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Development of A Three-Variable Canopy Photosynthetic Rate Model

of Romaine Lettuce (Lactuca sativa L..) Grown in Plant Factory Modules

Using Light Intensity, Temperature, and Growth Stage

Dae Ho Jung, Hyo In Yoon, and Jung Eek Son*

Department of Plant Science and Research Institute of Agriculture and Life Sciences,
Seoul National University, Seoul 08826, Korea

Abstract. The photosynthetic rates of crops depend on growth environment factors, such as light intensity and tem-
perature, and their photosynthetic efficiencies vary with growth stage. The objective of this study was to compare
two different models expressing canopy photosynthetic rates of romaine lettuce (Lactuca sativa L., cv. Asia Heuk
romaine) using three variables of light intensity, temperature, and growth stage. The canopy photosynthetic rates of
the plants were measured 4, 7, 14, 21, and 28 days after transplanting at closed acrylic chambers (1.0 x 0.8 x 0.5 m)
using light-emitting diodes, in which indoor temperature and light intensity were designed to change from 19 to 28?
and 50 to 500 umol-m?s’, respectively. At an initial CO, concentration of 2,000 umol-mol, the canopy photosyn-
thetic rate began to be calculated with CO, decrement over time. A simple multiplication model expressed by sim-
ply multiplying three single-variable models and a modified rectangular hyperbola model were compared. The
modified rectangular hyperbola model additionally included photochemical efficiency, carboxylation conductance,
and dark respiration which vary with temperature and growth stage. In validation, R? value was 0.849 in the simple
multiplication model, while it increased to 0.861 in the modified rectangular hyperbola model. It was found that the
modified rectangular hyperbola model was more suitable than the simple multiplication model in expressing the can-
opy photosynthetic rates affected by environmental factors (light Intensity and temperature) and growth factor
(growth stage) in plant factory modules.

Additional key words : modified rectangular hyperbola model, regression model, simple multiplication model,
three-variable model, validation
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o]th(Johnson &, 2010). WEkA o|F EAE &3}t
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T2 FRAE HFEE S st AMetidhul A=
T BEAAM ZZWQ AS(Lactuca sativa L., cv.
Asia Heuk Romaine)s A3}t Afull W= 120 x
80 x 10cm =Z7]e|™, 370¢] W=7} F£8o=& 40cm ZF
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Fig. 1. Fresh and dry shoot weights and leaf areas of the lettuce
from 0 to 28 days after transplanting. Vertical bars represent the
mean = SD (n = 15). Dash dot line means the leaf area obtained
by the regressed by exponential model.
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Fig. 2. Canopy photosynthetic rates of the lettuces expressed with
the simple multiplication model according to temperature and
light intensity at 7 (A), 14 (B), 21 (C), and 28 (D) days after
transplanting. Solid dots and curved meshes mean the canopy

photosynthetic rates measured and regressed by simple multipli-
cation model, respectively.
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Table 1. Regression coefficients and R? values calculated using regression analysis in the modified rectangular hyperbola model.
Regression coefficient
Parameter R2
a b c d e

Photochemical

efficiency 0.001 0.073 -52.272 872.589 0.741

(umolCO,-pmol™)

Carboxylation 1.707%10°® -56.543 1126.338 50.099 652.612 0.849
conductance (s™)
Dark respiration

(umolCOyms) -2.637 0.041 0.015 0.635
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Fig. 3. Regressed photochemical efficiency (A), carboxylation conductance (B), and dark respiration (C) with the modified rectangular
hyperbola model according to growth stage and temperature (solid dots). Curved meshes mean the regressed values.
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Fig. 4. Canopy photosynthetic rates of the lettuces expressed with
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perature and light intensity at 7 (A), 14 (B), 21 (C), and 28 (D)
days after transplanting. Solid dots and curved meshes mean the
canopy photosynthetic rates measured and regressed by the
modified rectangular hyperbola model, respectively.
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