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Abstract

Gross photosynthetic rates of leaves of hydroponically grown cucwmber plants (Cucumis sativus L. cv.
Guwoosalichungjang) were measured under various conditions of photosynthetic photon flux (PPF),
ambient CO; concentration, air temperature and leaf nitrogen contents. Light compensation point of
leaf photosynthesis appeared to be in the range of 10~20 umol - m? - s* and light salaration point be
above 1000 pmol - m™ - s*. Gross photosynthetic rates increased persistently and asymptotically as air
temperature rose from 12°C to 32°C. However, there were only small differences in gross photosyn-
thetic rates in the range of 24-32°C, so that the range seemed to be optimal for photosynthesis of
cucumber plants at the condition of CO, concentration of 400 pmol - mol’ and PPF of around
400 pmol -m?-s. CO, compensation point of leaf photosynthesis appeared to be in the range of 20-40
pmol -mol? and CO, saturation point be above 1200 pmol -mol ™. Gross photosynthetic rates increased
sigmoidally as leaf nitrogen content increased. These environmenial factors interacted synergistically
to enhance gross photosynthetic rate, so that the rate increased multiplicatively as level of one factor
increased progressively with higher levels of the other factors. Mathematical models were developed to
estimate the gross photosynthetic rate in accordance with the variations of these environmental fac-
tors. These models can be used not only to explain the variation of growth or yield of cucumber plants
under different environmental conditions but also as building blocks of plant growth model or expert
system of cucumber plants.

Key words : Cucumis sativus L., Gross photosynthetic rate, hydroponics, light, CO,, temperature, leaf
nitrogen content, mathematical model of gross photosynthetic rate, GFR, PPF.
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Fig. 1. Schematic diagram of Gas Exchange Measuring Station.
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Fig, 2. Response of gross photosynthetic rate due to the

variation of PPF.
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Table 1. Estimated values of parameters in model equation predicting gross photosynthetic rate of cucumber leaves under

various light intensity at a given air temperature

Air temperature(°C) Coefficient Pmax Coefficient k Degree of freedom R?
12 9.6983 59.335 28 0.989
16 12.6706 104.390 22 0.993
20 15.3290 176.513 25 0.988
24 18.6884 338.672 25 0.980
28 17.4923 320.564 10 0.989
32 19.0576 378.978 28 0.987

Model eqn. Gpr = Pmax = PPF/(k + PPF)
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Fig. 6. Response of gross photosynthetic rate due to the
variation of PPF.
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