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Abstract

Leaf vegetables can accumulate nitrate. Too much nitrate consumption is harmful to human. The
objective of this research is to study nitrate accumulation in three salad vegetable varieties; green oak, red oak
and cos, in hydroponic farms under close and open systems during winter and summer. Solution fertilizer
factors; electrical conductivity (EC), pH and nitrate concentration in fertilizer were examined and weather
condition factors; temperature, humidity and light intensity were recorded. The result shows that 36-day cos
had a highest nitrate accumulation of 2,342.6 mg/kg FW under close system in summer and red oak and green
oak in open system in summer (1,985.6 and 1,879.0 mg/kg FW, respectively). Factors affecting nitrate
accumulation in vegetables were analyzed by using stepwise regression analysis. In winter, the factors affecting
nitrate accumulation in green oak, red oak and cos were sample collecting date, age, pH, greenhouse system,
fresh weight and EC value. The stepwise equations were able to predict nitrate accumulation in green oak, red
oak, and cos correctly 80, 89 and 77%, respectively. In summer, the factors affecting nitrate accumulation in
green oak are humidity and pH value. The equations can predict as correctly as 70%. In conclusion, adjustment
of pH (5.5-7.0), humidity (63-74%), and decrease of adding fertilizer on a-week pre-harvesting period could
reduce nitrate accumulation in vegetables.
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i \iedmsuazth Juundsazanveshunsnlaganlng dnlaevluldusuialuesm 300-940 me/s veamiae
vilaamedu dnaadlunsm 1-2 mg/kg Tagthwiin LmeulumemewuimmﬂmiUuLUauLLavmwwmmﬂwLﬂmmm
Laﬁmwismwmﬁm‘uswmmauququwad (Walker, 1990; Santamaria, 2006) mﬂmwiumﬁmmwﬂiumnq‘[iﬂ
azfAueinini 1eide axfusenlna wazuenini geeglugas 300-900 me/g (Harrison, 2004) FennninArseiuiseusuls
#ou (Acceptable Daily Intake, ADD @soglusiag 100-700 me/g ﬁ?%%lUﬁgﬁﬁjéﬂﬂﬂ’ﬂ 60 kg Bnifuuvasazauvaslunm
wazuywguslnalwmsvaindniduuIunageds 729%-94% (Walker, 1990) Tnesiluluwmsnlafianudufivesdmin
wasudululasilusenie FaazannsaiufAzendu amines wag amides ayliiansusznau N-nitroso compound
Lﬁl‘uﬂﬁﬂuLgENIUﬂ”IiLﬁG]IiﬂLﬁvaﬂu’lﬁl’]ﬂﬂ’]‘iﬂﬂgﬁﬂ’liﬂW%M‘laiaﬁu (Tonacchera et al., 2004) wazgevinliiinlsa
Methaemoglobinaemia ‘lldwﬂﬂu’a’lﬂ’]iﬁnL‘ZJEJ’JLumﬁﬂﬂﬂT?UWIE]E]ﬂ“UL"\m (Vermeer et al., 1998) dnluamisaiilumsm
azauvl,mqqmﬂmw 5,000 mg/kg (Feng, 2006) LmamdiiﬂmumﬂmfluwmaﬂuwaumaﬁU"Lumewmmiuﬂmuu
Aout196 ﬂ%mmﬁLﬁuﬁﬂuwwéﬁﬁguLﬁ&l%’?mﬁguagfﬁ 330 mg/kg V89UMINg 9N (European Union Scientific
Panel, 2008)

{Jﬁ]ﬁ;ﬁumiﬂqﬂﬁﬂﬁu ﬁﬁdﬂ?‘iﬂ@]ﬂiuau wazn1sUgnlsau Lﬁmmﬂmﬁmﬁ'ammmﬁuﬁLﬂuﬂ;mul,ﬁaqmm%u
ﬁuﬁmnwwﬂqﬂﬁwﬁuﬁaﬁaﬁ m‘aﬂqﬂﬁﬂvl,i"ﬁuﬁdlﬁummauiﬁ]mﬂ%uiumsqmw,ﬁm 9INN13ANYIYBS Phupaibul et
al. (2009) Wuiﬂc?ha&J'NﬁﬂmwauﬁejmmﬂﬁmmamLLazﬁiz‘uum'iﬂqﬂﬁﬂﬁmﬂﬁmﬁu k) miﬂgﬂﬁmmuﬁ%ﬁu nsugn
finUasnasfiv MsUgnindnetedunis uaznsugninliau silvdlumsmenddludnfiuandnsiy Jarsaing (2012)
wuininadn (Green oak) Mgnluszuul3auiilumsmandnstiesnindnadaiugnlufusinsviadiu suiseves Phasuk et
al. (2019) wuan LSmiﬁﬂﬁmsazaulul,mﬂuﬂ%mmﬁgjﬂé’ﬁq 162.3 g/kg %ﬁqmﬁmaa n3uldm Unimesion LavisnAesa
lun151gnsE Uy Dynamic Root Floating Technique (DRFT) 5 damindanisinsoyuta i luilagusimsvimis
lelastniindesruulsadounuudn wazszuulsadeudanarowds 1319380 Nutrient film technique (NFT) wa
DRFT &slssuninuflenlutszmalnadusnauinn
Imaﬁ'ﬂﬂ ﬁﬂjﬁﬂﬁasaﬂwmw %Jmaeﬂumju Brassicaceae (rocket, radish, mustard), Chenopodiaceae (beetroot, swiss
chard, spinach), Amarantaceae, Asteraceae (lettuce) Wy Apiaceae (celery, parsley) n1sazauusuialuinsnd
Lmﬂ&mﬁwﬁuagﬁ’u sunsvesoulesl nitrate reductase Tuiiwdnuazsinferuanunsalunisnedulunm wazuuds
Tugfudi (Maynard & Barker, 1979) finn3uléa 1sal8auazaeadnoglunay lettuce dauduinlufifinsazanlumsm ns
‘UijjﬂﬁﬂLLUUI@I@?IW‘Q?]E‘?V]’Nﬂ’]iﬁl’]ﬁ’juisl’ljﬂqﬂlmﬁaga’lBadiuﬁé’lﬁ’wﬁﬂd’mﬁLLﬁﬂﬁi’Nﬁ’uLﬁ@‘U@JﬂﬁTﬂiuizﬁJzﬁLLGmG]'NﬁJug?QLLGi
fudoullauisuindiansafiuiesls wuuiidL’%auLLasamazmsﬂgﬂﬁwmﬁmﬁu slusiniudin (vegetable
variety) fiuananeiu envdmasensazanlunmiiwanaaiudieg ﬁy’qﬁmq;:J%ﬁﬂﬁ“jnau%ﬁﬂmﬂ%mmlumswﬁazazﬂ.uﬂm
nssgivlavesiniivgnlelasinindaunseisfernamaiuiegiuilan Tnslawzegredsluinadndaduinluid
nsazvaulumsmas LﬁaLﬂu%'a;ﬂaﬁm%’umﬂﬁﬂ&JLLaxmimmuamasﬁmmzammmiﬂqﬂﬁﬂLwiamﬁm wazLiiua
Uaeasdensemnsdiuslaanely

vN1sAnEN

n1sUaniingdn

wandnn3uldA (Letuca sativa var. crispa L) 13918a (Letuca sativa var. crispa L.) wazmod (Letuca sativa
var. longifolla) siiafildndeuludauuuiiiendiu Qﬂﬁm%wwua”aﬂqﬂiﬂidL‘%au'ﬂmLLazTinSauLﬂmiuq@jmunc??uwilﬁau
FuaAY 2561 DaUNTIAY 2562 L.Lazq@j%’aué?mwiLﬁauﬁmﬂuﬁﬁmmau 2562 'vxh'i‘uﬁuqam'iwulaiﬁmﬂ%mﬁﬁﬁmﬁmgﬁ%
mauadl Wsuguszneumsinlelasindnd duagsfiar duneiiles Ymiavays dlsuseusuuidalds fsyuusne DRFT
LarsEUUSIe NFT idnsansaniswunaen daursulsadouda o a1vnivimnssuineasuazinalulad aae
NYATANEATLAZNSNEINTTIINYIA WnIngrdemaluladsvusranziueen a.unNse 8.A35191 2.98U75 dn1sUgnaae
SYUUSIe NFT #ifinnsfinmansriunyenuasiinaussunseiniranslulsadou lulsadeuda snisinswdndn owdn
ﬁmammsﬁﬁﬁiuLf‘lunmmqﬁﬂ 7-10 Tudegngluugnlusiessuu NFT LLam?uiﬁﬂﬂ‘lj”]Lﬂﬁ (A uag B) lnudian EC
Uszana 1.0-1.8 mS/cm? Wunassanas 6 dUanni (engiin 42-46 ) dalulsadeuda Wemnzwdaiduszozinan
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1-2 dUnvi Fededunddnluugnlusiseyuiassuu DRFT Imaiﬁﬂmfﬂmﬁﬁﬂ'w EC Useanad 1.0-1.4 mS/cm? 1Hu
sgezian 2-3 dUant seundngluassneszuu DRFT 5?]?1‘%3&LLG]IL‘lcjui’lﬂﬁﬁ‘i%&lzﬁ’lwquuuﬁﬂﬁu Iﬁﬂaﬁ EC Uszunad
1.4-1.8 mS/cm? 8nUszune 2 dUmu mmfuﬁw"l,ﬂiwl,wwﬂqﬂiuiwv NFT luaesdunsigaring
ASLASIUADYN

Fadrufuarsin thietainfidaiminugluaeihauazsoinastingu 3 ads dudenseany udanh
fognsluauliusi ﬁqmmﬁ 70 °C w1y 48 Falus Mntuhfeganduiiewimdnuds uduafegraindreaies
U nsesruAsLNSwLn 1.4 mm mntuhdnfiuaudluildlunsiessimusinalumsn Tnennsafndaeteiniiun
0.2 ¢ §athndu 20 ml $1uau 8 1 wEdeAsenEn finugisou 180 rpm a1 1 F9lue thansazanefiatalgly
Humissendostumisfinnusaseu 4,000 rpm van 20 Wi $1u9u 2 seu wihdlaudinsedailunm
(Phimsirikul, 2004)
A5IATITHADES

neszdsaeesasiausunadeauluasn (Hanna Instrument, USA) Tneviinisinsisilumsvludegng
lngnaansanndieg1e 10 ml 993U 8 §1 1A 1EsiaReAs e TaUSI S oeuluasy (Hanna, USA) viinisiiigufy
asazateunsgIulumsmaududy 10, 100 wag 1,000 me/L nounismusunalwasnluaisadndiogng nantiu
mmndsaunsazadluasvluin@i@ne (Phupaibul et al., 2009)
nsAATIvidaya

Wisuileurnsavaueshunsviluinadavia 3 «ia wazAuENusYestademnee Toun A1 EC pH wazan
lunsnluihle gamgiveseina anutuvessina uageuduuas lugiadrvesn 34 $u lussesdgnassduani
nounaiuiies drgauunuazggiou wilulsadeulauadlsudoudanaruds Tagldnstinsghanuunndisues
ALRAEN19adAaI8 One-Way ANOVA uay Tukey HSD test 91nTUswnsy SPSS fisedutiodfnydosas 95 (P < 0.05)
Lazdinneisuusdasslummensalanznsugnaslumsniiazasiludin Tagldnisiiasiesi Stepwise Regression Tu
TUsunsu SPSS fisvsutiuddaySesas 95 (P < 0.05)

NANTSANEILAZIVTAL

nmssgyiulanaznisazanlunsnludnaannsulda 1saldn wazAas

PNWANITNAADY (Table 1) WuHnNTUldA Lifﬂi@ﬂ LLavﬂaaiuisqLiauﬂmmqwumuamam 35, 39 Ua 42
auuumuﬂamvl,ml,mnmdﬂumqaam (ANOVA, P<0.05) LLmLuaum&Jmﬂ 46 U muuﬂwﬂmmmumummmu (nsu 18a
78.8 ¢, L3AloA 64.2 g WazADd 139.1 g) smmemmﬂﬁqmmmmmmngmuimLuamwﬂumqm 357U (13.2, 19.7 way
21.2 ¢ M) Tnednaealsbminasnnninsalsauazniulsn dunsavaulussvilusalSadageianiuenedn 39
Fuoeil 1,075.2 me/kg FW waziilelduanadluiufiongdn 39 $u wuinsaldaazanlunsniosasesnadiduddty (952.6
waz 864.1 mg/kg FW mudsy, Table 1, P<0.05) Tmaamwﬁwﬂﬂﬁm pH fishasuazen EC fianas wasanannsiide
auﬁamqﬁﬂ 39 Ju wudmedeyin 46 Ju avaulunsntosasesaiiivddty (930.3 me/kg FW, Table 1, P<0.05)
Iusumzﬁ'ﬁﬂﬂ’?uié”ﬂﬁmﬁazauiumeﬁu%ua&mﬁﬂ’aﬁﬁzy (1,144.70 me/ke FW, Table 1) Ssanaduiussuiminvesns
uldafifintudae (Table 1, P<0.05) msannisliiloluiufiongiin 39 $u (1 dUaninouduien) deisaladidmin 39-
41 ¢ wazaoaivin 46-55 ¢ eravhlriAn EC LLaSﬂ'ﬂuLmiﬂuﬁﬂﬂaammasmé’uﬁ’uﬁﬁ’u uadwannsazaulunIvly
isaldruavmeaatldlutiafuien



346 MIASNYATNTTIBUNGT 2567 : 42 (3) : 343 — 351

Table 1 Weight and nitrate accumulation in three vegetables and environmental factors under close system of

greenhouse in winter

Day
Parameter
35 39 42 46

Fresh weight (g§)  Green oak 13.18+4.20° 38.77+18.09° 30.09+8.23° 78.81+38.39"

Red oak 19.65+7.33° 40.523+14.13®  39.15+15.95% 64.16+24.64°

Cos 21.2349.67° 55.00+41.84° 46.22+31.54° 139.08+26.69"
Nitrate Green oak  669.89+80.43" 686.92+67.75°  834.45+52.27°  1144.70+96.33°
accumulation Red oak 904.80+54.96™  1075.21+76.35°  952.57+59.69°  864.08+27.72°
(mg/kg FW) Cos 751.50+64.33° 798.72+34.96°  1323.23+61.89°  930.30+50.07°
EC (mS/cm?) 1.37+0.00° 1.44+0.01° 0.37+0.01° 0.200.00°
pH 6.31+0.08° 6.07+0.06™ 5.95+0.15° 5.67+0.09°
Nitrate (mg/L) 64.17+5.44° 64.23+3.35° 11.70+1.51° 2.85+0.71°

a-d represents significant difference using statistical analysis with One-Way ANOVA and post-hoc Tukey HSD test
at significant level of 95% when comparing among four vegetable ages (35, 39, 42 and 46 days)

fnadavanuvialulsadoudatasgguumiinmasiydulaluga 40 & 51 %u Taefdhwindnandifiutuegis
fitfuddy (Table 2, P<0.05) Tutsonginitlndidesiu dnnduldafivgnlulsaieudia (46 Tu, 78.8 ¢) fiudnannnd
ﬁﬂﬂ%ﬂ%ﬂﬁﬂaﬂiu‘[iﬁaulﬂm (47 4, 31.9 ¢) lurhueufeInuNnLTALEA I’iaﬁau% 46 U, 64.2 ¢ uazlsasoula 47
14, 25.0 9) wazmed (Ise3euln 46 Ju, 139.1 ¢ uaglsusewda 47 14, 34.9 o) ‘muawLuanmmﬂamawmmmmu
asavansUgndsenaiinadenisaiydulauaznisay aulumsnuesinadaisausila wenaniNansIAs RN sEzaY
luLmﬂumﬂaamwammmm“luisaLsauLﬂmmnqmmn wundinsas au"l,um'i'wmeuamwuaammmaawmﬂmmu
(Table 2)

Table 2 Weight and nitrate accumulation in three vegetables and environmental factors in open system of

greenhouse in winter

Day
Parameter
40 a4 a7 51

Fresh weight  Green oak 12.83+2.74° 23.38+4.19° 31.93+6.07° 44.96+8.89°
(9 Red oak 10.63+4.18° 21.47+5.71% 24.98+9.40™ 35.07+10.57¢

Cos 13.42+4.26° 23.20+9.02%° 34.89+5.90" 40.62+10.35°
Nitrate Green oak  624.93+16.68°  687.35+53.93°  1094.48+88.25°  1081.40+83.64°
accumulation  Red oak 750.13+20.26°  1006.32+58.55°  1082.88+85.65°  1295.61+63.10°
(mg/kg FW) Cos 806.26+22.48%  990.13+115.64° 1020.25+35.61° 1199.24+101.41°
EC (mS/cm?) 1.63+0.00° 1.54+0.00° 1.35+0.00° 1.32+0.00°
pH 6.53+0.04° 6.80+0.05" 7.04+0.03° 7.19+0.04°
Nitrate (mg/L) 145.00+7.81° 112.33+2.52°  73.00+14.62° 79.93+20.00°°

a-c represents significant difference using statistical analysis with One-Way ANOVA and post-hoc Tukey HSD test
at significant level of 95% when comparing among four vegetable ages (40, 44, 47 and 51 days)

ﬁﬂaﬁmﬁgﬁmmﬁdﬂmﬁau’ﬂm‘daaqm%@uﬁﬁmﬁfﬂamﬁLﬁuﬁmﬁamaﬁﬂmﬂ%uaﬁmﬁﬁ’ﬂﬁ'lﬁ’m (P<0.05) HnAgal
ﬁmuﬂammmmm 148.4 ¢ sesasduniulda (76.3 ¢) uavisaldn (42.8 g) muamwmﬂwﬂ 43 U wmawﬂiﬂamm
ﬂumsﬂaﬂiuimLiauﬂmmqumﬂmmuﬂwﬂammwﬂmmmum (n3uldm 30.1 g, saldn 392 g uawADd 46.2 g i
91gWn 42 au Table 1) ua&m’m’mﬂaﬂ‘Lusmqmau (nFuldp 76.3 ¢, 15Al8A 42.8 ¢ uazAod 148.4 g mmam 43 Ju,
Table 3) muawLummﬂamavLmaaummamﬂma omanuanssiuluassggnia wenniisamuinailuwsnly

v
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ihijsveslsadoulintasggdou (104.7-125.3 me/L, Table 3) fAnwnnnintasggnum (2.9-64.2 me/L, Table 1) G879
dwalinsazanlumsvludnadaisausiialutaggousnmidagguunidleioudisuiiteginlndidestu (a2
43 u) myazaniluasviludnadavsanueiin (n3ulda 1selda waaes) flenggin 42 $u Frsnguuniuazetgdn 43 Yutas
an3ou meaiugnlutisggiouiinisazanlumsm (2,121.8-2,32.6 mg/kg FW, Table 3) innfignuazannnindnisalsn
wagn3ulen (1,550.7-1,863.5 way 1,314.1-1,778.3 mg/kg FW 1116y, Table 3)

Table 3 Weight and nitrate accumulation in three vegetables and environmental factors under close system of
greenhouse in summer

Day
Parameter
33 36 40 43

Fresh weight Green oak 50.12+8.78° 62.28+18.03% 60.89+25.32%° 76.30+14.16"
(9 Red oak 32.94+7.18° 47.89+7.93° 60.04+10.21¢ 42.75+8.98%

Cos 70.85+9.01° 84.05+21.89%° 110.08+28.02° 148.43+18.03¢
Nitrate Green oak  1553.59+137.77°  1494.59+175.74*°  1778.34+212.42°  1314.14+82.67°
accumulation  Red oak  1738.07+214.92®°  1863.50+82.57" 1550.69+149.02°  1700.12+194.10%°
(mg/kg FW) Cos 2219.64+80.75°  2342.63+187.55°  2240.46+172.86°°  2121.83+64.90°
EC (mS/cm?) 1.36+0.01° 1.06+0.01° 1.29+0.00° 1.30+0.00°
pH 7.36+0.14 7.07+0.34 7.31+0.09 7.37+0.04
Nitrate (mg/L) 105.63+25.06 104.67+4.62 125.33+9.29 109.33+4.04

a-c represents significant difference using statistical analysis with One-Way ANOVA and post-hoc Tukey HSD test
at significant level of 95% when comparing among four vegetable ages (33, 36, 40 and 43 days)

fnadmaurialulsdoulntggiouiiminaniifistuiioonginuniuegieiitodidy (P<0.05) fnnaa
ﬁﬂfwmﬁﬂammﬂ‘ﬁ'qm 58.8 ¢ sesasnduniulda (37.2 ¢ wavisalda (30.9 g) AuaU Lﬁam’%amﬁauﬁﬂaé’mﬁﬂgﬂh
Tsudoudariengdou (Table 4) uaztnsgguum (Table 2) wunbwiindnanvesinadasanuvinfiongin 47 fu
IndlAgariu (Table 2 wag 4) Iﬂﬂﬁﬂﬂ@ﬁﬁﬁ?ﬂﬁﬂﬁﬂﬂ’]ﬂﬁ?jﬂ sosaunduniuldatazisaldn aud1du wiogelsiniu n1s
azanlunsvludniiugnirsgguunengin 5051 Julldfesndt (1,020.3-1,094.5 me/kg FW, Table 2) luggiou
(1,723.2-1,847.1 me/kg FW, Table 4)

Table 4 Weight and nitrate accumulation in three vegetables and environmental factors in open system of
greenhouse in summer

Day
Parameter
40 43 a7 50

Fresh weight ~ Green oak 10.31+3.95° 16.80+6.39° 30.05+9.46° 37.22+7.32°
(9 Red oak 19.40+7.35° 21.75+6.87° 26.37+3.86™ 30.90+4.53°

Cos 16.83+6.41° 27.61+9.96™ 41.85+11.61™ 58.84+15.13°
Nitrate Green oak  1879.04+238.93° 894.32+36.88" 1619.39+84.81° 1847.09+175.88°
accumulation  Red oak 1985.64+137.94° 977.56+38.50° 1296.63+108.41°  1800.50+99.48°
(mg/kg FW) Cos 1982.57+214.44° 571.18+27.06° 792.29+85.70° 1723.15+74.54°
EC (mS/cm?) 1.49+0.00° 1.50+0.00° 1.71+0.03° 1.68+0.00°
pH 6.27+0.02° 6.74+0.02° 6.53+0.01° 6.47+0.03
Nitrate (mg/L) 142.67+2.08> 114.00+3.61° 161.00+14.73¢ 132.33+5.03%

a-c represents significant difference using statistical analysis with One-Way ANOVA and post-hoc Tukey HSD test
at significant level of 95% when comparing among four vegetable ages (40, 43, 47 and 50 days)
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Tadeneaniazundedenisazaslunsnludnadaniulda salda uazraaluganuna

dlevimaifudeya EC pH uaglumsnluddelulsadoulindagguum (Figure 1a) wud1 Yasongin 33-39 fu
finsiideuazan EC agflutae 0.8-1.6 mS/cm? LLasLﬁaﬁwmiammﬂﬁﬂ&ﬂuﬁﬂmq 39 Ju wudne EC anatoglugig
0.2-0.5 mS/cm? (Figure 1a) Ssalumsvlutofuulduanaaduiuaingasengin 33-40 Ju derlunsnluinsog
Tut29 64.17-64.23 mg/L LLazLﬁaﬁwmsammﬂﬁﬂﬂuﬁﬂmq 39 Ju WU’i’lﬁi'}luLmﬁw‘Lufwﬂaammagﬂmm 2.85-11.70
me/L Yiatifien pH ogluga 5.5-7.0 luthaineny 33-47 $u (Figure 1a)
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Figure 1 Environmental factors in solution fertiliser; a) in close greenhouse, and b) in open greenhouse, during
winter (a-c represents significant difference using statistical analysis with One-Way ANOVA and post-hoc
Tukey HSD test at significant level of 95% when comparing among four vegetable ages, in close

greenhouse; 35, 39, 42 and 46 days, and in open-air greenhouse; 40, 44, 47 and 51 days)

IuiﬁdSauﬂmi’;quun"l,aiﬁmﬁammﬂﬁﬂ&JLLavﬁamawfwﬂ&J 1eiuA A EC oglutas 1.1-1.7 mS/cm? Anluwn
SVﬂUUWUEJE]EJs[.WU’N 73.0-145.0 mg/L wazdlan pH aglutig 6.3-7.3 (Flgure 1b) msasgLAvlauasnmsazaulunsvves
mmmmumuaaﬂum pH igs mmaawammﬁavmaﬁﬁmmmﬂumﬂwamaq (Jarsaing, 2012) vilsiA1 EC wage
1um'§ﬂumqaammme Feonaudululenin pH fige (6.3-7.3) o1avildannisazanesine s wﬂwmmms@muumau
avanlunsmiiinndudiusn fofusamamsannsavaslussnludnetarildlnenisusu pH Ianasagluyae 5.5-7.0
(Figure 1a) uitelse EC waalumsvluidegatu dmsunispadulupsluly
Hademeanizindeuazaniznisemarenisasanlumsuluinadaniulda salsn uazradluggiou

dovnafvteyaanmrmaiie 18ud £C pH warlunsvluiielulsaZouladaemgdou e 11.00 u.
(Figure 2a) wWu31 ¥ve1gdn 33-43 Tu dn1slideuasean EC agluyae 1.0-1.4 mS/cm? (Figure 2a, Table 3) {61 pH o8
Tuge 7.1-7.7 LLaxﬁﬁﬂuLmﬁﬂwfﬂﬂaaﬁﬂmhd 104.7-125.3 mg/L iflevhmsifiudeyaannnznisennia léun AT
91717 QNI kATAULTLLEY WU ¥I99188N 33-43 Tu ﬁmmm%ummﬂagﬂmm 33.0-50.0% (Figure 2b) 31
gaungilogluting 34.3-43.6 °C uwagienanuiduuasaglugig 8,800-34,167 lux
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Figure 2 Environmental factors; a) in solution fertiliser, and b) in air condition, in close greenhouse in summer

PggFeuinadniivgniulsaieudafeddinalunmsiaiadula (50 Fu, Table 4) uuninisugnlulsaieu
Un (33 $u, Table 3) lofnrsuminindnaniilndifesty Wohnmaiudesaanmemaiide (Figure 3a) léun EC pH
warlunsnluhiglulsaFeuwdarisgaiou Tunan 8.00 u. wui 9asengin 40-50 u Snslieuazen EC oglurag
1.3-1.7 mS/cm?” (Figure 3a) A1 pH oglur1e 5.8-6.7 uazdialumsvlutioogludas 114.0-161.0 me/L uaziiiov
nafiudeyaaniazmnsennia (Figure 3b) wudh dase188n 40-50 Su fenauduoiniaeglutas 63.0-74.3% (Figure
3b) flengamgiioglurag 31.4-35.5 °C uasdiAaudunasedlutng 10,766-14,320 lux dvduagiiuldhaniiznnsugn
TulssSourtsaeaunasddadonsanzindsuasdadonsanmaiuandratuddutuiitneny 43 Sufiannzeinie
Auugauasalussvilutetion

8 200 2 80 40000 b
S |l o —
T o)) S é
o 6 150 £ o 60 300002
S bc  a ab o || 2 z
& 4 100 £ [| 5 40 200002
%) c Q I
S . £ c
o 2 s0 S ||& 20 10000z
= ~ ()]
N 5= 3
0 o Tz 0 0
%
40 41 42 43 44 45 46 47 48 49 50 € 40 41 42 43 44 45 46 47 48 49 50
=)
T
Vegetable age (days) Vegetable age (days)
[JFertilizer nitrate  em@ueEC  anfijms pH [JHumidity [ TEMPErature e ight intensity

Figure 3 Environmental factors; a) in solution fertiliser, and b) in air condition, in open greenhouse in summer
(a-c represents significant difference using statistical analysis with One-Way ANOVA and post-hoc Tukey
HSD test at significant level of 95% when comparing among four vegetable ages in open-air greenhouse;
40, 43, 47 and 50 days)

Mnmslianeifulsdassiudafonaanzidewssnsemadsensavadlussvluinadnde stepwise
regression (Table 5) wuiilugguun Juflifiufogsiinsest (@ adilunn 3-4 T) uadensavaulunsvluniulsadi
Wity (Table 5, R=0.80) daudaseiifnadenisazanlumsvilusnldn fio o1edn e pH szuulsudou waze EC ng
p1gfinTiuInTu A1 pH figetu ssuulsaudouda uasen EC figeduiinaromsavaulunsvluisaldafiuindu (Table 5,
RZ—O 89) LLav{lﬂéT&JﬁﬁNaﬁiamiavaﬂumiﬂuﬂaa fio Tulfumedieliasedt dviinanuasan EC lngsvoginandiun
u dhmindnaniitosuasen EC fides vilhiAnnisavaulumsmiiiniu (Table 5, R*=0.77) \Hufitnauladn I‘uqmau
1uuﬂﬁmwmmiammamiawaﬂumﬂunsu‘[aﬂLLawLiﬂiaﬂlmamamuamﬂm usilupoanuirdianauduenauazan
oH fiflnasiensazanlumsnlunes Insrnuiuiitosauazen pH fitesas avvilhinnisavanluasvluneaiunniu
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(Table 5, R?=0.70) dstudnuwinimislunisannisazaulumsalunegluggfoufenafinanuiuleglutis 63-74%
(Figure 3b) wu Tngnsvunuen [Wusu

Table 5 Stepwise regression analysis of environmental factors affecting nitrate accumulation in vegetables in

close and open greenhouses

Nitrate accumulation (Y) Factors involved (X) Prediction Equation R?

In winter

Green oak Collecting datey, Y=411.2+(157.3X1) 0.80

Red oak Age 1, pH xo, Greenhouse Y=-1858.9+(32.4X1)+(292.7X2)- 0.89

s EC v4 (426.8X3)+(153.8X4)

Cos Collecting date ;, Fresh Y=895.5+(125.7X1)-(3.1X2)-(114.6X3) 0.77
weight y,, EC y5

In summer

Green oak No factor correlated - -

Red oak No factor correlated - -

Cos Humidity y;, pH x Y=10131.8-(55.4X1)-(784.6X2) 0.70

+; Positive correlation is significant at the 0.05 level (2-tailed), and -; Negative correlation is significant at the 0.05
level (2-tailed)

Conversa et al. (2021) la@nwinisanusunalumsnludnniaveu (Lactuca sativa %38 baby-leaf lettuce)
Tnsnsdanisnisugnlussuulelasindnd ot ssuunisugnuuutilg (ebb and flow) wagnishideusuaiinau
2.5 uay 3.5 ds/m luranguum ssuumsdgnuuuiilvauaznslie 3.5 ds/m dwaliannisazaulumsvluinlng
lsidwmansgnusienanan Snvisdafinmnin 1wy & twiin aaelsfiad ualsfiuos Iniiud uasiiuoaiinaudae nsazani
fevasiioraieatunalnnisnouaussesiivrionnuiaisaininde (Salt stress) Fainmapadulumsmnioudulossu
Su 1y Aaglsd (V) Tuarsemslddosas gungififiutulurimgfourilfgapdenisnuaunisgadslunm uay
indevszgluansomnsnnslie 3.5 ds/m uenanilvuideues Conversa et al. (2021) SswuiuSinalunsly
fnmaveuanamdsannisgalidelu 3 u aenedestunanimmaaedlunuideiinuinisannislidely 3 Surils
nsazasluimsnluisalauazaoaanas (Table 1) lumiaieafuauideves Tabaglio et al. (2020) fAwuinnisugn
Fnnaviesiluszuusns NFT Aifinsnganislis 2-4 Yu neunsifuiielenvsannisazaslumsvludnle 29-58% ainnns
Wide 7-16% muadu ﬁgﬁﬁamwmm’%zylﬁuimmr:TﬂL"ﬂuﬂﬁaﬁwﬁﬁymaﬁwumﬁwﬁmﬁﬂﬁﬁm'ﬁazaulumiwﬁaa

ayUnanIsAnen

ﬁﬂaﬁmﬁu’qmmﬁmﬁmsL%’%z‘gLﬁ‘lﬂmmﬂs’ﬁuiuszhqmqﬁﬁﬂmdaumﬂﬁuLﬁ'm Feitniinsiasayiulaunnturilviin
fuwinanfinndu ieinsazaulunsvluinadaisaueinfuidefeiiiedeogmaeusens T maaigivie
YosinAwtte1y YinRugn an1izine uazannizernia laeiniausinlunisgnlulsaFeuisaosuuy fnaodls
wiinangafigndannniniulBauazisalda musiiy dunmsavadluasludnisauededenisazauiunneaiy
oonly lusidduinoaeny 36 Tuiinisazavlumsvaniiandl 2,302.6 me/kg FW lulsafeulindrengdou sesaunie
salaungniuldn (1,985.6 uay 1,879.0 me/ke FW, mudisv) TulsaFeudatasggiou eligumgioniafiguas
Ariuenafisenaviliinisazanlummiiinndy nsazavlumsvludnisauedadelaifuannasgulunmd
azanluiniiugnlulssFeulurieggvun (5,000 me/kg FW TulsaFouda uaz 4,000 me/ke FW lulsadeulda) uazva
gaseu (4,000 mg/kg FW Tulsaisauta way 3,000 me/kg FW Tulsasowdn) audeimvuavesanamelsy (European

Commission, 2011)
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