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Abstract

This investigation aimed to study the utilization of by-product from ethanol factory
on growth, yield and yield components of hybrid maize (var. Seeds Tech 188) planted
in Kamphaeng Saen soil series. Experimental design was arranged in Randomized Complete
Block Design (RCBD) with 3 replications consisting of 8 treatments. The results revealed
that the application of chemical fertilizer (CF) based on soil chemical analysis in
combination with spent wash liquor (SWL) of 20 m*/rai and water treatment (WT) of
20 m*/rai (Ty: CFoou+SWL,, s+ WT,, 5) gave the highest plant height, husk yield, grain yield
and protein in grain which were not different from the application of CF based on soil

chemical analysis in combination with SWL of 10 m®/rai and WT of 10 m*/rai (T;: CFyout
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SWL 55+ WT 4 5 and the application of CF based on soil chemical analysis in combination
with SWL of 20 m*/rai (T,: CFpoa+SWL,, ). While, the CFpo+SWL, s+ WT,, 15 (Te) cave the
highest unhusk yield and total N in grain of maize which were not different from the
CFpontSWL g st WT o 15 (T5), CFoont SWL,, 5 (T), the application of CF based on soil chemical
analysis in combination with WT of 40 m’/rai (T,: CFo,+WT,, ;) and the application of
CF based on soil chemical analysis in combination with WT of 20 m*/rai (Tg: CFpout
WT 0 03)-

Keywords: ethanol, maize, yield, spent wash liquor, water treatment
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Kamsfnwmudn msldtenuaiesesiausmiuiinnddngm 20 ava/ld uasthiiiou
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(Ts: CFooptWTyo 1s) LLazm{Lai{jammﬁﬁLﬁmzﬁﬁui’mﬁ’uﬁwﬁmumiﬂﬂﬁ’mﬁmw 20 av.a/ls
(Ts: CRooatWTog s)
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WT) @sflUSunaiannie 839,500 uag 912,500
anuiadiuns/A auaiu (Usauy uazane,
2561) JuiauuiAalunsanwinsiauselea
Hanaas A NlSIURARLENILEARINEIRD
NSLOSYLAULY NANER LAz 0IAUTTNOUNANER
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TUIEU WA, 2563 4 LURINARBIVDINIAIY
UFIINgT ANEINYAT MWNGLEL UNINETRE
WnuRIAERS Snnefiuwnauay Jainuasusy
%w‘ju‘qﬂauﬁmwumu (Kamphaeng Saen
series, Ks; Typic Haplustalfs; fine-silty, mixed,
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I¥uanslily Table 1 Muvpassbusznausie
24 wUasgee urazilasgoudivuinning 4.5
AT Wagend 9.0 WAT 91U 5 uan dssey
W9ENIeua7 0.75 wns udeyananinues
TTNARNIE 3 LaINaNS LIURILaE L)
syer 1 15 InedfuiAuinoaluudas
UUagERYYINAY 3.0 x 7.0 MITILUAT UK
N1319889UU Randomized Complete Block
§17u 3 81 8 FrSuneast TngswaviSunves
fsunnasslauanalily Table 2

mslddewd loud Joweuluidoudama
(21% N) Jev3uaguasneamn (46% P,0,)
wazdelnunadounaslsd (60% K,0) lag
widld 2 a¥s Adiazadadns luusazinsy
vinaosfiony 20 uaz 40 Yuvdaugn sniu sisu
AIUAN (control) dnsn1stdderaiiniuen
LaeRRudmsuTInadednt fe 20, 5
way 10 Alansu N, PO, uay K,0 sols
AINAIAU (ASUIBINTTINBAST, 2553) d11SU
nanaesldanlssnunanenueadildlunig
vaans tauA 1ningn (spent wash liquor,
SWL) wagtiniiiun1svntn (water treatment,
WT) 11270 1ASINSHAILIBINITIEIING USEN
unnfin S1a5Y Wuwes 919n wavanaIn
UgIINgT ANEINYAT MWNGHEY UNINEIRE
nunsAmans Jamiauasuga (Table 3) lngns
Tdnananslasenanazuidld 4 ads ﬁaﬂq 20,

40, 60 uaz 80 Jundslgn na1ime MsunAaed
7134 7uay 8 Tdrnndsna 20, 40, 10
war 20 gnuiAniuns/ls ey daudisu
VADT 5,6, 7 LAy 8l inunsttneas
20, 40, 10 wag 20 Qﬂmﬂﬁmm/l,i' ANUAAU

nsiiudeyanisasyivlnvestnlng
Bosdnifiony 1, 2 ua 3 iWoundsgn léun
AN hazAIANILAEIvely (SPAD unit)
Tne¥asunislufl 3-5 9nUaneeen sewdes
chlorophyll meter (Minolta Co., Ltd., JAPAN:
SPAD-502 model) ﬁaumstﬁu%’agamamaml@z
psrUsEnaUNaNARTTNAEE S louA 1w
HnvaUden thainiindeniden thveinude
Yonin 1,000 wiEn Uinailulasauiomauas
Usuaulusiuluiwde (Aruiaainysuiu
Tulnsauienusludn (%) x empirical factor
Ingnnun empirical factor @usuludn
Fnlnadesdniviiu 6.25) aniuihdoya
NSL3QULAULY NAKAR LazoIAUITNOUNANER
vosdlnaEsdnTuinswiruLUs Uy
M19@@5 (analysis of variance) iiewFeuiiiey
AULANA19Y09A 1Ladelaeld DMRT
(Duncan’s multiple range test) fisvsuay
\Wesudonay 95 aaelusunsu Statistical
Package for the Social Science for Windows
(SPSS)
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Table 1 Properties of soil (0-30 cm depth) before the experiment
Properties Results Rating
pH (1:1 water) 7.15 neutral
EC, (dS/m) 0.73 non-saline
Organic matter (%) 0.75 low
Available P (mg/kg) 37.12 high
Exchangeable K (mg/kg) 94.42 high
Exchangeable Ca (mg/kg) 1,089 high
Exchangeable Mg (mg/kg) 116.28 moderately
Exchangeable Na (mg/kg) 28.51 -
Texture sandy loam -
Table 2 Detail of treatments
Quantity of
Treatments Descriptions Symbols major elements
(kgN-P,0.-K,0 per rai)
T, no chemical fertilizer (CF) treatment control 0-0-0
T, the application of CF based on soil chemical CFyo, 20-5-10
analysis
T, the application of CF based on soil chemical CFyo,+SWLyg 15 20.6-5.6-18.8
analysis in combination with spent wash
liquor (SWL) of 20 m*/rai
T, the application of CF based on soil chemical CFyo,+SWLyg s 21.2-6.2-27.6
analysis in combination with SWL of 40 m*/rai
T, the application of CF based on soil chemical CFyo,+WT,g s 20-5-10
analysis in combination with water treatment
(WT) of 20 m’/rai
Te the application of CF based on soil chemical CFyo,+WT4g s 20-5-10
analysis in combination with WT of 40 m*/rai
T, the application of CF based on soil chemical CFyou+SWL 4 s 20.3-5.3-14.4
analysis in combination with SWL of 10 m*’/ +WT,;,.,
rai and WT of 10 m*/rai
Ts the application of CF based on soil chemical CFyoa+SWL,, s 20.6-5.6-18.8

analysis in combination with SWL of 20 m’/
rai and WT of 20 m’/rai

+W 20 m3
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Table 3 Properties of by-product from ethanol factory before the experiment

Results
Properties
spent wash liquor (SWL)  water treatment (WT)
pH 4.10 7.08
EC (dS/m) 16.15 2.85
Organic matter (%) 5.60 n.d.
Total N (mg/0) 300 n.d.
Available P,O, (mg/) 300 n.d.
Exchangeable K,O (mg/l) 4,400 n.d.
Total Ca (mg/\) 1,200 100
Total Mg (mg/\) 600 n.d.
Total S (mg/0) 500 300
Total Fe (mg/) n.d. n.d.
Total Mn (mg/l) n.d. n.d.
Total Cu (mg/\) n.d. n.d.
Total Zn (mg/) n.d. n.d.
Total B (mg/V) n.d. n.d.
Total Na (mg/l) n.d. 200
Soluble Na (%) 0.16 0.47

Note n.d. = not detected

HAN3338UazIAT0l
nssyiulnvasdnlnadssdng

ANFIAU

nslddeiniiognafien mslduining
wagiirunmstasuiuloed sty
AUAL (control) dnalviaugeiuvestnilng
Gosdnifiong 1, 2 uaz 3 iWoundsdgn
wansnsfueeniifedfyBmeadn (Table 4)
nafe Moy 1 way 2 Weundsugn wud
nslddemuendiaszsiausautuiining
8n1 20 gnueriams/ls uagirumsuion
8151 20 gnuIANAS/LS (Tg: CFooutSWhy s
+WT, .00 ﬁmaiﬁmmqaé’wuaqgﬁniwmLgaqﬁmi

= 1 W | 4 I a ¢
wndian ldunnsedumsladenuaiiney
AusauduiinInd1dns 10 gnuieniiuns/ls

S A Y % :
warifiiunsUingnsn 10 gnunaiiuns/ls

oA -
(T7: CRooa+SWL, g s+ WT g 5) EUNDIY 3 LADU
AAUGNNUI CFpou+SWhy s+ W Ty, s (Tp)
fnalvinnugsruresinlnatesdniuinian
(235.54 Lgu@luns) unna19iy CFoo+
SWLp mstWT oo s (T2) wazn1stddeumiuan
WATRLTIITULINNENSAT 20 gRUNAfLRS/
1 dl o o

15 (T, CFpoptSWLy, ) YULNAITUAIUAY
(control) Hualvinugeiuvesinlnadednd
e gnnnIzern1saseyiule
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Table 4 Plant height of maize at vegetative and reproductive stages

Plant height (cm)

Treatments
1 MAPY 2 MAPY 3 MAPY
T, = control 88.2" 119.4"% 132.4"%
T, = CFoon 125.6° 164.6° 208.5°
T, = CFpoatSWhio s 138.5™ 178.5™ 228.7%
Ty = CRooptSWLig s 120.5° 156.4° 200.5°
T, = CFoontWT,0 s 133.3° 173.6° 222.4°
Ty = CRoontWTo s 135.5° 175.4 225.5"
T, = CFooptSWL o st WT 0 s 140.8° 180.7%° 230.5%
Te = CFoontSWhop st WT,o s 144.7° 185.5° 235.5°
Fotest xx xx xx
CV (%) 12.24 12.89 12.98

¥ Months after planting

# Means within the same column followed by the same letter indicate no statistical difference by DMRT

** indicates significant difference at P< 0.01

A1AMULIYY (SPAD unit) vaslu
1+ = 1 a 1 901 1
nslddeiniiegrauied n1slduinings
warihinunsUiasiuiuleinil sy
AIUAY (control) HnalviAnAuidevesly
P1alnaidednineny 1, 2 uae 3 Inoundagn
o I AU o v a aa
wansafiuegaiiiuddyanieaiia (Table 5)
A A = o i ° o
naMAe N9y 1 ieunaslgn wui1 ynenu
A |+ A 1A VS \
nanesiinisladeimiiograsien mslduining
S A o w1 I N A v
wagthiiunmsUdasiuiudewnil fdnalvien
= ¥ g o Y a (%
ANulgIvasludilnatesdnilnaide i
i = = 9 J
diufiony 2 uay 3 LAeuNaIgnNUIn
CFoontSWLyg st WTyo s (To) Hlkialsianau
= Y VS ~ 1 '
Wevadlutilnadesdniunign liunnee
AU CPoont SWL 0 st WT 10,5 (T7), CPoout SWiyg 5
(T,) nstademuAndmseiausiuiudiingu

N15U1RgnT1 40 gnurAnums/Ls (T, CRoot
WT o 0) bazn1sladenuainsensiusiuiu
T oA o v o 12 '
WkIuN1sUIdRdne 20 gnuiaiwns/ls
dl o W
(Ts: CRooatWT 0 ) VznATUAIUAN (control)
a Y o1 = 4 dy £ L3
fnalwaianudeivesludlnaaesdnd
v =]

Wesfigannszaznisiasayivle egelsfny
TgadunnnANMNLREIVBIlUTIINALRAESER )

D

A [ a ¥
n81¢ 3 Lﬂ@u‘ﬁﬁﬂﬂ@ﬂ Juuilduanasniy

szaznavanslalelaeanizdelulnsiau

[V
g

& A a o a e a A o
MethiloanyaiufunaueaiiuSinadurse Tng
Tusgiue daluulinalelulasiauiianamiy
szgzlan JseenalviArmnudeivaslutiilng
NS - & I3
desdnianas iilesnlulasuiivesilsenau
Yosnaalsiladiuies (89gms, 2558)
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Table 5 Leaf greenness (SPAD unit) of maize at vegetative and reproductive stages

SPAD unit
Treatments
1 MAPY 2 MAPY 3 MAPY
T, = control 35.42°% 33.62°7 30.79° %
T, = CFoon 42.47% 47.63 43.36°
T, = CFooatSWhip s 43.65% 49.58 45.23%
T, = CFooatSWhyg s 40.63° 46.33° 42.89°
Ts = CFoontWT,0 s 43.32% 48.72° 44.17%
Ty = CRoontWT o s 43.51% 49.24% 44.26%
T, = CFooatSWL o st WT 0 s 43.79% 49.63% 45.39%
Ty = CFoontSWhyy st WT g s 44.32° 50.13° 46.18°
Fotest xx xx xx
CV (%) 12.19 12.58 13.47

¥ Months after planting

# Means within the same column followed by the same letter indicate no statistical difference by DMRT

** indicates significant difference at P< 0.01

NANAALAZEIAUTENOUNANAAVDITIA WA

CIRG e
Umuninnalden

nslddeiniiognafen mslddining
wagirumstiasuiuloed sty
AIUAL (control) fualmindnadonves
FrlnadeadiTisvesiuien unnsatueens
fifoddydanieadd (Table 6) na1nfe
CF oot SWLo s PWT s (To) Siwalvieinominiln
fadenvestinilnadiesdnnnilgn (2,674.75
Alansu/ls) Tuuana1aiu CFoo+SWL,y ot
WTy s (T)) Wa% CFoput SWLy, s (T5) Vausil
#1umuAn (control) fnalviimiininits
mﬁaﬂmaq%"}ﬂwmL?ﬂyﬁmﬁmiﬁaaﬁqmﬁa 1,345.31
Alansu/ls

duiinilnvaniUden

nslddeiniognafen nmslddinings
wagiirunstasuiulond ety
AIuAY (control) fualdimindnveniden
vesimlnadodnifsvezfuior unnsai
agafitfudAyBneadd (Table 6) namfe
CFopt SWLo s MW s (To) el
Joniudenvesdalnaldesdniunian
(2,443.61 Alansu/13) ldunnaneiu CFyo+
SWL1g st WT o s (T7), CRpoatSWhyg s (T3),
ChoontWTgo ms (Tg) Wa¥ CFpoutWTyg s (Ts)
Yuziisn3uaauay (control) Tnalviimiiniln
UaniBenvesinlnaiesdnitosiianie
950.36 Alansu/ls



Umiiniuan
nsladeiniiegnafied n1slduinings

[

warihinunsUasiuiuleinil sy

a v 3 L [ v
AUAL (control) MNﬁI%uWMUﬂLQJﬁWUBQ“UTﬂWﬂ

q
v €

& ] @ = 1 L 1 =
FRUNEANINTSYSLAULNYT AN INNUBYINY
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SWL,y .+ WT,o s (T,) Sraliimdnudaves
drlnaiesdfinniian (1,409.54 Alan3u/ls)
TUanA19AY CRooutSWL, s+ WTyo 1 (T))
vuzfisiueaua (control) inaliiminusdn
maﬁniwm?ﬁymé’miﬁaaﬁqmﬁa 546.28
Alansu/ls

Table 6 Husk yield, unhusk yield and grain yield of maize at harvesting

Husk yield Unhusk yield Grain yield
Treatments
(kg/rai) (kg/rai) (kg/rai)
T, = control 1,345.3" Y 950.4° Y 546.3" Y
T, = CFoon 2,514.5¢ 2,263.5° 1,220.4°
T, = CFooatSWhyp s 2,657.5® 2,438.4° 1,350.5°
Ty = CRooptSWhig s 2,473.3° 2,213.6° 1,190.5°
T, = CRooutWT,g s 2,618.5° 2,418.5° 1,302.6°
Ty = ChoontW T s 2,653.6° 2,433.2° 1,347.7°
T, = CFpoatSWL o st WT g s 2,668.4° 2,440.5° 1,404.6°
Ts = CFoontSWhop st WT,o s 2,674.8° 2,443 6° 1,409.5°
Fotest % x% *%
CV (%) 14.36 13.68 12.71

¥ Means within the same column followed by the same letter indicate no statistical difference by DMRT

** indicates significant difference at P< 0.01

Uwiin 1,000 wén

nslddeiniiegnaied n1slduinings
warihinunsUasiuiuleinil sy
AuAN (control) Aualvidviin 1,000 lwanves
o & o ed 2 A o !
TIlnAREERINTEENUNY unneaiueEd
Ao o v a aa oA o o
WA Emans (Table 7) NA1IAB NNRITU

A | x A 1A Vo |

nanesiinisladeiniiegrasien mslduining
wazthiunsthdasaiuleind Iualmimen
1,000 wanvesilnmassdnilndifssiu

Tutag 313.42-317.23 N5Y WHLANANAUNI
atfawSeuiguiumsualuay (control)

Fadinalwimin 1,000 WAAVDITIINALRYS
dnitaeiian (295.76 nSw)

Yanalulasiauluwée
nslddeiniiegrasion n1slduiningd

warihinumsUasuiudewadl saumasiiu
AIuAY (control) Awalvusualulasiau



@ 9. WANNSSUNISINUAS 4(3):1-12
J. Agri. Prod. 2022

Tundnvestnlnadodnifiszozfiviien
wansnsfueeedifedfnyBameadn (Table 7)
NA1IAD CFooutSWLyy 0+ WTy s (Tp) Hnalid
Usinalulasiauluudavestalnadedns
mm?iqm (1.64 1Wosidus) luunnanaiu CFy,+
SWL1g st WT o s (T7), CRpoatSWhyg s (To),
CFooatWTyg ms (Tg) Wy CFpoutWTyg s (T)
yaurfis3umuas (control) Sinalviuiunam
lulpsaludavesininadesdnivosiian
(1.18 Wosldun)

Yanalusiuluwaa
nslddeiniiegrausion n1slduinines
warihinunsUasuiudewadl 93y
AuAw (control) Tnaliusunalusiuluwée
v s o e 2 A o
YoIUIINALG IR INsTEZAUAYY wansnail

'
o v a

9819litudAgBIMana (Table 7) naafe

Table 7

CFpoptSWLhoy st WT,, s (To) SnalviuSuned
Tusfulusdavesdninadesdniuiniian
(10.25 1Wosidus) liuaneneiu CFyo+SWLy,
+WT o s (T) Wag CFoo+SWLy, s (T,) Inad
Todsnainnndrfunaassiifinisldioadl
oghafies maldihning wasthitiunstin
swdudendl Snaliusunalusiuluudn
Fralwadnegluvssian “Inlwawbn insn 17
Ao fvsualusiulddesndn 8 wWesidus
PaUsENANSENTIINYATHATENNTal 1509
“INUAAMAINYITENINTTIUVBIDIMNTHRT
fildemmsdninmunauaniy Yssianingiu
W.fA. 2559” (ﬂizmmﬂwmmazmmaﬁ, 2559)
yaugimiuniuas (control) finalvuiuna
Tusiuluwdavesdninadesdnitosiian
(7.38 \Wosidud)

1,000 grain weight, total N and protein in grain of maize at harvesting

Treatments 1,000 grain weight (g)  Total N (%)  Protein (%)

T, = control 295.76°Y 1.18°Y 7.38%Y
T, = CFoon 315.80% 1.51% 9.44°
T, = CFooatSWly s 316.59% 1.61° 10.06™
T, = CFoontSWhyg s 313.42° 1.48° 9.25°
Ty = CFoontWT, s 316.23% 1.57% 9.81°
T, = CFoontWT o s 316.48% 1.58% 9.88°
T, = CFooptSWL o st WTyo s 317.16° 1.63° 10.19°
Ts = CFoontSWhop st WT,o s 317.23° 1.64° 10.25°

Fotest . . .

CV (%) 11.59 12.26 10.54

¥ Means within the same column followed by the same letter indicate no statistical difference by DMRT

** indicates significant difference at P< 0.01
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