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Dynamic Simulation Effect of Physiological Characteristics and Nutritional
Quality of Chinese Cabbage Based on Light and Temperature Function

CAI Shu-fang, WU Bao-yi, LEI Jin-gui
(Institute of Digital Agriculture, FAAS, Fuzhou 350003, China)
Abstract: Studying the relationship among ambient temperature, photosynthetically active radiation and
physiological characteristics, nutritional quality of Chinese cabbage in greenhouse can provide reference for growth
management and environmental optimization of facility cultivating Chinese cabbage. From June to September 2020,
the " New Zaoshu No.5 " Chinese cabbage was used as the test material for carrying out 3 experiments. Ambient
temperature and photosynthetically active radiation data in greenhouse were collected automatically by automatic
acquisition system, and physiological characteristics, nutritional quality of Chinese cabbage were measured once
every 3 days. Light and temperature function, thermal effectiveness and photosynthetically active radiation, growing
degree days of experiment days were calculated. One period experiment data was used to establish dynamic
simulation models of physiological characteristics and nutritional quality. The prediction effect of the dynamic
simulation models was verified and compared with the data of another 2 period experiments. The results showed that
the average daily ambient temperature during the experiments was 33.06—38.31°C, and the daily photosynthetically
active radiation was 3.84—19.37mol'm >-d '. The simulation effect of LTF models on physiological characteristics
and nutritional quality of Chinese cabbage was good, which R* was > 0.956, RMSE was < 46.752 and RE was <

" ks 3 2020-09-09

HETH : AR EE AREEESIH (2017101045 5 HagA RV EFABLDH (A2018-4; YDXM2019006; STIT2017-2-12)
TR R, WEITRL, BRSO A, E-mail: 71906244@qq.com

F—AEEWFR I BY, E-mail: csf2019@qq.com



ERR. BIBOT 5

B GRN R K FSAE BR P OB TRl Bl AR

0350

11.99%. The degree of fit and simulation accuracy of LTF models were better than that of GDD and TEP models.

Among them, soluble sugar, soluble protein and vitamin C showed the change of single peak curve, which LTF

model could be expressed as extreme function. Nitrate showed the change of N-shaped curve, which LTF model

could be expressed as Poly5 function. Cellulose, root activity, chlorophyll (a, b, a+b) and carotenoids showed the

change of S-type curve, among them, Cellulose LTF model could be expressed as Gompertz function, and the other

indexes LTF model could be expressed as Logistic function. LTF method can accurately predict physiological

characteristics and nutritional quality of Chinese cabbage in greenhouse based on ambient temperature and

photosynthetically active radiation. LTF method can provide a reference for the establishment of a more general

growth model of Chinese cabbage in greenhouse.
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Fig. 1 Variation course of the daily average temperature and photosynthetically active radiation during the growing period of
Chinese cabbage in greenhouse
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Note: The experiments were conducted in three phases. The first phase (T1) was from June 16, 2020 (transplanting) to July 16, 2020

(harvest), the second phase (T2) was from July 2 (transplanting) to August 1, 2020 (harvest), and the third phase (T3) was from August 2

(transplanting) to September 1, 2020 (harvest).The same as below.
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Fig. 3 Relationship between physiological characteristics and nutritional quality of Chinese cabbage and LTF
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Table 1 Relationship between physiological characteristics and nutritional quality of Chinese cabbage and LTF(light and

temperature function), TEP(thermal effectiveness and photosynthetically active radiation ), GDD(growing degree days)

FR PR Index 7715 Method J7 % Equation R?

T ERE Soluble sugar LTF Y=15.391+47.502EXP {-EXP[(5.047-LTF)/1.241]+[(5.047-LTF)/1.241]+1} 0.954
(mg-g 'DW) TEP Y=14.924+48.076EXP {-EXP[ (79.403-TEP)/16.383]+((79.403-TEP)/16.383]+1} 0.937

GDD Y=15.305+48.207EXP {-EXP[ (384.623-GDD)/88.495]+((384.623-GDD)/88.495]+1 } 0.929
n % M A Soluble LTF Y=15.188+16.063EXP {-EXP[ (5.062-LTF)/3.045]+ [ (5.062-LTF)/3.045]+1} 0.964
protein(mg-g 'FW) TEP Y=15.313+15.895EXP {-EXP[ (75.601-TEP)/39.679]+ [ (75.601-TEP)/39.679]+1} 0.969

GDD Y=15.606+15.616EXP {EXP[ (380.142-GDD)/213.926]+ [ (380.142-GDD)/213.926]+1 } 0.969
4/E % C Vitamin C LTF Y=68.737+229.627EXP {-EXP[ (5.088-LTF)/2.144]+ [ (5.088-LTF)/2.144]+1} 0.978
(mgkg 'FW) TEP Y=64.622+232.857EXP {-EXP[ (78.411-TEP)/28.380]+ [ (78.411-TEP)/28.380]+1 } 0.976

GDD Y=70.546+228.958EXP {-EXP[ (384.377-GDD)/150.2011+ [ (384.377-GDD)/150.201]+1 } 0.970
#7435 Cellulose LTF Y=0.517EXP[-EXP(-0.167LTF+0.703) ] 0.972
(%DW) TEP Y=0.747EXP[-EXP(-0.009TEP+0.894) | 0.979

GDD Y=0.539EXP[-EXP(-0.002GDD+0.742) ] 0.979
TR £h Nitrate LTF Y=265.756-11.275LTF+130.250LTF*-26.996 LTF*+1.875LTF*-0.043LTF’ 0.980
(mg'kg 'FW) TEP Y=270.018-3.022TEP+0.455TEP*0.004TEP>-0.004x10 *TEP*+0.006x 10 °TEP’ 0.988

GDD Y=268.939-0.779GDD+0.026GDD*0.007x10°GDD*+0.006x10°GDD*-0.002x 10°GDD’ 0.989
R Z 75 ) Root activity LTF Y=-424.381/[1+(LTF/10.009)"*"7 ]+535.189 0.980
(ug'g "h 'FW) TEP Y=-371.709/[1+(TEP/135.067)"*%* 1+486.586 0.972

GDD Y=-382.677/[1+(GDD/710.104)*°** 1+494.555 0.977
14125 a Chlorophyll a LTF Y=-0.419/[1+(LTF/5.261)"%* 1+0.646 0.988
(mg'g 'FW) TEP Y=-0.420/[1+(TEP/83.515)**% 1+0.648 0.989

GDD Y=-0.423/[1+(GDD/403.498)"°* 1+0.650 0.990
425 b Chlorophyll b LTF Y=-0.130/[1+(LTF/5.190)*%' 1+0.202 0.980
(mg'g 'FW) TEP Y=-0.131/[1+(TEP/82.497)"'% 1+0.203 0.979

GDD Y=-0.131/[1+(GDD/396.531)**'" 1+0.203 0.977
42 (ath) LTF =-0.550/[1+(LTF/5.247)*" 1+0.850 0.992
Chlorophyll (a+b) TEP Y=-0.552/[1+(TEP/83.318)"*"° 1+0.852 0.992
(mg'g 'FW) GDD Y=-0.554/[1+(GDD/402.131)*"** 1+0.853 0.993
il | Z Carotenoids LTF Y=-0.240/[1+(LTF/5.854)*°® 1+0.352 0.984
(mg'g 'FW) TEP Y=-0.243/[1+(TEP/91.570)°"* 1+0.356 0.987

GDD Y=-0.240/[1+(GDD/445.777)*"*¢ 1+0.353 0.987
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Fig.4 Comparison between simulated and measured values of physiological characteristics and nutritional quality of Chinese cabbage
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Table 2 Test results of three models
Eizgay AT s ek AT s
R RMSE RE(%) R RMSE RE(%)
Index Fitting method Index Fitting method

7] % PEHE Soluble LTF 0.958 3.267 11.99 4R a LTF 0.969 0.033 7.06
sugar TEP 0.405 12.334 4528 Chlorophyll a TEP 0.904 0.059 12.63
GDD 0.871 5.749 21.10 GDD 0.966 0.035 7.42

AT PES ) Soluble LTF 0.972 0.860 3.59 HEEFE b LTF 0.956 0.012 7.89
protein TEP 0.804 2367 9.87 Chlorophyll b TEP 0.840 0.023 15.53
GDD 0.921 1.401 5.84 GDD 0.954 0.012 8.20

#E/F: 2% C Vitamin C LTF 0.970 14.121 8.82 M4k #E (atb) LTF 0.976 0.038 6.08
TEP 0.697 45.923 28.67 Chlorophyll TEP 0.901 0.079 12.73

GDD 0.954 17.163 10.71 (atb) GDD 0.974 0.040 6.40

£14 % Cellulose LTF 0.978 0.017 6.79 KW MR LTF 0.986 0.012 4.95
TEP 0.911 0.039 15.25 Carotenoids TEP 0.891 0.033 14.00

GDD 0.975 0.018 7.13 GDD 0.979 0.014 5.98

filiiR &5 Nitrate LTF 0.975 46.752 6.47 HRA 1 /) Root LTF 0.985 17.443 7.99
TEP 0.048 569.677 78.88 activity TEP 0.826 60.046 27.52

GDD 0.932 78.740 10.90 GDD 0.953 28.374 13.00

Hi%¢ 2 AL, LTF BOREME S9ciiE 2 i) 3.2 Wig

R*> 4 0.956~0.986, RMSE 4 0.012~46.752, RE
H93.59%~11.99%, Uil LTF #5 AR T Sl 5
(R FO 2 B RO TI0IRG B 2405 fE o« LTF BB 5 52
W{E 2 ) R®. RMSE. RE 4854 TEP Hi [
107.19% ~2031.25%, 8.21% ~ 55.93%, 8.20% ~
55.90%, & GDD A 100.21% ~ 109.99% ,
56.83%~100.00%, 56.82%~96.22%. *iI5/1: F4Y
PERIE IR R (1 R* R BLA LTF #5% >GDD A >
TEP #5744, RMSE Al RE ZKIL A LTF £ <GDD
FEAL<TEP A1, BRI SR 1A 4045 JE N 1
WIS FEKAG, LTF ST GDD %, GDD #iA!
T TEP #iA,
3 Figt5itie
31 it

LTF #5570 &8 4 RS v b 100300 K (1 3% 1) 8 22 2E 1
Rk B IR RTR bR, 55 TUAE BRI B TR ST
(AR AL 5 S04 (1) R*>0.956, RMSE<<46.752,
RE<<11.99%. X #5200 A= FHURE P R85 50 (R AL JUL A
Hf# R* 4 LTF>GDD>TEP, RMSE fl RE #
B LTE<GDD<TEP. 7&#iRY 404 B FIA SRS 52
b, LTF #%44F GDD Al TEP #7%4, H GDD #7#Y
T TEP £,

AT, KA SR nrE e
. i35 ¢ KBIUWBE LTF R85 0 858 ETHE %
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UNEEE= 3Nt g c I e s R i A (PN S ]
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H, ART A EJC A TSI IR 36 & W br e
ROV, eF o MR I BE LTE (3900 A W i 1K 1
Gompertz PR “S” BRI, FTABFFLR B,
KA S bEpE . rE AR IEME, 5
Lo R B AR, R WIK e W B R
FEs A ANHE R
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ZAGESE . R, RS R AR M A A
P (1 — 20 R A PR AR, S I A R R
TREFRE RS, P S BTIRA N K 2 A ]
HEISE

LTF A58 2545 2 18 T A& B 50m 5 5%
Wi, & T GDD AR R R AL, Ho SRR
I A R S A A U B BN RN, IR
{HAfELE 0~1 Z 1], PR T TEP B8 b &A1 3R
SHEAEMER: Mg TRERDE S 80 S51ED
KRR E X ZR, L TEP 1 GDD VA Bt 5 5,
SHEY A KA s g im0 i AT R Y,
GDD 7 = 3R F T K AR, TEP 7 7E 7
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FIHEE T RARAEK GDD BB TR B 4L T TEP
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