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Abstract

In recent years, China has gradually increased the introduction of the moving Nutrient Film Tech-
nique (NFT) to improve the yield and automation level of hydroponic lettuce. However, the local-
ized cultivation carriers compatible with such devices are still underdeveloped; most matching
hydroponic carriers are imported from abroad. To explore the localized replacement of cultiva-
tion carriers and cut down on consumable costs, this experiment innovated the non-woven fabric
bags with mixed substrate (peat:vermiculite:perlite = 3:1:1). A comparative study on hydroponic
lettuce was conducted between this innovative substrate and several other new commercial sub-
strates, including coco coir blocks, sponge, floral foam, Jiffypots, and black sponge soil. The results
showed that: (1) The independently innovated non-woven fabric bag combined with composite
substrate for hydroponic lettuce could achieve one-step seedling raising, with a cost only 1/3 to
1/4 of that of imported coco coir seedling blocks; (2) The aeration porosity and air-water ratio of
non-woven fabric bag combined with composite substrate were significantly higher than those of
other treatments, showing strong air permeability and water retention; (3) Non-woven fabric bag
combined with composite substrate had excellent thermal insulation. Under low temperatures in
winter, hydroponic lettuce grew fast with more and expanded leaves, and its compact plant type
was suitable for dense planting. The leaf area per plant and aboveground assimilate accumulation
at seedling establishment, post-transplanting and harvesting stages were significantly higher
than those of other substrate treatments. The aboveground fresh weight per plant was 36.4% and
40.4% higher than that of imported 40 coco coir seedling block and 50 coco coir seedling block
treatments, respectively; (4) In terms of quality, the soluble sugar content of lettuce under non-
woven fabric combined with composite substrate treatment was relatively high, 27.4% higher
than that of imported 40 coco coir seedling block. There were no significant differences in vitamin
C content and nitrite content among all treatments. Based on a comprehensive analysis, the non-
woven fabric bag combined with a compound substrate is the most suitable choice for one-step
seedling cultivation of lettuce in MGS.
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1. 51§

A (Lactuca sativa LYWENEERIERH RS, LA 88853, WHEBFmARL 8 71
., JFREES, R S R G AL T AR R 8.7%, NAERLE RS =W, 2K
W BRSSPI FE R SRR . AR EIAR, MIERR BRI T 50~60 K, FEE N2 N T K.
B IR H R (Nutrient Film Technique, LA R &A% NFT)PE L&A 14 15 it £5 N\ R0 T (8 1) 8 2R B, A7k
B IS AE = B %[ 1]

HER NFT 24, BIF25)0 18 &St (Moving Gutter System, LA R fRFX MGS), & [E Fxeidt i 3 301t
HUR 20 NFT 43577 (& 1(a)). 5% NFT AHEL, ARSSRE ) 8] B v] BEAE AR IR I 3 O #hiT, A A
SRR . PR (EVRR e MR nI e i, S5 A IR R BE IR = AR KRB R 4%, AT ST A S AN ]
WAz ;= R, SP3FRER B AT 55 BRAFOK, UL NFT $2M20 40%. HE NFT R4 R 225 EH K
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Pz R, EE N R, TV T AGIEE 513, 52 BB R R (K AR B R T
e AN B I AR NFT 2K 38R 22 Juifedn B il e RS A A (151 1(b)), — AR E BRIk A Tife i I,
e SR T 5 AL R TS B T T R R L A K AR AE IR G R LR A S TR SO e A 5 B A 1 D 1)
A, BCR AR T T, B JE e R, JE AR E R AR R AR A T e N, R E
TOKE RGNS, BROEWON R T, LRy A RESEIUR B R — ORI A7 55K [ Ahadt 1 AR
BRI B R, ERIEBOKRI AR R, HARBOMT RS AR, BREROR A 2 vk 5 2
BAEIE, ATSCBl RN, A RS AR CE B TREE NFT KRG 1(0), #AFBONRIE, 7k
AR IE SN PRI S NFT /K8 A SR BOR T RZ 2R B 1 B A RIE (2], (HEE S A &, R
FUKEIER K 5~10 1%, BRI T B AEX NFT RS0 E N e R -

(a) HERNFT/KEE RS (b) BHINFTAKR R A M4 + 2 EE

Figure 1. The moving NFT and main hydroponic carriers

E 1. BER NFT RGERFEEKEH K

NIRZ FE NFT KB B P B AR, BRARFER A, Al DUESON IS HEA, FER NFT
RGN, QU AR, RAMRRHR. 23RN + RERFRR: Bh: BIRE =
3: DA G RIEEE, SHE OO E R B A UK B AR SR RUK B BA(IEe . Ran L. e A
BFRBEATXS L, R K S BAARRAESE 1 AR PRI . gt A inas, PR
JRAS , v A R it R A T PP AN R KRS B DR R, T H I G SUNFT R GERIK I EUE,
ZIKEE B GEREN 1) [ 7 A AR S SRR AR B &% A2 [ N (I TE SR 1 22, st e KRR R A% B 30
o R B SR A ARSIk S5 R IR it o

2. MBEE®
2.1. RIEHHR

Table 1. Basic information on test materials

=1 HEAMRERRER

e KHEARI 44T 5 AR HLmm® BRI
. . 47 ==l =
o Niffyc o WREA A iy OROUR I gy ko s0vs0v6o %ﬁ*ﬁgim‘”
. . 47 ==l =
2 uiffyrcao pEEg R Y OOWIR gy s d0e40%60 %ﬁ*ﬁgim‘”
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kg
Htr
aﬂa
#

R
3 HEFAEER S SLITH 25%25%25 RAFERKIER
4 PREAS ﬁfgig;ﬁgﬁgﬁ SJTHR 33%*33*38 ® }L%ﬁf%%
5 fiffypot ggg(%gag% Jgghgrrl‘ﬁsm 7 5 7% 34.2%60*60 YR SR BE NG 2571
6 L VR ﬁmgﬁfgﬂ&ﬁ I 2 T 45%35%35 ﬁﬁ%ﬁ%ﬁ%ﬁ
7 RUIASGERE SR i BEE  BHUE 60%55%55 ggg;j‘ﬁfﬁﬁ

S ARSI AR SRR, i Fh & 224 Flandria” , RIS T SO ST HE (R )RV AR AT
PR o s B AR M2 & FIKIRIE, DT 3R (B O AR PR 7 o 156 I 207K s ik
JERHEEAAG B 1o

2.2. REE

I T 2024 4F 12 A & 2025 4 2 AEIL RIS BE (R4 116.13°, J64h 39.46°) DAL BE T M
R E R K 96 K, FEE 45 K HET, T P AT TR R 5 5 K RE R ] . AR SR e i 2 E
A NFT KRG b, KA RGP, MRy B A s 72 iE 7 T HAegiE, BR& 1 h
BER 15 min, BIAIEE 3 h I 15 min, KRS IESKIMNERG T EERA, KRR B 3 fil
RECIEFET, LA4ERF E g GER AR E 3]

PRI A R K R AR B 7 ANMEFE, 4353008 50 mm BRRE A T H . 40 mm BRRR T M B, g4
e, fEVRHL. Bk + EAERAE. Bt EYAS+ESIRAAUERIFR S0 MR 40 Mk, ¥
45 e, B + SAEM. B L. LM + EEE). WIETAIE T IR AE . AL,
TEASSLBRE . pH E AT SR (EC)HHAT I E -

T 2024 45 12 H 2 HERAESE, FERPETR I 5 bR IEE FR(EC = 1.0, pH = 6.0) 78 /M2, X
—HL, BRACERRE SO KL, 3 KES, BENLIXAHES. FEF0 G E a5 OREEE TR B i 2F = (IRE 23°C, AR
FE 90%, 12 /N 8000 1x 55 0GR, 12 /NS REPAEE ) AT (2

RG2S 3dy 2 5dy 2 7d, WEAFRSIE AN EGE, FHAESEH ZFEE R DS A B 15 2
. AR R CE T B RS T B |, ORI ) 15 min, MRAECHEIRE. B#E
WA ST () i 2 HEWE, 3% 1 d #EBE—IX, BRI EC=1.0, pH=6.0,

Frh28d Ja, A I NEEAS BB 3 BRAESE, DI, M58, JFREE. 3 phim, 224
PRTEAR . M b E AN E3 B A SR AN R AR AR S U BEALIX 4 e f T MGS Rl RS0+ .

EREG 20d, MERFRALER FRENLIEEL 3 MRAESE, &M A8, i, 2. E AR AREETE .
T E. RTERRRE .

SEAHIG 40 d, SRUCEY BONEEAS A EEREN UL 3 MRAESE, WS 4 20, i, fhm. R
it T E. RTEAMRRNE. AR AR SRR C. A TERE . SRR R TI 2 .

23. MEMBRAZE

2.3.1. EREBMRNE
fE% «—47 MEik[4], HX 2000 mL &= A, RIAFRAEARFIK V1=1500mL; BiAS[FIFE R AL FE % N
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R 5

BEAPMEARR VI IR, FERMKD G, SRPURALA AR V2, R R S, SR AR A
FAV3; 857 3 TR EAE AR K OB TR LA 42K 1 h BLE, SRR R B Bk sk, AR
IR IR RRON AL R AL AR, H AZ A7) 2 DIRE TR E (X 1P67 JIEHRA) pH {EAT EC 5. )5
R =V2-V3; FE = THREFRKE « ERER; SBIRAER =Vv1-V3; BKE = SEKE
R+ AR x 100%; 8L = B ILRAR + AR x 100%; FrRFLERE = SILBE -
SRR ~UKE = LB + FKALBEEL < 100%.

2.3.2. EREKIEFUE

I R I 5 A 32 A S Hp e K — i, 02 P 2 AR i G P R B o AL ) 9 5 s R P A g AR S
G MR A TR K s A BUR IR AR KT 2 om M R NES]s MR A RO 2R R
AR PR S SRR AR R RN R R R 1T R i 1) A  R h y  AE SR TR R S e B
& CPERRMEE S Tmaged BT EF A A 1757%6].

2.3.3. ERREIBIRUE

A RO B DL A SR e A, AR S BT B R T R R, BT iR
FERRNHERE 105°CoA T 15 min, 5% 80°CHET M7 5 ; THECH W4REL = CEM/Mk @) x dTH < 100%
(7] HREEF AR E o5 FH EEIEN G, THEAR I =135 2/ E3 8], MRARE SRR
b = R D S ME(TTC) VLM E [9] » A2 S B A PIAR R BY R eid, FH 5234 2E (EPSON) Perfection V850 Pro
MR FAAR KRBT, FFH Win Rhizo R BT OCRAE s, 9 HIR R KR, R R
AR EAR[10].

2.3.4. R IRRNE

KM A ST ARG RS I e R PR A FIAESEI S0 vl v s . 4e4E R O WAHERENIE T I E
JiES BN EE L ik HEE L AR E R LIRS IR (RS E R bR R 3 5 iR 3k
FII5E Y (GB 5009.33-2016)).
2.4. HIELE

RIGFIE ] SAS 9.4 BARIZ 5 23 HH(LSD, P < 0.05). Excel 2021 i 1€ & %2 .
3. RS

3.0, FKIBBUE A S

Table 2. Cost accounting of different hydroponic carriers

2. NEVKEBEHERAZE

IKEE A LA (N/70) N LA #E

50 AppE 0.35 B BEK. R WoKHLK 1h

40 R 0.22 BIR Bak. R KR 1 h
o 0.03 B Bk FERh. TR EAE 7
T 0.15 R PR, FERl 7
HH® + SEHER 0.53 Popk. S, G R Bk, R 7
Bt 0.40 P BEK. R x5
Tgifi + EEHER 0.08 Popk. 7S, B R Bk, R 7
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GARWERANSE, BHH + EAEFRAN 0.53 o/, Biiie, BHRMEYiMM + 620
B EAR, 3908 0.03 Jo/NF 0.08 Ju/AS, g2t OB 1/3~1/4. FLUR2 4% 0 50 BRssR,
535124 0.40 TG/ 0.35 J6//1 . 40 BRBESRIAE R S A @ o, AP EMERIMERIRT (R AR, &4 3
PRI TN THEBOE NFCEATEL, RIBIRK. (e, Bt NIRRT, WoKEr BEMH; 4
JRIRIFE/IN S 2~3 W — O Sy A EEEHY, 75 IR, EAE G RS A RIE Tl & e i iE A,
e IR BIOHEESE TR O E WY RAEDPR, SRR SR RIZ) 1h: & H8AMLYih
SRFILRA, TIINRA B EE. JIH, RN, NGO LA, 45 F, BRiggnsb & ib
P — %, B e LT AR H A T AEX NFT KB R 2).

3.2. KIS BRI

M 3 AR, AFRRE AR E RBOR, R Egifi + EAEERNAEBEIN 132 cm®, 5EH
B+ BEAEFRERARE . SO ERL/NT 025 g/em’, BTRERERLLF[11], LM + EE5HM
MEWS + EEERNAEL ST HAER, 1LV R4 25 5 /o R8I S FLBRE B 91.08%,
B E T HAR AR 50 BRRAL), AR ALRR B R A 51.80%, AIAF] NY/T2118-2012 1)L J5i &
FLBRIE >60%MEK . MSALRE LIS + EEHERRA, B4/ FKILBRE DAL R K,
b, FrAEIAEFT A NY/T2118-2012 FH IR B FFKFLBRBE > 45% M) EsR . UK, Bgifi + &
GERFMAE TS, K SOV, S0 MR AK IR, AFRKEEAARN EC 278K, TN
ZEANIEYE BC (AR, MHABEAR SHHILR, BEC M. B4, Bk + Ea%m. Bat Rl
Yifi + EAERETN PHEAE 5.37~6.71, E&EAEMWAREK, 40 PR 50 #0R) PH Wik, R4 4.60 F
4.86, TMAEYJEM PH kil 7.50. £56F, Lgifi + EEIERIAIR. FE, @ILBRE. SUKE. pH
EEFRIRAE 7 M PRI R, EEARAK.

Table 3. Comparison of physicochemical properties of different hydroponic carriers

3 3. NEIKIBHAFIRE RS

50 HpkE 82b 0.112b  83.37ab 1.34c  82.02ab 1.65d 5.29 4.86

40 FFE 62¢ 0.103bc ~ 78.48b 3.77b 74.71b 5.05cd 3.28 4.60

4% 16f 0.012d  77.69b 4.38b 73.31b 5.99bc 0.04 6.66
16e 33e 0.022d  91.08a 4.16b 86.92a 4.78cd 0.06 7.50
HHE + EEHEmR 131a 0.160a  68.03c 5.52b 62.51c 8.98b 1.25 5.60
Bapt 46d 0.091c  51.80d 1.32¢ 50.48d 2.77cd 0.35 6.71
TYifi + HEHHR 132a 0.152a  62.88¢c 8.64a  54.24cd 15.85a 1.55 5.37

33. FRIEBETERNEIE R

MFE 4T, R 3 d G, AESERESIHN, WAL EE N AR ST TR (94%), MR B L R
FrEER, HUGR S0 BBREANIEYE, 40 BRMR. Btk + SAEMMBS L, LY + EEERNHE R
RAKB1%). FIFH 5 R E TN Z, FH + EEERMHERRES, B3 100%HE, H
U HEEE . 40 HIRRE . 68 50 BRRERI 45+, 97E 94% LA L, M RRRE LY + B8R 83%).
FEFGEE 7 R, SRR CORRE, FrA FE 0 H B R I7E 90% A b, H T ER ) m T AR SR il
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ZER %

B 2E 2 80%. FHILHT L, Br SR A AR mibadE . (T + HERBNALER, Zf
TRBGIFIE 5 e X B, T8 G R o 0o T e 7 AR R 2 B

Table 4. Emergence of lettuce in different hydroponic carriers

F 4. EREFRKBEHFHEEER

s HG 3 d A% HEIE 5 d thi 2% HEIE 7 d th 2%

50 HAE 94 94 08

40 1k 92 96 100

4T 98 98 98

A 94 96 96
B + BEHET 92 100 100

Bt 90 94 94
TYifi + HEEmR 81 83 90

3.4. NEIHF3 R E H AR

3.4.1. FRHGETEREBERSRAE KT

Wb 28d 5, AR P —O, IXBISEAAE . SR D4R AL R AL, ORI T S 2L
A 2). BREYIHAT+E SR T A v iF S, FR AR Fr 38 DA FIRR BE A R 2
KA RRE . WERALI, Bl ARE, HMRBOIS, 50 BRE. 40 BFRE. ek
+ BEEFAMEYA + BEEEFUEE T ERALAILL HZ AR, EEMRRREH L, e LT
BARAILE, (aIERAE TR EES, BALE N AR ARMEBM L, (ERRK S TR 2R
Lia b, LY + EERERIASRERIRSRE, FARILE ™, HA A E A A R IA
BEARAR.

psa

T
|
528 dith E I EL |
I'

HR28 diR RE AR L

Figure 2. Plant growth and root development of lettuce at the seedling establishment stage

2. ERpEPEREKBERAMRALTER

3.4.2. FEIEFTERERAE KIERIRAT

W TR IR AT IR SRR, e AT BRI AR AN A AR TR N (A SR AT A . & 5 TR, YA +
RERFUEE T AR BERKT 50 AR5, fEJeB AR RAE; LY + RERE 58 A
PRIFTAR R 25 K T Hofth 5 FhAETACEE, FRpRI AR HABKLF Y 2~3 ff, HILAAEBR R ZR AR, K
Gifi+ a2 R NI R HCR, 535 K TR 40 MR A AL T, & o+ R G R IKIT R i AR
MR LR, Y + BRI R BERE N 6 bk, G 40 BRSO BRRE. Btk + EE%E
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TR 5

AR, R R B, P 4 Btk WRRE, O+ R G EREE TSR R, B
T AEEE + EEERAEE, HALEERARE; i + KEIEFACE T AR E KT
40 FFREAT K HABAL . B2, ARSI + EEH AL T IS BUE KT R RO, R 58 A0 HL bk
A R 2 T A BT, S 2 85 R B

Table 5. Index values of lettuce at seedling stage under different treatments

5. TNEE T A RiE A

busE M/em  MFE/em  FFEE/em  BHEAAE BRE/em  ZM/mmo SRR TR cm?
50 B 7.91b 3.07° 7.77b 5.33% 7.23% 0.97° 40.43b
40 AR 8.86% 3.33b 9.03%® 5.67° 7.43% 1.10% 39.27°
17 7.34¢ 2.79b 7.4¢4 4.00¢ 6.4% 0.81° 30.69°
Bk + E6ER 897 2.84b 6.00¢ 5.33% 6.83% 1.00° 41.10°
ot 8.8 3.32b 7.73b¢ 4.67° 7.10% 0.86° 41.83b
Tyt + HEHmR 9.6 4.69 9.6 6.00? 8.332 1.36 86.84°

3.4.3. AR ERERARCFR R R

W TPk AR 2 o0 — R R, SRR TR AREMIE BT B, LA B A SRR AR i R
AMEUL, TEFA IR R EAT IR, SO IO AR S b A AT AT . AR 6 WL, B +
R BT bR L s TR G v LA AR, PR b R R A AR R 1.9~3.1 %, ki b
HT R HABAL P 2.0~3.1 ff, JEVRACEIIAES R IRAG, BanES5BRESM + EEERAMIHE
M IEFRAC B 2 S AN . TR + BaE B e R, B e THMERLHE. B2, 1Y
i+ EEEFUCHE T ARSI KA HE, i EHRMIRRERS, 2HERE.

Table 6. Accumulation of assimilates in lettuce at seedling stage under different treatments

6. TRILE TEREHEHIRRIFR

A3 Bk LR /e FRARHE T E g RANCEIE

50 Pk 0.9900° 0.0637° 0.8046°

40 MR 0.9967° 0.0577° 0.8585°

1l 0.6233¢ 0.0407° 0.5112°
Bk + SEET 1.0467° 0.0582b 0.8516P
Bt 0.8733b¢ 0.0509" 0.6548b
TYifn + BEEmR 1.9400° 0.1244? 2.0641°

3.5. FNEIKIEH X EREEREKHTE

SEMG 20 d, WPAESRHEATIE I G KA hR . RACPHRFR A BT AR R -
3.5.1. FEEEHNEKEEGE KIEFHTE

RTH, KB+ BEERKFREK, RERTHERE + E655. RamEMER, 1LRM
MKRA: LY + BEERH SR, BFWET 50 M. Bat. Ttk + EEETNIER,
TEV I e b s AESTT R MR s & P ZE AR 2 By + R AR A w2 T H
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R 5

AL ER , bb A I SR AL BRI B2 5~7 Bk B + B AR B, BE KT IEVR 2R,
SHAWMFZERREE, LY + 5&FFAC B SRR AR ik, AR FE) 1.7-3 5. B2,
Brbkmsh, BYifi + BRGNS ERK RS RE, Hdapkm B sk miR R E s T
HAh AL,

Table 7. Growth indices of lettuce 20 days after transplanting under different treatments

7. TEMIEEME 20 d FEFEKIERR

busE H/em  M3/em  JFEE/om B RAE HRE/om FEH/mm o SR EHR/cm?
50 B 13.17% 9.72b 19.17 15.33b 9.27° 6.022 570.49b¢
40 AR 13.01%  10.39% 18.932 15.67° 9.67° 6.30% 632.78°
el 10.84¢ 7.41¢ 19.172 13.00° 9.00° 5.61° 358.87°
B + SAEM 1232 8.88kc 18.207 13.33° 12.37° 6.43% 470.09b¢
Mot 12.20% 9,17 19.90° 15.00P 9.60° 6.08% 551.03b¢
Tyifi + BEER 1448 12.312 22.57° 20.00° 10.872 7.188 1052312

3.5.2. FRIAENEREEGEHYRROIE

T8 WPASCEM)S 20 d, LY + EEEEFACE T AR R B AR AR OR, B e T AR AR,
b 40 BRHE S 57.7%, AEUEALERAHL EAREESE . Ui + AR ERTEER, BES
THAMEE AR, HGE 40 BFRE, HoNFORIERM B RHE + a5, ERATTH, HEASMIREEE
ANSMITHR T2 _E R4 A0 40 BPREAL B OB R 25 v T HARSE B, HUGRTEgiAn + RE LB 50 FRREH A
B+ S, BatABEASNEHRKR, BEm TR + EEIAAE, H5 AR5 A E
ERARE, KM + BERERIRE LN Giaar, Bgifi + EE LT Rk BRI
R REE T HARK R, REFERTES B2 R ARE, WA UGN T LM + 546
BT A E A et B A KR, R R B .

Table 8. Accumulation of assimilates in lettuce under different treatments 20 days after transplanting

% 8. TREIAIREH 20 d FERRHIRBRIER

Pt $§§g% R AT $%§§2mm $ﬁ%§2” it e

50 FpkE 21.81b¢ 1.26900 1.0887% 0.0714% 0.0577%

40 kR 27.05 1.5706° 1.5824° 0.0869° 0.0550

16 12.27¢ 0.8282¢ 0.6189° 0.0392° 0.0533¢®
HHEH + EEHEm 17.51b¢ 0.9948¢ 0.7051° 0.0475" 0.0597
Bt 19.29b¢ 1.2094b¢ 1.65992 0.09722 0.0803¢
Tyt + HEHmR 42.65° 2.1869* 1285020 0.0747% 0.0347°

3.53. FRLEXEREREERREN(TTO)RKFM

HHE 3 AAL, Byt + ARG T AESEIR RIE I RE, 143646 ugrg "h!, BESETHALS
FlALEE, BUERTIL, TEgifi + HAFERMFRT AR ARG IR, BRI 58, A FT4 2 -
P A K
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Figure 3. Comparison of TTC in lettuce after transplanting under different treatments
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Figure 4. Growth status of lettuce 20 days after transplanting under different treatments
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Table 9. Growth indices of lettuce at harvest stage under different treatments
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Table 10. Accumulation of assimilates in lettuce at harvest stage under different treatments
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Table 11. Root indices of lettuce at harvest stage under different treatments
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Figure 5. Growth status of lettuce at harvest stage under different treatments
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Figure 6. Comparison of VC under different treatments
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Figure 7. Comparison of Sodium Nitrite under different treatments
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Figure 8. Comparison of soluble sugar content in lettuce under different treatments
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