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Photosynthetic Rate Prediction Model of Tomato with CO,
and Nitrogen Fertilizer Interaction

LIU Xinying'®> YIN Jian' LI Han>* ZHANG Man' LI Minzan'
(1. Key Laboratory of Modern Precision Agriculture System Integration Research, Minisiry of Education,
China Agricultural University , Beijing 100083, China
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Abstract; CO, is the plant’s raw material for photosynthesis. In order to realize the precise regulation of
CO, gas fertilizer under different nitrogen levels,a fitting model for the photosynthetic rate of tomato was
establish throughout its growth cycle. In this paper, the experiments were conducted with 3 CO,
concentrations and 3 nutrient liquid nitrogen treatments, and the environmental information and the net
photosynthetic rate of the leaf were collected by the LI — 6400 portable photosynthetic rate instrument.
The prediction model of photosynthetic rate in the whole tomato growth stage was established by multiple
linear regression. The correlation coefficient is 0. 885 and the adjusted coefficient of determination was
0.782. The experimental results show that the model has high prediction accuracy, and can be used to
guide the accurate regulation of CO, gas fertilizer under different nitrogen content.

Key words: tomato; photosynthetic rate; precise regulation; multiple linear regression
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Fig. 1  Overall structure of system

1.2 KWigit

S F 2017 4F 3—6 H A E R K2 H SR
AT, B L SR R CRRE . AR IR S g 3k
3AHREE (2.5 mx2.0mx0.6m), BN
W15 AN 28 em WAE AL . JE T i B2 Bk A RIE
A 1230 R B L BITR A i AR, 45 40 ik AR 4 —
AR FERERD T OB AR R 6 i 1 LA ik
UK — RS, B AR A

FE LA CO, SRR, R E T 2 4 CO, Hjits
41(1000 £50) (C1) (700 £50) (C2) pwmol/mol FIXf
HRZ(C3) (AR5, CO, ¥k JiE 24 450 pumol/mol ) ,
fEF it e 2 R IF I, E0E R 19 08:00—11:00 # 4T
CO, M4t . MARUEALBEAL h CO, W AR, B 1k
RSN, B PEP YA 5 f, 2 25 A O S e A )
MARHEAT B . B CO, Gt R L il ey il G
BRI AR (N) AR, BEE T 3 NEKFE (4
WA 1/2N(N1) \IN(N2) 2N(N3),4 5 ¥k — 14
AL . 75T 8 A AR K0 i G ) o AR
W D o H TR A O B BE RS, S RS
PISEIN 3 2L BCEE N 12 SHRMIEET , 25 J2 Z (a1 2
30 cm , KGAT 55 7 AR TS A4 B AL 2 gk ) e
B o T i Al AR K AR MR G — Ab
1.3 HIEXRE

S B ] 430 Ry 2017 4E 4 H 1—10 H .5 J
1—10 HA1 6 H 5—15 H, & B Bo & s 19 ok 4 7 =0
PIgRHs — 3. B RAEAT, BRER B B F A
3nbp Lo RIF TR R R R, SR,
TR B I R E I R Ak ER T Y A
FE,f# ] LL— 6400 74 {5 485 X' 4 5 643010 21 35 6 U
M CO, FEARG N THHIME N CO, W E
R B

R ARAT A ) 1 A R B R 7 i S5 B AR D
S, EAT T O gl e r 0 O R RS R 1R O
1700 .1 400 .1 200 .1 000,800 600 400,200 150,
0 pmol/(m’+s) . TEMI AN G4, T, ok 47 % i b A
CO, i i fh £ i I 5, LASRAF A A CO, Wk, CO,
{14 Ve B 6 i 5% R 0,200,400 550,700,900 .1 100,
1300.,1500,1700, 1800.2 000,2 200 pmol /mol,
B B ARG 0 3 A N A B2 R A 2 bk
TG RN CO, 32 Hma 1 il 4 i 0 6, O A o 56 B
AN AL 2 BRI RSSO E . o, O IR
B 4 1200 900 600 300 wmol /(m®+s) ,CO, ¥
FEEE R 200,400,600 ,800 .1 0001 300, 1 500,
1700 .1 800 wmol/mol, % YK 5L 56 ¥E AT A , 2475 X} 3k
AWM Z B R 3R 7800 B0, DAGRAIE 3R 15 B K
e AR5 F A2 30 min, A kAE — N



336 & o Bl B ¥ iR

2017 4

RE, RG ¥ A Zh AT — I B4 AR, DL AR IIE LT -
6400 {4 KO A R AUFE M E 2 1L E CO, ik
BE— 30, DA R 25

AR VRS2 B 5 Wi R I A5 190 ZH B4, €O, g i
5 260 2 Fds , 3¢ B N A 432 1 EE RS L
JE BRI AS 882 A K. T LI — 6400 7 fifi 5 5
G R OR SR 9 BUHE T BB AEAE 57 i N 22 B L4
P, B FE v, i TN TR R 22 (AR 22
F1 CO, Ve BE BRI R 0 38 19 200 0 3l , B0 25 7 A ik
2o PRBLAE E R 2 iy 5 6k B0 HE AT AL B K S
5 B B o
L4 HESHSEE
141 5 s8I B

S H B T8 R AS P A SR P R B T S A
A B A LI AR, o Bk S B s B R ZEA
SEE BT AR ST B R 2 A A I R A S
B (B B9 0 45 S E B T AL B S X T A5 5K
PEHEAT TR AR, R A R 25 WA 3 A% 1 bR 1
ZEE, HE Ry 5w H AT IR
1.4.2 ZHEILLLIELH

22 ¥ M 2 M i 2 (] A A v Y fi R AR e
(i) EY T A 1A A A O 6 2R e B R 56 0% % T ol A5 75
fli vt BakoE LLHERR Al 1 F .t T LT — 6400 %Y fii £
A AT I AR 2 N /N R 58 S 500 RE A7
Z AL T R A B B ik AT 2 L ik
W, 2 WYy ke 3 T A AR R 0 LS A A
R R B AR AT 40 B, A A9 90 R T 0 L 1 12 T 1 e i
TN K7 VIF, J5 22 Ak N 72 48 85 &
B AT i B AR R SRR A Iy 22 R i —
AR BE R, XA LA A R HoOr 2 i kA
T K
_
1-R
P RY & BB X, XY O Ay | R A
BRI AHC R B R WV 7o — Y VIF > 10, 57
HH AT AR R ) M R ) A
1.4.3  [a] B R 4y

Z I B8 T 2 A8k 2 AN DL R s e A
A o e R A R R A B ki BRI R A AL
ASCLL LI - 6400 75 4% Ot 4 8 58 0OR 4 19 3 il
BE 2 CO, WP ] CO, Ve BE ZE IS R FE S =
JeER SRR R ES R RE ML TN
7 AR B, DL LL— 6400 T 4 X6 4 R LR
ERI TP EOCA HE R R E, R 2
TCER M 1A 1) 5 3k 8 ST 6 B o 2 1 0L AR I X6)
AR AT IR . 22 o0k M [nl AR 0] R

VIF, = (1)

Y=8, +B.X, +B,X, +- +B,X, +u (2)
Kf X— @R YRR
el IVEE S
p—— R AEIMEL S O 1 TE 25435 (9 B AL % 2 350
% 56 2% 18 09 7 B 10 dee /N — e Al I I SR
Y, FY, (9352 e, (97 7 0k B /ML, D

Q=min 3 (Y, =B, =X, = -p,X;)" (3)

A 2 0 OR300 SR A B JE B, %o Q 3R A 5 5%
AT 0, BIVAT SR 75 45 4 181 5 2 800 004 H B,
B, By o BITT %2 T (8] )5 J5 i

Y. =B, +B X, + X, + B, X, (4)
1.4.4  RERIGE

e R RO ALFR AR R A, AT
[ 1 75 o L {5 48045 AL EE o E 22 TRV [0
Fh A BN 25 A R (4 (L5 ] )5 5
BB . T IR A TR A 1 19 AN K06 A 5 2R B
SR PR 1) R SR 0 ] U R A Fy 45 A P
(25 2R it o ] U e A i, )

Ty =Rs +Eg (5)
R.. E.
2 ss ss
:7:1 e
= =, ©)
— R./(n-k-1
R2:1—M (7)
Ty/(n-1)
R’
P (n=2) (8)

L Ty—— BB 2V

E —ml 3 J7 0

Ry —5% 25 °F-J7 fil

55 n UM ST SR AT B 1 AR A B0 HE
k——fif B A Y B H

2 EHRE5HMH

2.1 RESHIESR

ARSI LI AT 882 1M . HUREA R 25 T
3 A ROARHE 22 I P O S W R AT B BR . SRR
LW AR 1 PR, I6A S AR B2 ol 5
WREAT T HIBR A 877 B S @,

®1 RERINK

Tab.1 Outlier elimination

n

M BR 4i 5 o o A 2% 5k 2%
217 -3.173 -15.974
334 -3.252 -16.367
347 -3.900 -19.631
373 -3.985 - 20. 056
549 -3.026 -15.231
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Tab.2 Multicollinearity diagnosis of sample room
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Tab.3 Three-factor variance analysis of net

photosynthetic rate of tomato single leaf
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Tab.4 Model parameters
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Tab.6 Regression coefficient statistics of model

% b il REC il RAL sig.
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