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Simulation of greenhouse cucumber plant height growth
based on gradient boosting algorithm

ZHAI Zihe' . CHEN Xiaowen® , GAO Liping’, ZHANG Tianzhu'"
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
2. Beijing Zhongnong Futong Horticulture Co. , Ltd. , Beijing 100083, China)

Abstract In order to solve the problems of having many empirical elements and the weak generalization ability of plant
height growth simulation model in greenhouse cucumber production, three glass greenhouses were selected to collect
the data. Taking the environmental element and time element as input and the daily plant height growth as output, the
simulation model of plant height growth in five growth stages of cucumber was established by XGBoost model and
compared with LASSO model. Pearson correlation analysis and feature importance score of XGBoost model were used
to determine the key elements affecting plant height growth in each growth stage. The results showed that: 1) The
simulation performance of XGBoost fitting effect in full fruiting stage was general. The simulation effect in the seeding
stage was the best, and the determination coefficient was 0.821. 2) The key elements affecting plant height growth in
seedling stage, tendril elongation stage and fruiting stage were growth days in the current growth stage, daily average
humidity and daily average temperature, respectively. In conclusion, the plant height growth simulation model of
greenhouse cucumber established in this study can provide decision support for the regulation and optimization of
greenhouse cucumber production environment.
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Table 1 Sensor device parameters
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Sensor name Type Range Accuracy Error
5% 1% %28 Temperature sensor PR-3003-WS-5 —40~80 C 0.1°C +0.1C
15 B g8 18 Humidity sensor PR-3003-WS-5 0~100% 0.1% +1.5%
IR AL &A% Light sensor PR-3002H-M-4G 0~20 77 Ix 11x +7.0%

WL AT T 3 MR RE, 7T 5RE
#NA A K AW 2020 4E 8 A 28 H-—2020 4E 12
A7 H.6 SiRERINMAKEW R 2020 4 9 7 26
H—2021 41 H 7 H,8 SREH N4 KN
20204F 10 A 29 H—2021 42 A 25 H,

1.3 HEFAE

A= B WY B A3 BOIAE S 8] A 0000 AR KRR
PEAATE 22 5 R U0/INAR B A 1 AR K R M 0 82 40 45
R 5% W) AR B SC ik 9 RE [ 22-23 1 IR 5% 52 B 17 00 #
BN AR S BRI 53 R 5 A B Bt 20 il 57k = AR
KB BRI AY , B B ) 20 AR 0 Gn R < 2 i I . e A 2
B A~5 FrEM I M E W5 A~5 B RIT R
S — AR 8 A TF I S5 R ET L5 1 MRS 2 TT IR
HRTCSR AT 5 45 2R v 300 - AR TR T 22 K & 77 IS 05 45
SR RS A 18 =R, f 2R 4 IR
AR UEHEAT R 53

R 2R AR < O BR AL B A5 1Y BUHlE 4% 77 U GPRS,
H7 A E R, BT DX P 00 T L B AR A S
ANERE 23 1 BN % L WO TR (A S A 3 KR
SR A (B VR BEAT A (6, X4 155 77 A 19 1 ) 67 1 AT
SRR o I P 1 4 {8 v P A T4 1

S HE O R R A SR T A R AT T

Ba 1
z =Tt (1
:T:EEF‘Z-TI: ﬂﬂﬁﬁﬁ%ﬁalx;lk71$ﬂ 1k\lﬂ‘:’*ﬁ§ﬁﬁ§i§&

. 1x,

FRAE SRS . PR B R 45 B 28 00 R0 SCHR B0k AT 0, IR
N BRI E Y b BR P YR R P N R R
Bpoltom  fe KOG | AR R B K AE A5 1 % 8 I i A
Kk & A AR R BE 0 52 ), B 2 7K I8 2% A e iR &
AR R G ], BoA R g% vh i ) A B I 45 2R i A0 45
SRJE 53 9 R F T 5E BT 7 e AR B 98 TR K IEAE
B K RN BERURRAE . W] — 2B F BN [R Y A=

KB B bR A A A K SRR S /0N R TR W 2
A 2% S Rk e AR K B T R FE e, 5 Y AR
B AERKRBOL —FRE B — AR B 1 R &
FRIgN 17 5% 2 KIMEFRIC N 27 MR, T
PEHCRRRE S H 200 L H & KOG s L H P 2
B H Sm R H B RREE H ORI H KR
L H /N AU AT B AR R A
1.4 WBEIHE

T FE $2 7+ (Gradient boosting) B 5 /& Boosting
R — R 2B R A T AR AR Al > i A R i
BRSO BB AR BRI 08 I B 55 23 2K 4% . R R
PN ZRbr 19 55 40 25 2% DL 2 i e 2045 & 2 90 A AR
o SR PR SRANAE Ry 55 43 28 45 O 65 J8E 42 T B9 1 i
H R B R FE M (Gradient boosting decison tree,
GBDT) . XGBoost &3 T b B & T+ i) — F £ 1l
R L HE 2 5 2% R o3 2 LI, 5 2 o B80T 15 25 5
SYHEAT T B A R IT IR TE TR e, A
B RO 2 ARG s — BB o R eR B — R 2
TE NI O T4 il BT 09 52 2 B2, A0 46 Ly 1E 4k
AL, IENAR) o H s R B R kA

Obj = 21(&,y;>+29<fk> (2
o on HEEARE A y MBS DREAR
FOAE s cm; vy, B DHEARM EEE, cm; K LR
St T RE VG
FrH Ly E Ak, D) E D e s e o T

A L, 1B A T IE D0 A R T ST

K
Zﬂ(fk):ﬂ+%a|w‘ (3)
k=1

K
EQ(f‘k>:yT+%waH2 )
k=1

B < 11 2 e O 11 Oy 11 B S U =i
JEIFAAF -

K
D000 =T+ Jalwl+ pAlel
k=1



553

A y BRI TR o L IEWS8G AN
L, IEW 280 o g P S Bir A 519 {8 21 i 1)
iy T o5 S8 A

XGBoost 5 B w1 (1 45 5 8 2 OB L T
N_estimators s & it 55 125 v 55 PP Ak 4 10 B i, i 2
BB AR Y 27 2] R B (ER AR RS LG 1Y
UG R, — i L 300 LI A4 s Max_depth
R e A e R TR BE Tl A 100 L 2 B (BB
RACRB R BT S B By ik UG — A IR
FEl A 3~10;Min_child_weight ¥ #lHF I r % 19
T /NFEAC R T4 S LG 5 Subsample 45 i % T
BEDL Al I T U 2k 0 E s o L B, i B R
0.5~1.0;Learning_rate S 34X 3 %K, i@ 17 5k /) &
— 0 B RLEE L $ e A6 Y ) 8 L MR R 0. 01~
0. 30,

LASSO [n]5 & 78 538 e 14 171 5 /9 B A5 ok 805
AT Ly YGRS 00, B8 [F] iy 52 B AR i e 6 A
SHAG T . HH AR R BE

Obj = %mem NS S AINTS
i=1 i=1

e m HREARE A by () R REABIALES @ A
FEA TOAE , ey AN BIRYEE @ ASFEA Y 52
MAE  om; n ASEECE A A WIS HG 0 M1kl
EEX

AHE 58 XGBoost #5743 3 € 37 ¥ K 5 A4~ 4=
B AR K BRI, JE 5 LASSO £ 2 iF
FEXE oM. BRERL B B A HE A B S 2058 | e KOt
5 H O EE L H R H R | H O
BB RORIR B /N RS R A KR
B, o R R A K

MR 5> A B BRI 2 0 R/ AT I 25 4 Fn
AR RIS, o, B 0 g R A A g AR
AR B S S e IR 8 ¢ 2 AL K] 43 Sk U1 2 4 N
A, S5 R I BPE R IR 9 ¢ 1 B ALK 2 S 1 2k
AL R4 .
1.5 #EGTAEIE4R

KR YE ZE R ¥ U5 125 (MSE) , F ¥ 48 X}
22 (MAE) A A B R (9 F 4 43 B 6 . 2 B 780 [
R* # K, MSE A1 MAE (9 15 4 /)y . D] 338 BH 455 784 (1) 48
AR ELT
DGt
2;,:1(% — )’

R* = (D

BTRS S . T B R T 5 36 % T 2 K B 137
MSE:%Z(&,—M)Z ®

i=1
MAE:%Z\&i—y,I (9

i=1

s WREAE Ay MR SRS Y B (E
em; y K DNFEAREFEBME  cm; v, N ADFEARK
HH . cm,
1.6 kS EKESEFHNBHERE

FH G 23 B R R REAE B B A5 0 3 o) 4 —
A ol S v B DO I 7 S =T i N O A
Pearson fHC R BULRETE — & T2 & b I W A 5 [R] 1Y
A A RN AH R T AR R R M A O T 2 B
) N BR35 R  2Z [8) JF Al 58 4 09 Ze v A G, Bir LUK
ALAAAK BB Pearson #H ¢ 28 B0k 19 45 5 0ff 22 52 i) A
E A KR S T, XGBoost it 4 AF  E
oy ebt T O & o oF R A P A Y L FR AR
TEVEAR J3— 5 T AT DA W R — R E X AR Y 0 A
BE (52 m , [R) B n) fF — 8 AR b R B R — REAE
Xof R Sk f 5 M) L A4 SASE D Y T M RE L BT DL X
2 B0 5 1 B 25 SR TCAE — M AT LU 4 14 B s R A TR
T Bk AR A Y 52 f R s B RS R R
B AE OGP AR 58, [ B 3 — P 9 4 A B A 4
AR &, B AT R 3 — B X AR AR K R
5

K SPSS 8 #E 47 4% B+ 8] L 4% K+ 5 bk =
1) Person AHICHMHT . 75 B AHOC R AL, AHC R B0 HL
YGRS [ — 1,10, A OC 2 BUm) 26 XA BCOR , AL RA
KR, BT O L@ i 4 E M XGBoost
BLRR H Gain (5 B3 25 19372 AL &, 7€ XGBoost
R T AT BLE IR AR AT R AT BN 5 LR 0 1
{BD R4S R AE T BEVEAR 43, AR T PR A 43 HOfE v
R0 1] A5 vy o AR 2 L e A X AR R 0 A B Y
SRR, R U Sy DAAR OGP A3 B Oy L R
HEA AT 3 B L2 B AR AE B v e e b i 3
.

2 HRE5SH

2.1 HEKSEKEEMENET

BILAS 27 21 (A5 7 g 03000 2850 2 — Ty 1 B e 1 B34l
A B (BT aE, 5y — 7 TR TREARL S E R . 7E
FZ B, B 54T XGBoost Rl LASSO 4%
RESHNE R E . R 2 PR,

H T XGBoost 15 Y % 5C i 2 4 %) 5 22 72 R



138 & I 5 I [ N 2= S 114 2022 4F 4 27 %
®2 HESYHCEERE [] , LB 43 5% 5 2 00 H AR 22 18] 19 5% AR K, BCKE 5 4
Table 2 Range setting of model parameters %@[%ﬂg 34 9%%%“@@?@3%\% .N_estimators Fail
i 7y 3.4 i Learning_rate, Max_depth 1 Min_Chil _ weight,
Model Parameter Range Subsample, ﬁiﬁﬁ ™ 4% 14 f"f*:' 122 S IE 1Y 7:7(21;‘1&{5(
NO— - %13k 3 U1HG SR A AT A A B R B
L L > o E A S S O L
Learningfrate 001’“0 30 RE{E@V‘]@E& 3 5 I 'fﬁlﬁ{ﬁ»ﬁmﬁ*ﬂiﬂphgﬂ
S F0E B 5 A — 4 EFwI S5, R
KGhoo Mo denh o SO SR e — L0705 2 48
. . PEAT PR B, R R S HE . LASSO #55 A1 ) 3¢ it 2 L
Min_child_weight 0~6 X . n o
Subeamo] 0 0100 Alpha & L, IEWAE S50, H TSI R S L4 .
ubsample .50~1. . NN . "
23t Z M 2, K0 E 0 Gk S BUE W 3& 3
LASSO Alpha 0~10 _
B
% 3 XGBoost 1 LASSO 1% 8! & #;
Table 3 Model parameters of XGBoost and LLASSO
XGBoost LASSO
SN
7 1 ST S PN L
Devel , mRE BEAs HRLREEL ENSH
evelopment stage Learning ax
- Min_child - N_estimators Subsample Alpha
rate depth
weight
B Seedling stage 0.01 6 6 250 0.74 0.10
fd & ] Tendril elongation stage 0.03 6 5 125 0.74 0. 20
ZE L FT ] Initial fruiting stage 0.03 6 3 200 0. 85 1.92
2t B ] Full fruiting stage 0.03 3 5 200 0.74 0. 05
ZE KW Last fruiting stage 0.03 4 3 210 0. 94 0.01

H e 2% BT A B R R A 380 7 0 4R B A% A i O
PR e A R R ALk (P 1~ 5D plg AR AL i 2k T
VLAt 70 i 300 A= 300 & 2R AT 0 R 4 SRR 0
XGBoost 5 B 1y 400 & 28 R B . i A 45 2R P

H e R A K dit/em

XGBoost # I i) 40 & 50 R — i, 48 T H 3Rk A
KeEKLm /P S (>8 em) , XGBoost B 2L {H BH
AR/ . LASSO BEAIZE 5 A4 B W8 304 2R 2
A BRI RE K T XGBoost, LASSO 5 75 45

—— HE.52{H Ture value
------- XGBoost
s |LASSO)

Daily growth of plant height

40 50 60 70

MFREEA -5 Number of test sample

1 HHARSEKSELIME

Fig. 1

Simulation curve of plant height growth at seedling stage
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Fig. 2 Simulation curve of plant height growth at tendril elongation stage
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Fig.3 Simulation curve of plant height growth at initial fruiting stage
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Fig. 4 Simulation curve of plant height growth at full fruiting stage
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Fig. 5 Simulation curve of plant height growth at last fruiting stage
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Table 4 Evaluation of two simulation methods
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Table 5

Collinearity elements of every stage
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Lave represents the daily average light intensity, Lmax is the daily maximum light intensity, Tave is the daily

average temperature, Tmax is the daily maximum temperature, Tmin is the daily minimum temperature, Have means

daily average humidity, Hmax is the maximum daily humidity, Hmin represents the minimum daily humidity, Day

represents the growth days of the current growth stage. The same below.
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Fig. 6

Correlation analysis between plant height and various elements (a)

and feature importance score of model (b) at seedling stage
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Fig. 7 Correlation analysis between plant height and various elements (a) and

feature importance score of model(b) at tendril elongation stage
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Fig. 8 Correlation analysis between plant height and various elements (a)
and feature importance score of model(b) at initial fruiting stage
(a) Day ) Taye 0.33
Hmin Lave 0.10
5 Hmax = Day 0.10
< <
g Have % Have 0.09
= Tmin & Hmax 0.09
E Tmax E Lmax 0.08
Tave 0.55 Hmin 0.08
Lmax Tmax 0.07
Lave i 027 ) Tmin 0.07 ) )
0.00 0.20 0.40 0.60 0 0.10 0.20 0.30 0.40
FHE 2% Correlation coefficient 84y Score

B9 #RIPPHSSEEFHEED T (a) MERBFTEEEMRSS(b)
Fig. 9 Correlation analysis between plant height and various elements (a)

and feature importance score of model(b) at full fruiting stage
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Fig. 10 Correlation analysis between plant height and various elements (a)

and feature importance score of model(b) at last fruiting stage
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