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Abstract: The accurate prediction of lettuce physiological indexes is of great significance for the digital and accurate
management of lettuce growth in plant factory environment. In order to provide a reference for the prediction of physiological
indexes of leaf vegetable crops in plant factories, in this study, hydroponic lettuce from plant factories was taken as the research
object, and the data of longest leaf length, leaf number, and plant height of hydroponic lettuce treated with 5 different nutrient
solution formulations were collected. Physiological index data of lettuce were predicted by Sparrow Search Algorithm-Back
Propagation neural network(SSA-BP). And mean absolute error(MAE), mean square error(Mean Square Error, MSE), root
mean square error(RMSE), and mean absolute percentage error(MAPE) were used as precision indexes to analyze and evaluate
the test results. The results showed that the mean absolute errors of SSA-BP neural network were 9.21, 0.563, and 8.34 for
predicting the longest leaf length, number of leaves, and plant height of lettuce. The mean square errors were 143.79, 0.599,
and 110.69. The root mean square errors were 11.991, 0.774, and 10.521, respectively. The mean absolute percentage errors
were 15.639%, 6.181% , and 13.318%. All the evaluation indexes were better than those obtained by the traditional BP neural
network. The prediction error in the experimental results was less than 16 %, but the improvement of the prediction error was not
obvious. Therefore, the SSA-BP neural network model could effectively predict the physiological indexes of lettuce, and the
model had good prediction accuracy and generalization.

Key words: physiological index; neural network; sparrow search algorithm; plant factory

YT RARAE % M s B A AT 8 RJRIYBCY AR T R o 4 R R
X BRI Y R A SE B E e A AR el B ORI AR R IR R R O AR E Rl OF
AR A 7 B R R G SR B R w FEAEY A [ B B R BT BB SR R (R AR

I %5 B #8 :2023-03-15
BE&WH =08 E KR L W05 H (202002AE090010) 5 75 R 5 15045 0 505 4 b 565 AR BF & 5 R30
fEE N 2EA(1997-) 8, 28 A5 IR+, WF 5 05 8 BRI,
BEMEH L #1973, &, mmiliui A, @, 328 G058 2Rl R o B o T4
<120



ZEAF LR A R TR AR T U0 A e £ 00 4% ) A SR AR B A A

AR A A SR it A Ml R A A Bk, R i
HEAT R i A Xk TN B A 90 5 ST A Ah T B
WY T AR KR E ZE Ry e R
B A R 2R R

R T R TS AR 0 7 R DA HE A B
A R A B IR L DL AR 2 2 IR A A B S U
D7 AR AR P UG R, H BP A 454 R
H Rl o8 32 B9 T4 28 W 4% 2 — 9l 0 e £ Fh
VB i = B I AT, SUDHANSHU 251 3 a
K T A B 3 Bk Rl ol P el 4 0 28 4 R X
K AT WO, 22 3 e R A B R AR
A TIUORG . R B AR L gt £ Bk R Ak
25 ) 45 A5 R RIA% G2 BIP 4 28 I 265 B R0 X6 788 7 o Y
UG B A5 20 a8 AL Sk e Ak i S i BNP # g
W 4 B A 5 1 TIOAS B A 4598 . AN AR SR B
JERBUE A FE Rl 45 A 25 B 2 I 45 0 BP 4 28 0 445
LRI E T A /N P o, o
BT3B SR | B2 R — 3 B 2 T 4 R R [ K
HHICAZ TR A IR S BT  [R) P 20 ) i AR 7 1
M. E WA Y S BEEY
A K B AR S HUE M AR B RN A
TRE T AR AR A A T AR AT A, (E
LB DR BN g SR X A 3 AR B B I A B
FEWEAT o ASHFTE LAY T v 2 BR A R4 g SR
1 3 T RR A 48 R AL A Ak BP 2 I 45 4 R g 7k
% A S A B bR B0 O 3 L )RR S 1 R AR X
25 00 24 v (B AN AU S0, Joe D0 AL R B {1 45 T
fili FF BP i 25 9 2 37 IR0 I R 5 A4 SRR Ko
I R BORRE o 22 ) 0 0 A R, DU A A T 2%
PR 2B 3 A 7 1 S R 3R R S PR R A R
FE S B AO RS HE AL

1 #Ei5FHE

1.1 BP#ZEME

BP i 28 [ 265 It — i 22 J2 A i o 22 R 4% 0 AL 4
BP i 28 0 45 53k AL BAE B i M 2250 ml 7 h 3 U=
BNJZ B R R R R 2 U A B
i A JZ w2 D0 £R R 8 i U 2 BT 1% i 45 T
B JZ TR B S Bl R T AR, 2 e AR R A A2
FEIE R JR a2 2 09 B T2 2 B 5 B AT
AR 2 Ak B e i R A AR 1 B R
MZTE, SERUT A R B R L o D B R R
KR LT BP M 28 ) 2 BRI VE RE B G M 2 — A
T30 R 2 3 o 35 Rk 0 E B R T R

NSO

g=VJ(n+m)+C (D

AP, g B TR B S A Z T R
B m i 2 B S8 CO I~ 10 /Y 8

BP #f 25 % 2% 5 A AR o 1) JF Ze 1 i S 8 7, Al
i S5 AT B0 A i AR SR M G & L (AL 52 BP #2812
SR ) R R R 2 B AL A i, 1T RE 25 S BURLIE 4
BN SR B B AR A 2R, K & A 5
15 L 00 7 o 2 0 285 1 4 A, B i G B I 5
1.2 WERRAZE

Jik %6 # & & ¥k (Sparrow search algorithm,
SSA) & XUE 45172020 4F £ H i) — b 42 37 #f 46
REOC AL T s o LUK 8 4l B A7 g A0 6 ke B 4l 2 47
Ja At B A - R R TR R R P O R
TEZR O Wy 09 e = RO, A B AR R #E A
RG34 B Ay v B4, M) = ) A OC AR S
AR R i B U, 5 3T A R B A A H L RR AR
8 R B B e R M HAE S0 R
FLA AR M i e S5 B A . R AR R
TRV X ol 28 1) 5% v KA R I (B 51 L A Ak 1% 8 BP
22 0 28 AL I R BB AL AR R RS [ L, skt A BP A
2 RS R A R TR A

2 Ry E

SRy A5 HCASE AU I 25 e 5 B0 R A s, A 5 DU R
SR BER B 7E = m Al R 2= R ) O e AT KO
A .

2.1 R AR

FEANAE TR, 0 2 0 S AR A T AR T R e
SRR IRE Ol (2342 °C) , MM IR N 65%
+5% , B I 18] R W pH 4E 4R 1E 5.5~6.5, B R ik
EC{H A 1 800~2 200 ps/cm, & 37 W H 7K & 5 37
W BE AR il L A AR B BT A AL 3R A S B 7E [A] —
A4 P AT B
2.2 R H R

AR B0 25 BR A S I b FE AR B AT IR A
AR AR K R R T B AT R FE o 1 Y R
& M B E LR (25 mm X 25 mm X 25 mm) H1 . Y4

SR RO B 3 B SRy 4 i AT
A .
2.3 KWigIt

IR R K DE T(Deep Flow Technique)
P FE R HE AR . I e 5 AN AR B LUEAK 2 RE

121+



W PG 4l Bl2F 2024 AR5 52 4455 2 1

I WAL FAE A 6 BR 78 AN AR R A R I AR R Bk
ARFERE L P S A MBS E R &, BIRE
FEWEC Ty W, o e F By W 2. VR AR
TR AN SR R VR 1 R W pH (. B2k R E N —
AKLER AR A SR A FRE B 4 4 30 Bk L AN b
A AT AR 3 d X IR pH (E K EC {8
HEAT 1V A LA B 38 48, MR AR 7 7% VI T FE AR 1 4t
FHE 7 05K 2 2618 K 68 IR AT R 3
1 ABEZTFLAENABETEAE

Tab.l1 Hydroponic lettuce mass element content of

different treatment groups mg/L
Ak 3 Ca(NO,),* MgSO,*
Treatment O3 4H,0 NHNO; - KH,PO, 7H,0
CK 506 945 40 136 493
B 506 1063 / 136 493
C 506 1004 20 136 493
D 506 1033.5 10 136 493
E 506 974.5 30 136 493
F2 KEEFEHNHMETREE
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Tab.3 Comparison of evaluation indexes of the two models

s SSA-BP %5 BP  Traditional BP
o Rkt o bk Rk i b
Longest leaf length Leaf number Plant height Longest leaf length Leaf number Plant height
MAE 9.209 0.563 10.594 0.639 9.116
MSE 143.790 0.599 110.690 188.513 0.814 3 145.320
RMSE 11.991 0.774 10.521 13.73 0.902 12.055
MAPE/% 15.639 6.181 13.318 17.541 6.750 13.436
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Fig.2 Dynamic changes in longest leaf length and leaf number of hydroponic lettuce under different treatments
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Fig.3 Dynamic changes in plant height of hydroponic lettuce under different treatments
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Fig.4 Prediction effect diagram
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Fig.5 Comparison of prediction results of plant height, leaf number and leaf length test set
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Fig.6 Plant height, leaf number and leaf length test set error
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