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Brassica chinensis var. chinensis Grown in Hydroponic System with
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Theerarat Chinnasaenl, Naphaporn Wetchakamal, Jakkrit Wannawichitl,

Mevika Antalail, Apichat Aomaodl, Ketsirin Sangmanee2

1Program in Agriculture, Faculty of Agricultural Technology, Rajabhat Maha Sarakham University,
Maha Sarakham, 44000, Thailand
ZDepartment of Agriculture, Faculty of Science and Technology, Phranakorn Rajabhat University, 10220,
Thailand

Abstract

Wastewater from fish culture contains abandon plant nutrients. It might provide sufficient nutrient
for plant growth. Therefore, this research was carried out to study effect of application of chemical
nutrient solution “Chinese vegetables formula” mixing with wastewater from catfish culture in different
proportion on chemical properties of mixed nutrient solutions and growth and yield of Pak Chai (Brassica
chinensis var. chinensis) grown in different nutrient solution under hydroponic systems with non -
circulating nutrient solution at faculty of Agricultural Technology, Rajabhat Maha Sarakham University,
Maha Sarakham province during July to August in 2015. The results showed that pH, Electrical conductivity
(EQ), Total dissolve solid (TDS) and Salinity of chemical nutrient solution “Chinese vegetables formula”
during growth period were in the appropriate ranges for growth of Pak Chai during experiment by which
their value were 5.82-6.44, 3.28-3.61 mS/cm, 2.32-2.76 g¢/L and 1.74-1.93 g/L, respectively. While, the
highest growth was obtained from using mixed nutrient solution of 75% of chemical nutrient solution
“Chinese vegetables formula” and 25% of wastewater from catfish culture (by volume) and from using
chemical nutrient solution “Chinese vegetables formula”, by which both were not significant different
between each other at 28 day after transplanting (DAT). The plant height, plant canopy and leaf number
were 30.34 and 29.77 cm/plant, 29.51 and 28.67 cm/plant, and 9.78 and 8.61 leaf/plant, respectively. In
addition, Pak Chai that grown in chemical nutrient solution “Chinese vegetables formula” was presented
the highest yield when compare with other treatments by with fresh and dry weight of shot and fresh and
dry weight of root of Pak Chai that harvested at 30 DAT was 273.1 and 5.31 ¢/plant and 6.52 and 0.69
g/plant, respectively.

Keywords: Nutrient Solution, Electrical Conductivity, Plant Height, Fresh and Dry Weight of Shoot
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Fig.1 Hydroponic system with non-circulating

nutrient solution used in this experiment

O |

Uil 14 adudl 1 unsau - figuiey 2560

3. mytuiindaya

Tuiinamuautainiuaiiveansaraesineins
auAmaaosiiuandiaiy n1siasydule uazkande
yosnnagagond il

1) anudunse - 619 (pH) T9A1 pH 289
msazmamsgmmsmu?{wwaaqﬁ'Lmﬂﬁmﬁunﬂwﬂw
GGRN ﬁmq 0, 7, 14, 21 uay 28 Tunasdeuan uan
anmenady

2)  ansinladvesarsazane (Electric
Conductivity: EC) Fadrnisunlnfinvesaisazaiesie
mmwm%qmaadﬁLLmﬂmqﬁ’unﬂWiwmam ‘17'16’1*&4
0, 7, 14, 21 uag 28 FunaedreUgn wadum
Aadelumiag mS/cm

3) ypsudsazartvionus (Total Dissolved
Solids: TDS) A1 TDS ¥84a1502A851781M1TAY
ﬁwmaaqﬁlmﬂsmﬁ’unﬂﬁmwmaaa ﬁawq 0, 7, 14,
21 way 28 Junasdnedgn Tumie oL

8) prudinvesi (Salinity) SarAuANves
msazm86’1Qmmﬁmu?ﬁmaaaﬁLmnﬁhqﬁ’unﬂﬁma
GON ﬁmq 0, 7, 14, 21 uag 28 Jundsdevgn Tu
nue o/L

5) ARy InANgeinnIsegedYnay
ImEJ’menﬂﬁﬁaqﬂqmmﬁwawqmmﬂuﬁiwﬁu o
AuinnIegegendiieny 14 uay 28 Tunasdreugn Tu
RUGLIURLUATADAY (cm)

6)  ANUNTINTINN TAAMUNTIMNTINURIN
vanglushunislgsdndunileiioniianveainnineds
goadmniu flony 14 uay 28 Fu vdhedgn lumie
LURLURTABAY (cm)

7 dwlusedu tuduuluninadegoadi
mMaduiianyndu fleny 14 uaz 28 Fu wdsdeugn
Tunihelusiesu (leaf/plant)

8) tmiinanuaziminuewesdu ¥inisiiu
Aeafnnedsgendiiony 30 Yundedrendr aniy
wendiudu (@dunazlu) wazsin eenainiu tile
Ussidiuthutnduan (§dunarluan) ynfu deiedos
#1 2 duns ntuthduduiivssiduhuinanuda
auﬁqmm:ﬁ 70 eemnwalded uiu 72 4alug e
Uspidiuhuiinguuiis daeindests 3 dundamnduly
mhensunaau (g/plant)

MTEITNNYAITNISIT 74

Volume 14 Number 1 JANUARY- JUNE 2017



9) twiinanuasthmiinuiwessin sudunns
Usefludhminsnanuasthmiinsnuiaduiioasunis
Uszilluthusinduanuaziminduuis Tumiensuse
#u (g¢/plant)

4. MsAaTvidaya

thieyaiilduiiasesimuuususiumeada
PosuAazdnyaEfiThnsing uwazilFoudisuAnade
#1875 Duncan’s New Multiple’s Range Test fiszu
Andesiu 95%

Nan1538

1. AuANUANINANYRNENTATANUSINDINNT

nmInsainanulunsa-ang (pH) A1n51
il (E0) vesudearamsthviavan (TDS) uazaniy
Y0311 (salinity) vesansazatssme s Aldanasle
dndaufiunnensiussninsansazatsinemsgnsin
ﬁus’mﬁ’uﬁwmﬁaﬁﬂmmmgmﬂm@ﬂﬁmq 0, 7, 14,
21 waw 28 umdsineugn wuileuansnetu il

1.1 menudunsa-ans (pH) Aenudunse-
AsvesasaratesIneIsiliainnslidndoud
u,mﬂﬁmﬁ’mmmiam’]EJﬁ’w;mmiqmﬁﬂ%uﬁmﬁuﬁw
mﬁaﬁuﬁmnmiL?ﬁymﬂm@ﬂﬁmLLmﬂm'Nf'fuaEJNﬁ
Hod1AYN1@dfAnaann1Aaed LAYRanAYI9nNIT
NnRBIENIAZaesINeMsgRIindula1mnudunse-
3 (pH) WU 6.44, 6.41, 6.01, 5.82 Wa 5.92 o1y
0, 7, 14, 21 uag 28 Jundadielgn ey ?jqﬁw
fandoisoudivuivadmaneduiiongwinty it
wiefisnmadssannegiadeafidanuuunge-
fegegn WeFsuliisuiudmeasidu Tnefiavindu
7.66, 8.61, 8.18, 8.37 way 7.27 17{6’]&4 0, 7, 14, 21
uay 28 Sundsiretgn muddiu Jeuandififiuine
anuidunsa-sswesansazanesinevn iy
avtudlednduoniwdefinmadssannifinty
(Fig.2, A)

1.2 ansilnsth (Electric conductivity: EC)
yesansarasnensildannislidadiuiunnsng
ﬁu‘uaﬂmsazmaﬁwqaﬂmiqmsﬁﬂ%uiwﬁuﬁﬂmﬁa'ﬁq
mﬂmil,?iyawmqﬂﬁmLLmﬂﬁiNﬁ'uazmﬁﬁsﬁﬁzyma

oy al

Uil 14 atuil 1 uns1AY - Tqursu 2560

a0ANAEANTIINARRY 1YaNTaTaIYsINDIMITERNINNTY
finsthlifihgsannasnnisnaasadiowSeuiisudu
damansdulnadidnindu 3.28, 3.29, 3.56, 3.29 uay
3.61 mS/cm ﬁawq 0, 7, 14, 21 uay 28 Junasdy
Ugn Mgy el wuth dedauesiimdeieninms
AesUamniliingeduriliemsilniivesdmnaes
AwltianawaonnNIImMAaed IngasavanesIneImig
ansindu 25% waufudimdeieninninidssainn
75% wartimdefisannnisidssaignegrafeadian
ﬂ’]iﬁwlw%ﬁwﬁqmaammsmam Tagluunnaneiu
N9adia naAeiA19EINg 0.13-0.14 uag 0.13-0.16
mS/cm aua1au (Fig.2, B)

1.3 vosudvazansthrionun (Total dissolved
solids: TDS) USunawweaudsfiavanethanunsausdis
USinaisimevnsiiazanseguasulsiunsatuainisi
T (EQ) veosansazany 1nnTATIeiUIuIuUes
wistaranerihaaavesdmaasuindimuansety
pglidudrAgyn1sadfnaonn1veass lnsansazas
ﬁmmmiqmﬁﬂ%uﬁﬁmm‘umLL%@ﬁazmaﬁwﬁu’wm
geganasanismaasaiiielUIeuliisunisdmaaeadu
Tnefiavinfu 2.32, 2.33, 2.76, 2.36 uaz 2.51 g/L i
914 0, 7, 14, 21 Uy 28 Tunasdneugn aua1du uay
WU Usinavesudeftavaneranunvedmnaes
51461 ﬁu,u’ﬂﬁmmauﬁaé’mmwmfﬂmﬁaﬁqmﬂms
LaENUmLWMJu IﬂEJﬁ’]i awﬁmmmsammau 25%
mamummaammmmamﬂmmn 75% waviivie

qmnﬂmamﬂmmﬂa&mm‘ermﬂimmmmeauma
mﬁmmmaammﬁmaaquasmamLLavluLmﬂmaﬂuma
ain n3ellA19zning 0.96-1.31 waz 0.94-1.20 o/l
AUAU (Fig.2, C)

14 Aanunduvesi (Salinity) tARR1ALNGD
¥nA199 19U Na,SO,, MgSO, uay CasO, tdusu l¢
avmaasﬂ.um LLaumﬂmsUiuLuummmmaqmmaq
miaumaﬁmmmim 5 AwWnaed nUd d1savane
smeInsgnsHnIulinaAugaailersuifieuiuds
NAADIBY Imaﬁﬁmmmﬁuwﬁﬁu 174, 1.75, 1.91,
177 waz 1.93 ¢/L #1919 0, 7, 14, 21 uas 28 'awm
§reugn muay vauzfinsiiudndiuvesinndeis
mamuamﬂm@nmahmmLﬂmaﬂmsavmaﬁm
Dl ltuanatuaz AN U 19t d1 At g

MTEITNNYAITNISIT 75

Volume 14 Number 1 JANUARY- JUNE 2017



atf egelsfinunudn asaralesneImnsgnIinIu
25% wanfuthivdeiisanmadisaainn 75% uazin
widofsannindssagnegiaieaiidnnafuiion
fgauarliuanneiunsed lnemaeansnaaemuin
HA1AULANTENING 0.70-0.95 WAy 0.65-0.88  g/L
Aua9U (Fig.2, D)

2. NMIRTYRUTAVDIRNNIANIIFATD A

31nN1sUgNRNNIANINgasdluatsavane
517915 AUANANSAUSEIN A5 AL A5 1N IMNSENS
finfunaziimdeiisninnindesaign S 5 A
naaes U fnnsdsseadiinmiatapiulaiiuandng
ffu il

2.1 Anugeiu dnnnedsgeasimasydulaly
asaraesMeINsLANA ALl A NEILA N1ty
ogailifudAnynead lneleny 14 Fu vdsdreugn
fnnnefssoadiiiugnluamsazaesmemsgasindudl
AugeRuINTigAAe 19.00 cm  dslsiunnsraiuma
afddualiugefuresinninedeseaiiiugnly
asazanEsMeNINIHNTU 75% wandamtutinde
faannsidesainn 25% uarasarales1ne g
anafindu 50% wandrmfuiwdofisoinmadeaan
AN 50% AfiAgedy 18.80 waz 15.70 cm mudIfy
snziinmsigeadiinsyiiulaluiumdofninnsg
AosUaneghafendanugaiutiosiigndo 1006 cm
uazflony 28 Jumdedneugn dnnansdsseadidaiiy
geunnigailougnluansazanesinormsgsindu
LAYANTaLANYEIINIERTENTU 75% Wawautui
waefivnnsidssuainn 25% taeflvindu 20.77
way 30.3¢  cm  awaeu Tngliuananeiunnsada
sprinaAamnaesiaans Wil ATugeRuLeatinnIs
goadanatuazuandatusgeiituddgnsadnile
dndurestiundefisainnisidssuannifiutu loe
fnnsfedeadiaugetutiosfigaiognludude
faninnisdssUatgnogiaiemiedenugasiniy
12.14 cm (Table 1)

2.2 ANUNIINTIY 91NN5UTEENAINNTN
nasvinvosRuinNIdIgoudTiony 14 uay 28 Sunds
§reUgn WUt ANUNTIINTINNYRINANING IO ALAT
Auansnsfuegsilfoddynisada Tnedinnanedsi

%

Ui 14 aliuil 1 unAu - quiey 2560

Ugnluansazaiesine msgnsiniu 75% Hausiuiu
hudefisannsidesainn 25% wavansazaesy
91MsgRInIUetAEITANUNTIMSINEEnULay LAl
uAnsafunsadd nadfefiony 14 Yundsdredgn
ANN9AIFOAATAMUNTINTINUWINAY 23.75 LAz
2191 cm  MUAIRU wagdiAUNTNNTINLLYINAY
29.51 uay 28.67 cm Aud U fieng 28 Fumdde
Ugn vuefinisifindndiuvosiindefianinnisides
YananiinalinaiundansnueIdnni19dge s
anaduazuanAIIn Uttt d Ay 19ans Loy
Fnnnssagoadianunimssjutiosfigaiilevgnlu
ihimdefisnnisdesamnesiaien Tnefleny 14 Tu
vaegeUgnilanunamsanumafy 1210 cm uay
12.53 cm o1 28 Yumdaheuan (Table 1)

23 Fruludesu Wetudmwauludnniig
nadegeadfinaduiiiiony 14 Yundsdreugn wuin
Annansgedenadiduiululivandreiunisadsa
ogalsfinm wudn fleng 28 Juvddheugn fnnaed
goudiugnlutimdefannnsidssiainnegaiend
drunulutiesiignfie 5.04 leaf/plant Tasunnsinaegng
fifuddymeadatuamaaesdu (Table 1)

3. HARAAANNIANINGeTI A

InnsTufindndnanuastiminuteves
fFnnedsgeadudanisifiuiieafieny 30 Yundsdne
Ugn wui

3.1 thtnanuavivtinuiwesiu@dunas

Tv) Efﬂmwéja@imLéfﬁﬂgﬂiumsazmam@gmvmiﬁ'
wansnsfuivuinanuazminuiduunnsaiuegis
AvdAyn1eada laenisuanluanseaissnevs
amﬁﬂ?}uﬁﬂﬁﬁﬂﬂ’mqﬁqémLé’ﬁfmﬁﬂé\’uammam
5aqaammmmwmaaameafﬂ,umia #A16519
9IMNIAATHNIU 75% nauswfuimEefiaannsiass
Uannn 25% wseilA1lviniu 273.1 uay 108.7 ¢/plant
AUy warnuin ledndiuresimdedisannnis
LgaﬂﬁawmﬂLﬁu%uﬁmaiﬁﬁwwﬁﬂamﬁuﬁﬂmwﬁqéaalﬁﬁ
wullduanas wag umuﬂmuammuaamamua
mmwamammLﬁ]smLmUIm’lummaammﬂmﬂam
Uannedafed lneliAiniu 4.1 ¢/plant dennses
futadnuisfuiinnnegegondidaigean (531
g/plant) Lﬁaﬂgﬂ’lumiaxmaammmiqmﬁn%u

MTEITNNYAITNISIT 76

Volume 14 Number 1 JANUARY- JUNE 2017



10 (A)
8 3
6 -
I
Q e 100% of chemical nutrient solutions
4 75% of chemical nutrient solutions and 25% of wastewater from catfish culture
e 50% of chemical nutrient solutions and 50% of wastewater from catfish culture
2 -
e 25% of chemical nutrient solutions and 75% of wastewater from catfish culture
e 100% of wastewater from catfish culture
O T T T 1
0 7 14 21 28
DAT
3.00
—~
g 250
En ____N
w
B 200 - _ _
[e] 1 _ = _ i
(%] I = _—
o £
S 150 T —— -
= s = +
[e] =%
a -
& 1.00 - *Z =
©
k]
= 050 -
0.00 T T T 1
0 7 14 21 28
DAT

Salinity (g/L)

Electrical Conductivity (mS/cm)

0.80

0.40

0.00

+4 T —
L L L \
0 7 14 21 28
DAT
(D)

14 21
DAT

Fig 2. Chemical properties of variant nutrient solutions; pH (A), Electrical conductivity (B), Total dissolved

Solids (C), and Salinity (D) during growing period of B. chinensis var. chinensis in hydroponic system with non-

circulating nutrient solution

%

14 atufl 1 unAx - Squneu 2560

=p.

Y

Volume 14 Number 1 JANUARY- JUNE 2017

MTEITNNYAITNISIT a4

28



Table 1 Effect of variant nutrient solutions on growth of Brassica chinensis var. chinensis at 14 and 28 day

after transplanting (DAT) in hydroponic system with non-circulating nutrient solution

14 DAT 28 DAT
Plant Leaf Plant Leaf
Treatment Plant Plant
. canopy number . canopy number
height (cm) height (cm)
(cm) (leaf/plant) (cm) (leaf/plant)
100% of chemical nutrient solutions 19.00” 21.91° 8.53 29.77° 28.67 8.61"
75% of chemical nutrient solutions and 25% N N N N N
18.80 23.75 9.37 30.34 29.51 9.78
of wastewater from catfish culture
50% of chemical nutrient solutions and 50% N b b b ab
15.70 18.23 8.38 26.35 24.80 8.84
of wastewater from catfish culture
25% of chemical nutrient solutions and 75% b c c c b
13.06 15.09 7.89 21.31 21.11 8.47
of wastewater from catfish culture
100% of wastewater from catfish culture 10.06° 12.10° 5.94 12.14° 1253 5.04°
F-test * * ns * * *
CV. (%) 19.07 17.1 16.71 9.82 6.82 8.93

abcd

ns=not significant

Mean in the same column followed by different letters is significantly different at the 5% level of probability by DMRT.

Table 2 Effect of variant nutrient solutions on fresh weight and dry weight of Brassica chinensis var. chinensis

at 30 day after transplanting (DAT) in hydroponic system with non-circulating nutrient solution

Fresh weight (g/plant) Dry weight (g/plant)
Treatment

Shoot Root Shoot Root
100% of chemical nutrient solutions 273.1° 6.52° 5.31° 0.69"
75% of chemical nutrient solutions and 25% of wastewater from catfish culture 108.7° 4.23° 4.36° 0.52"
509% of chemical nutrient solutions and 50% of wastewater from catfish culture 52.9° 3.91° 3.63 0.44°
25% of chemical nutrient solutions and 75% of wastewater from catfish culture 25.6° 1.81° 1.67° 030"
100% of wastewater from catfish culture 4.1° 0.38° 0.33° 0.07"

F-test * * * *
CV. (%) 16.1 12.91 49.11 53.24

ab,cde

ns=not significant

O |
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Mean in the same column followed by different letters is significantly different at the 5% level of probability by DMRT.
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