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SR B R BRI K SR R (st AR AE B S IR A ARG & ETPA st i s
(closed soilless cultivation) fiz B & 7K 53 FIFZE (water use efficiency, WUE) 4f » 7R Al
BHITE YR i KR - HKEBIRZIZR (zero emission) HHIFFIEE S © (1) T
HEFEAKNE B8R FE/KER EC<0.25 ms.cm-1 ~ Na+ <0.1 mmol.L-1 » Z ] K A
fi#/K &2 800 L.m-2 SR = HIfE  (2) UK K EWERKERE - A2gRE(t - B - &
R RE S ~ P50 ~ B RGN — R FHRIE © (3) ek & M /KIEA R
ERUKEEIEIER () FIEEYI/Ky A8 2 BREE > RS IGERF A T 5 5 s 1
PRSI . &G Bl (5) B S /KERIR R L4 - BRI —(E
SEAVIREIREE - (e EBEPERUE -

BRG] « BMEAEE ~ F2TR ~ KO MARER ~ KERHE ~ $hR - 2835

1 BEHNZEFEEENS
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Dz
Hl 5

It & Bk & 40 4% (Food and Agriculture Organization, FAO) £ {8 & Bl 2 2[5 24 (The
State of Food and Agriculture, SOFA) #7535 H » 4Bk 70% 7K &5 B 22 5 4 8l 72 25 1) F
(FAO, 2020) - fE&/KETRAVREHAFIES K (fresh water) FEREVHE I > 7K I3 FIFHSER (water
use efficiency, WUE) #z B4 « Sl Ress s/ KAIHRHE FI S ARV AR E 24 - & (T B
HIHE RS BRIEFR/KEIRSL - FURAIFEY)ORaEE i (plant protection products, PPPs) R[]
I KPR FEEIAEI DA Rt oK - S B ER K @M - R E K e R L AE F )
MBFBOKEE R R R - 3B &R 2 B A s /K0 FI R (18 1)(van Kooten
et al., 2008) FI4E EE K G -

I 5% 52 ~ 5%t ] 8 [ i o /K RS A

H 1994 4 DUATHT B8 35 AR 55 R 25 0 I 7K B R ER R Y 25K > 2000 AEBR R K
HEZZ (EU Water Framework) 77 $17E £2 = /K30y B A7 A BERI > 2013 FERERRE R FI PRI
5 (Ministry of Infrastructure and Environment) /-5 7 S BUREAE PR A 2 A2 2 i 6 A A
F1 PPPs HYFEfX (Beerling et al., 2014) » 2018 FHIFRHLR EHFBUK AL BEEAE - AIFRE
95% HJ PPPs » 78 B RFE /BRI HERUH & > HEZRAEZP/KE AR - Gl EC s -
SHTE R (>6-8 mmol.L-1 » FIFEMEY)FAX > 1 mmol.L-1 Na+ B E iSRG Z 5 ) ~ BEAR
St~ R E R AERINGIYES - SRR B R E R - ISR AEK (flush
water) ~ ZTAEIRSRE G HEUKETFILRIR] PPPs HE -

BORT A5 Fi Hst /KA 7KHY R LEEFIAE R& A8 (good chemical and ecological
quality of surface water and groundwater) &> 2027 FE5RHIFTT » TR EFIREEEEATHEI
HEHZE » Dadhiii REEYIEIARE © HRIFEEHFESY 75 kg N-ha-1-year-1 ZHFH KfE
FEEFZEAR. » PRI /K 7% fe B2 22 [l %5 77 & (Land-en Tuinbouw Organisatie, LTO) 2R i -
ST 2027 FE T2 HZEFDR = BIRZHEI (zero-emission) HAFE » HEEEEEZNEE
£ 2040 FEEH 5T 2= A (BTN (CO2-neutral) » Fy T AERIIANBERIE TR > LEH
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R hnEEAE R /K E P EHERUK (drainage water) » DU & & BTHYHEBUREAE - RIEL(E6E
g A E B =04 13552 (closed soilless cultivation) 5, (Beerling et al., 2017) -

I ZIKEIN BN Zero-emission Mg

FyEER /K& S WUE ZE 2 zero-emission » 7 HF AR 1 f i = N H RIS &
a0 () BT HEENKE - Q) /KERHE - Q) EREH - @) TFEalEYmE K O &
7K Z:4% ([B 2)(Van Os et. al., 2020 ; van der Salm et al., 2020) » ZFAHEREAA0T -

(—) ZTHEEIKIE
7K E a8 > AT 73 Fy P EE 1% (physical) ~ (b5 (chemical) K2 4z %) 7% (biological)
=Eby o MIEER R A VKOR - BORERE - AR E - AVMEREE - BEAEY
AEYES ) MLEMEEER LR ESNIEE - BafiEE (pH) ~ & (electric
conductivity, EC) ~ E& X (salinity) ~ [&[5 & 1= = (cations and anions) ~ 48 0] A M E Y
i (total dissolved solids, TDS) ~ 4k [f>% (sodium adsorption rate, SAR) ~ & /LB &L
(oxidation-reduction potential, ORP) ~ 1 [& (hardness) ~ A% & (dissolved oxygen, DO) ~ 4=
{EFFE & (biochemical oxygen demand, BOD)---55 » JFUKHY/KE AI{E K EE/RARC ~ K
"B R KRR RS T 2 MR -
1. St B RS FH 7K 4]
RREM A KMOKEFEER > EEZFH T 0 K S EEHR (R D - HHRAE
RS SRS B BRI RAOKE 2/ 0 FEE SR B ESH - EC<0.5 mS/em ~ pH=5.5-
7.5~ % <150 ppm CaCO3 ~ H A <5 ppm ~ A & >3 ppm » ESHET = 8T
M fF BZRE S (NO3-N) ~ & AR & (NH4-N) ~ Bl BE AR (SO42-) ~ B EZ iR (PO4-) K #if
(K+)<5ppm > fi% % f (CO3-)<10ppm - § (Mg2+)<20ppm > #i§ (Na+) ~ &, (Cl-)<30
ppm > §% (Ca2+)< 40ppm ; & T ZE i@k T (Fe3+)<lppm » §¥ (Zn2+) ~ §ii (Cu2+) ~
#% (Mn2+)<0.5ppm > i (B+)<0.3ppm( % 2)(De Pascale et al., 2013; =; » 2017) »
RHI T P 2R R A AR R /KK > Hodfr EC (0.3-1.2 mS/em) ~ pH(5.9-8.9) ~
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Ca2+(50-120 ppm) ~ Na+(20-50 ppm) ~ Cl- (30-50 ppm) * Mg2+(40-70 ppm) K Fe3+(3-
12 ppm) FiE K E#E (3£ 2)( 15, 2017) - pH EKR 5.5 it 7.5 AIEET
ZA AR RS R R AR S AU S - BRAR G T /KSS 8k 182 231
BEZKHREE » &K P53 < R BE B NaCl #/K 28348 8 1%t T BE B RN EE T X Sk T

1=}

2.

2. K

JEFEE K Z T EE ARG ZK ~ JRJIZK ~ R K ~ K~ BAK -~ BooK--&EZE
EWNSIFEKE - TR R AOKE ROl R 2 G i E % A R - SRR
A KA’ T K ~ B2RKRREK » % PLEC il pH #8 - FiZK R B ARKKZ K
B R IRIE - T K Bt R 7K 2 /KB 72 H &AW R Y AT REMEECR (Van Os et.
al., 2019)( % 3) -

PR K R AR5 5T ERE (LI 4250 == VK - Tef R H = il & SR A
PRZK BETFRE D /D RN B 500 7 75K I7K » KRS BUREF A EHE HE A
500-1,000 m3 - ZEF AR AHBEZE: - i 2 FEEETF IR SRR E - AT
W BRI A DABE R P - IS SRR — (82 800L /K& /m2 ) Z= AR 2 DA
SRS 240 AR = BRI HA U E B HKFTRE (Speetjens et al,

2012) -

(=) 7KEpmH

JFAKKE R S S R A RS N R UR ~ FERVE SRIHZE SR e B R
HrEEIL R - M RKERAREA B RIEEREEMN A O - 23 5
(B /K& EFUK T (7AW B (Phytophthora spp.) ~ G R & (Pythium spp.) ~ HHEE
(Fusarium oxysporum) ~ 17 fi44##% & (Rhizoctonia solani) 25 E B K & (Pectobacterium
spp. and Dickeya spp.) ~ Ffiifi (Ralstonia solanacearum) Z4HE » fEEE R LS HEE S
IR R -

KERRFRITEAEA LR MEE LEERASAIL 3HIE (filtration) ~RARE %L 8L (5
PET-ACHA ) ~ [2BET-ACH ~ 2EET{b (deionization) K2 35i74%7% (reverse osmosis) & (Pardossi
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et al., 2004)( % 4) » TEAEYIMERIRE B SRR - 02 BRI (disinfection) » 5 FRAE 77
EAIAEL - UV RN - SRE(LH] (AR EE W ) RACREERIR > HPLL UV g
B L A i (Sarah et al., 2019) o
1. SRR
F/RESA#EH GRS  — RSB RE(L IR - RHEIEAY T AE R -
FPRAERAEL - FIFBRE - BR - FTRIEEIESEERIR - F2ER
AR EELRI BT TR - BRATIE UK PR EESS - BT AR
T {ESEHET (Fe2+) F1{HEE (Mn2+) EALRIERA 5 a#% - 2R ERERIRAY =(H
8 (Fe3+) ECUfEER (Mnd+) (L&) (41 Fe(OH)3 A1 MnO2) » & #E T LISIE
2. )8
fie— R AR (1,000-10 wm) ~ fAETE (10-0.1 m) ~ #BHEJE (0.1-0.005 pm) ~ 5%
SRAHJE (0.05-0.001 2 m) F723% (0.005-0.0001 1 m) » ZEJEFLICHLA - Bz plcAEL
AR S (B 3) o BRE IR AR K E R B 2 PR — A8 - LAZEER 10-1,000 12 m #i[E
s - HEAA P ER (bow screen) ~ 534 (rotation drum filter) ~ /DJ (sand
filter) ~ A28 (flat bed filter) FIEFAGHE 5 48 JE (screen filter) » Hort DL/D R A1 EH4Y
iE R ER E R  WFREARE EEAE - AR A RIRCRESORTE
HeH (BRELSE - 2022) -
3. [ SR (R1E)
BT ARG A AR A K R By S TR 5T - 0PGBS HUE RS R A H B
Na+ HE{T A HA - 1] B2 BT 5 # kst is AR ] OH- B Cl- #7755 - 2B T /K&
Ca2+ ~ Mg2+ & % i S FREAGIREE » B pH = RS iU ENE R 5500 » FoBEiR
WP REC TR - EEEaES - $E » JRIKFEAC EH 5 SRR (bR B
( PBRELGR » 2022) o H ot Na B EE5EET-SCHAMI S Ry b i (0 RV R B 720 |
P i SRS HE R K HR Y Ca2+ ~ M2+ S5 (5~ AR (LK B > SRR PR I i 8
M FASHARR RSB G I T 22 - KB Al3+>Ca2+>Mg2+ » Cu2+ ~ Mn2+>K+ -
NH4+>Na+>H+ ¢
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4. e
A. UV ZHMRIRGT

100-280 nm 17 UV-C EA M 2 A HE AR - oTH73 DNA J RNA §#45 - &
EUESEE » (IR AEIEEGE T - Hd i (] 2 R B R By 254nm < FirfiE
(B 53 Ryt BE (HD-UV - 383& 200-280nm JJ7 82 B AT fiE S /MR ) BHEBER R
HMEERE (LD-UV > 347 254nm 7 & 2 R4ME ) » B RTDMEBRE B (
4A) + REESCREUAT GRS R IR 2at > I (mW.em-2)x TBEFEERT (s)=
ZRENE (mJ.om-2) » FRSSIFRT ] /K B8RO 2428 > 100m).em-2 & 72 ELE A
A BN ERCR » 160 MJ.om-2 FI B A RSLEF FLARES > 5 AU SE ki ((EFE4R
# MR EE ) TR D02 250 mJ.em-2( #5840 » 1998) -
B. &(LHl

HF @A H H4 (OHe) ~ HHZRRE (0°) ~ NEM (HCIO) FinE(bhrlt - ¢
BRI KR AR L AERE - D HISIAHNAL ) DNA B RNA - [HEM# 2
o EFIIRIRIERESR - B RKERANSRAERS - BEE - &1k
SRR AREES - BEEI T 548 50-80 1 m M8 /K DB BT R Mg o > 7
RREFTA - [FERFINIIAG BE S5 pH &£ 4.0-4.5 - FHEF/KIIA 10 ¢ RERE—
NI 5 R a2 i EROK - HIFR s I 2 B — /N ([ 4B) 5 & L& H202
RS 2 EALK] > 5 ppm H202 H] [73E S E R B ~ 100 ppm A% 56 K &L 73 EE
500ppm ¥HFHFEARL > HARIEEFFLERERTR LA 400 ppm FREE 24 /NEFDLE - {EREAE
500 ppm P _ERISEVIREN SR G E - &S LSRR T {E BRAE ([H 4C) » R
KA A 10 ppm CLERHE - ERARECEREE RS AT LA 2 ppm ~ 45 1-2 {8 5 1T —JGEE >
IR CLREREME 2.4ppm JIl 5 SRR Z2 {5 (Raudales et al., 2014) -

b2 B A AR EET » Wageningen UR B4 F S HERUK
ISR > FFLL 40 1 m microfiter B¢ flatboard filter 2878 » & HEH (2.1
mg.L-1.min-1.0zone during 0.5 min at ORP-value at 600 mV) #¥ & » Bk KGR & 7

BIRACE © HPFBUK Z /KA EAEAWHEWAE - ASEIA S (2.1 mgL-1.min-1.
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ozone during 1 min at ORP-value at 700 mV) > &L, UV(300 mJ.cm-2 UV 254 nm) #%
A 5= PPPs A BEHEH (Beerling et al., 2017) ©
5. MR

TR AR I G T P P B R R - BRI K 2 Y - BBE - ARE
Gh o TRE R EAEELRE T (B S)  HEAEUE AR 2 &',y - BIKRAEFRE -
KEEAK - HERSERNE - AP REEEE GRESERRARE - #85
EERERK 2 B R PPPs » o] F S FHEER A /K Z 835 SRR Ai B © Poseidon
F—ARBUFLZ%5 ([ 6) - Rl B8R IEER (i S R e T 2 EE = E IR A -
Z RSB B HRTE ~ SRIERDE M SR - EME R E 40 PPPs » JRECHE T
NRBIE R FURMER BRI K » (e 80% HYKE -

(=) EEUKEHIREH

1. eHEs 2 e

FEREE R GRS BAPTAESR - DSt/ M ERET A R - WEREUER
SEIKEEER 2-3 mlI-1(FETHRER 30% Z2IRmEHE T (& S) > 2,000 J.em-2.d-1 HIfE
45T 4-6 L.m-2 JEEE/K 5 AERAT CEEST & 200 ~ 400 ~ 600 K 800 W.m-2 BF4&E—/\HE
STV ERE 0-1 ~ 1-2 ~ 2-3 K¢ 3-4 X (3% 6) - JREBRRFEIESE H (AT 1-2 /NEF R a2 H
V&I 1-2 /Ny > EH 2/ 0VERE 10 RELE -
2. Fi7KEfbE=C

Van Tuyll £ A (2022) FI] ] Waterstreams 5% (Voogt et al., 2012) | fi& {57 fEl & i
KSR (B 7) - HAoR AR s 2 B A E PO E - SR A HEYSMNEEK
JRAORE - K ~ #T K ~ BEROKRIRK > AT RS S AR VAR ERE R H Y
R R - RN B (RERRNE ) DUGIKEET - RILEEKFEIFKEEF
H e N E i ENDR = RS AR E - AR s B RS A 80% FEIH 2
BEK ~ 30% 2RKFEER - #HR RN ERE) - TR - EAVUE/KFESFEE T B R
683 L.m—2 ~ 128 L.m—2 ~ 43 L.m—2 f{10 L.m—2 > 4F4&5{ 854 L.m—2 - {if f E A A5
AV s EnEs T 44FE /K& (Raaphorst and Benninga, 2019; van Woerden, 2005) » FFI7K
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B #IE AT 750 £ 950 L.m—2 7 fif o

(M) FFEatEYIRR R

L /EVIFRKE

{EP) 75 55 iU & (Evapotranspiration, ETcrop) /RE{EYIFE /K& > HI{EY) L RIVIES
BARRREZE AN E R DIV E R E M - SERIRE T A /KR E (vapor flux) %
G EE B R R AR RS 2 B B R FTETRL VB EN (latent heat) - &K EAT R RIS AE
VIEE& 072 2555 BE (Scott et al. 2003) » HEYIEMIZERLE ETC MR SE RS
2 BB REZEHLE (ETo) WYELE K N EMAEL (crop coefficient, ke) » & FEIEY) 2 1F
YA BEMAE R G EIEFAE - R ke @ BB EVIRIERIFT R IR T ss 2
FH AR BEER LI AE I 2 28384 » RIATEISHEMG TR/KE - St P A RIHIRE S
Fi> T FERTIGATION ; 551 » 2R EEY) ETe By RIFRIGT R - WA 7%
BT OKAMEE (Voogt et al., 2000) » 1F5 {6k 2 A4 2 o FE FH HR RS K ek 7K R AE
BRI & - I8 E B BB 2 2 (Voogt et al.,2006) « 2Rz AIH T R R IR =
HYE BRI B R P S 8 > AIRES ~ RS - (REVEE - (TR - DUREARR
TR EYE SR EY A DL FOR = ER RIS -

2. BRI A2 M

EEREEREEN R R S AE VIR RSN - A Na iy IR
& - BAETEERKEN T Na fi1 B2 5 — Al - ER AEERE Ik
JRIERF - Nat ~ Cl- HERYEEIR R » B2 EC {HIs - BRSERFENETHE
IREFEY) & R EAGTFH AR ZRAK R - HEESmEEEARZE (R T)
(Kong et al., 2017) = [t} - fRR A ER SRR HEPUEYE EMEEw R - Bk
Na 1 K @A LEEE L - S HR S EORVHTIEER - 78 Na 28 » 59
HEE T BRI AT S R T K US4 - D4R 78 @ U972 & (Munns and
Tester, 2008) °

Na U (mmol.L-1) JE & Fs 48 Na WU FR DAAE /KIS » 28R Y Na Bifg
VIR AR 4R MEAERR M (Vooght and Van Os, 2010) - {E¥J$f Na WSO AT 72
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H— 25 Na RERVE ARG ERGH  WREEBRBEERFRE - B - w1t
KR ICETARURY > Fhi SRR 52 (3% 8) » RIABIIEACE » Fh04E 20 mmol.
L-1 Na #EINEAER - ERNAELEEAMEELE AT ERRE
RIFKEN & & <0.1 mmol.L-1 » E/REAERE MK 6 mmol.L-1 - LAF; IEEY)Z 5
(Beerling et al., 2017) = 43#E Z.4% (split-root System, SRS) Jf& FH 1] 72 i 2% RE » FlI /A
{EA[E B R EERY RS - IEFE R DL — e - RS TIEREECER &
Jii ‘Livento' #xEZHAMH 722K EC {H 5-6 mS.cm-1 ~ Na JEfE 17 6-36 mmol.L-1 >
It SRS B2 N Na & AZ 8 RETTHY 5.5 & > bt 2 %0 Na WUYCRIE NS » (5
Fy 4.48 mmol.L-1 > X817 2.84 mmol.L-1 5t 1.6 i ( [ EL Vooght, 2019 ; Barbagli
et al., 2021)

(1) EEHKEREEREN RS

SRR _EILEA: - FooKis WUE Z B PHZUR =K ERZHHENE - — B8 BIKER
Z e S P /K R ~ 2R E U e~ BEK R - KRS ~ KEREHE - #RICES
BRAL ([ 8) » H.Fy 7 AEREIERIMREN & oK ERIE I A MBS — M H BB E Ky
28 WCHI EC - LUREH dripper fyfE » LLEEIIAI =R > BHAIH A E R 3Lhr-1 - 1
FEEENEIE LR « B R RIS ET RN R EE > B AAS — R ERER
B (M EIRE PR -

225 30k

= TEEF - 2007 o JRACHC T E R tER AT < I ELE FH B o St 52 B 158 2 i
SEFVET &R T - pp.189-205 &AL « EHIEEREN RS -

FHEEFS ~ Voogt, W. » 2019 - Sodium uptake and crop response of tomato grown under a split-
root system in closed soilless cultivation - 2 & [E £k 64(4):286 -

PREEES ~ 5RETT © 2022 o SEhE R K E mE (— ) o 23R 5T 468:30-34 -

Ve ~ JeEE - 1998 < SEBOE R /K Z B F Rl o 8 2T 36 http://140.112.183.23/
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1 BEB KSR FeR T R fiE

Table 1 Permissible limits for classes of irrigation water.

Quality SARz B

EC (ms/cm) TDS (mg/L) SAR (%)
Level (v meg/l) (ppm)
Excellent <0.25 <175 0~2 < 20 < 0.33
Good 0.25~0.5 175~525 2~10 20 ~ 40 0.33 ~ 0.67
Permissible 0.5~1.0 525~1400 10~18 40 ~ 60 0.67 ~ 1
Poor 1.0~1.5 1400~2100 18~26 60 ~ 80 1 ~1.25
Unsuitable >1.5 >2100 >26 > 80 > 1.25

] |[met|

SARz (fmeg/l)%:éé}fﬁ: J{Caz' +[ae ] - {[cg?*mgu]}{ Mgz‘mgu_ﬂ 5

2 20.04 12,15

1

2

SAR(%)=[Na]/([Ca] + [Mg])x100%

X2 PRI IE ROKE

Table 2 Recommended water quality for nutrient solution preparation.

Item Standard value Analytical sample value
EC <0.5 mS/cm 1.2~0.3 mS/cm

pH 6~8 5.9~8.9

Hardness <150 CaCO3

Organic matter <5 ppm

Dissolved oxygen  >5 ppm
NO-N * NH-N <5 ppm

CO32- <10 ppm

SO4-S ~ PO4-P <5 ppm

Ca2+ <40 ppm 120~55 ppm
Na+ <30 ppm 20~50 ppm
Mg2+ <20 ppm 43~73 ppm
K+ ion <5 ppm

Fe3+ <1 ppm 3~12 ppm

Mn, Zn, Cu cation  <0.5 ppm

B anions <0.3 ppm
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Table 3 Water sources, risks, and their quality for fertigation.

Source Pathogen Nutrients pH EC(ms/cm)
Rainwater + -- 3.5-7.8 0.05-0.4
Tap water -- + 6.4-7.4 0.2-0.4
Surface water ++ ++ 5.9-8.2 0.2-1.2
Underground ++ ++ 5-8 0.3-1.4
Reverse osmosis - -- 0.00005-0.2

Condensation water - -

%4 KEREEY; RIS

Table 4 Water purification methods and their applications.

Total Bicarbonate Calcium Dissolved Oxidized
Method dissaved and and iron and iron and Borate  Fluoride
solids carbonate =~ magnesium  manganese = manganese
Reverse osmosis A% A% A% A% v v
Deionization \% \% \'% \Y \Y \%
Anion exchange \Y v A%
Water softening \% \Y
Activated carbon A%
Activated alumina A%
Oxidation/Filtration \%
Chelation A%
Filtration A%
Acid injection \Y

x5 At EZRBR R RK R
Table 5 Calculated transpiration and required water amount of substrate
cultivated tomato under greenhouse.

Global radiation ~ 24h average temp  Calculated transpiration ~ Water required for 30%

(J.cm-2) (°C) (L.m?2) drainage
300 17 0.53 0.76 L.m-2 2.5 ml.J-1
1000 18 2.14 3.05 L.m-22.5 ml.J-1
1200 21 3.56 5.09 L.m-22.5 ml.J-1
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Table 6 Irrigation volumes and their frequency.

Global Global Irg%?éfd Irrigated V\(X?ltge Joules
radiation radiation amount frequency (ml/ per
(J.cm-2) (J.cm-2.h-1) our (/hour) Lo irrigation
(ml.m-2) irrigation)
200 72 216 0.5 400 135
400 144 432 1.1 380 128
600 216 648 1.9 340 113
800 288 864 3.0 290 98
1000 360 1080 4.1 260 84

%7 WGV E YR T I e 32

Table 7 Irrigation nutrient salinity tolerances for different vegetable crops.

0% Yield loss 10% Yield loss 25% Yield loss
crop EC (ms.cm-1) EC (ms.cm-1) EC (ms.cm-1)
Cantaloupe 1.7 2.6 5.5
Capsicum 1.0 1.5 2.2
Cucumber 1.7 2.2 2.6
Lettuce 0.9 1.2 2.1
Tomato 0.5 2.3 4.4

%8 AIEIEYrA R E N & Bt 52 Tk

Table 8 Irrigation nutrient Na tolerances for different crops.

Crop Limit Na (mmol.L-1) Uptake Na (mmol.L-1)
Tomato 10 2 20 1
Cucumber 8 1.2

Sweet pepper — Vegetative 8>14 0.8

Sweet pepper — Vegetative &8>15 0.3
Lettuce 8 1.5
Chrysanthemum 6 0.3
Gerbera 10 0.4
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Strategy for water zero
emission under greenhouse cultivation.

4 Bk 4 »
. [ I [ I [ | [ I
@Eﬂ'@ 00001 0001 001 01 1.0 10 100 1000
| | | |
BT sans [ Bt | @ta | | [ BEoo |
K(EiR) | el
RRiF (BT ons | | BB humineacias |
FEEE peps & o a8
| 78 e || B | nemetodes
s . AP [bar]
mg | ;
Ri& | BB unra | 1.0
A micro 0.5
‘ I—!ﬁiﬂﬂ conventional _ | 0.2
A [E 3 A[EFELEEFTHERR Y S R R H R T

Fig. 3 Types and sizes of substances excluded by different grades of filtration.
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Fig. 4 UV (A), oxidation (B), and chlorination (C) disinfection machine.
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Fig. 5 Hydroponic nutrient
purified by ultrafiltration
membrane then cultured in the
PDA screening medium
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Fig. 6 Poseidon water
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Fig. 8 Schematic overview of an open (A), semi-closed (B), semi-closed with
drainage circulation (C), and zero liquid discharge, ZLD (D) water system under
greenhouse.
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Sustainable greenhouse production ~
strategy to efficient water utilization

with zero emission

Wei-Ling Chen'*  Chang-Shen Chien'

Abstract

Climate change and the environmentally sustainable issue have prompted producers
to improve existing cultivation systems. Closed soilless greenhouse cultivation, in addition
to having a high water use efficiency (WUE), also avoids the discharge of fertilizers and
plant protection products through water. The management strategies for water zero-emission
included the following: (1) Diverse and high-quality water sources with EC<0.25 ms.cm-1
and Na+<0.1 mmol.L-1, and making efficient use of rainwater and storing up to 800L.
m-2 of greenhouse area; (2) Water treatment procedures for both source water and recycled
nutrient solution, incorporating a serious of processes such as aeration oxidation, filtration, pH
regulation, cation exchange, reverse osmosis, and sterilization; (3) Irrigated amount based on
radiation and water-use models estimated; (4) Fertigation management in accordance with crop
water and stress physiology then preventing sodium accumulation under circulating conditions;
(5)Implementation of a comprehensive practicing and monitoring system for water-nutrient
system. It aimed to create a stable root zone environment, thereby achieving zero-emission

cultivation.

Keyword: Greenhouse cultivation, Evapotranspiration, Sodium accumulation, Water

treatment, Water use efficiency, Zero-emission
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