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Spatial Distribution Analysis of Photosynthetic Function within a Tomato Plant Canopy
in a Large-Scale Greenhouse

Kotaro TAKAYAMA!, Hiroshige NISHINA!, Kazunori HISAEDA?, Takeshi SUEKI'and Satoshi HARADA?

'Faculty of Agriculture, Ehime University, Tarumi 3-5-7, Matsuyama, Ehime 790—8566, Japan
2Sera Farm Co., Ltd., Shigenaga 60825, Sera-cho, Sera-gun, Hiroshima 722-1625, Japan
*Kagome Co., Ltd., Higashi-Nihonbashi 2-20-7, Chuo-ku, Tokyo 103—-8462, Japan

Abstract

We previously characterized the vertical distribution of photosynthetic functions within a
tomato plant canopy in a large-scale commercial greenhouse. Here we present a more de-
tailed characterization of the spatial distribution of photosynthetic function within a tomato
plant canopy. The leaves of the canopy were divided into spatial groups oriented laterally
with respect to the path (path-side and inside, which is adjacent to another row of tomato
plants) and vertically (upper, middle and lower). Photosynthetic-light response curves, chloro-
phyll content, chlorophyll fluorescence parameters, and the SPAD values were measured for
each leaf group, and we discuss the relationships between these parameters and the light
environment, Maximum photosynthetic rates of the leaves in both lower layer and inside/
middle leaf groups were approximately half those of both upper layer and path-side/middle
leaf groups. The chlorophyll a/b ratios of both lower layer and inside/middle leaf groups
were significantly lower than in both upper layer and path-side/middle leaf groups. The
lower chlorophyll a/b ratios for both lower layer and inside/middle leaf groups suggests that
these leaf groups had become acclimated to low-light conditions. Conversely, the chlorophyll
content and fluorescence parameters (i.e., Fv/Fm) of both lower layer and the inside/middle
leaf groups were relatively higher than those of both upper layer and path-side/middle leaf
groups. These findings imply that the photosynthetic rates of leaves in both lower layer
and inside/middle leaf groups, which are associated with low maximum photosynthetic rates,
would increase if the light environment was improved.

Keywords:  greenhouse, light environment, low-light acclimation, photosynthesis, tomato
canopy
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Fig. 1  Schematic cross-section of the tomato plant

canopy in a greenhouse. Six leaf groups are
labeled A to F based on spatial position. The
canopy is divided laterally into path-side (A, B
and C) and inside (D, E and F) and vertically
into upper (A and D), middle (B and E) and
lower (C and F) layers.
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Fig.2  Photosynthetic-light response curves for each

leaf group (A to F). Bars indicate standard
error of the mean for photosynthetic response
measured at individual leaves (» = 3), and
each curve represents the fit of photosynthetic
function against light intensity for each leaf
group shown in Fig. 1.
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Fig.3  Chlorophyll @, b and total chlorophyll (sum of
chlorophyll @ and b) for each leaf group. Bars
indicate the standard error of the mean (# = 5).
Means with different letters are significantly
different (P < 0.05; Tukey's HSD test).
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Fig.4  Chlorophyll a/b ratio for each leaf group. Bars

indicate the standard error of the mean (# = 5).
Means with different letters are significantly
different (P < 0.05; Tukey's HSD test).
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Fig.5  Chlorophyll fluorescence yields, Fo and Fa,
for each leaf group. Bars indicate the standard
error of the mean (# = 10). Means with different
letters are significantly different (P < 0.05;

Tukey's HSD test).
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Ratio of Fv/Fm for each leaf group. Bars indicate
the standard error of the mean (# = 10). Means
with different letters are significantly different (P
< 0.05; Tukey's HSD test).
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Fig. 7  SPAD values for each leaf group. Bars indicate
the standard error of the mean (# = 90). Means
with different letters are significantly different
(P < 0.05; Tukey' s HSD test).
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