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Prediction of Transpiration Rate of Lettuces (Lactuca sativa L .)
in Plant Factory by Penman-Monteith Model
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Department of Plant Science and Research Ingtitute for Agriculture and Life Sciences,
Seoul National University, Seoul 151-921, Korea

Abstract. In closed plant production system like plant factory, changes in environmental factors should be identi-
fied for conducting efficient environmental control as well as predicting energy consumption. Since high relative
humidity (RH) is essentia for crop production in the plant factory, transpiration is closely related with RH and
should be quantified. In this study, four varieties of lettuces (Lactuca sativa L.) were grown in a plant factory, and the
leaf areas and transpiration rates of the plants according to DAT (day after transplanting) were measured. The coeffi-
cients of the simplified Penman-Monteith equation were calibrated in order to calculate the transpiration rate in the
plant factory and the total amount of transpiration during cultivation period was predicted by simulation. The follow-
ing model was used: Egy=a* (1-e*) * RAD;,+b * LAl * VPDy (at daytime) and E,=b * LAl * VPD, (at
nighttime) for estimating transpiration of the lettuce in the plant factory. Leaf area and transpiration rate increased
with DAT as exponentia growth. Proportiona relationship was obtained between leaf area and transpiration rate.
Total amounts of transpiration of lettuces grown in plant factory could be obtained by the models with high r? val-
ues. The results indicated the simplified Penman-Monteith equation could be used to predict water requirements as
well as heating and cooling loads required in plant factory system.
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Table 2. Leaf area index (LAI), radiation measured above and
below the plant canopy (RAD and RAD,) and light extinction
coefficient (k).

Cultivar LAI RAD RAD, k

CheongChima 1.04 151.12 93.01 0.49
JeokChima 1.01 149.83 85.53 0.56
CheongChukMyeon 1.02 149.71 90.54 0.50
JeokChukMyeon 1.06 150.83 82.73 0.60

Table 3. Parameter values (a and b) and coefficient of determina
tion (r?) of fitting transpiration data.

Cultivar a b*10 r?

DAT

Fig. 1. Change in leaf areaindex (LAI) of lettuce with days after
transplanting (DAT). Symbols of @, O, A, and A mean
CheongChiMa, JeokChiMa, CheogChukMyeon, and JeokChuk-
Myeon, respectively.
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CheongChima 0.02+0.002 021+0.07 0.96
JeokChima 0.02+0.003 0.24+0.03 0.88
CheongChukMyeon ~ 0.01+0.003  0.53+0.19 0.90
JeokChukMyeon 0.04+0.002 004001 0.99

aand b: coefficientsin Eq. 1.
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Table 1. Parameter values (a, b and LAl) and coefficient of determination (r?) from fitting LAI data.

Cultivar a b*10 LAl r?

CheongChima 0.83+0.13 0.03+0.01 0.48 £0.07 0.995
JeokChima 1.82+0.71 0.02+0.01 058+0.14 0.996
CheongChukMyeon 0.63+0.27 0.03+£0.02 0.89+0.34 0.978
JeokChukMyeon 1.28+0.26 0.02+0.01 0.01+£0.02 0.996

aand b: coefficientsin Eq. 2.
LAlg: Initial LAl in Eq. 2.
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Fig. 2. Change in transpiration rate of one lettuce with days after
transplanting (DAT). Symbols of @, O, A, and A mean
CheongChiMa, JeokChiMa, CheogChukMyeon, and JeokChuk-
Myeon, respectively.
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Fig. 3. Relationship between leaf area index (LAI) and transpira-
tion rate of one lettuce. Symbols of @, O, A, and A mean
CheongChiMa, JeokChiMa, CheogChukMyeon, and JeokChuk-
Myeon, respectively.
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Fig. 4. Smulated leaf areaindex (LAI) of CheongChima with the

time after transplanting. LAI = LAly+ a*é” ™% where, a=
0.83, b=0.003, and LAIl,=0.48.
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Fig. 5. Simulated transpiration rate with the time after transplant-
ing. Transpiration rates were determined as [a * (1— e ' A)*
RAD;,+b* LAl * VPD4 a daytime (top line)] and [b * LAI *
VPD,, a nighttime (bottom ling)], where, a=0.02 g/umoal - m™,
b=0.02g-hYumol - m?, k =0.49, LAI = derived from Fig. 4,
RAD;, =150 umol - m2.s?, VPDy=7mmHg, and VPD,=5
mmHg.
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Fig. 6. Simulated accumulated transpiration of CheongChima
with the time after transplanting. Accumulated transpiration was
obtained as the sum of the transpiration ratesin Fig. 5.
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