41.16 33.99 7515

ATTMEUN 11

wamadndInIg uptake N ludad 20 funsnuaaninlgn 30 5.

wRsasmsgn ez 50 Aiammmadninlgn uas N fivie

N7 uptake WIMgIAY (%)

) N e
TANTNAADN] 20 Fuuen | 30 Funda 50 Auimue .
we3nsilgn | 9asnadgn [ 1eanistlgn o)
T 10.00 3.33 13.33 86.67
T2 8.06 16.13 2419 75.81
T3 12.47 8.27 20.75 79.25
T4 13.12 - 9.26 22.38 77.62
15 12.41 511 17.52 82.48
6 3.73 12.29 16.02 83.98
T7 4.54 16.65 21.19 78.81
T8 3.82 18.71 22.53 7747
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ANTELAN 12 WEANEMINNT uptake N taaneieiadi Tudaq 20 Fuusn

189n1sLign 30 Aundaasnislgn waz 50 Aiaunmaasnslgn

HF131N17 uptake N/ (%N uptake/day)

TANTNAADY 20 345N 30 Funa 50 Suviavun
129n131gn 189n13Llgn UeNITLign

T1 0.50 0.11 0.27

T2 0.40 0.54 0.48

T3 0.62 0.28 0.41

T4 0.66 0.31 0.45

T5 0.62 0.47 0.35

T6 0.24 0.53 0.41

17 0.23 0.56 0.42

T8 0.19 0.62 0.45

5’ g ot é Q' -4 )
AFNEWIN 13 LAASERTIEIUNNT uptake NATwInuaRNadL Wusiazganimaand

Tugae 20 Funsnaeanistlgn 30 Fundazeantsdgn uas 50 3

FRUNATEINTLGN

fingdaunis uptake N/ﬁ'mﬁnmﬁﬁﬁ;ﬁu%u ( %dry weight/kg )

TANTNAREN 20 SN 30 Fuudd 50 fuviavun
| - geansilgn ~189n79Lgn UBIMNTLign

T 0.8 0.2 0.5

T2 1.0 1.0 1.0

T3 23 1.4 1.9

T4 2.0 1.8 1.9

15 3.3 1.2 2.3

16 0.6 1.5 1.1

17 0.8 4.7 2.8

18 1.0 21 1.6
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= -~ A
AnsNedan 14 uaasaonidiuduges PO, Wiugansunuuasivililgnuni

gaausiazganvnasmieanlgnls 20 uas 50 44
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v 4 P,Og (% dry weight)
pinaginam — -

20 21 50 U
C1 0.034 0.030
c2 1.733 1.301
C3 0.063 0.042
C4 0.210 0.165
Ch 0.033 0.028
Cé 0.325 0.279
C7 0.165 0.133
Cc8 0.115 0.082
T1 0.031 0.022
T2 1.349 0.345
T3 0.047 0.026
T4 0.181 0.086
TS 0.030 0.019
Té 0.269 0.145
T7 0.127 0.076
T8 0.095 0.040

wneive) © - fediugn C1- C8 hiigamupuanulawnassnsazganTs
maaﬁ'q’lﬂlé’ﬂqnmﬁ’q

et 1 = & = 4 o ]
- ghathauge T1-T8 dhidmidundsindgnuagiaes wissganmasas

RS




AITIELAN 15 ugAImIanaTed PO, Tuisasganimased Tudas 20 Fuum

289n191lgn 30 Sundsresnisilgn uaz 50 Fuimumuasmatgn

nranaetay total P,Og (%)

AUTAAILAY A tlgnunii
TANINAGEY — e — — — —
20 Fuusn | 30 Fumds |50 Awiavan| 20 fuwan | 30 Auwde | 50 A
gasmislgn | seamindgn | vssnandgn | aesnnnlgn | 9ennnlgn | enisgn
T 9.47 11.58 21.06 18.74 22.37 42.11
T2 21.81 19.49 41.30 39.13 45.28 84.42
13 18.69 16.87 35.57 27.90 32.22 60.11
T4 | 13.62 18.51 32.13 256.55 39.08 64.62
5 13.16 13.16 26.32 21.06 28.95 50.00
16 10.42 12.68 23.10 25.85 34.18 60.03
T7 10.71 12.67 23.39 26.84 29.38 56.22
T8 16.79 23.88 40.66 31.26 39.73 70.98

FNTINUIN 16 WaadRga1nT uptake P05 Wda4 20 fuusnaasnnagn

I . |
30 fundsaaninlgn uaz 50 Auauuateanslgn uaz P,O; Mg

N9 uptake PO, (%) 4o
z P,0; 7uiae
PANIENAREY| 20 duusn | 30 Fuuds | 50 Suiswun )
saemalgn | sasmrlgn | assmnlgn o
T 10.26 10.79 21.06 78.95
12 17.33 25.79 43.12 56.88
13 9.20 156.34 24.55 75.45
T4 11.93 20.57 32.50 67.50
T5 . 7.89 15.79 23.68 76.32
16 15.44 21.50 36.93 63.07
T7 16.13 16.71 32.83 67.17
T8 14.47 156.85 30.32 69.68
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FIPNEUON 17 WRANERTINTT uptake P,0, 1osmnstedi Tudaa 20 Juusn

#asmalgn 30 fundszaanstgn uazs0 SuisrusuanITIgn

Am91n"9 uptake P04 (% P,04 uptake/day)
PANITNAADY | 20 FUusn 30 fumds | 50 Furiaun
aaanislgn | eeemsdgn | wasmnlgn
T1 0.51 0.36 0.42
T2 0.87 0.86 0.86
T3 0.46 0.51 0.49
T4 0.60 0.69 0.65
T5 0.3% 0.53 0.47
16 0.77 0.72 0.74
T7 0.81 0.56 0.66
18 0.72 0.53 0.61

ANSINELON 18 UAAHRMENNT uptake PO MMM fRNTU Tudne 20 Funn

gpamsrlgn 30 Fundnasnialgn uaz 50 SuiuauanILgn

o

A

e

Arsdaunis uptake onslﬁ'mﬁfnmﬁﬂﬁtﬁu%u
( % dry weight/kg)

TANIVAAB — — —

20 FuuIn 30 Fumds {50 Awiavinm

gasmnslgn | sesmsdgn | wesnnsign
T 1.0 1.2 1.1
T2 374 28.7 33.1
T3 0.9 14 1.2
T4 33 7.7 5.5
T5 0.6 1.0 0.8
T6 7.0 71 71
17 - 3.8 6.2 5.0
T8 3.9 1.8 29
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O a .
AN 19 ugnsaadiudiuees K0 WiuganauguuasAuiHgnun

apusinsgANIVIAaed ndsantgnls 20 uaz 50 4
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v 4 = K,O (% dry weight)
Aaag19Au » —
20 fu 50 4
C1 0.853 0.795
c2 1.250 1.080
c3 1.257 1.081
C4 1.364 1.138
C5 0.909 0.803
C6 1.137 0.967
C7 1.138 0.966
C8 1.067 0.909
T1 0.852 0.684
T2 1.081 0.739
T3 1.080 0.684
T4 1.080 0.684
15 0.907 0.684
T6 1,081 0.740
T7 1.136 0.741
T8 1.024 0.740

wnawg - - fetwiuge. 1 - ¢ 8 dhiugamuauanulamaaatasusasgans

sonaielilFilgnuci

- fhathaduge T1-T8 Hhiufifiuvdentgnuniizes uiazganmnaed




AIINEIIN 20 WAANNI9RARITEY K0 TuusazgANNmAaes Tt 20 unsnaey

nstgn 30 Aumdsieansgn uaz 50 Aimsasesninlgn

nsanastey total K0 (%)

gTmone: AUTARILIAY w Aunldlgnvna ,,
20 Funen | 30 Fuudy (50 Funavue] 20 Auusn | 30 Fumds |50 Furisvan
asanslgn | aeensdgn| geenslgn| easmislgn [ sesmnlgn| asangn
T 6.06 6.39 12.44 6.17 18.52 24.69
T2 8.36 | 12.46 20.82 20,75 25.05 45.76
T3 8.49 12.46 20.94 20.99 28.97 49.96
T4 7.76 15.28 23.04 26.96 26.78 53.74
T5 6.10 10.95 17.05 6.30 23.04 29.34
T6 9.1 13.59 22.70 13.57 27.28 40.85
17 9.11 13.74 22.84 9.27 31.53 40.80
T8 6.04 13.89 10.96 9.86 25.00 34.86

AITIHUAN 21 wanIdAEIUNIg uptake K0 Tudaa 20 Sunsnuaamisign

¥
& %4 art L A
30 Sundanesninlgn uez 50 Aiauuasaannlgn uas K,0 Ade

N3 uptake K,O0 (%)

- K,0 s
TANITNARDY 20 Junsn | 30 duude {50 Fuviwun o
agansilgn | a9amsgn | aaenmslgn (
™ 0.11 12.13 12.24 87.76
T2 12.39 12.58 24.97 75.03
13 12.51 16.51 29.02 70.98
T4 19.21 11.50 30.70 69.30
5 0.21 12.09 12.29 87.7
T6 4.46 13.69 18.16 81.85
17 0.16 17.80 17.96 82.04
T8 3.79 11.12 14.90 85.10
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AN 22

waAEmIINg uptake K0 1aamairadiy ludas 20 Suusnues

L
nistlgn 30 Mundareanindgn ues 50 Miuisvesnislgn

fM7I017 uptake K,O0/MU (%K,0 uptake /day)

TANIVANEY | 20 Fuusn 30 Fumda | 50 Fuvimun
1eamsdgn | 1eansdgn | asamsign

T1 0.01 0.40 0.24

T2 0.62 0.42 0.50

T3 0.63 0.55 0.58

T4 0.96 0.38 0.61

TS 0.01 0.40 0.256

6 0.22 0.46 0.36

T7 0.01 0.69 0.36

8 0.19 0.37 0.30

o ' Yoo d 0% o
ATTINELAN 23 UAANEMFEIUNIT uptake KZO/mvmnurﬁw WA Tata420 A4

v
wsnaesnIslgn 30 fundszaanislgn wazs0 Sinateininlg

dma1daung uptake K OMwinug AN

( % dry weight/kg)
GANNINARD — — —
20 Funsn 30 Tumds | 50 Fuiwium
1aensgn | aeenisdgn | weennsgn
T 0.3 23.7 12.0
T2 16.5 8.6 12.6
13 26.6 30.8 28.7
T4 326 26.1 29.4
T5 0.4 - 205 10.5
T6 7.0 16.6 1.3
T7 0.3 47.3 238
18 8.4 11.0 9.7

120




121

FNSI9EMAN 24 WAAYAN% SC UAZ% VS Tasdunantlgnugiussudeanlgnlél

20 40 waz 50 4

sample | start 20 40 M : 50 Fu

%SC | %VS | %SC | %VS | %SC | %VS | %SC | %VS
C1 96.8 2.5 913 1. 1.5 92.(} 1.7 91.0 1.6
C2 90.9 5.1 89.6 4.0 91.3 2.9 89.3 1.9

c3 | 925 | 30 | 963 | 27 | 925 | 18 | 854 | 17
c4 | 901 | 39 | 979 | 24 | 923 | 20 | 941 | 15
cs5 | 976 | 24 | 958 | 20 | 915 | 17 | 883 | 15
c6 | 950 | 26 | 953 | 22 | s06 | 20 | 896 | 1.9
c7 | 948 | 22 | e96 | 19 | 903 | 21 | 871 | 18
c8 | 948 | 24 | 9aa | 17 | 916 | 20 | 911 | 16
Tt 968 | 25 | 956 | 19 | 933 | 17 | 848 | 17
12 | 909 | 51 | 885 | 41 | 934 | 33 | 888 | 17
T3 | 925 | 30 | 952.] 18 | 936 | 16 | 914 | 16
14 | 901 | 390 | 966 | 18 | 931 | 17 | 870 | 17
5 | 976 | 24 | 950 | 23 | 953 | 18 | 895 | 17
6 | 950 | 26 | 935 | 29 | 950 | 19 | 865 | 18
17 | 948 | 22 | 949 | 18 | 944 | 19 | 896 | 1.8
T8 94.8 2.4 93.5 2.4 949 | 1.8 91.3 1.7

NHELUE) fantiaduga C1- C8 uluAngarsLANaNILamaasdtad
: 40
urszganimasesds il lflgnugh
o ' =y = 4 ar ]
fanthsduga T1-T8 (duAuiifundsandgnueiaes uas

TANITNAAD




MAFRUIN 1

nwilezna
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nwisznaunuan 3 wansnisUgngiineRinsueansemilugi

& A 9/ a*
Awilsznaunuan 4 ugasmafivdzauemdtanilgnlé 20 Fu
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o a o y
nlsznatrnn 5 weasnnsaloiulazesiumdhresganisveasdi 2 dnndudl
S . .
fhugnsldsmanmsfia) adsaandgnls 40 fu

A .4
mwilsznatnuan 6 wassniaaigyBuintesfumaestanisnaaai 12 3 4 5 6

7 waz 8 & ngnld 50 u
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v g o d oy
nmszneusman 7 usasiumdfmdsnnsiiuienesanimaaai 1 (gantuRy : Ll
ldsmamsia) wisanilgnls 50 fu

. v o« 4 ;
Musznausuan 8 LaAuMaiMMAINBINLINEY1RIIANIINAREN 2 (Ennaudiadu
o o
ansildisnemng) ndanlgnle 50 fu




AANUIN A

=] a s é’ =
smemnsimniuthuaziu
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ook Y o A’
AEN9ALAsIE NNl

1. anutlunse-Ang (pH)
(1:5 water)

ac] o
28911

1. daaene 10 niu 1l Edenmeyer flask 1u R 250 TaRAMNT

1 1
a6 ar

= Enen [] A 1
Wndy 50 danaes welszuang 30 mﬁ {raATasiaen (Shaker)

Bl mnmznat lszunng 5 Wi

> owm

. 4
SpA pH 1898NIRZANE FBATaY pH meter

2. ANuUILUY (density)
(weight / volume)

ol 8
4891

1. danindu msuniunms) aduiinned uas mark seftnienly

2. Fuehaldiutinmnes

3. tFufindwhaesinethe (M)

4. Wnseoven ietinn aarieenauiivinszduil mark 1§ sdmiwndmbiunng

‘J ot ] CJ
(V) NgnUs1898InaeNUNLN

mMgA1uIY
D = M/V
Tnei _
D = AN (N5 / TaRERT)
M = yamitatninaesnetine (M)
v = 13w ﬂaqﬁ'}ﬁgﬂmmmuﬁ (Uaaans)
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3, Sanuaeudsianus (total solid content)
mm% (moisture content) Uas

<
3unaaudanszinels (volatile solid content)

(gravimetric method)

e
A6

1.

. . . (o &
autiatsziiel (evaporating dish) ngnaugu 103 °c 1fuaan 1 Falue viaau

Y e od
HUIMUNAIN

2.
3
4
5
6.
7
8
9

20 WA

sigae 1l dessicator AT (Wazniny 15 - 30 W)

1
o

v
snmindag (A)

ar 1

snshatnaldastudan

v
ar <4 Q

tufninminguaesthguassined (B)

. o - . ¥ o
vhnelusuignagil 103 ssrmasides Whanen 1l vizasuiwminad

si8ae € dessicator eI (azane 15 -30 W)
_ Fainmiinmnassfosuazfiatinandanisey  (C)

. o - o
,vndaglUun Taeldmawen (furnace) figaumnfl 550 + 50 °C Whananlszunn

10. Tingas el dessicator Ael¥lvidhy (Uszunne 30 w¥)

1 2
11. Fainurinsureating ua et adaniamn (D)

N1gATUNY

% TSC (15untunasudeinium) = (Y X 100)/ X

% MC (mm%u) = ((X-Y)X100)/X

% FS (Ll?‘mmmqm‘i@ﬁma’;j) =(Z X 100)/Y

« v
% vs (Bunnsnasudadszmeld) = ((Y-2) X 100) 7Y

|
nei
X = wmineasinatinegs (B-A) widnaithe niu
Y = vhwingasshetamdiay (B-C) el nfu

v . -
ynuinaawhetnwigs  (C-D) wdqeniu niu
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4. lulpsiausianun (total nitragen)
(kjeldahl method)

o
LASANH

1. Digestion, 1 kjeldahl flask ynmasuA2s WA 500 - 800 dadans 1Hindu
250 Nadans futlszannd 5w

2. Distillation, ¥ Kjeidah! flask W@ 500 - 800 HARANT UAZEANAY

1. nemdiayn (H,S0, 93-98%, N-free)
. wasAdiannlas (HgO reagent grade , N-free)
WrdiFaudamn v Tndloudamn (K,S0, / anhydrous . Na,SO, , N-free)

nIngNAaTuAn (salicylic acid, N-free)

;s W N

asazanttadaulsladain (sodium thiosulfate solution)
wisanlnaarane. Na,S,0,.5H,0 80 NN W de-ionized udnFinfinms
WS 1 @me
8. ﬁ’]i‘ﬁ:mﬂ(i‘mﬁ%}u‘lﬁmaﬂ‘lﬁﬁ 40 % (sodium hydroxide solution 40 %)
wienidag szantl NaOH 400 n3u lmiandu sividn udaliunBaunms iy 1
ams nenn de-ionized
7. @1sazansduRipimnasian (mix indicator solution)
wanulneazany Methyl red indicator 0.066 N3N uez bromocresol green-
0.099 nsu luandaueaneaad Uiulu@@aad (pH Yszunne 4.2) five 0.1 N NaOH uda
s Buamatlu 100 mi AasnevBauaanagad
8. gracalanIaueIAduAAWmes (boric acid - indicator solution)
widelne azats H,BO, 20 N3N Tt deionized 1szanns 900 fnddns W
AnuFauiig hotplate auATaEMMA ufalAn mix indicator auldmnsazane@mny Ui
iumntly 1 8ng
9. azaeHns§unIadain  (standard sulfuric acid solution) 0.05 N

witenlaetlulm conc. H,50, fsdams 1dl4 volumetric flask 1WA 1809



131

Haihin de-lonized aglilszanns 800 fadams udanlFnfumsWild 1 8ms

FEnmnaad

1. FaFaneng 0.7 - 2.2 nfu 18l digestion flask 11 800 Haddns
A H,S0, 40 HaRfns uaz 2 n3u salicylic acid

weinzann 30 Wil

IFist Na,S,0,.5H,0 5 iy

el uasihald 5 il

i glass beed ufnvinmstiaausnsazanelililnes

Tlm heater \ix 0.7 nfu HgO uaz 15 N3N powd. K,S0,/anhyd. Na,S0,

vmistiatsiaaunszignsazanala Useniifiunavigoimniivies

S e A L

Fanintlszanns 200 fiaddns Udeeldifuaaringnamgiivios

10. ifngsazarslmRanlsladais 25 Saddns

1. e lansasansmguiuf au Hg Anmznay

12, \Fisd 40 % NaOH 50 ml videidannnwaiitelshihsing

13. pansazanenIauesa sumawmas 50 dadans ldll erlenmeyer flask 23147
250 Hanans

14. 119181 condenser TaelWifinu condenser ium'lumsa:mmﬁmm%’u
wantiefldannnngi

15. e Wldansazanelu eflenmeyer flask Uszanmi 200 Aaf@nT uazdns
avangaznldemafliididen @1 edenmeyer flask aan

16. lmanensayane R IdiuaIazaIBNMIg M 0.05 N H,S0, Augnsazaneag
(I

17. thufimBumsvsansan g lunslomnm

18. ¥ Blank Tnellitidunaaiusinating

n1sATUInd

%N = ({a-b) X N) X 1.4007 / n¥u sample
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|
e

A & -y LX)
a = Bums 1asnsadayin Al lomsmansazausadne (Hanans)

il

L A —y =,
1Bunms aasnsndaysn Aldlowmsn blank  (Hafdns)

b
N

normality §saTaneNRTIMNTATRYEN

5. WagWadanauun (total phosphorus)

(spectrophotometric molybdovanadophosphate method)

#1511
1. namlusisn (HNO,)

2. grracareiudulnanuniem (molybdovanadate solution)
wistislng azane NH, molybdate.4 H,0 40 ¥ Tindi 400 SaARS waz
azane NH,VO, 2 niu Turnd 250 Tadans \Aingnsazang molybdate adlugnsazang
vanadate W&fiy 70% HCIO, 450 ml uaz i Bumsils 2 &ms
3. gIazanuInIgs PO, '
wRENg Iz EmsgAALddl 0.4 0.5 0.6 0.7 08 0.9 uAz 1.0 mg
p,OJmi Tt KH,PO, (52.15%P,0,) Gauit106°C 2 dahw Tnuazane  KH,PO,
0.0767 0.0959 0.1151 0.1342 0.1534 0.1726 Uas 0.1918 NFN MR ‘luﬁ’mé"u

udfinBums e 100 Jaddng

=
nIsiasENns A5 1UY

bie DR ﬂi )
1. Tl srsazaeunmsgu 5 Sefdns Awtanly uwiszanuidudu saly

. o ,
volumetric flask 100 JaRans arldasazaafinuuduii 2-6 mg P,04/aliquot

l

04 mgP,O/mi Tlulm solution 5 ml 2.0  mg P,O4aliquot

0.5 mgP,0/ml tulm solution 5 ml 2.5  mg PO/ aliquot

06  mgP,0/ml Fhiln solution 5 mi 3.0  mg P,04aliquot

1l

0.7 mgP,0/ml Tuln solution 5 m 3.5  mg P,0O4aliquot




133

08 mgP,0/ml Uilm solution 5 mi = 40  mgP,Oyaliquot
0.9  mgP,O/ml Thum solution 5 mi = 45  mg P,0/aliquot
1.0  mgP,0/ml Tlulm solution 5 ml = 50  mg PO aliquot

2. [Frnndis 45 Nadens

3. IANAITRZANY molybdovanadate 20 UaRaMNg

4. UiunBums ¥ 100 GadAns

5. 9l 10 w1 ué’qé’mmm?@mnﬁuumﬁfmm‘?m specrirophotometer #
ANENIARM 400 nm.

6. eunsm Amsganduns il i Aanudidussmsazaionimsgin

(mg P,0/Aaddms) Tnal¥rAnsganauugathiunug

]
AGNA[NAS

¢ -

ar ]

1. F9Fratne 1 niu 18T kjeldahl flasks
(R HNO, 20-30 fiafams ufaelaeiu hot plate auATu@iwaUNA

' 9 6. | -
UasIidungumniivies

e

AN 70-72% HCIO, 10-20 HAREMT

5. Eiaﬂmiazmﬂﬁamuqﬁﬁﬂq Aael | nannufeu aunssisgizazantila (au
wuazlifiafuadsng i flasks)

6. Usaslifufiguumyiives

7. Faninés 50 Aedans

8. Fusierlszunm 2-3 Wi

9. Thmansasaneun 5 Hafans &yl volumetric flask 100 UaRANT

10. Fandndi 46 Naddns

11. [fngnsazantl molybdovanadate 20 Nadams

12, UAniunmsWlE 100 dedans

13. 179ld 10 W LLé’Qf’J’mmanmﬂﬁuumﬁqam‘%’:ﬂq specrtrophotoreter 7
AANENABY 400 nm.

14. Y11 blank TnglETuiuRemnusaaging
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nIsANUIN

% P,0, = 100 X (mg P,0q from standard curve / mg sample in aliquote)

6. TuAALdeay  (potassium)

(volumetric sodium tefraphenylboron method 1}

A151AH
1. msa:mﬂﬂﬂifmaﬁ”laﬁ (formaldehyde solution (HCHO)) 37%

o gsavanslmsalansenlas (sodium hydroxide solution) 20%
widuning arany 20 g NaOH Tinngs uda i BumsWld 100 Aadfns
3. gsacanelanummasilalusew (sodium tetraphenylboron (STPB)
solution) 1.2%
wirtlng azane NaB{CHy), 12 ¢ Tusnndls 800 aaass udAN AI(OH),
20 - 25 g NAULITZUNRL 5 WIT NIBIANENTZANHNIB whatman No.42 1A 2 Hanang 20%
NaOH ufausunBaneslbfld 1 amsowly 48 Fali udavinnns standardize uasUFuW
1 fedans = 1% KO wiulifignaugitias
4, mia:mﬂLuwﬁ'ﬂTﬂLﬁﬂuﬂﬂﬂ‘l‘a‘ﬁ.(benzalkonium chioride (BAC) solution)
0.625%
smilntihansazareunidalaiflnuaaslad 17% 10 38 Aaafng udaFsnh
nd Ususunmslild 1 @ms vinne standardize
5. @19aza"H clayton yellow BLGLA Lma§(titan yellow; colour Index No.19540)
0.04%
wianlpaazany clayton yellow 40 {aaniN WrnndundafuBunes WA
100 dndans
6. asazanauantitueandiian ammonium oxalate solution) 4%

wianlngazate (NH,),C,0,4 N3 TinduuadinFunms Wil 100 fadans
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N9 _standardize

1. @rsazaaiuudalafiaunnales
1. Wnagrazansiuialnflounanlsd 1 Jaddns W erlenmeyer flask 125
daaang
Fandandu 2025 Naddns
AN 20% NaOH 1 fadfns

IANETRZAIENaTNRA lEF 2.5 RRART

@ > N

AN 4% (NH,),C,0, solution 1.5 HaRAN3
6. Inimamsiagnsasanandalailannaslss lnaldansasans clayton yellow
v
hiduiiemas (14 6 - 8 vam) gagfidludauyifuasssaauudaladfiuinsalsd  dadu

2 ipaans BAC solution = 1 Nad&ms STPB solution

2. sodium tetraphenylboron (STPB) solution
1. a¥ae 2.5 g KH,PO, Twidndu T volumetric flask 250 Jaaams

2. \iM 50 HadanT 4% (NH,),C,0, solution

3. dnesnsasans 15 UsRANT (51.92 mg K,0 ,43.10 mg K)li volumetric
flask 100 HaGAMNT
4. AN 20% NaOH 2 Hanam?

-

5. RngIaza1tNefNaR a5 Nadans wardsasaanAammnsslils
Tusau 43 AgAams

6. UFnBumsWild 250 Andans

7. Adl¥ 5 - 10 Wil udanses

o A e :J [
8. tlesasantl 50 fadans NHUNIsATENIaNa? a4l erlenmeyer flask 125

JaAan?
9. Tnmsmdnaasazaandalnilounaslsd Ineltdansazans clayton yellow

=y

dhiuRiawas (14 6 - 8 wein) qagRddudnuy

4
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N15AIUIT

F= 3461/ (43 faaans - JaRams BAC) = % K,0 / #adang STPB reagent

* £ Munueriouun 1 sample 2.5 g gn dilute dlu 250 Deddns uasld

ansazane 15 fadans lumsiamsy,

« Fa i K> K0 W 2873 unu 34.61 TumsAnuonin F

]
AFVIAR/EN
1.

~ @ o A N

8.

1
ar G '

Fainating 2.5 g (1.25 g 1 K ,0 > 50%) 111 volumetric flask 250 NaRanT
1R 4% (NH,),C,0, solution 50 {n&fNT

Gathndu 125 fadRng uazFuisznng 30 Wi

ydeelidudgnmgfl Ui Bunns i 250 fadans
nspauasiddaunssila

dnadnsazant 15 daaans W volumetric flask100 TaRANT

{72l 20% NaOH 2 NaRang wazanTazattafinan s & Nadans

Fugnsacaetnisummaniialusau 1 daddne dmiuwdaz 1% KO

- = = ey A 1 ) o«
Hn 8 Nadans waliwdladnnannznauauans

9.

U5 BunsilE 100 Jadams A9l 5 - 10 WY UaZNIag

] o oa A = e
10, fhagnsasany 50 iadans Ansadudaasiu 125 Naafne Erlenmeyer flask

1. Tnmendanansasanciundaladlinnsalsd el arsacane clayton yellow

dhauRiamad (F 6 - 8 vom) qaefidudony

N15ANUIT

o, Sa

% K,0insample = (Naaans STPB added - AaAANg BAC) X F

A = k4 2 o ] .
dla F = %K,0/8afans STPB reagent (X2 gnlFnadnauA 1.25 g)
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7. wunilidein (magnesium)
(EDTA titration method)

a191al
1. d1sazanenTvas pH 10 (buffer solution pH 10)
wiranlae azate NH,Cl 67.5 niu 'luﬁﬂ'm%u 200 HAANT UAZFINNH,OH
570 faddns udiudTums Il 1 dms
2. ansazanallisdulansanls - Winduulganlud (KOH-KCN solution)
wizanlng azant KOH 280 n3d uaz KCN 66 N3N Tindss wdn5uiums
1161 1 Gme
3. gaacanslldmden o (KON solution) 2 %
wiestagazans KON 2 nfu Wnihndu ndaufinfunms b8l 100 fedans
4. g9asanuasialinnuiusaffuAwmas (eriochrome black T indicator solution)
wistiuTmnel azanY eriochrome black T indicator (HOC ,HgN : NC,H,(OH)
(NO,)SO,Na) (Eastman kodak P 6361, orequiv.) 0.2nfulu 50 fadans MeOH
Fadlsznaudag NH,OHHCT 203 (il 1 dFew)
5. gnrazaonmsgwunniiden (magnesium standard solution) 0.25 Uz
1.00 Jadnfwilanans
wiaenlmel azae Mg 0.25 N3 uaz Mg 1.00 03 T HCH1+10 udanliy
WBumslild 1 &ns Taenindi
5. mmm'}ﬂmm?g'\wmaﬁﬂu (calcium standard solution) 1.00 Taaniv/
HUaAART
wiaailag f2Ane CaCo, eyl 2 G, 285 °C) 2.4973 n3u W HCI 1+10
w5 Bunms W 1 8me Tneviandi
7. wnaLaau dumamaf (calcein indicator)
wisening 1M Calcein indicator (2°,7' - bis ({ bis (carboxymethyl) amino)
methyl) - fluorescein , sodium derivative , sodium salt) 1 N3y ,charchda! 10 N3N Uae
KCI 100 nfu

8. asazaeunmsglatadunlalalanauBafiie (disodium dihydrogen EDTA
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standard solution) 0.4 % U8z 0.1 %
(1) 04 %
winnTatazans Na,H,EDTA 4 g lurinduudodsn BumsWild 1 &
ufa standardize il gnsazatimsgILAa B wazInTiBe 1.00 Tafniuiladans
(2) 0.1 %
witnnlasazany NaHEDTA 1g lwhnduudiusunms i 1 ae
ufa standardize iU R1azaENIAITIUILNITEN 0.25 fadni/fiadtng
9. @1razansinsesniuesaniiy (triethanolamine solution} 1:1
witenilng s triethanolamine uaztindi  ludadan 1: 1
10, gsacaeludgiduumaiislsanlus (potassium ferrocyanide solution)
witenilng 62818 K,Fe(CN),. 3 H,0 4 niu hurinndu wdaulsusBunns W
100 Hadams
11. gnsazansidafinuanTuflandamn (ferric ammonium sulfate solution)
witenlan azany FeNH,(SO,), .12 H,0 136 niu lnndi felsznauson
5 fiafdams H,50, ufalfnBms WA 1 @ns (nsae Sldle)
12. gsazane i ia@anlansanlad (Potassium hydroxide solution) 10 %
witenilng arane KOH 10 nii hahindis udealsinBunms ol 100 Qaddns
13. gnsacanaiUiadunlansanlad. (potassium hydroxide solution) 30 %

wisenlng seans KOH 30 N Turandu udrUsuliums i ls 100 Hadams

standardization
#A9AAILNINGEIU Ca

1. Fn grsaraensguwAsiden 10 JaRaAnT avlu erlenmeyer flask1u1m 300
Nndfng |

2. W thndis 100 AaAaAns

3. 1 KOH - KON solution 10 fia&aR?

4, \Bl calcein indicator 35 {a@ANTN He WAL

5. lowman 171 0.4 %disodium dihydrogen EDTA standard solution auléigagaiilu

Arany
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NISATUAN
titer Ca soln = 10/Haaans EDTA solution

AGRLANENINTFIU Mg

1. \fisl Mg standard solution 0.25 mg/AIRARAT WAz 1.00 mg/lafans 10 Hafan?
aal 300 JIRAAMT erlenmeyer flask '

2. [Fhndls 100 NaRAns

3. 1AW Buffer solution pH 10 5 iadams

4. \#u 2% KCN solution 2 ndan3

5. sl eriochrome black T indicator 10 wtia masWidiri
Lustaai 0.4 % Uas 0.4 % disodium dihydrogen EDTA standard solution auidiqmeiiihe
A0y

N1SANULY

tter Mg soln = 25/ Nafdng EDTA solution
A o
(lunsel Aloumsmriy 0.1 % disodium dihydrogen EDTA standard solution)

fter Mg soln = 10/ findams EDTA solution
.4 .
(lunsl #ilnmemiy 0.4 % disodium dihydrogen EDTA standard solution)

A5viARaY
1. Fwmatne 1 nfu adlutinines mam 250 Nadams
Ry HCI5 NaRamns uas HNO,10 Jaddns
Tlndasnszanuinuasguaiauudie (ezanng 30 W)
1 i = -=l = B
Unas Ififunhignugiiviad

\fin 70 - 72 % HCIO, 5 {indass

R e

1 d c\‘f 11 1 1
flurialUGas - au nr=valuiives usadq i
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7, aagnsazaneivie s Whfhadigampives
8. franszannfiniuazduilusestinined Fatninndi tsranns 100 Aaddns
9. 14 pH meter 7 electrode 1T glass wa stirring 151 pH Wl4 3 dinel 30% KOH
waz 514 4 dinel 10 % KOH
10, (At FeNH,(S0,), .5 Hanans for sample <7% PO,
.10 #Hadams for sample <7-15% P,0,
_15 danans for sample <16 -30% P,0s
11. 150 pH W& 5.0 dives KOH solution Fraguinntaun (1% 30 %KOH, 10 % KOH
vidagingl HCl 1+4 tin pH > 5.0)
12, 1JdatHifuniiigmgiivies
13. el volumetric flask 250 fadans udnlsinfunnsWild 250 findans
14 daelianmznay nrasiaenszansnsaudishguinae 11 cm - (Whatman
No. 1)
15. Slunansasanefilsznendng Ca+Mg <15 Hadniu (25 aaan?) adlu
erlenmeyer flask 300 NAAAAMT 2 A

1

16. UsinBumsusiazgalild 100 fadfns doenindi

mslamsn Ca+Mg

1. \®ix pH 10 buffer solution 5 NeARNT

2. A KCN solution 2 HaRAng

3. \7isl triethanolamine solution 2 Mt

4. \P K,FeCN, solution 5 WtIm

5 pumem yiidae disodium dihydrogen EDTA standard solution Tne 14
eriochrome black T 8 wieis {u indicator ﬁmgﬁﬁméﬂmqmtm (BdW), ¥y, Y

s via@ula (aailud@en 87 titrate \ivgagR)

nalawmasn Ca
1. iy KOH - KCN solution 10 UaRAMT

2 Ay triethanolamine solution 2 WelA
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3. N K,FeCN, solution 5 vitim
4. \AY calcein indicator 15 + 1 mg
5. lnmsm 1 0.4 % disodium dihydrogen EDTA standard solution auldiqmel

iudduy
N1 A1

(titen 1 - titrn 2) X Mg titer EDTA X 100/mg sample in aliguot = % Mg
titrn 2 X Ca titer EDTA X 10/mg sample in aliquot = % Ca

o
nen

Il

o
Ca titer EDTA Vol. EDTA solution #ilfilunns Stdze. 1

Mg titer EDTA = 0.6064 X 1

titrn 1 = Vol. EDTA solution #l4lunns titrate Ca+Mg
|

titrn 2 = Vol. EDTA solution #ldlun3 titrate Ca

8. #anzd (zZn)

(Atomic Absorbtion Method)

A151A%
1. conc. HCI

2. 2 N HCI
witenlng Heand cone. HOI Wit 166.7 fNiadans Wi deionized Ussand
800 Nadams wflSuBumndu 1 &ms
3. AIRTAIENMITIM Zn

wirauAamadudiy 0,10 0.20 0.30 UAz 0.40 mg/

act o
A6

o

1. fadmadatszannd 1 nf 14 Edenmeyer flask 1uim 125 Jagamns
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2. Wunsadayinidiudi 10 Nafdms

3. LY hot plate Aug sazaMEITIaLILK

4. \Hi 2 N HCI 20 iaRans AulfiAen

5. Tl 0RelE i idansearunszATENIeY Whatman waf 1 sy
volumetric flask A 100 NadAAT

6. &ramznaudautn de-ionized udaUsiBumsansazanalstly 100 fedans
weln s sarananauiv

7. vhansazaneidllndnsganaungs Wew o zn Fotnetes Atomic
Absorption Spectrophotometer

8. ¥ blank dwRsariufa 2-7

9. FeunswszidneAnganauuds i Araansduduees zn nelinags

v
NAUULEUTIILNLAY

N1gATUIIN
%Zn = (X-b) X 100/ soil wt. X 10,000
Toesi
X = Aadutuzey zn erazanaiedraiisusinnev
1T (mgf) |
b = anududuaes zn W blank Wgusnnsinasg (mgl)

9. @lan (chemical oxygen demand ;COD)

“(open reflux method)

A5LAdH
1. mercury (ll) sulfate (HgSO,)

2. naadayinudfudis (Conc. H,S0,)

3. gngazanaiusigdesinlasiin
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4. gaazanuafauenluifinudamn

5. gsacaaialsdu Sufiewed

1. ld mercury (i) sulfate sz 0.4 n3 aelasrdnd (COD flask)
Runindhetinaald 20.0 Nafdns udnweia I
. 17 glass beed aalih)szind4-5 i '

.\ 5.0 Aa@dms conc.H,S0, + Ag,S0,

. Ane 7 4Au conc. H,50, + Ag,SO, 25 dn@ane
| nangrsasanslugos i ugavihanairand nawdindy condenser
Fuliaan (reflux) Wi 2 $aus udarana 1l du

a

2

3

4

5. B 025 N gnacaneifadelalanam 10 Hafans
6

.

8

9. §19 condenser Faennndu udanantasidndean

10. Basinduadiiluaon Uszinnd 80 Aaf@ms pga i

11, B Suiignumniiies

12. lmpseiu 0.1 N ansnzantinafauasuilandamn tnald ferroin il

L= |- 3 = ci £ g
sufames @ - 3 non) angRaznReuan@idaadhiinaie

AgATUAN
mgll COD =  {(a-b)XNX 8000
mt sample
nei
COD = #in Chemnical Oxygen Demand anialAzLIm
a = ml.184FAS AHlomsn blank
b = ml. 784 FAS Alaumsn sample

N = Normality 184 FAS AFumslamm




144

Standardization
1. Wugsazannasgnilia@edinlanium 10 a88ns el volumetric flask

A 100 Aagans
2. UsuRma WA 100 fieddms Toeliingu
3. 1 conc. H,S0, 30 dadamns
4. el
5. lmemiuasazansadguanluiondama 0.1 N Tnalfarsazany ferroin

fhidufmmes ygiazuRemn@dandudilimaung

Normality (FAS) = ml.K,Cr,0, X 0.25
ml. FAS

10, ftaf (biochemical oxygen demand; BOD)

- (azide modification method )

AMFItEY
1. anrazaravediWmivivad (phosphate buffer solution)

witanTasazany KH,PO,8.5 N3 K,HPO, 21.75 niu Na,HPO, 7 H,0 usz
NH,CI 1.7 niu Tuindu 500 Radans udauinBuentie 1 dns granvatiinziien pH
Wy 7
2. gyrasatauuniliiendainmn (magnesium sulfate solution)
wisanlng azang MgS0,.7 H,0 22.5 N3y Tadndis udoLfnBusniu 18ms
3. drrasanaupnaldoupaalssd (calcium chloride solution)
pituulraazane anhydrous CaCl, 27.5 niu luﬁjné'u udnlfnfsunms
(e 1 8ms
4. gsasansasnaaalsd (ferric chioride solution)
wisenlae azane FeCl, .6 H,0 0.26 iy Tindy i iunnathe 1 e

5. gnIrsantisnitiadamn (manganese sulfate solution)
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wittmlng azANe MnSO, 4 H,0 480 NS (MnSO, 2 H,0 400 niil 1iin
MnSO, H,0 364 niu) Tnindy nsas wdasulimnthy 1 &ns
6. arsazantdaniimilalalad-aled (alkali-iodide azide)
wizeile azane NaOH 500 nfi vida KOH 700 n3N war Nal 135niy
vite K 150 nd Trndu udosinnmadin 1 @ns Wa NaN, 10 ndu @asdeliien
Tnaazanelusinngiu 40 fadans) adlugnsazaaiisad Bined asaransitinnning
sudnutladlerntidunsmiteri e
7. nandayinudiudi
8. ThullduAlAmes

o

widan Tng Azane soluble starch 5 n%’uﬂuﬁ%ﬁutﬁnﬁagj mashahims
Fon 1 fne maasdeliEnedn Tuenarnzinla  dran Wutasniadunsamadedn
(Salicylic acid) 1.25 niu datuth 1 &ng
9. anrazanslapelsledain 0.025 N (sodiumthiosulfate solution)
wireingazans Na,S,0,.5 H,0 6.205 niu azaneliriangu s NaOH 0.4
n¥u vie NaOH 6 N 1.5 Nadams wa i Bumadiu 1 8ms vianas standardize 819
azaneionasazatiasyutUiadonluleTewn
10. Wsiadendtalalng
11, gsazanansadayfin 1+ 9
winnlnaiasane nandayn 1 dosin Yindta 9 dov
12, asazansiudaaniulalamm 0.025 N (potassiumbiiodate solution)
wiraulag azane KH (10,), 812.4 Haaniy Tarhndts udasun e 1

an? fiuluanudoii s

ac o
6%

1. Wit Dilution water e lansazantvesmtiies  arsazanenuniliFen
Famn gsarauaainacls tezersazanameinasalsd odeas 1 ndans e
vindi 1 dms wdaFnen (aerate) Uszunnd 20 - 30w

2. famsidaanaindangng 2 19m audadauiidesnstagld dilution water

@ é t . o
3. Whwevilaununan Dissolved Oxygenluduuan (DO,)
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d L] N cl = [vd
4. Anaemitniald incubator Ngnavnil 20 avrigadug ihaaan 5 5

4 o o e , | " e el
5. HaATY § Fuudn Wdnatiivial DO wmﬁﬂﬂq'l,muw 5 (DOy)
N1sAIUIN

BOD, = (DO, - DOy) / % dilution

ool

38n19u1_DO

1. thsmathauniugnIasatisniiadamn 1 Jadans was asazanadanlad
lalalnielas 1 Nadfns

2. Tlnan wehaoniilednduliun Uszuns 15 A

3. Uderlmnazneusaut Wewhwiladanalszunnd 100 faddns Runam
Fayfinidudu 1 Hedans wehaunznaumehl

4. vhantmsewyinty 200 * (300 /300 -2) iy 201 HaRART

5. lumsmi 0.025 N gnsazaietaiadlsladamn Tnalihudiaihdufinmes

o P
anepilasuaindiduilaiig

N1 Standardize @sazaelnfslsladamn 0.025 N

. Faanrasanaludmdaulalaled (KD 2 nfu

e

Giunsadayin 1+ 9 10 Haddns
Wu 0.025 N asazaaTuin@anlulelawn 20 Hadans
PutnnalauFNImIATY 200 Hadans

<l

Mawmenty 0.025 N gsazanalsidudlsledamn g lihutiaiuduiinmed

S SN

g AN G|

Dh.

qmg)ii
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| o ooy
AGNIFAUATIZTNAL

1, msthlWda (electrical conductivity; Ec)
(1 : 5 water)

as] o
- 800

1. Ffaete 10 50 16l erenmeyer flask #um 250 Hafans

- g ;, = ae ] A 1
2. Fuiangu 50 Daaans wenuszannd 30 Wi Inawadadiatn (shaker)
3. e limnasneulszunns 5 wf

ar 1 -] ‘d Y
4. Famnainiiihaaeanazang diaeesed conductivity meter

&
2. lulmstaunausn (total nitrogen)
(kjeldah! method)

o
LAsasila
1. Digestion, 1§ kjeldaht flaskuunwaguags 91nm 500 - 800 Hadans Tl
250 aRan? fuszann 5 wifl

2. Distillation, 1f 500 - 800 diaAans kjeldahl flask

a1l
1. nsadiayfin (H,SO, 88%, LR-grade)
2. §ITTNEN
Wit Inanay K,50,: CuSO, : Se ludnadaus 100:10: 1 Thendmin
3. AuAlAmaiaN (mix indicator solution)
wistnlntiazane Methyl red indicator 0.066 N¥i uAZ bromocresol green
0.099 i 11 95 % s eatisyanns 80 ml Usudfhu@dandn (pH szunns 4.2) dow
0.4 M NaOH udalfuiunmaidlu 100 ml fog 95 % lasuan

4. gnsasaunIaLuasn fuAlmes (boric acid - indicator solution)
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wiranlng araty HBO, 60 niu u sindu dlssunns 1800TiaRANs u
erlenmeyer flask 11A 200 Uaddms Aot IMEnAuaTaEuin URAFN mix
indicator asll 2.5 AeR&ns arligrazarungudussenday UinBumadlu 2 8ms

5. aazanalmAaylansenlss 40 % (wiv) (sodium hydroxide solution 40 %)

Teindutlszinng 900 feddms sdluflininefuun 1 ams wdaihnnalugnai
Fruftedanssnaniuden @ NaOH adlifiastou wianimdlivunreandufuiias
{Jauasil 400 N AeFISL FaFhnduiuauansazaneRdTiunsm 1 dns

6. ArazaNsNImIgIUNTATaYTN 0.025 M (standard sulfuric acid solution)

wisanine  Thudm conc. H,80, Had@ns 18l Volumetric flask 11m 1,000

fnRAmT Safhin de-onized agtlszann 800 Redns udainRumadae v} de-ionized
7. dansasannInTaduanlune H,SO,

arantnImg@taan (C,H,0HCOOH)10 ndu Tunsa H,S0, \iniu 3008iaRRnNT

ansavaneiildinunse H,50, Wudulda 1
8. Tuimenlaladamn (Na,S,0,.5H,0): Minglifeassantiuasazats

.

AANARDY
pauA 1 mrdeeinetneiy

1. Fuatheiu 5 niu (EdhFunmedn WemddsuwddgmliHlE 10 i)
1411l digestion flask 214A 800 UaaanT

2. Huawaraansatddedn sl 25 Daddns wer liRviugsazaensau
79l 30 w7l deuunAnel

3. N Na,S,0,5H,0 adlihlszunng 3 1aeh flask Tignsazanengu

4. itilrowaulunndas Tnoras duanadauiiuatindi | wWraseh
flask auilsidinaAniRagelianudou

5. an flask 88NN Ay Wugsazaemauadlilszinn 3 nii o
el I AT

6. Fnstetraauatsazaale udadessielanlszunn 2 dalus

7. Thown dan’l fask Wusafauvhgnmpiifes Fninduasi Uz 300

adant udmelfansadauidneaiu
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paudt 2 nandunaznisinimag

1 metendulindanfec el tanDinmsenewaasafiiiaauds
WA

2. \Fiugnsaratengauaia auRamed 25 DaRane avlu erlenmeyer flask 11
250 faaans Wnlanaliiu condenser Taalii condenser fuaslugnIazane

3. 47 Kjeldahl flask FarunstiosudatnamandiBmienfiazndu AR
NaOH 40 % adltlszanns 75 indams IneiBea flask Wntiey  uddussazanaadiungg
Fnsding

4, Uaqn flask WresFasnsnsazaonaadindaiis udadadlamndile
wenlinile auldUinmsuasansazanalu erlenmeyer flask Uszind 75 Nadans (417
avaeazdasuud@en) 1 erdenmeyer flask aan

5. ImsnansacaEfIdTUAIIAZANENIMIIL 0.025 M H,S0, AURIATaE
wasnufudmny |

6. thuitnBunmsasnsad i lunslnmem

7. i1 Blank g ldRT WA LsHee

NIFATUINUY
%TotalN = 2.801 CV/W
ql
Tnei Cc = anudinduresnsadanin (M)
ar A o ) = =
v = tiumassnmadayindildlnmmmiaetng (iafans)
W = dwinauy (nFu)

3. fanz® (Zn)
(Atomiic Absorbtion Method)

#15LAH
1, ﬂﬁ?ﬂ:ﬂ’]ﬂﬂﬁﬁ?ﬁﬁ%ﬁ@ﬂtﬁ
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whsiacwdudy 01 0.2 0.3 uez 0.4 mgh
2. @VTRZANEATR DTPA
wirenlae azane DTPA (Diethylene triamine pentacetic acid) 0.005 M (1.9668
n3u), CaCl,.2H,00.005 M (0.7351 n30) uaz TEA (Triethanolamine) 0.1M (14.9
aRanT) T de-ionized sz 800 NaRans Amawi udaliu pH lu 7.30 dae

HCL Raane amfliinFunandlu 1 8ng

1. famu 10 N5 14N Erlenmeyer flask 111m 250 Iafam3

Shilm gsazauanin DTPA aall 25 Daddng weln 2 ol

2.
3. nsagnunsEATEnTad whatman wef 5 ldluzaawanadinaunm 30 Haaams
2 A [ T A
4. iranrazanelillinsnisganduuas ieunliunng Zn fe AAS
5. 91 blank ifwidgenuda 2 - 4
= + 1 =4 ar t i 8 1
6. WaunrwszydeAmsganauiasiuaAaddiniiuses zn eeldanngn
d v
nauigauEne
NI5AIUAN

Zn (mg/Kg soil) = (X-b) X 25/soil wt.

e
X = anadudunes Zn lugrsazanadivetaiiguainng v
NI (mg/l) '
b = arndnduans Zn Tu blank Wierinnsmaansgd (mgh)
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1, pusneiznindutiezdnmmaianinduioesgranunssuiiendu
(Characteristics of Centrifuged Residue and lts Generation Rate of the Latex

-y =y 1 =y :’/ =J =
Concentrate Industry) mMstszgeiiznisisanssulusiiemnd Al 5 4nlae
madtadonseulest uwangndsmeuladuniuas uas 2.4, nd Taaunsy

LHLNATUADIER AanTlaw TaYS 24 - 26 TN 2642

2. Use of Centrifuged Residue from the Latex Concentrate Industry as Fertilizer.
R' 2000 ; Recovery s Recycling « Re-integration. & " World Congress on

Integrated Resources Management & EnviroTech 2000 Trade Show,

Toronto, Canada.
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Abstract

This study reported characteristics of centrifuged residue and ifs generation rate of the latex
concenirate industry. Survey of three latex concentrate industries was conducted in Songkhla province. It
was found that the latex concentrate industry generates solid waste in terms of centrifuged residue with
the avarage value of 10.7 kg/ton of raw latex. The cenfrifuged residue was analyzed for the physical
and chemical characteristics. The analytical results shown that centrifuged residue has a potential to use
as soil conditioner or fertilizer, It is because of containing many nutrient elements. The average
concentrations of N, P and K of centrifuged residue were found to be 2.28, 8.54 and 148 % dry

weight, respectively.
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# Faculty of Environmental Management, Prince of Songkla University,
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Abstract

This study was conducted to evaluate a potential use of centrifuged residues produced as waste
by latex concentrate factories in Songkhla province, Thailand. Results of physical and chemical
analysis illustrated that centrifuged residue has a relatively high content of plant nutrients such
as nitrogen, phosphorus, potassium and magnesium, and an alkaline pH. It contains organic
matter as about fifty percent of its dry weight. Small-scale experiments to compare the use of
centrifuged residue as fertilizer with chemical fertilizers, and mixtures of centrifuged residue
and chemical fertilizer were carried out by growing Manila grass (Zoysia Mattrella L. Merr,) on
soil to which a loading of 40 gNm? had been applied. Growth yields of grass and nutrient
uptake in terms of nitrogen, phosphorus and potassium were determined for each set of
experiments, It was found that centrifuged residue could be used successfully as fertilizer for
growing grass and produced a higher grass yield than when chemical fertilizer was used. Soil
pH was also observed to be improved in soil supplemented with centrifuged residue. The
results suggested that utilization of this waste as fertilizer should be promoted.

Introduction

There are a substantial number of latex concentrate factories in Southern Thailand. Considerable
volumes of waste are produced from such factories, and solid centrifuge residue wastes are produced
daily as a result of the production process. Centrifuged residues are sludges taken from latex
preparation tanks and latex centrifuges. They originate from precipitation between soluble magnesium
in raw rubber latex and di-ammonium phosphate (DAP) which is added in the latex preparation
process in order to remove the magnesium. After DAP is added to the rubber latex, magnesium
ammonium phosphate is formed. This compound is separated from the latex by gravity in settling
tanks and by centrifugation.

Centrifuged residue is a white sludge. Its generation rate is reported to be 1 % by weight of the raw
rubber latex used in the production process. 0.86-1.58 metric tonnes of this waste are produced daily
by the latex concentrate industry in Songkhla province (Kaewyod, 1997). One of the characteristics
of the residue is that it contains many nutrient elements. The average concentrations of N, P and K in
centrifuged residue have been determined as 2.28%, 8.54% and 1.48% dry weight, respectively.
Magpesium and zinc are present in centrifuged residue with average dry weights of 5.31% and
1.01%. The average concentration of volatile organic compounds and moisture content of centrifuged
residue were reported to be 55.2% of dry weight and 64.4% respectively (Tekprasit,  ef al.,1999).
At present, latex concentrate factories generally dispose of this waste by open burning or dumping.
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However, the minerals and nutrients present in the centrifuged residue have a potential use as
fertilizer. The prime objectives of this study were to investigate physical and chemical characteristics
of centrifuged residue, and examine its potential for use as fertilizer in growing an experimental crop
of turf grass. :

Materials and methods
1) Experimental set-up

Seven sets of experimental units for the culture of turf grass were set up. Each set was divided into
12 (0.2 x 0.2 m”) plots as shown in Figure 1. Three plots were used as a control group where no turf
grass was planted. The other nine plots were used for growing turf grass over various lengths of time.
The turf grass utilized in this study was Manila grass (Zoysia Maitrella L. Merr.), a common grass
used in golf courses and garden lawns in Thailand. In this study, sandy loam soil was used as a
medium for growing the grass, consisting of 74.33% sand, 17.45% silt, and 8.22% clay.

Before grass was grown on the soil it was supplemented with a test material. Centrifuged residue;
two types of chemical fertilizers with composition of 15:15:15 of N:P:K and 15:0:0 of N:P:K; and 3
mixtures with portions of 3:1, 1:1 and 1:3 of centrifuged residue and 15:0:0 of N:P:K chemical
fertilizer were spread on six sets of soil plots. The remaining set was used as a control set with
nothing added to the soil. The applied loading for each set was calculated to give a nitrogen loading
of 40 g N per square meter of soil surface. After the soil plots were set up, a portion of Manila grass
prepared with a wet weight of 10-13 g was planted in each plot, except for the three control plots in
each set. The exact dry and wet weight of grass added to each plot was recorded. All plots were
sprayed with the same volume of water every day and all experimental units were left outdoors to
allow exposure to sunlight every day.

2) Grass harvesting and sample analysis

The experiment was observed for 50 days. Grass from three plots in each set was harvested after
being allowed to grow for 20, 40 and 50 days. Growth yields of grass in terms of wet weight, dry
weight and volatile solids content for each plot were determined after harvesting. Height of grass was
examined periodically. On the first day, and then 20 days, and 50 days after grass was planted, an
identical weight of soil was taken from each set (three plots excluding the contro! plot) and mixed
together as a composite sample. These soil samples were analyzed for nitrogen, phosphorus,
potassium, magnesium and zinc content. Soil pH and electrical conductivity were also determined.
Soil analysis was performed following procedures described by Page ef al. (1982).
20 cm
D

C-20 |
C-40

C-50

Note: C = control plots without grass growing, Ta-Tc = test plots with grass growing
The numbers 20, 40, and 50 indicate the number of days before grass was harvested.

Figure 1. Schematic diagram of one set of experimental units
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Results and discussion
1) Growth yields of grass

At 0, 20, 40 and 50 days after grass planting, growth yields of grass were determined by measuring
volatile solids content and wet and dry weights. Table 1 shown the results obtained from the seven
experimental sets observed over 50 days. It was found that set Tl (a control set, without any added
test material) gave the lowest growth yield of grass, whereas set T4 supplemented with centrifuged
residue had the highest growth yield. Set T3, supplemented with chemical fertilizer (15:0:0 N:P:K)
did not show much difference in yield compared with the control set (T1) while set T2 supplemented
with standard chemical fertilizer (15:15:15 N:P:K) had 4 greater difference in growth yield when
compared with the control set. However, the growth yield of set T2 was not much higher than the set
to which only centrifuged residue had been applied (set T4). When centrifuged residue was mixed
with chemical fertifizer (15:0:0 N:P:K) and applied to soil, it was observed that an improvement in the
growth yield of grass was obtained. The more centrifuged residue added, the more growth yield was
observed to increase (see T3-T7). The growth yield results corresponded to results of measurement of
grass height (see Fig. 2).Grass was also observed to appear healthier in experiments where soil was
mixed with centrifuged residue.

Table 1, Growth yields of Grass Observed over S0 Days.

: Shee el davs AN

Tl Control 11.11 43°+18.2 6219.6 135+21.5
(without any added test material) 4.17) 93%+17.9 103+19.3 158+28.9
90°£12.6 112424 .0 2104224

T2 Chemical fertitizer 12.51 135+16.5 185£22.6 245497
(15:15:15 N:P:K) (4.69) | 1864306 302439.6 311+14.1
132+18.4 283425.2 422430.6

T3 Chemical fertilizer 12.70 45+12.6 62+16.0 177+24.1
(15:0:0 N:PK) 477 1074£22.2 114422.8 228+30.6
' 91+26.5 152423.4 278+31.4
T4 Centrifuged residue 12.26 184429 3454149 598+28.9
(4.60) 223+14.6 544450.1 6491+49.4
20819.0 614357 922+432.6
TS5 Mixture of centrifuged 10.49 851426.7 1714258 331437.9
residue and chemical (4.69) 1714511 2671358 405142.5
fertilizer with ratio of 3:1 165+17.2 357139.9 5341+36.2

Té Mixture of centrifuged 12.46 34426.8 136+35.1 21319.5
residue and chemical (4.68) 158+28.8 24035 4 261%11.9
fertilizer with ratio of 1;1 . 158+29.3 275436.9 3711246
T7 Mixture of centrifuged 12.87 3946.9 137+13.5 297435.8
residue and chemical (4.83) 106425.6 297422 .8 3504345
fertilizer with ratio of 1.3 99+24.8 348430.3 5161341

Note: a = growth yield based on wet weight, b= growth yield based on dry weight,
¢ = growth yield based on volatile solids content
Weight of grass planted shows wet weight, with dry weight in parentheses.
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T1= a control sets without any added test material, T2= a set supplemented with chemical fertilizer (15:15:15 N:P:K)
T3= a set supplemented with chemical fertilizer (15:0:0 of N:P:K), T4= a set supplemented with centrifuged residue
T5= a set supplemented with 3:1 of centrifuged residue and chemical fertilizer (15:0:0 N:P:K)

T6= a set supplemented with 1:1 of centrifuged residue and chemical fertilizer (15:0:0 N:P:K)

T7= a set supplemented with 1:3 of centrifuged residue and chemical fertilizer (15:0:0 N:P:K)

Figure 2. Photographs of grass growing in each experimental set.
2) Soil chemical characteristics

Table 2 shows soil characteristics for each set of experiments (T1 to set T7). It was found that soil
to which centrifuged residue had been added had a less acidic pH after 50 days. Sets treated with
centrifuged residue were slightly neutral, (pH 5.13-6.69) while sets treated with chemical fertilizer had
more acidic pH values (4.91-5.58). Tekprasit ef al. (1999) reported that the centrifuged residue
contained volatile solids in the range 48.4-58.5 % of total solids, and its natural pH was alkaline (pH
8.67-9.13). Therefore the difference in pH values between soil treated with centrifuged residue and
chemical fertilizer suggests that the centrifuged residue has a high buffering capacity.

Table 2. Soil Chemical Characteristics

1 767 | 610 | 0.0002 | 0.0001 | 0. <0065 | 0.030 | 0023 | 0.038 | 0.022 | 0.908 | 0.634
T2 5380 | 5.58 | 0.0002 | 0.0001 | O. 20,065 1 0130 | 0.020 | 0243 | 0.086 | 1.479 | 0.684
T3 662 | 491 | 0.0002 | 0.0001 | O. 20065 1 0.037 | 0.033 | 0.038 | 0.019 | 0.968 | 0.684
T4 796 | 6.69 | 0.0052 | 0.0024 | 3. 0136 | 0.124 | 0036 | 2216 | 0345 | 1.364 | 0.739
T5 746 | 592 | 0.0018 | 0.0005 | 2. 0130 1 0.104 | 0041 | 0.363 | 0.145 | 1.251 | 0.740
T6 749 | 5.46 | 0.0011 | 0.0008 | 0. 20065 | 0.132 | 0,035 | 0.i74 | 0.076 | 1.252 | 0.741
T 7.16 | 513 | 0.0005 | 0.0002 | O ~0.065 | 0.131 | 0.033 | 0.138 | 040 | L.I136 | 0.740

Note: P and K are defined as P,Os and K0 respectively. Zn, Mg, N, P, and K are shown in terms of % dry weight
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Regarding plant nutrient values, content of nitrogen, phosphorus, potassium and magnesium in soil
from all 7 sets were observed to decline from the 1% day to the 50" day of the experiment (see Table
2). It was noted that soil to which centrifuged residue had been applied contained considerably more
phosphorus, potassium, magnesium and zinc than other soil treatments at the beginning of experiment,
although the nitrogen loading was adjusted to be the same as the other sets. This might be expected to
result in more grass biomass production after 50 days of growth. However, afer grass had
been grown for 50 days, zinc and magnesium contents in soil treated with centrifuged residue were
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Figure 3. Proportions of nutrients lost and retained in tested soil
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observed to be significantly higher than in soils to which chemical fertilizer had been added. This may
be an adverse impact resulting form utilization of centrifuged residue as fertilizer and more study on
the effect of magnesium and zinc on soil over long periods of grass growing following treatment with
centrifuged residue is recommended.

3) Nutrient loss and up take by grass

The fates of nutrients recorded in each experimental set were determined. Figure 3 shown the
proportion of nutrients lost and retained for nitrogen, phosphorus and potassium in the soils tested,
both with and without grass growing. Results indicated that the proportion of nitrogen, phosphorus
and potassium lost in soil where no grass was grown was less than in soil where grass was growi. The
proportion nitrogen lost in soil without grass was observed to be greater than the proportion of
phosphorus and potassium. Nutrient loss in soil without grass was probably caused by leaching caused
by watering during the experiment and by reactions resulting from exposure to the air. Nutrient
uptake by grass is the major factor causing autrient loss in soil where grass was grown. For the
experiments where grass was grown, it was found that the proportion of potassium Jost was least
when compared with nitrogen and phosphorus. This may result from differences in consumption
capacity or need for each element by the grass, and the initial concentrations available in each test.

Conclusions

It was found that Manila grass responded very well to the application of centrifuged residue as
festilizer and gave the best yields in terms of dry and wet matter and volatile solids content for
materials tested at a loading of 40 gN per square meter. Moreover soil supplementation with
centrifuged residue promoted a more neutral soil pH compared with application of standard chemical
fertilizers, These results suggest that centrifuged residue from latex factories has potential for
utilization as a fertilizer. Although use of the material resulted in a higher grass growth yield,
centrifuged residue contains high amounts of zinc and magnesium and the residues of both elements
were found to accumulate in soil after use. Further investigation is necessary to examine the impact of
long-term application of centrifuged residues during grass planting. However, assuring the risk of
applying the material are low, the results of this study suggest that centrifuged resides from latex
factories can be used as foundation fertilizer during the planting of grass in golf course and gardens.
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_Quantified peaks in c:\superq\'data\_om 92_40.pks’

Summa

? Sample: 00192/44CA

Measured 8127/98 11: 51
Quantified: 9/1/98 10: 41

j Sum: 27.9%

. RMS: 0.000
Used lines: 12

of results -

Quantlfyable Mg Al gu_v S K CaliMnFeZnRb |
; Traces:: :

|_._______,_—/—————

1Ca!cu|atton]

. status %) | method |
I Binder | Not matchedl CHO ! 200,  Fixed !
Mg Samp]ev Calibrated MgO ! 8974 Calculate !
Al 'Sample Calibrated | Al203 ; u.074 ° Calculate
Si ' Sample: Calibrated : sio2 | 0369 Calculate |
P ' Sample | Calibrated | P205 44224 Calculate !
s Samp!e ! Calibrated | 5031 5,182 : Calculate !
K i Sample | Calibrated | K20 l 2.09 | Calculate !
Ca =Sample‘ Calibrated | Cal 022, Calculate '
Ti Samplel Calibrated | TiO2 0.021 Calculate |
Mn | Sample | Calbrated |  MnO2| 0.034 ! Calculate |
Fe 1Samp1e‘ Calibrated | Fe203 | 0.3 ! Calculate |
|Sample Calibrated Zno -’ 1.335 | Calculate
! Sample | Calibrated Rb 0.064 | Calculate

ne.

initial weight:
Final weight:

! Area ratio: 3.59

Additive/sample: 7.17
l Film: None

Nommalise: no

l————*——‘__‘__——_‘__—_'"‘ —

{ ¥-ray path; Vacuum S

Quantify parameters

i Recipe:
T Spectrometer resp. file:
: Use compound list:
ly drift corr.:

Disall, elem. set:
Disall. lines set:

osuperq\datalin.re
c\sugerg\data\!m sti
cAsupergiexamplelsem gcgl i
No

None . !
None i

" " Disall.linesset;_None
| —

Error welghting:

Max. Flow detector infensity:

I Max. Sealed detector intensi
I Max. Scint detector intenst
 Max, Duglex detector intensi

Root
2000 keps
1000 kcps
2000 keps
3000 keps

Disallowed elements_
No elements d disaliowed |
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_Quantified peaks in c:\superq\data\00192_40.'pks

* Disallowed lines -
1 No lines disallowed |

166

. o Scan data, quantify parameters and # used lines R
1Se Xtal Filter Collimator. Detector | kV | At, Sign. | Disall Disall. | Used
i # #materialum | _#/um : shift | level | elem. set jlines setl lines :
"4 TUF2207  None Y7450 Soini| 60| 3. | 200[ None | None 10 -
| 2 LiF200 | 5 Brass 300 11150 Scint | 601 3 | 2001 None None 0
| 3 LiF20{ 2AI200 17150 Scint1 60 3 | 20,0 None None 2
4 - LiF220 | None 11150 Duplex | 50| 3 0.0| None None 2
5 LiF200 None 17150 ¢ Flow|40) 3 | 00 None None 3 |
6 - Ge None 17180 | Flow|30] 3 | 00| None | None | 2 1
| 7 PE None 57550 ~  Flow|24] 3 | 200 None None 1
i 8 PE None 27550 -  Flow]241 3 0.0| None None i
.9 PXi None 57560 . Flowi24i 3 | 00] None None | 1.
e ~lines _ g
" Line Used.Measured QCa[cui. Diff. Scan| X-tal |Detect., Filter kY | mA | Collim,
o  (keps)  (kcps) | (keps) # | ‘#materialum | | Jrj}__l_y_m
; OKA No 0.412| 0.000| 0.112 " @ PX1:  Flow; None 241001 2/550
' MgKA Yes  3.988 3.988| 0000 9 PXi] Flow!  None 24 | 100 | 2/550
L AIKA - Yes 0.131| 0.131] 0.000 8 PE Flow ! None 24 | 100 | 27550
- SiIKA  Yes - 0.665| 0665 0.000 7 PE Flow | None 24 | 100| 2/550
- PKA  Yes 15.153 | 15.152{ 0.001 6 Ge| Flow] None 30| 80] 1/150
! SKA  Yes 0.i64 | 0.164 | 0.000: 6 Ge Flow None 30| 80| 1/180
2 KKA - Yes | 2248 | 2.247| 0.000 5 LiF200 Flow None 40| 50| 1/150 ¢
| CakA  Yes |  0.404| 0404} 0.000} 5 LiF200| Flow|  None 40| 50| 17150 ;
| TiIKA  Yes ! 0.057 | 0.057 | 0.000} 5 LiF200 Flow None 40] 50 17150}
P MnKA  Yes l 0.105 | 0.105 | 0.000 4 | LiF220 | Duplex None 0| 50| 1/150
| FeKA | Yes | 1537 1587 00001 4 LiF220 | Duplex| Nome  |80| 50| 1/1501
i ZnKA Yes 1 19.428 | 19.427 | 0.001¢ 3 LiF220 | Scint 2 Al 200 60| 40| 1/150
| RbKA Yes | _ 51881 5.188( 00001 3 LiF220 | Scint] 2A1200 |60] 40]1/150°




Quantified peaks in c:\superqidatal00192_41.pks

Summarv of results

Sample:  00192/41CB
Measured: 8/27/98 1248
Quantified: 9/1/98 10:48
Sum: 352%
RMS: 0.000
Used lines: 13
Quantifyable: MgAISiP S K CaMn FeNiCuZnRb
Traces:

Concentrations in sample 00192/41CB

“Analyte! Type

! Calibration [Compound :Goncentration, Calculation !

L . : status (%) : method, |
[ Binder | Not matched CHO 5 200,  Fixed |
Mg {Sample | Calibrated . MagO* 428711 Calculate ‘
Al |Sample| Calibrated ARO3 0.029 | Calculdte !
Si  :Sample | Calibrated Sio2 | 0089 ' Calculate :
P Sample | Calibrated P205: 18259, Caiculate :
S Sample | Calibrated $03 0.0917; Caleulate
K Sample | Calibrated K20 | 2.516 | Caloulate
Ca | Sample! Calibrated Cad "0.336 ‘ Calculate
“Mn | Sample | Calibrated MnO2 | 0.282 | 1 Calculate
Fe |Sample| Calibrated Fe203 : 0.07 | Calculate
iNi Sample | Calibrated NiO | 0.01; Calculate
Cu | Sample | Calibrated CuQ | 0. Calculate
Zn | Sample | Calibrated ZnQ | 0.573; Calculate
Rb | Sample | Calibrated Rb 0,052 | Calculate |
Sample preparation
{__ Sample type: Powder {binder: CHO)~l
i Initial weight: 100g . __
Final weight: 3.00g Tl
Area ratio:  2.84 .
| Additive/sample: 5.69 B ‘
{ Film: None ]
; Normalise: no N
: X-ray path: Vacuum B
Quantify parameters
L Recipe: cisuperadatalinicp  ° I
L Spectrometer resp. file: ¢ \superg\datallinsti i
[ Use compound list: c\superq\examplelsemig.cpl ‘|
| Apply driftcorr.: No T
|- Disall. elem. set: Nohe ) .
L Disall. lines set: None
i Error welghting: Reoot - . _1
1_ Max. Flow detector intensity: 2000 Kcps i
: Max. Sealed detector intensity: 1000 keps E
_ Max. Scint detector intensity: 2000 kops
: Max. Duplex detector intensity: 3000 keps _

Disallowed elements

" No elemenis disallowed
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Quantified peaks in c:\superq\data)00192_41.pks

Disallowed lines

[ Nolines disatlowed :

Scan data, quantify parameters and # used lines

168

Sc | A-tal Filter Collimator | Detector | KV | At. | sign. | Disall. Disall. Used\
# # materjalum | #lum shift| level | elem. set |lines set | lines |
1 [ LiF220 None 17150 Scint| 60| 3 | 200} None None 0 l
2 1LiF200; 5 Brass 300 17150 Scint |60 3 i 200 None None c
3 iLiF2201 2 AI200 11150 Seint|60] 3 - 00| Nome | Nome | 2
4 :LiF220 -+ None 11150 Duplex | 50: 3 0.0 | - None None | 4
5 | LiF206 None 17150 Flow ] 40 ; 3 - 200 None None | 2 ;
6 ‘' Ge None 17150 Flow!30: 3 - 00| None None | 2
7 ;PE None 21550 Flow|24! 3 . 00| None | None |4
8 ' PE None 21550 Fiow| 241 3 . 0.0 None None ' 1
9 ; PXi None 2 /550 Flow|[24! 3 0.0 | None None | 1.
R, Lines o
Line iUsed ;Measured Calcul. | Diff. [Scan | X-tal l Detect. Filter kV (mA | Collim.
o {kcps) (keps) | (keps) | # i # materialum | | L #lum
. OKA | No | 0.074 | 0.000 0.071 g PX1 : Flow- None 24| 100} 27550
"MgKA: Yes ! 7.056| 7.056| 0.000| 9 PXii  Flow None 241100 | 27550
AlKA | Yes 0.082) 0.062| 0.000| 8 PE! Flow None 24 [ 100 | 27550
- SiKA | Yes 0.492 | 0.1921.0.000} 7 PE Flow None 24 [ 1001 2/550
. PKA | Yes 23.271 | 23.270 | 0.001| 6 Ge Flow None 30| 80| 1/150
i SKA | Yes 0.096{ 0.096] 0.000| © Ge Flow None - 30| 80| 1/150
I KKA | Yes 3444 | 3.144| 0.000| 5 |LiF200 Flow None 40] 50| 1/150
: CaKA | Yes 0742 07421 0.000| 5 LiF200 Flow None 40| 850147 1/7150 .
MnKB | Yes o.481| 0.181| 0.0005 4 LiF220 | Duplex None 507 50| 1/180
" FeKA | Yes 04091 0.408| 0.000| 4 LiF220 i Duplex None 50! 50 17150
- NiKA | Yes 0111 | 0.111] 0.000| 4 LiF220 | Duplex None 50| 801 1/180
CuKA | Yes : 0.005 | 0.005] 0.000| 4 |LiF220: Duplex None 50| 50| 17150
ZnKA | Yes | 9.726 ] 9.725) 0.000| 3 LiIF220 ¢ Scint 2 Aj 200 60| 401 1/150
RbKA | Yes | 5269 | 5.268| 0000} 3 Scint| 2A1200 60| 40 | 1/150

LiF220 .
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