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Utilization of By-product from Ethanol Factory on Growth, Yield and Yield Components
of Cassava Planted in Kamphaeng Saen Soil Series
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Abstract: The effects of by-products from ethanol factory (spent wash liquor (SWL) and treated waste
water (TWW)) on growth, yield and yield components of cassava (var. Huay Bong 60) planted in
Kamphaeng Saen soil series was investigated. The experimental design was Randomized Complete
Block (RCBD) consisting of 11 treatments and 3 replications. The results revealed that the application
of chemical fertilizer based on soil chemical analysis (CFDOA) in combination with SWL of 20 m*/rai
and TWW of 20 m*/rai (CFDOA+SW|—20 ma+TWW20 o Tm) provided the highest plant height, average
weight/root and root width which were not significantly different from the application of CFDOA in
combination with SWL of 10 m*/rai and TWW of 10 m®/rai (CFDOA+SWL10m3+TWWmm3’ Tg) and the
application of CFDOA in combination with SWL of 20 m?/rai (CFDOA+SWL20 L T3>' Furthermore, the
CFDOA+SWL20 m3JrTWW20 s (Tm) gave the highest fresh root yield and starch content which were not
significantly different from the CF__ +SWL  +TWW (T), the CF__ +SWL (T ), the application
DOA 10 m3 10 m3 9 DOA 20 m3 3
of CF__in combination with SWL of 40 m*/rai and TWW of 40 m*/rai (CF__ +SWL  +TWW | T ),
DOA DOA 40 m3 40 m3 1M
the application of CFDOA in combination with SWL of 40 m*/rai (CFDOA+SWL40 i T4), the application of
CF in combination with of 80 and 40 m%rai (CF__ +TWW (T) and CF__ +TWW (T)).
DOA DOA 80 m3 8 DOA 40 m3 7

The CFDOA+SWLZO m3+TWW20 . (Tm) provided the highest starch yield/unit area, concentration of P
and K in fresh root which were not significantly different from the CFDOAJrSWLmmSJrTWW10 (T)

m3 9

Keywords: by-product, cassava, spent wash liquor, treated waste water
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Anenislddszlasinanaaslaann
TRNUKARENNUAAFANNIAITYLFL IR NANAR Ly
aeAlsznauNANARTeTUA UNAINUETIELa 60
U uaInnaesesnIAITNLgianen Amzinems
ATUWSLAY NUNINLIRENEATANAAST NP
nunaLan Samdnuastlys ?ﬁlqtﬂumauﬁmwmmu
(Kamphaeng Saen soil series, Ks; Typic
Haplustalfs; fine-silty, mixed, semiactive,
isohyperthermic, Soil Survey Staff, 2003)
LﬁuﬁfsfafjwﬁuﬁfauﬂgﬂmﬂLLﬂmmmmﬁ'iwﬁ
ANNAN 0-30 LTUALNAS 1ii0ALATZWANTTRLNS
19vn1919951 T91433N3 AT ILIRUAUMEN
AReUURN AT AuLaz T (WAt uay
quin, 2542) ewa AN pH (1:1) ANGATNATHN
Iyl aeamuluaninauiadaenia (EC) sunny

Bunsadng USunueaesaiidulssluad
Funalwunal@en waalden wunildan way
TnAauiuanilasuld sunaiesy (annanse
nap3Tlgianen, 2558) d1ufuantiAuig
srnisreanunenninaanalananaldly
(Table 1) Ugnaiudtlenad ludaameunguniny
WA, 2563-LARULNENEY W.A. 2564 971U 33
utlaeties wrazullasdaaiaunandne 5 WAT uas
877 8 AT U 5 uaa Fnnafiuifaaenny
3 UnaNand LualasR1euaatssuIn 1 Wag
TnefiuiiAnAsluudazulastoaminfy 3 x
6 MNTILNAT NITUTUINIENTINU 1 AT LAY
TTATUNTIUINUN 1 LHAT ITUNUNAABIULL
Randomized Complete Block (RCBD) %#1n1s
NARBA 3 1 119 11 FNFINAREY Fe

L . . UTNUIABIMNIUAN
ANFLNAALY ANLI9TEINE yannd (Alansu N-P.O -K O siels)
2 5 2

T ANFLAYLIAN control 0-0-0

T, ldilamuAdimaeinu CF_, 16-0-4

T, ldilapmedessiiuioniunislfiining  cF +swi 16.6-0.6-12.8
891 20 gnunAiues/ls

T, lailamuAndinnsipusauiumisldiiningr  CF +swi 17.2-12-216
87191 40 gnunAiamg/ls

T, ldilapnAdessiiuioniunislfiining,  CF +swiL 18.4-2.4-392
891 80 gnunAminme/ls

T ldilapmAdwssiiusoniunisldininia - CF__+Tww 16-0-4
8531 20 gnuIAriums/ls

T laflamuAndinnsiiusanriunisldininga - CF_ +TWW 16-0-4
87191 40 gnunAfiumg/ls

T ldilapnAdwasiiuioniunisldininda  CF__ +Tww 16-0-4
831 80 gnunAminme/ls

T, ldilapmendwssiiusoniupnsldiiningr  CF +SwL - +TWwW 16.3-0.3-8.4
8m91 10 gnunAmiame/ls uazuntingndns 10
gnunAmNme/ls

T, ldilapmAdwssiiusoniupnsldiiningr  CF +SwL +TWwW 16.6-0.6-12.8
8m91 20 gnunarlame/ls uazuntintndn 20
gnunAmNme/ls

T ldilamnAdimssiaudaniunisldioningr  CF_ +SWL  +TwWw 172-12-216

" 9 v DOA 40 m3 40 m3

891 40 gnunamlame/ls uazuntintndns 40

gnunAmNme/ls

udneug  CF = chemical fertilizer
SWL = spent wash liquor

DOA = Department of Agriculture
TWW = treated waste water
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LL@uﬂﬂTWLLW@LmHNﬂ@@1?® (60 %K O) Tmﬂu,m
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trol) dms1n1slalealmnupdasziRudmy
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neand Taun ¥inndn waztinfiaunstings
NN TATINITAMUITTINITIENING LTHY
BURNMAA TETT [Tumes A1in wWazN1ARTN
ﬂgﬁ%wm AMLZINEAT NTUNILAYL NWIINLAE
neRsAans Sandnuaslgy (Table 2) Tnanisld
nanaagldiananaazuiivld 4 A% fiang 2, 3, 4
uaz 5 ieundlgn nanafe ssumaaest 3, 4,
5,9, 10 uay 11 i nnd1Ems 20, 40, 80, 10,
20 uaz 40 anunArfume/ls puaAy dousnsy
NARBIT 6,7, 8,9, 10 Ua 11 ldiniziunsiine
87131 20, 40, 80, 10, 20 uaz 40 gnunaAriuee/ls
ANNANAL

nsiiudeyanisiasayiauinueadu
ﬁﬁﬂ:uﬁqﬁmq 3, 6, 9 uay 12 aunasilgn
(A9l 10 Fwuilastan) laln Anugesy uay
ANANNIERTa9ly (SPAD unit) (f‘fmﬁ?mmﬁﬂuﬁ
3-5 anilansaan) Ineldiase chlorophyll meter
(Minolta Co., Ltd., JAPAN: SPAD-502 model)
ANNTUNIINLNANAALAZRIALIENALNANA S
m@wumﬂvummmﬂ 12 1AaU (mmu 10 Fivy/
wtlaseies) TAun nanARan vvniniedssem
ANNNNINLATANENIAA WeFidusiutTedan
waaa (11309 Remain Scale) HanARUTAe
it AT uBeIsn 6 uTnaiau Waanasa uas
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1ayANITATYLALIRN NANRR UATEIA
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Table 1 Chemical and physical properties of soil before the experiment.

Properties Results (0-30 cm) Rating
pH (1:1) 7.46 slightly alkaline
ECe (dS/m) 0.73 non-saline
Organic matter (%) 0.81 low
Available P (mg/kg) 33.55 high
Exchangeable K (mg/kg) 93.74 high
Exchangeable Ca (mg/kg) 1,185 high
Exchangeable Mg (mg/kg) 115.61 moderate
Exchangeable Na (mg/kg) 29.54 -

Texture

sandy loam -
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Table 2 Properties of by-product from ethanol factory before the experiment.

Results
Properties
Spent wash liquor (SWL) Treated waste water (TWW)
pH 4.10 7.08
EC (dS/m) 16.15 2.85
Organic matter (%) 5.60 n.d.
Total N (mg/l) 300 n.d.
Available PZO5 (mg/l) 300 n.d.
Exchangeable K O (ma/l) 4,400 n.d.
Total Ca (mg/l) 1,200 100
Total Mg (mg/l) 600 n.d.
Total S (mg/l) 500 300
Total Fe (mg/l) n.d. n.d.
Total Mn (mg/l) n.d. n.d.
Total Cu (mg/l) n.d. n.d.
Total Zn (mg/l) n.d. n.d.
Total B (mg/l) n.d. n.d.
Total Na (mg/l) n.d. 200
Soluble Na (%) 0.16 0.47

Note n.d. = not detected

Naﬂ’w‘wmafamaﬁmeni

nsAns s ldUselaminanasgldann
TPNUNARAENUAAFRDNTLAITYLFAULR HANAR LAy
avAlszneuNanAnTeud LA ﬂmﬂgm@ﬁﬂﬁ
1. MavasaysaulpuaItudIlenas

1.1 ANGIBTY

msldfainfietnadon nisldanands
LL@zﬁﬁﬁﬂJmm?ﬂ’]ﬁmﬂuﬁuﬂﬂLﬂﬁ 39
Fn3uAILAN (control) AnalWAdugIsuaesTy
zﬁ’ﬁﬂwzﬁ"\‘]ﬁ@m 3, 6, 9 uay 12 LoUNAILgN
meﬁiwﬁuﬂﬂwﬁﬁmﬁﬁﬁméqmmﬁﬁ (Table 3)
naafe e 3 uax 6 euvdslgn wudh N3
MﬂﬂmuﬁiﬁLmﬂzﬁauaﬁ'wﬁumﬂ%’iﬂmnm
8m31 20 gnuAriumg/ls wazniningns 20
gnuiArfiums/ls (CF__ +SWL_ +TWW
U DOA 20 m3

20, m3’
T ) fnalironugeduaesiudleudannign

Tdumnsinaiunisldi]amuAdiaszipusaniu
naslduiningddnen 10 gnuaamiume/ls uay
WNN1TAdRn 10 gnuaariues/ls (CF_ .+
SWL  +TWW_ , T) waznislaflamuan
10 m3 10 m3 9 o 9
a a 1 % Y o 1 Qo
A sausaNdunisldUNnIngNemns 20
anunAmums/ls (CF +SWL , T) 91a1e 9
""d . | DOA 20 m3 3 a
mauuaslan wudn CF +SWL  +TWW
- 4 o D(Q)/A 30 m°3 30
(T Hualiaougeiuaasiudlenas
m
NANNGA (251.46 LURLNAT) TduansneiY
CF_ +SWL +TWW  (T)a0usiens 12 et
DOA 10m3 10m3 9 q
wastan wudn CF +SWL  +Tww_ (T)
a DOA 20 m3 20 m3 10
= ¥ v o o o =
fAualipauganuuesduddendaninngn
(310.64 \HURLNAT) 729091 AB CFDOA+
SWL  +TWW (T) geldumnsneny
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DOA 20
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Table 3 Plant height of cassava at different ages (months after planting, MAP).

Plant height (cm)

Treatments
3 MAPY 6 MAPY 9 MAPY 12 MAPY
T, = control 60.319Y 110.26"Y 157.57"Y 187.52"Y
T,=CF_, 80.56° 138.61° 215.45° 260.32
T,=CF +SWL 108.45% 180.58% 243.36" 297.47%
T, =CF_ +SWL_ 100.32% 172.59% 238.57% 290.45°
T.=CF +SWL_ . 73.43" 130.44" 209.40° 236.40°
T =CF__+TWw_ 93.63" 160.51" 225,52 273.47°
T =CF__ +TWw_ 95.51° 165.39° 230.50° 276.44%
T, =CF_  +Tww_ 97.67¢ 169.78% 233.57% 281.65°
T,=CF +SWL _+TWW 112.52% 183.52% 247.73%° 302.42°
T =CF_ +SWL +Tww 114.69° 187.46° 251.46° 310.64°
10 DOA 20 m3 20 m3
T =CF_ +SWL +TWW 106.68™ 177.46 240.50° 293.53°
11 DOA 40 m3 40 m3
F_test *% * % *% *%
CV (%) 13.40 12.42 13.68 12.61

Y means within the same column followed by the same letter indicated no statistical difference by DMRT

** indicated significant difference at P< 0.01

1.2 A1ANBER199 Y
|+ IS 1 = ] ao’ ]
nsldilamiatinanag nasldiininga
wazifeunsinTRsaniuani sansiesnsu
a P2 a
AUAN (control) HualWAIAI LT84y
Judntlendaniany 3, 6, 9 uaz 12 haunasgn
wansneruaeNeliadAnyBan1eada (Table 4)
NaN9Ae M191e 3 LAAUNAILYN WU NNFAIFU
-dld 1+ = 1 = ] 9; ]
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S A °o o o P P
wazinsunistinasanduilaail Analian
ANLBERTad luNuA 1 UruaslnalAseiy dow
finng 6, 9 uay 12 IaauuAsLgn Wud1 CF__ +
SWL  +TWW_ (T ) Rualdanpanuidanaes
20 LT‘IB VZO m3 2 10 | | B
Tudfudrilendsunniige lauandnaiu cF__ +
SWL +TWW (T), CF__ +SWL (T),
10 m3 10 m3 9 DOA 20 mg, 3
1+ 1 a A ! o Y o
neldilamnAndiasziausaniunisldiinan
414031 40 gnuAnNee/ls wazunntndne
40 gnunAmiums/ls (CF +SWL — +TWW
o DOA 40 m3 40 m3

T, nsldflaninmdiaszinusaniunisld

Unnddnsn 40 gnuariuma/ls (CF_ +
swL, ., T), msldilaminaniinsiziinuson
mo o,
Aunisldintdnindnan 80, 40 uar 20 gnunAr
wms/ls (CF__+TWW_ (T), CF__+TWW
DOA 80 m3 8 dDg/OAV I40 rIT13
(THuwaz CF_ +TWW_ (T)) Imaddadanminan
7 - DOA B 2°Om3 Gﬂ/ 2 - .
AN 9T luTud1Uendaneny 6 LAauuad
UgniiAngengn wazduuslinananiuszas
ANTBINITANET ARARSBIALIITING UATATY
(2562) NNAaeiuud1leuds Hatiliadann
ARUNI NIV LTH B UNTE TR sz AR
Aatu Usnnuilalanddeslulnsiauanas
AINTEETan AvdanalidiAaNdeaesly
o o . L X
dudndendsanas Methitlesannlulnsiauidu
asMlsznaundnAtyansnaalsiaaiinuies (aeens,
2528) atinlafisn A1FuALAN (control) Ana Tl
ANNAIFU UazAIANTEaTaelududsuaa
tasngalunnszaznisasoydvls
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Table 4 Leaf greenness (SPAD unit) of cassava at different ages (months after planting, MAP).

SPAD unit
Treatments
3 MAPY 6 MAPY 9 MAPY 12 MAPY
T, = control 38.56°7 36.72°Y 34.56°7 32.89%7
T =CF 43.64° 46.39° 43.51° 41.27%
2 DOA
T =CF__ +SWL 44.79° 50.36° 47.25° 45.36°
3 DOA 20 m3
T =CF__ +SWL 44.60° 49.76° 46.51%° 44.21°
4 DOA 40 m3
T =CF_ +SWL 43.38° 45.12° 43.33° 40.34°
5 DOA 80 m3
T =CF__ +TWW 44.38° 49.28° 44.69%° 43.28%
6 DOA 20 m3
T =CF_ +TWW 44.51° 49.53° 45.14% 43.41%°
7 DOA 40 m3
T =CF__ +TWW 44.53° 49.64° 45.28% 43.56%
8 DOA 80 m3
T=CF_+SWL +TWW 45.30° 51.18° 47.36° 45.42°
9 DOA 10 m3 10 m3
T =CF_ +SWL +TWW 45.33° 51.26° 47 .64° 45.53°
10 DOA 20 m3 20 m3
T =CF_ +SWL +TWW 44.63° 50.23° 46.69%° 44.29°
11 DOA 40 m3 40 m3
F_test *% *% *% *%
CV (%) 13.76 12.94 13.92 13.52

Y means within the same column followed by the same letter indicated no statistical difference by DMRT

** indicated significant difference at P< 0.01

2. HANAALALAIALTLNAUNANANURINU
A1dzuag
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lRaFAaiae9NudcuaINent 12 1AoUNAY
Ugn uansnsiuatfild Ay tiansalis (Table
5) naaAa CF +SWL  +TWW (T ) Hua
DOA 20 m3 2023 10
Tinananinansasugleudsniningn (12.22
fw/ls) ldumnsinedy CF +SWL  +TwWw
DOA 10 m3

(T), CF__ +SWL

9 DOA 20 m3
TWW (T ), CF__ +SWL (T), CF__+

40 m3 11 DOA 40 m3 4 DOAQ%,
TWW (T) wag CF +TWW (T) UanaInNi
80 m3 8 DOA 40 m3 - 7 o ¥ .

CF_+SWL  +TWW_ (T ) fleliualiinutin

poa Tt 2oms 20m3 107, _ .
\AsFarinreud1leunasInige (0.57 Alaniu)
TdumnFnady CF +SWL  +TWW_ (T),

DOA 10 m3 10 m3 9

CF +SWL

DOA 20 m3

(T) wag CF__+SWL ~ +
34' o o DOA 40
TWW (T, ) 1deNmITUAIUAN (control)

10 m3

(T), CF__ +SWL +
3 DOA

40 m3

m3
40 m3 "
= v a o o % a 1 o o
UnalWinananiaaalazinniniaassaiiaaiu

Antlzuaatiasnge (3.42 fw/ls uaz 0.21 Alansy
ANNANAL)

2.2 AINNTIUATAINENITIEN

|+ = ] a ! 90/ ]

nsldileaiiatinames naslduiininga
waziiIunstTasaNAuTled sanvieniy
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Table 5 Fresh root yield, average weight/root, root width and root length of cassava at 12 months after planting.

Treatments Fresh root yield Average weight/ Root width Root length
(ton/rai) root (kg) (cm) (cm)
T, = control 3.42" 0.21"% 3.52°Y 17.36°Y
T,=CF . 8.88% 0.38° 4.32¢ 22.52°
T,=CF_  +SWL 11.67% 0.53%° 5.41° 23.51°
T,=CF_ +SWL_ 11.29%° 0.48% 5.33° 23.36°
T =CF__ +SWL 8.53° 0.35° 4.16° 21.11°
T =CF__+TWw_ 10.18% 0.45° 4.72° 23.12°
T =CF +TWw, 10.51" 0.46° 4.83° 23.18°
T,=CF _+TWW_ 10.89%° 0.47° 5.12° 23.24°
T,=CF  *SWL _+TWW 11.88% 0.55% 5.43° 23.54°
T =CF_ +SWL +TWW 12.22° 0.57° 5.51° 23.76°
10 DOA 20 m3 20 m3
T =CF_+SWL +TWW 11.34%° 0.51°¢ 5.38° 23.42°
1 DOA 40 m3 40 m3
F_test *% * %k *k *%
CV (%) 13.81 12.13 12.31 11.67

" means within the same column followed by the same letter indicated no statistical difference by DMRT

** indicated significant difference at P< 0.01
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Table 6 Starch contents and starch yield of cassava at 12 months after planting.

Treatments Starch contents (%) Starch yield (ton/rai)

T, = control 22.324Y 0.76"

T =CF 25.12" 2.23"
2 DOA

T =CF__ +SWL 27.63% 3.20%
3 DOA 20 m3

T =CF__ +SWL 27217 3.05%
4 DOA 40 m3

T =CF_ +SWL 24.86° 2.12"
5 DOA 80 m3

T =CF__ +TWW 26.18%° 2.67°
6 DOA 20 m3

T =CF_ +TWW 26.63%° 2.80°
7 DOA 40 m3

T =CF_ +TWW 26.84° 2.92¢
8 DOA 80 m3

T =CF_+SWL +TWW 28.18° 3.35%
9 DOA 10 m3 10 m3

T =CF_ +SWL +Tww 28.33° 3.46°
10 DOA 20 m3 20 m3

T =CF_+SWL +TWW 27.54% 3.12%
11 DOA 40 m3 40 m3

F-test *x >k
CV (%) 12.14 12.28

' means within the same column followed by the same letter indicated no statistical difference by DMRT

** indicated significant difference at P< 0.01
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Table 7 Concentrations of total N, P and Kin fresh root of cassava at 12 months after planting.

Treatments Total N (%) Total P (%) Total K (%)

T, = control 0.123"Y 0.074™ 0.678"Y

T =CF 0.208" 0.098° 1.312"
2 DOA

T =CF__ +SWL 0.231% 0.163° 1.480°
3 DOA 20 m3

T =CF__ +SWL 0.2230% 0.132° 1.463"
4 DOA 40 m3

T =CF_ +SWL 0.200° 0.093° 1.284°
5 DOA 80 m3

T =CF_ +TWW 0.216% 0.118¢ 1.428°
6 DOA 20 m3

T =CF_+TWW 0.217% 0.122% 1.432%
7 DOA 40 m3

T =CF__ +TWW 0.220° 0.128 1.451%
8 DOA 80 m3

T =CF_+SWL +TWwW 0.233% 0.176° 1.483%
9 DOA 10 m3 10 m3

T =CF_ +SWL +TWW 0.235° 0.180° 1.502°
10 DOA 20 m3 20 m3

T =CF_ +SWL +TWW 0.228% 0.154° 1.472%
1M DOA 40 m3 40 m3

F—test *% *% *%k
CV (%) 12.95 11.79 12.49

" means within the same column followed by the same letter indicated no statistical difference by DMRT

** indicated significant difference at P< 0.01
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