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Abstract. To determine the adequate levels of light intensity and CO, concentration for mango grown in green-
houses, quantitative measurements of photosynthetic rates at various leaf positions in the tree are required. The
objective of this study was to develop two-variable leaf photosynthetic models of Irwin mango (Mangifera indica
L. cv. Irwin) using light intensity and CO, concentration at different leaf positions. Leaf photosynthetic rates at
different positions (top, middle, and bottom) were measured by a leaf photosynthesis analyzer at light intensities
(0, 50, 100, 200, 300, 400, 600, and 800umol'-m?>s!) with CO, concentrations (100, 400, 800, 1200, and
1600pmol-mol™). The two-variable model consisted of the two leaf photosynthetic models expressed as negative
exponential functions for light intensity and CO, concentrations, respectively. The photosynthetic rates of top
leaves were saturated at a light intensity of 400umol-m?-s, while those of middle and bottom leaves saturated at
200pmol-m™s!. The leaf photosynthetic rates did not reach the saturation point at a CO, concentration of 1600
imolmol ™. In validation of the model, the estimated photosynthetic rates at top and bottom leaves showed better
agreements with the measured ones than the middle leaves. It is expected that the optimal conditions of light
intensity and CO, concentration can be determined for maximizing photosynthetic rates of Irwin mango grown in
greenhouses by using the two-variable model.
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Fig. 1. Classification of leaf positions by stem node (A) and mea-
surement of leaf photosynthetic rates of Irwin mango by using a
leaf photosynthesis analyzer (B).
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Fig. 2. Comparison of spatial leaf light curves between rectangu-
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models. Solid circle, void circle, and solid triangle indicate the
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Table 1. Parameters and R? values of rectangular hyperbola and negative exponential models.

Rectangular hyperbola

Negative exponential

Leaf position : : . . : : : .
Top 10.696 37.658 -2.481 0.86 9.904 0.019 -2.508 0.87
Middle 6.314 22.581 -0.753 0.80 6.053 0.029 -0.879 0.80
Bottom 3.832 17.210 -0.080 0.71 3.774 0.032 -0.185 0.73
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Fig. 3. Spatial leaf photosynthetic curves (light curve) at different CO, concentrations of 100 (solid line + solid circle), 400 (long dash line
+ void circle), 800 (medium dash line + solid triangle), 1200 (short dash line + void triangle), and 1600 (dash-dot line + solid square)

pumol'mol”. A, B, and C mean the top, middle, and bottom leaves, respectively. PPFD is an abbreviation of photosynthetic photon flux
density.
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Table 2. Parameters and R? values of the two variable spatial leaf
photosynthetic model.

posion b e 4 K

Top 12.928 0.014 0.001 -0.889 0.72
Middle 6.513 0.029 0.001 -0.787 0.64
Bottom 2316.887 -0.045 1.60*10° -0.515 0.75
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Fig. 6. Validation results of the spatial two variable leaf photosyn-
thetic models. Solid circle, void circle, and solid triangle mean
the top, middle, and bottom leaves, respectively.
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