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Abstract

The objectives were to study 1) the effects of sludge from a rice bran oil
factory as soil treatment on growth and yield of water convolvulus and 2) the effects
of sludge from a rice bran oil factory on heavy metal content in soil and water convolvulus.

This experimental research design was completely randomized design
(CRD) consisting of 6 treatments: no application of urea or sludge, application of urea
fertilizer, and application of sludge at 100, 300, 500 and 700 kg.rai* with three replications
(1 rai = 1,600 m?). Data recorded were growth of water convolvulus 7, 15, 21 and 25 days
after sowing, yields, soil fertility and heavy metals content in soil (before sowing and
after harvesting) and heavy metals content in water convolvulus. Data were subjected
to ANOVA analysis and Duncan’s new multiple-range test was conducted for mean
separation when a significant difference was found.

The results showed that 1) at age 7 days after sowing, water convolvulus in
the treatment group that received sludge 500 kg.rai* had the highest height at 1.7 cm.
and it was significantly different from other treatments (p<0.05). Water convolvulus
age 15 days after sowing from the treatment group that received sludge 500 kg.rai*! had
highest shoot fresh weight, root fresh weight, shoot dry weight, and root dry weight at
5.900, 0.540, 0,516, and 0.057 g.plant™ respectively and it was significantly different
from other treatments (p<0.05). Water convolvulus age 21 days after sowing from the
treatment group that received sludge 700 kg.rai had highest height, leaf width, shoot
fresh weight, root fresh weight, shoot dry weight, and root dry weight at 23.7 cm.,

1.7 cm., 5.900, 0.540, 0,516, and 0.057 g .plant™ respectively and it was significantly
different from other treatments (p<0.05). Water convolvulus age 25 days after sowing
from the treatment group that received sludge 500 kg.rai*! had highest shoot fresh
weight, root fresh weight, and shoot dry weight at 25.130, 2.020, and 2.159 g.plant™*
respectively and it was significantly different from other treatments (p<0.05). 2) The
heavy metals accumulated in soil and water convolvulus showed that the soil before
planting had higher cadmium content than the standard. As a result, the soil after
harvesting had higher cadmium content than the standard. The arsenic, chromium,
copper, and lead content were lower than the standard and no mercury was found in
soil. Water convolvulus from the urea fertilizer treatment group had higher lead
content than the standard. Therefore, planting areas should be analyzed for heavy
metals in the soil before planting to reduce heavy metal accumulation in plants.
However, the use of sludge treatment in soil can help increase the organic matter,
phosphorus, and potassium content and make the pH suitable for plant growth.

Keywords: Sludge ,Water convolvulus, Heavy metal, Rice bran oil factory
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1. aulAveIRuIazAZNdULDINIA

1.1 aNUAvIAY

1.1.1 awiimaunivesiiunewi/gnaintidu
a Ia 1 L= a = [
Han1suAIzRauneulgn nuNNYsnasuNIgIng Usina
WoaneSauazisua Tnuna@®en 10U 3.10, 19 g 54 Yaansuaon lansy Aua1aL
1.1.2 auUAMIANveIAUHAUA UINY INNLIID U

Q

a 7 a v 3 A v Y o A A
HAN13AIITHYBIAURAUNVINGINN TN Y 25 TU WUNTYTu
v Y v
sunseing YsmaleavesauaziSuna InumaGoumugunnauneutlgnuazulacd luld
] o w + ~ 1 ' I 1 A X < 9 <
aznouveiauazijogise Tudiuvesainnuilunsa — a1 mvywdniios 910 5.5 1314 5.6
= 1 I a a [ = 49!
— 5.8 BIFIwAAA UV UNIAVEIAULATANN pH VOIAUHIIZAUAUMIUgnNTNINUY Tag

pH MMM AMAY 5.8-6.5 (WA TIIUAIVIT, 2550) (15199 4.1)
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{ 4 a 1 v { %
ﬂ']ﬁW\Tﬁ 4.1 ﬂ31JJQﬂ3J’mJyj’im611’fNﬂuﬂauuazﬁmmmﬁmmﬁ)ﬁu

E]

a da Aa a v a (Y}
ANIATIZYHAY (laanSunAenlaniy)

nInmuA
a G} U w =
ounsaing weaweSa Twunaden pH
Aunaulgn 3.10 19 54 5.5
lilaflegonazazneuietinia (T1) 3.69 22 69 5.7
ladlegiio oas1 50 nlansuse 13 (T2) 4.50 24 74 5.7
laazneuietinia 3.57 36 78 5.6

Tudns 100 Alansuae'ls (T3)

lanzneuoiinia 4.50 38 69 5.7

Tusns1 300 nlansuaels (T4)

lanzneuoiinia 4.50 37 78 5.6

Tudns 500 Alansuae'ls (T5)

lanznouoiiia 5.20 52 83 58

Tudas1 700 Alansuse'ls (T6)

1.2 andAveInznouLeIina
a 4 ] o w 1 31.;
HaMI IR IZHAzno UL NTA Wu I5me s Tulasnunimua Sesas 4.7

9 Y
Womlananua Sosaz 3.2 Tnsunananua Sosaz 0.2 Usua Tmden Fasaz 0.1 A3 i

o 9

Aag g =Y a ~ o 9 2 a ~
3.3 BTN UAADINAT USuaduniemsvou sesaz 39.5 USuudunsedng 5o0vaz 68.1

Q
o

' 1 U @ <]
mﬂ’nmmﬂmﬂszwawmguauuaﬂuimmu 8/1 uazﬂ%ﬁmsmﬂﬂlmmaﬂwuf %)@ﬂa‘a‘i 24 .4

a

(15199 4.2)
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A1319N 4.2 FuAveIALNeULBINlIA

518ﬂ15§!ﬂ51$1“% Wanaaoy i]ﬂﬂ]ialﬂi‘l%ﬁ Nanaaoay
1.pH 5.6 8. Organic Carbon (%) 39.5
2. Moisture Content at 75 10.58 9. Organic Matter (%) 68.1

deg.C. 20 hrs. (%)

3. Total Nitrogen (%) 4.7 10. C/N (%) 8/1
4. Total Phosphate (%) 3.2 11. Germination Index (%) 24.4
5. Total Potash (%) 0.2 12. Plastic , Glass Etc. Tuiw
6. Sodium (%) 0.1 13. Gravel (%) ND
7. EC (ds/m) 33 14. Sieve size (12.5 x 12.5 mm.) %) 100

WO AATIEH 1o Noadtovimulaton1snannemsinEas NTuIMMSINEAT

Y A

2. Tanzniinluau azneusinlataziniladu

Q

2.1 PSnalanzminluau

2.1.1 Ysmnadangrivinluduneni/gn

a Ida ' LY Y 2 1 A ' S A
wammmﬁwwﬂuﬂauﬂgﬂmmw WU ﬂuﬂi’JUﬂQﬂﬂJﬂiﬂﬂm

£l

[ 1

uaalleuIND 0.40 Hadniuaen laniu F9gand1AINIAIgIY 0.15 adnsudon lansud

My daulsuaasny Tasdieon Noauad uagaznd 1IN 8.335, 27.351, 19.975, 14.10

[ a

aansuaen lansy muany F linuanasgiu vag hinuldsenluau

)

2.1.2 Sunadaviginluauvaudune?

a Ia v I A v YA 1 v A AN Yo =

WaNIIUATICHAUWAIUNVINYINNININ WD ﬁﬁﬁlﬂﬂlﬂ&l’)ﬂvlﬂ‘iﬂgliﬂ
v o w = A Aa = 1 1 A Yy Y

LHAagASNaUUBUIUANNNITALIUA ll1J3ll1mllﬂﬂlhﬂhq@ﬂ31ﬂ1n1ﬁij§1uﬂEJﬁ)iJslﬂﬂJhlﬂ (0.15

Haansuaen lansu) wwdeinuaunoullgnuazlia lunanarnuauneuilgn aawlsuiw

o 1 a 1 ' 4
a15vy Iasdien nouas wazazni J1Sana linuannasgu vag lunulsenlunnvis amud

a

(A137199 4.3)
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A o a J v A v YA
M1319N 4.3 ﬂ'lﬁﬁ'$ﬁuiaﬁzﬁuﬂiuﬂuﬂ@uﬂgﬂ!m%ﬁﬁ\ilﬂﬂlﬂﬂ’mﬂﬂ\ﬁ]u

3

Tavizviiin (GiaansuAenlaniy)

nIAuA ” - T
asny  uaadlon  Jasdlen  newas  Usenm  azin
mnasglanzmiinieensuld 30 0.15 80 45 0.1 55
visouonl#N 1A
Auneauilgn 8335  0.400 27351 19975  ND  14.100

lilaflegSouazaznoutiotinia (T1)  7.628  0.400 33378 23977 ND  16.902

£

laflogiio o150 Alansuaels (T2)  7.853 0350 35050 22500 ND 16325

a

laaznouterinia 7.728 0.375 30.304 23.252 ND  17.677

Tudns1 100 lansuae'ls (T3)

lanzneuyaiinia 9.014 0.400 31.075 24.050 ND  17.375

18931300 Alansuaels (T4)

lanzneuyeiinia 8.166 0.350 44.179 22.702 ND  16.452

Tudns1 500 nlansuae'ls (T5)

laaznauierinia 8.397 0.400 22.745 23.945 ND 17272

Tudns1 700 lansuae'ls (T6)

= o A

A J [ a o £ A I o a a J 4
NN 2 INTDIAY YYNU IUNUN 199a3 AnAa 1@edseasn o5 Uty {]’Jv],ﬁ UASHUNMNNWY DFUITINTM (2556)
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2.2 Ysmnaanzyinluazneuaiina
a J 1 o 9 1 =Y = =
Nan1sAATITHALNeUL 1A nuNUsuauaaien Tasiey Usen
AN AITHYUATNOIUAL VAUNIND 0.71, 76.9, 0.89, 13.4, 2.4 1Ay 95.3 Hadniuaen laniu

o QU Q d'
AMUAIAY (AINITINN 4.4)

d‘ 7 1 o %
15197 4.4 YSuaTavzniinluaznaudsiia

. ANAsgIUNEoNFY
5 nalanzvin »
TavigHiin a1l umnaznau*
(mg/kg)
(mg/kg)

1. Total Cadmium 0.71 20
2. Total Chromium 76.9 1,000
3. Total Mercury 0.89 10
4. Total Lead 13.4 1,000
5. Total Arsenic 2.4 -
6. Total Copper 95.3 900

@ a @

= A 7 a o £ A ¢ o 1a a @ 2
NN 2 NTDIAY YYWNU IUNUN Glﬁ)%li ANAAT Lﬁ’t‘)ﬂi%ﬁﬂﬂ BIYY ;p"la UASHUNINNY DFUITINTMU (2556)

o

a o Av o [ a a
HUYLYA UNT12H A8 NOIVENAUITITUMINAANNISIAEAT ATUIFINTNBAT

=

2.3 Hnalarzninludngdu

'
o A o ] =

Y A A [ [ 1 I [ Y A Yo
nifsRuNNUNeI01Y 25 Tundaniumwana wo Antaui lulasvgieuas
azNaUL o 1ANS A TATNeNgInNIATTIUNMHUA TABLIAST T IUUNITIAAI51T V5T

] [ o A
U52%19¥UIU (National Standard of the People’s Republic of China) IFUIRBINUNTAIUAD U9
Tagmwizanisaunlasuilegise 6as1 50 Alansuae 15 Targege MmN 3.550 Hadnsuae
a @ 2o YA Ay Yo+ = A A < 1w A a o ]
alansu wenantuWnijedun lasuijegiFenunidsuiaagna miny 1.025 Tadnsuao
a Y 1 7 A 1 a 1 '
Alansu uansamuaous binuamasgiv aaulsuaasny uaalioy nosuas nazilson

= 1T a ] ~ I A
ﬂlﬂﬂﬂﬂﬂiﬂluu@mulﬂuﬂWﬂﬁﬁWH LL@%“NWUﬂﬁ@ﬂiunﬂﬂﬁﬂmu@] (AIRNITNN 4.5)
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ti' Y v Y A
A1319N 4.5 Msazay larenin luANY9IY

E]

= Jd Y a Aa v T A .
NIANUA Tavizvivin GlaanSudanlansy)

v
v 1

asny waades’  Tasden’ meauas'  dsen'  azd

AMIINIFIU 2 3 0.5 20 0.5 1
lilafegSouazaznouiotinia  0.403 0.400 1.950 15975  ND 0375
(TD)

Taflogio o1 50 Alansusels  0.669 0.350 3.550 16275  ND  1.025
(T2)
Tdazneuteiiia 0.340 0.450 1.775 17675  ND  0.450

99131100 nlansuaels (T3)

lanznouyeiinia 0.456 0.425 1.750 17.250 ND 0325

8031300 nlansuae s (T4)

lanznouverinia 0.426 0.375 1.850 15.850 ND 0.600

80131500 nlansuaels (T5)

lanzneuieiiniia 0.338 0.400 1.925 17.150 ND  0.400

99131700 dlansuaels (T6)

. ) 11 .
M 1L i IMalsgmMANIZNTNaIsITagY RUUN 98 (W.A. 2529) (F09MIATFIUDINIS
' K
anansuilou
2. @01JUeIM1T (2547)

3. W93 FIULHIFIAE51585 5152 319UIU (National Standard of the People’s Republic of China)

Y A

3. MIIAUlAvVoINNTIDY

Q

©
)}

3.1 ﬂ’ﬂllg’\‘isllf’)\iﬁﬂll\ﬁﬂ»!

Q

Y o 1% 1 1% a

o <] ! o ] o w [
nifsiue1y 7 Aundannuwana 7 1d5uaznoutiethiia 6as1 500 A lansy
1 1 { 1w a ' ' ¥ o w W o A
G]@]li (T5) ﬁﬂ’J"liJf;Nll"lﬂﬁfjﬂ MNINY L7 FEUANAT ua:zmﬂmmmqﬁuaﬁmaﬂmmﬁmuuﬁﬁu
[ v Y A ~ Yo 1 o w (3 a [ 1 1 = 9
(P <0.05) ﬁ’JHNﬂ”].Nﬁ]M‘VIllﬂiﬂﬁgﬂﬂu‘ﬂﬂ‘]ﬂ'ﬂﬂ #3171 700 ﬂIﬁﬂiﬂJ@]i’]]li (T6) ANUGIUDY

Nga 1Y 1.2 15UANAT (AIN13199 4.6)
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v YA o [ 1 < = S (= ] [
WNNIUDIY 15 IUH AN IR ‘1@ﬂ‘VI3S5|L3JuﬂiJﬂ’J13J’§NlliJﬁJﬂ’J"liJL!.ﬁﬂﬂNﬂu

aa @ @ @ ' <} { o 1 o v o w a o
NNADA (P> 0.05) ANaIueIg 21 Tunasuwans 11asuagneuleiiinia 6as1 700 f lansu

= [ [ = sA

A9 '15 (T6) HANUFIINAGA 1AD 23.7 WURAAT LAZUANA NN TT A YN UNT ANUAD U

q

(P < 0.05) drurnijsiud lildijegSonazaznoueriiia (T1) Tnnugarivefga minu 18.7

a CY <] ' ' @ aa
IURNAT AN 25 TundsIumas Navizamuatin g ilanmenaeiuneata

Q £

(P > 0.05) (79915199 4.6)

{ o Y @ (% 1 <
Gni']\iﬁ 4.6 ﬂ’ng‘WmWﬂuﬁumq 7, 15,21 U 25 IURAINNUNAA

- , ADINGIVOIHNTIU (1B UAINAT)
NIAUUA - - - -
79U 1597 210U 250
lilaflegonazazneuiietinia (T1) l.6ab” 116 187b" 273
TaflogiSe o1 50 Alaniuaels (T2) 1.6ab 125  204ab  27.6
Taazneutieriia sas1 100 Alansuae'ls (T3) 1.6ab 12.4 233ab 302
Taazneutieriia 8as1 300 Alansuae'ls (T4) 1.4ab 12.7 19.5b  28.7
laaznouiniiiiia 8as1 500 Alansuas s (TS) 1.7a 118 22.0ab 304
laazneuieiiinia 8as1 700 Alansuas s (T6) 1.2b 13.5 23.7a  30.0
F-test g ns * ns
%CV 15.04 13.59 14.19 17.36
ns Linanaedeiiodnnneada (P> 0.05) * Lmﬂﬁinadnﬁﬁ’ﬂehﬁ'mumaﬁﬁﬁﬁi:ﬁummﬁafu 95 1nlo3iFud

v Vv
1/ fdnusimitlounumuinn s uaas iinnuuana i uedihisd wanada @ > 0.05)
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v d v

Y o ¥ Y
3.2 I@HAIUHAUENANAIAUNNINDY

o Y A @ @ 1 [ ~ I 9 1 J
WNINAIUBIY 15 21 UAZ 25 IUNAINITUNAA NNNTANUANITUNIUFUINAN
Y o YA

AMAUANIIY JUHANAIAUNIADA (P > 0.05) (AI013199 4.7)

1 ] o o @ 1% 1 <
M50 4.7 durugudnanaduinisdueig 15, 21 uaz 25 Jundanuwan

w

Y d o ¥ Y
WHATUHAHENANAIAHUNNUIIU

NIANUA (BUANAT)

15 3 213U 253
lyladjegienazazneuotinia (T1) 0.4 0.5 0.7
Tadlegiio oas1 50 nlansuse 13 (T2) 0.4 0.6 0.7
laaznousiniia 8as1 100 Alansuas'ls (T3) 0.4 0.5 0.7
laaznoutiniita 8as1 300 Alansuae'ls (T4) 0.4 0.5 0.7
laaznouiniiinia 8as1 500 Alansuas'ls (TS) 0.4 0.6 0.8
Taazneuieriia sas1 700 Alansuae'ls (T6) 0.4 0.6 0.8
F-test ns ns ns

%CV 11.25 12.19 10.81

v

ns hianA1egiiied1Ayneana ¢ > 0.05)

Y

3.3 anunnavesludniladu

Q

v Y A Y] [ 1 < = 4= 9
NINIUBIY 7 15 UAS 25 IUNAINNULINAA NINTALNUANAITUNITNUD

v YA [ 1 o aa v YA o o 1 < AY Yo
1‘]JWﬂ‘]JQi]°L! "IJJLWIﬂ@ﬂ\‘]ﬂHVI"Nﬁﬂﬁ (P>0.05) WNINIUDIY 21 IUHWAINNTULIAR ‘Vlnlmumﬂ@u

E]

1 o w (% a @ 1 1 a [ 1 1 =1 9 d'
1i915117A 89131 100 nlansuas 15 (T3) uag 700 nTansuae'ls (T6) nanunvedlumnnga
T W Aa 1 [ v o w @ P U @
Y 1.7 LEUALUAT uammmwﬂnﬁuﬂmﬂq;ﬂum%muﬁﬁu (P <0.05) muwﬂﬁﬁu

~ 1 1+ =) v o w = 9 9 ~ [ a [
“I/Iul,llﬁlﬁﬂﬂgliﬂllﬁ$ﬂ$ﬂﬂu°ﬂ@ﬂ1ﬂﬂ (T1) nmmmnmaﬂuuawq@ INMNY 1.3 FUSNAT (AN

N4.8)
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{ o @ @ ' <
M15197 4.8 ANuNIveludnaduey 7, 15, 21 taz 25 FundInIuae

E] E]

Y A

ANNN NVl uMNIdY

Q

~ d a
NINUNUA (SBHANAT)

79 159W 219U 253U

1/

lilaflegonazazneuietinia (T1) 0.6 1.0 136" 1.7
Tadlegiio oas1 50 nlansuse 13 (T2) 0.6 1.0 1.5ab 1.8
laaznoutiniia 8as1 100 Alansuas'ls (T3) 0.6 0.9 1.7a 1.9
laaznoutiniiia 8as1 300 Alansuaels (T4) 0.6 1.1 1.5ab 1.8
laaznoutiniita 8as1 500 Alansuas s (TS) 0.5 0.9 l.6ab 2.0
Taazneuierinia sas1 700 Alansuae'ls (T6) 0.6 1.0 1.7a 2.0
F-test ns ns * ns
%CV 970 1230  16.65  18.95

9

ns luuanaedniiiodgynieada (P> 0.05)

o aad [ A J

1 ] v o < J
* IANANOINNTIA A YN NADANTZAUA T 95 1o 5idua

o
9
@

1/ sonysimidounuauiuins uaasi lilinnmuanannuednilisddyneada (> 0.05)

Y A

34 ﬂ’JanJTJSU’(’)»ﬂ‘UI’:JJﬂ'LNﬁ)u

Q

v Y A [ [ 1 Yo+

< A = o a [ U
mfaduony 7 Jundannumaa nldsvilesise 6ns1 50 nlansuaels (T2)

E] Q Q- Q

Y a

~ A ' ' v o o o 7
Nﬂ’NiJ‘(’JTJ"llﬂxﬂ‘]Jiﬂﬂﬂ A 1MNUY 4.7 B UALUAT !,m$l,mﬂ@NE]EJN?JHEJ?H?]QJWIJTGG]LNHG]%H

o 9

(P <0.05) AIUANTIIU

=Sh. -

Yo 1 o w v a [ 1 J =\ 9 ~
Ul@i‘ﬂﬁ%ﬂ@u’ﬂ@’]JTUﬂ %131 700 ﬂiﬁﬂillﬁf]hli (T6) UANNYNIUINGA

[ Y a @ @ @ 1 <] J.
NINY 4.1 LEUALUAT Nﬂﬂ}\‘ﬁ]ufﬂﬂ 15 21 U8 25 IUNaAININULINAA V]ﬂﬂdiﬁmu@]flﬂ’ﬂllUTJ

3 a a

Y] Y A ) 1 U Aana o d'
GU’ENSl‘UNﬂ‘U\ﬁ]L! lliJLmﬂ@]NﬂuVlNﬁﬂﬁ (P>0.05) (AIN1319N 4.9)

E]
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{ &Y @ o 1 <
ﬂ']ﬁ']\iqﬁ 4.9 ﬂ'J'quJ']'J"’U@\TGlUWﬂﬁ}Q%u@']ﬂ 7, 15,21 40 25 IUHINHINUINAA

E] ]

. , ANNEIVONVANT DY (BUAINAST)
NIAUUUA = = = =
7% 159 210 257U
lilaflegBonazazneuietinia (T1) 4420 112 144 170
TaflogiSe 031 50 Alaniuae 13 (T2) 4.7a 11.9 156 175
Taazneutierinia sas1 100 Alansuae'ls (T3) 4.2b 10.8 16.7 17.9
Taazneautieriia 8as1 300 Alansuaels (T4)  4.4ab 12.3 14.7 17.0
laaznousieiiia 8as1 500 Alansuaels (TS)  4.3ab 12.2 15.5 17.6
laaznoutiniitia 8as1 700 Alansuas 15 (T6) 4.1b 11.7 17.2 18.0
F-test * ns ns ns
%CV 9.86 8.81 16.97 10.73

ns liuAnANeENIINed IR YNana (P> 0.05)

@

1 1 =) aax (% A & J 3 J
*UANANDYNUUITIAYNNADANTSAVANULFOUU 95 weosisua
9

o o

1/ A0 AT NMLDUAUANUUIAT UEAIN I TANULUANA NN LS T TR UNNADA (P> 0.05)

g

3.5 WHITNAAYRISINANT DU

o 9 v Y

= 1% 1 [ J o
NINAUDIY 7 IUHAIHINIUINAA v;lﬂvﬁ'mmumum

v

UNAAUDITINANLIIY
A 1 @ aa o @ [ ' < { o 1 o o
lifianuuanannumedna (P> 0.05) Antfsauey 15 Tunasrinuman 1 15 uazneutietinia

E] Q

@ a

1 J 4 o 1 1 v [ 1 1
99131 500 ﬂjﬁﬂﬁw]@lli (T5) ﬂuTﬂUﬂﬁﬂﬂl@QiTﬂNWﬂﬁq@ NNY 0.54 NTN HASHANAND Y]
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