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ABSTRACT

Smart-farm has been spreading across Korea to improve the labor efficiency and productivity
of greenhouse crops. Although notable improvements have been made in the monitoring
technologies and environmental-controlling systems in greenhouses, only a few simple
decision-support systems are available for predicting the optimum environmental conditions
for crop growth. In this study, a tomato growth model (GreenTom), which was developed by
Seoul National University in 1997, was calibrated and validated to examine if the model can
be used as a decision-supporting system. The original GreenTom model was not able to
simulate artificial defoliation, which resulted in overestimation of the leaf area index in the
late growth. Thus, an algorithm for simulating the artificial defoliation was developed and
added to the original model. The node development, leaf growth, stem growth, fruit growth,
and leaf area index were generally well simulated by the modified model indicating that the
model could be used effectively in the decision-making of smart greenhouse.
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Fig. 1. Schematic of defoliation simulation.



Kim et al.: Improving and validating a greenhouse tomato model “GreenTom” for simulating artificial defoliation ~ 375

4 A9 Ao olRolA=S AAELen, Helo]
kw2 2)4=7} DEFLAIE T Ztol2l wj7h#] 3}
SleE AASHES SRk Mol 7| HEkg age
classZ 3l oY, AHA age class?] 7--of= 107}
Aee] niE xkelar Q7] wzell Aol 24 A
Astws shoirk

(R

23. B8o| 24 =X
ALoA o]l8fE EnfEL ‘HIZUA Pag T
Tor%‘?)—i Y He= $I% S5 2016~
20179 A dLeledTAa(Ebol A S B 47
Al AEAR(A4)E o]8ste] 459K Table 1).
By TES AT AHERE LA e 712,
W AHSE AR7E ol gEU B4 FHol
simplex ' (Nelder and Mead, 1965)2 ©|-83}%.S
H, &35 2] normalized root mean square error
[NRMSE, Eq. 1]7} 47} B 38 wsm 445}
ok, w4 270] o] §% BRHFUL Table 29} 2.
€ Fu), 4 vl ARASLAMX, SLAMN)#} 3 3
we] ulr)$1(FTRSUN) 53} o] B8 nsa
43k 5 Gl A9 BEAE B4 AAow, B
F7h ol A AoR ARThe BHEL TIE E
ZE(Momotaro, Arletta, Seokwang)} U3t Fto =
A8ty 2=(RDVLVT, RDVFRT, GENTEM)
9} B-STHA|(POL, POF)o] w2 Whgdw 1l %Wg
off gk K= simplex7|HZ 0|88t FA5H% S
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validation
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A4 Conventional 08/12/2016~ Calibration
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(600ppm)
A5-2 GNP 08/24/2016~ Validation
heating 01/12/2017
A6-2 Temperature 11/25/2016~ Validation
(210) 02/02/2017
A6-5 Temperature 11/25/2016~ Validation
(16C) 02/02/2017
A6-8 Temperature 11/25/2016~ Validation
(11C) 02/02/2017
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Table 2. Calibrated genetic coefficients of Dafnis

Parameter Estimate Estimation method Objective characteristics Description Unit
ABORMX 0.24 Simplex Number of fruits Maximum ratio of fruit -
abortion
FRLG 6.0 Observed value Number of nodes Number of nodes initiated nodes
initiated between the between the first truss
first truss appearance appearance and fruit set
and fruit set
FRPT 0.32 Simplex Dry weight of organs, Ratio of petiole weight to -
LAI leaf blade weight
FRST 0.54 Observed value Ratio of stem dry Ratio of stem segment to -
weight to leaf dry leaf growth rate
weight
FTRUSN  10.0 Observed value Node number initiating Node number initiating the node
the first truss first truss
GENRAT 0.59 Simplex Node number Maximum rate of node nodes/day
initiation
GREF 0.75 Fixed value - Growth efficiency gDM/gCH,0
KDF 0.68 Fixed value - Extinction coefficient for -
diffuse PAR
Q10 2.0 Fixed value - Temperature coefficient for -
maintenance respiration
RM 250 Fixed value - Mesophyll resistance s/m
RMRF 0.01 Fixed value - Maintenance respiration gCH,O/
coefficient for fruit gDM/day
RMRL 0.03 Fixed value - Maintenance respiration gCH,O/
coefficient for leaf gDM/day
RMRS 0.15 Fixed value - Maintenance respiration gCH,O/
coefficient for stem gDM/day
SLAMN 0.057 Observed value Specific leaf area Minimum specific leaf area m%/g
SLAMX 0.012 Observed value Specific leaf area Maximum specific leaf area m%/g
TPL 0.33 Fixed value Numbers of leaves and Ratio of new fruiting trusses trusses/leaves

trusses

to new leaves
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Table 3. Temperature functions for node
initiation(GENTEM), leaf development/aging
rates(RDVLVT) and fruit development/aging
rates(RDVFRT) of Dafnis

Temperature RDVLVT  RDVFRT
(T) GENTEM (1/days) (1/days)
9 0 0 0
12 0.53 0.014
15 0.019 0.012
18 0.029
21 0.028 0.036
24 0.057
28 1.00 0.037 0.057
38 0.037 0.035
50 0 0 0
60 (@) 1:1 line
g
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Table 4. Potential leaf area expansion rate(POL) and
potential fruit growth rate (POF) of Dafnis as
functions of percent development

d:re‘;z‘;nzr‘; POL(cm?leaf/day) POF(g/fruit/day)
0 0 0
5 6.05 0.11
15 28.51 031
25 44.06 0.56
35 39.73 0.71
45 26.78 0.71
55 15.54 0.64
65 8.63 0.5
75 433 0.38
85 2.64 027
95 0.87 0.13
100 0 0

20 (b) 1:1 line

Observed truss number (trusses/plant)
=)

® R2=0.97
X & NSE = 0.66
0 “e@
0 5 10 15 20

Simulated truss number (trusses/plant)

Fig. 2. Comparisons of observed and simulated numbers of nodes(a) and trusses(b) with validation data set.
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Fig. 3. Comparisons of observed and simulated LAI with validation data set using the original GreenTom
model(a) and improved model with defoliation algorithm(b).
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Fig. 4. Comparisons of observed and simulated dry weight of leaves(a), stems(b), and fruits(c) with validation

data set.
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