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Comprehensive Benefit Evaluation of Hydroponic Lettuce Planted on Aquaculture
Wastewater Mixed with Different Proportions of Water-soluble Fertilizer
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Abstract: The hydroponic lettuce experiment involved the blending of aquaculture wastewater with water-soluble
fertilizer, aiming to determine the optimal ratio of water and fertilizer. This study aims to provide a theoretical
foundation for effectively utilizing water resources in industrial aquaculture wastewater. In this study, the research
focused on "cream lettuce" as the primary subject. Various quantities of Yamazaki formula water-soluble fertilizer

were dissolved in industrial aquaculture wastewater to create a blended nutrient solution. Subsequently, an
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experiment utilizing the Nutrient Film Technique (NFT) was conducted to investigate its effects. The experiment
consisted of five distinct treatments: S1 (123g fertilizer + 150L wastewater), S2 (98.4g fertilizer + 150L wastewater),
S3 (73.8g fertilizer + 150L wastewater), S4 (49.2g fertilizer + 150L water), and S5 (24.6g fertilizer + 150L water).
Additionally, a control group labeled CK (123g fertilizer + 150L water) was utilized to examine the impact of
different treatments on lettuce yield and quality. The TOPSIS comprehensive benefit evaluation model, based on the
entropy weight method, was employed to analyze and ascertain the optimal parameters for the water and fertilizer
ratio. The results demonstrated that the mixed nutrient solution effectively enhanced the absorption of water and
fertilizer. However, it was observed that as the concentration of fertilizer increased, the lettuce's fertilizer
consumption exhibited an initial rise followed by a subsequent decline. The water and fertilizer consumption of
lettuce under the various treatments was lower than that of the CK treatment. Furthermore, the S1-S5 treatments
exhibited fertilizer savings of 25.01%, 19.15%, 34.12%, 51.89%, and 74.10% respectively, in comparison to the CK
treatment. The mixed nutrient solution proved to be highly effective in promoting the growth of lettuce. However, it
was observed that the growth indicators of lettuce followed a pattern of initial increase and subsequent decrease as
the fertilizer concentration increased. Notably, the highest lettuce yield of 1.88 kg'm > was achieved under the S2
treatment, representing a 15.32% increase compared to the CK treatment. Furthermore, the mixed nutrient solution
exhibited a positive impact on improving the quality of lettuce. The contents of soluble sugar and soluble protein in
lettuce displayed an initial increase and subsequent decrease, with the highest levels observed in lettuce treated with
S2. The content of vitamin C(VC) and nitrate exhibited a positive correlation with the fertilizer concentration.
Specifically, the S1 treatment resulted in the highest VC content, while the nitrate content under the S1-S5 treatments
was lower compared to the CK treatment. The comprehensive benefit evaluation revealed that the S2 treatment was
the most favorable for lettuce growth, yielding higher crop output and superior quality. The optimal combination of
fish tail water and fertilizer demonstrated significant benefits, enhancing water and fertilizer absorption, improving
lettuce yield and quality, and maximizing overall crop production efficiency.

Key words: Aquaculture wastewater; Water-fertilizer coupling; Hydroponic lettuce; Yield and quality; Entropy
method; TOPSIS
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Table 1 Aquaponics wastewater quality
/KT Fa 4% Water quality index
NH,;" NO; -N NO, -N TP CODcr EC(ms-cm )
478 Content(mg-L ™) 2.58 173.2 5.26 4.06 1208.4 0.725
F2 BELEFERRXETRES
Table 2 Yamazaki macroelement liquid formula
Ca(NO3), 7TH,0 KNO; NH4H,PO, MgSO,4
4 Content(mg-L™") 236 404 57 123
F3 BELEFEFREHETRES
Table 3 Microelement nutrient solution formula
EDTA-2NaFe H;BO; MnSO4-4H,0 CuSO4-5H,0O ZnS04-7H,0 (NH4)6M070,4-4H,0
& Content(mg-L™") 30 2.86 2.13 0.08 0.22 0.02
F 4 BRBKIEEFEFROCHIFR
Table 4 Preparation of nutrient solution of hydroponic lettuce for each treatment
B IRACTT SR E Nutrient solution formula and concentration .
= “ﬁ Ftn K K
AbE IKIENE A i EC
Ca(NO3),- KNO; NH4H,PO, MgS0O4-7H,0 . Wastewater Water O
Treatment Consumption of NSC (ms-cm )
4H,0(g) (2) (2) (2) N volume(L) volume(L)
fertilizers(g)

S1 35.40 60.60 8.55 18.45 123.0 1.0 150 0 2.0~23
S2 28.32 48.48 6.84 14.76 98.4 0.8 150 0 1.7~2.0
S3 21.24 36.36 5.13 11.07 73.8 0.6 150 0 14~1.7
S4 14.16 24.24 3.42 7.38 49.2 0.4 150 0 1.1~1.4
S5 7.08 12.12 1.71 3.69 24.6 0.2 150 0 0.8~1.1
CK 35.40 60.60 8.55 18.45 123.0 1.0 0 150 1.5~1.8

T NSC HHETRMIRIEE, Jbsif i s TR (55015 -

Note: NSC is nutrient solution concentration that is the multiple of standard Yamazaki nutrient solution(multiple).
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Table 5 Comparison of the lettuce quality factors among treatments(mean+SD)

. Hi b H Fresh F e b WTE WAKE Root  #5e Ltk Root FER
AbEE LIP3
weight above Fresh root Above-ground dry  Dry weight of length shoot ratio Yield
Treatment Leaves B B ., 4 5
ground(g-plant ') weight(g-plant ) weight(g-plant ) root(g-plant ') (cm) (%) (kg'm ™)
S1 33.66+1.25b 91.52+2.54b 10.00+0.87ab 0.61+0.07¢ 4.94+0.22ab 43.2843.81c 0.10+0.01¢ 1.7440.34ab
S2 35.00+0.74a 99.16+3.71a 11.35+1.58a 0.71+0.04a 5.26+0.42a 56.61+3.89b 0.11+0.01¢ 1.88+0.27a
S3 33.80+1.58b 54.74+5.26b 10.54+0.69b 0.69+0.01b 4.60+0.18b 60.52+2.48a 0.13+0.02bc 1.62+0.42b
S4 32.24+0.45b 63.49+4.90c 7.73+0.49¢ 0.63+0.09¢ 4.31+0.23¢ 61.16+1.59a 0.14+0.01b 1.20+0.35¢
S5 29.61£1.25¢ 43.3446.58d 9.60£1.09b 0.53+0.03d 3.40+0.16d 60.00+2.98a 0.18+0.03a 0.82+0.14d
CK 32.25+0.58b 85.98+4.98b 11.10£1.35a 0.68+0.07ab 4.40+0.24b 43.00+4.58¢ 0.13+0.02bc 1.63+0.22b

T NS FEREFRORAFLRLE 0.05 KF LM ERREME. FHE.

Note: Lowercase indicates the difference significance among treatments at 0.05 level. The same as below.
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Table 6 Comparison of the lettuce quality factors among different treatments

posil CINGRES AR TEEA vC IR EE(BA NOs™ 1)
Treatment Soluble sugar (%) Soluble protein (%) (mgkg ™" Nitrate (count as NO3~, mg-kg ™)
S1 1.62+0.11b 1.39+0.06ab 25.41+0.72a 3323.644238.70a
S2 1.744+0.08a 1.4440.14a 16.12+0.81¢ 2583.08+191.25b
S3 1.59+0.04b 1.27+0.09b 14.74+0.48¢ 1993.18+135.28¢
S4 1.37+0.05¢ 1.19+0.12¢ 12.83+0.54d 1255.87+152.69d
S5 1.30+0.10c 1.1420.04c 10.22+0.29d 730.07+68.74¢
CK 1.61+0.05b 1.31+0.08b 19.47+0.71b 3105.134+210.81a
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W = WAL R 2 WAL R A Rl A i R i b 1)
KRE (r), LRIET. NRATUEH, ExgH
— B IRAEKIBIR X AN A F B Bk AR At R Ab 2R A

r2

®7 FIREEMRRIHE (AHP) INEHHELER
Table 7 Calculation results of AHP (analytic hierarchy process) weight based on Judgment Matrix and AHP

LK FEHR Growth index

T TR AR Quality index

H IEAR AR Nutrient solution index

E y . o AR AR R FElLE
. A R o b E TR Eh FE/K & Water
Weight Soluble Soluble VC Fertilizer
Leaves AGY AGDW Nitrate consumption
sugar protein consumption

W; 0.248 0.504 0.248 0.145 0.145 0.145 0.564 0.794 0.206

; 0.148 0.301 0.148 0.043 0.043 0.043 0.165 0.088 0.023

0; 0.101 0.099 0.098 0.110 0.105 0.132 0.119 0.129 0.107

R 0.140 0.276 0.135 0.044 0.042 0.053 0.183 0.106 0.023

TEr W, Fon BT R | NN F bR P EORUE , o 205 700 2 B MU 2RI 6, 2 BRI 1 UL, R, o

RIASL B AN 2 AT B B AN it 45 0 PR B 25 o

Note: W; represents the weight of an element j in the corresponding target layer; o; represents the final weight of the element in the
overall target layer; 0; represents the objective weight determined by the entropy weight method; R; represents the final weight
determined by the integration of subjective weight and objective weight. AGY is above-ground yield, AGDW is above-ground dry
weight.



© 264 ¢ boE Ok W "RO# 45 3%

B E R AR DUt b=, AEERER AT A R B IRV B Wik AR SR AR K A R, AT RASR
WREERT, DAPTIEYERE . nIIEMEE O MFKERE SRR B IR B B 5 S2(0.8)1S3(0.6)
e S4 (0.4). S1 (1D WHFFH&ET CK AbHE, FIH—
(5) LA RGN 58 LL A (1) 75 1 B 7K 5 KT BB A AT K R 2R 2R s 56
BT RAUEN) TOPSIS ELEGVEM B R L ORI TS /KECE 18 R, 5655 8 Bk A e
g 8 fim. WA HFE T LR H, BB sATER R, 0.4 f5103% 8 R K KRR &l ik 2]
HL S2 Wi e, BEER 0.8 fE TR AEKFIE S BONEAEMESIR.

&8 TOPSIS ZLZEATHN R R EHHF
Table 8 Comprehensive evaluation indexes and their ranking by TOPSIS method

KbFE Treatment 4" di f; HEFF Rank
S1 0.070 0.073 0.510 4
S2 0.052 0.086 0.622 1
S3 0.052 0.060 0.534 2
S4 0.058 0.062 0.520 3
S5 0.085 0.070 0.452 6
CK 0.065 0.065 0.502 5

e dR A RN A AL B AR AAME S IE SO AR IR RS, £ FORIPI N RS AR MR W AR A
Note:d;" and d;” respectively represent the distance between each index value of each treatment and the positive and negative ideal
solution, and f; represents the closeness between the evaluation object and the ideal solution.

3 54 H—EBRAEH .
3.1 1R MABTFLSE RATR, REE TR AR et 4
311 BB ES AR K SR b BRSO MR R A, . A

TR F AR A SE R K IR R B . B MR, th BEFE ., MREEE. M ETE. RTEA
AREMEIR RGO, B3Rk, IR RS PRI KIS LR E BT 2 50 K5 b &
NI S, S2 Kb R FEKFEAR RELE . S5 A, #o S2 AbE R AR iR, N 1.88kgm 2, HLL
T RE AL DR R3S RO RIBIE I AR R Rk CKARERR) 15.32%: AT H TR AL T BOd Bk
AR, o m s AR TR REOKAE. & P, AFRMEKPEERR, RER. AERFY
A3 K RETE S ARSI S S S & B P BRI, A, AR RS
TAREIE B AR IEFRI R . ST, S2. S3. S4. PO FIAR R B AR A — 5, Y BE A K A B 1)
S5 Fll CK AbFEE F i i S RVEE A BN 2.0~2.3.  THE RIBEHE/N RS, & T8 IR B0K EBUIK
1.7~2.0. 1.4~1.7. 1.1~1.4. 0.8~1.1 f1 1.5~1.8, I, EwIR el E R TIRANAK, XhidE—P
S1 AbFEH SR, XEFRNKEIERE LTSS Wik T HRARKRES L EEFRRHETA B G
G S RTE, B AR R Ay A RS R REM A KIRAS, TSRS )
RO 2 3 T 40 TARESEPI S R B REL . AT UK BUR & E IR IR RETR A S A
KA E F M R R A EUR Bk E s PR ASSRRIVEVERE AT VA I B S B KR IR IR
BRSNS, P ok ThETiE i, S2 B RIARIR K, X kEH s
VARV A AT KB B/ SRR B TR TERIAEL WRRSEYEEIERM, BT
G, EATEREN, BAEFWEE 1 £ SERYTYR R AR, BET ISR
0.8 5 =& T AL BE, VimggRmmE/kaerh O RIBUR, COBIRRM, JHB06H 38587t
BRI rR, ARARAKIFEAEAEG —w SR, JRm R KB RERI R, ARG
TR, AR e R T RaE kS E BTSRRI BAh, AESRE) VC EE 5 KIENEIK
FWR MG L], X SR mEKERA A R IENDS, YIPatralfee Ny 68 TRl IR



553 W

W/ NEe S FRBE /KR A AN TR LU B 7K I BE AT R /K8 28 S 25 6 R VP

* 265 -

02 7K AT LR AT DA SR Ak Y, el
TRk IR F A 0 B A AR ) B A G
gy, REE T TARIEEE, MmfEdE T Ve R,
Wi IR A BIL ) 77 £ R /K38 2 B AR AL BRI VA
B TR s B i ot .
3.2 EFRRICHER RS A S R A

SEAMER TN A IR I, S2 AbEXAESE R A K
MR EF R I NA Fl . AT UK AHP 1EFRE AL
EARLE S EFRPRALE, R A TOPSIS WA 742
T4 A Rai VAN o 256 A VRN B AR HE TN
S2>83>S4>S1>CK>S5, S2 5 H AR i Wbl 1 £ 1= »
K S2 A FEX ARSI AR K BN A ], 1T DRSS
()77 B I AL I 5, A REERC R . RS E R
AR KB A TSR, 0.4 15 137 R KRR AR
MG AR EON AR ROR, S FRaEKEHE
AR AR ECE R A A 7 A I B AR = A R LS
AR P2 KA

T MK FRBEEK P SRR B M. R
R R TEERLEM R, sHEMAK R ERE
FEFER, (RIREERUC, AR L 53 0 a3
Ko, TS e IR s R AT A P R
AW TR 75 £ R 7K 5 K BB TR A 3R AT K BE AR S sk
5, SCEREREAFR MK HOE SR IKVEE,  Be et
A SEAR R AN e R, TR KRR, 4
e AR SR B A T, R R SR R K R SR AR 2
St 1 R PR P R i D 5 B I 7K G HR TR
1o AW FLIEIT T B AN A 1 37 R K 5 8 IR
TR, Ay 7RG E TR L K B E Y B R
HAERM R, X T E IR B, PRI 0
B LA TR R G RS R KBRS IR0 AR
T ) e e L R FE AR SR A0 A £ st — P R
Ho N, HEITREEE B P I R B B2 T 3
fabr, MW FRA R — LI
32 g

(D 78RR EKEIEIREGKEE LR, e
HBEAE SN K BB B . 7 £ R K BE AR RS 7 B TR T
, S2 A3 (98.4g JKIEAN+1S0L FRfJEAK) AHLK
CK Ab#HE (123g KHAE+1SOL 5 7K) F5AE 19.15%.
IR R K 5K LR A KB AE3E, fef S kA3
mR s B FIR RAEAEK, AR, 4R
N S1AbEE (123g K¥EAE+150L FR€a KD Al S2 Ab
BB, PERT 6.52% 15.32%.

(2) FRfaREKGKERE KA, BEE
MGEAESERI R . ML ST AREEAN S2 AbFERT,
AVAMERE S BIRTE 1.81%. 3.61%, AlEMEASE
T 6.11%- 9.92%; S1 4bH VC & EHE; REE
FRREC ELAE S3 AbFE (73.8g /KA E+150L 7 7K)
S UL, AL SERH IR 36 1 & B PR AIK 35.81%~76.49%

(3) 3T TOPSIS £ 45 G R PN 45 R R B,
FHHE T EEE G HEF N S2>83>84>S1>CK
>S5, REE TN 123g KIEAE+150L 774 B /K I
Bc bb fe s, R DASRAS o 0 7= B e e B0 1 o o
S ARV IR AT LT, 0.4 f5 77 K
FIK I R A 1T I8 B H R BEAR B RO
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