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A simulation model for the growth period of processed tomato based on

effective accumulated temperature
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Abstract: To ensure the balance of product supply, predicting the crop growth period is crucial for the rational arrange-
ment of variety selcection and planting period in agricultural production. For newly developed processing tomato planting
bases, a growth period simulation model based on effective accumulated temperature was constructed, based on the tem-
perature response characteristics of processing tomato development.. The model was tested using experimental data from
different varieties, planting periods, and ecological regions. The results showed that the absolute simulation error of the
constructed model for most growth stages was concentrated in 0-6 days, with a root mean square deviation less than 4
days and a normalized root mean square error less than 15%. In the three development stages from bud emergence to flow-
ering, fruit setting to fruit development, and fruit development to red ripening, the model showed high simulation accuracy
and small errors. The coefficient of determination(R*)for the entire growth period was 0.971 and 0.969, indicating that the
constructed model has good predictive accuracy and broad applicability, providing strong technical support for variety
layout and the rational arrangement of planting periods in agricultural production.
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Table 1
indicators of phenological stage in processing tomato

Classification of growth stage and morphological

Wt AR
Phenological stage Morphological indicators
SETE HIHT 80%LA LIkF] 4 1 1.0

Planting stage More than 80% of seedlings reach 4 leaves

and 1 heart

I FH 1) 50% LA b &)y B 75

Budding stage More than 50% of seedlings in the field show
buds

e FH 1) 50% LA L IO Bl 8 56— 2 4RI

Blooming stage More than 50% of seedlings in the field have

their first flower blooming

[ 8] 50% LA L (R Bk 57— AN SR s AR T 3
lem PLE

More than 50% of plants in the field have
their first fruit with diameter over 1 cm

FEF ) 50% FRIAE R 3 — AN L S BLAR 1l AT 22
%) 3 cm

50% of the plants in the field have a differ-
ence of about 3 cm in the diameter of their

A6 SR

Fruiting stage

ENH

Fixed stage

first fruit before and after

FH 8] 80% LA L i S sz ik S RS bt
More than 80% of the fruits in the field meet
the harvesting standards
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1B S 2 18] (3577 AR (RMSED) X HL 775 & FE gt
173§, RMSE A8 /)N, 155 20 FR000RE Pk v o W
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Red ripe stage
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Table 2 Growth days of tested varieties in different experimental areas d

G X 18 o ki I A = A EorT—
ﬁﬁ%gﬂi e »tTE.fJLE.'-? W FTE Fik J:% AL AL /J:*E.,I:fh
Experimental . Planting - Budding- Flowering- . . . L. Planting-Red

Cultivar . . .. Fruiting-Fixed Fixed-Red ripening .~ .
area Budding Flowering  Fruiting ripening
IX 7 43 30 29 14 23 27 123
I area Shifan 43

f£X 9166 28 23 13 22 22 108

Jiayi 9166
1T [X F 7 43 30 18 17 23 22 110
II area Shifan 43

£ X 9166 27 17 14 22 20 100

Jiayi 9166
11 X 43 32 23 19 31 31 136
11T area Shifan 43

£ X 9166 30 20 20 29 26 125

Jiayi 9166
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Table 3 Effective accumulated temperature required for

different varieties and growth stages in I area °C

LR Fi7 43 £ 9166
Phenological stage Shifan 43 Jiayi 9166
SE - 187.46 186.78
Planting-Budding

P -ITHE 370.74 237.20
Budding-Flowering

THE-A R 286.85 202.18
Flowering-Fruiting

AR R-TEAS 384.33 377.03
Fruiting-Fixed

SEAS-LL 7 369.74 426.79
Fixed location-Red ripening

AR 1599.12 1429.98

Total accumulated temperature

22 AREEHAERKRLE

RYER 2 FSIE , 45 & U S SR PRk
CE D, A A 2G4 T8 d i T & A aE H Bt
T SRR, PR 72 & A B IR R R IR
HH I B &P g W0 K B Rt (], B A BAE .
GDD V2 Tl i35 21 - A 5 W 4e L) 18] 1) BLAUE 5
SERRAIIAE 23 AN 2 FE 4 Fin. HE 4 7 LLE
5 20 ANMBAE A, ABEADUE 5 S 18 22 BOR I HY
PUAE L XE M-I, A 43 MHE T 12d, 4 X
9166 M2 1 9 d,i0H 4 NMEHME 5 L IMME Z 8] AH
%1 5~6 d, Hofth 14 MR 5 SCE AR ZE4E 0~2 d,
ULEA F GDD 4l 50 T2 n 2k & HImT AT .

FIH T XA X A7 4344 3 9166 11 5 AN
Kk B I AT 7F R EO AL AT SRR . A 2
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Fig. 1 Daily average temperature in three areas
F4 MIBMBEEHRBEELNESIRE
Table 4 Simulated values and errors of models for different growth stages of processing tomato d
SE M-I PRE-ITAE FHAE-AA R AR EA SR
o TR X J5k Planting-Budding ~ Budding-Flowering Flowering-Fruiting  Fruiting-Fixed Fixed location-Red ripening
HH . e L) Ve He L) = e L v NI Ve e ) Ve
Cultivar  DXperimental BUB{E  BRZE BMME  wE OBUME BE OBl RE BEDUE W2
area Simulation Error Simulation Error  Simulation Error  Simulation Error Simulation Error
value value value value value
F 43 I X 35 5 20 2 11 -6 21 2 21 -1
Shifan 43 11 area
I [X. 44 12 28 5 16 -3 30 -1 36 5
IIT area
HX 9166 11X 26 -1 17 0 11 -3 20 -2 18 -2
Jiayi 9166 11 area
I X 39 9 20 0 19 -1 30 1 27 1
IIT area
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Note: Figure A compares the observed values and simulated values of Shifan 43 in areas II and III; Figure B compares the observed values and

simulated values of Jiayi 9166 in areas II and III.

2 AOMIENRMEEEHRNESRIELL S

Fig. 2 Comparison of observations and simulated values for different processing tomato varieties at different growth stages

x5 MAOMIERGAMEERREE

Table 5 Validation of growth period models for two processed tomato varieties

o i 1 a6 [X 12
E;jfivar i/ljlfi/o?ogical phase sizi;lrfmfntal area K RMSE/d NRMSE/%
FTE 43 SEAH-PLE Planting-Budding 11 X 1T area 0.971 3.32 15.09
Shifan 43 11 [X 111 area 3.77 13.86
P -JF 4 Budding-Flowering II [X I area 1.93 8.75
II1 [X 11T area 1.68 8.42
TFAE-#A 3 Flowering-Fruiting II [X 11 area 1.02 4.61
III [X 11T area 1.12 5.62
AL _5EAS Fruiting-Fixed II [X 11 area 1.99 9.03
III [X 11T area 2.01 10.04
FEAN-Z1 2 Fixed-Rred ripening IT [X 1I area 1.97 8.95
III [X 11T area 1.83 9.15
£E 9166 FEMI-PI7E Planting-Budding IT [X 11 area 0.969 2.60 13.02
Jiayi 9166 I [X 1T area 3.48 13.93
IFE-JF1E Budding-Flowering II [X 11 area 1.68 8.42
III [X 11T area 1.81 7.24
FrAE-A4 . Flowering-Fruiting II [X 11 area 1.12 5.62
III [X 11T area 1.71 6.83
Ak J5E A Fruiting-Fixed 11 [X II area 2.01 10.04
III [X 11T area 2.72 10.87
JE N1 3 Fixed-Red ripening 11 [X 11 area 1.83 9.15
III [X 11T area 243 9.73
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