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Comparisons of anatomical structure, component and photosynthetic
capacity of leaves at different apple canopy positions

GAO Zhao-Quan', FENG She-Zhang', LI Tian-Hong®, ZHANG Xian-Chuan’

(1. Beijing Vocational College of Agriculture, Beijing 102442, China; 2. College of Agronomy and Biotechnology, China Agricul-
tural University; Laboratory of Stress Physiology and Molecular Biology for Fruit Tree of Beijing City, Beijing 100193, China; 3.
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Abstract The work studied the differences in anatomical structure, component and photosynthetic capacity of leaves at different
canopy positions of apple (Malus domestica Borkh. cv. ‘Fuji’) trees. Response of photosynthetic rate (P,) of apple leaves to micro-
climatic factors was simulated by C; photosynthetic mechanism models. And the stomatal conductance was developed by using
semi-mechanistic stomatal models. The results indicate that leaf thickness in the middle and upper canopy increases by 31.8% and
37.0% respectively compared to that in the lower canopy. Palisade thickness also increases by 44.8% and 62.7% respectively. Chlo-
rophyll content in the middle and upper canopy increases by 18.0% and 20.6%, soluble sugar increases by 25.2% and 38.8% and
proline increases by 11.7% and 29.0% respectively. Difference in photosynthetic capacity of leaves in different canopy position is
similar to that in anatomical structure, component of leaves. Fluctuation in P, of apple leaves is mainly caused by changes of photo-
synthetically active radiation, and highly sensitive to variations in carbon dioxide (CO,) concentration at the leaf surface. From upper
to lower canopy, daily P, decreases by 67% (from 400 mmol -m™ -d™" to 130 mmol -m™ -d™") on clear-sky days and by 87% (from
170 mmol - m™ - d™* to 22 mmol - m™ - d™") on cloudy days. Maximal photosynthetic rate also decreases by an average of 67%.
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Tab. 1 Anatomical characteristics of leaves in different positions of apple tree canopy
Leaf position Leaf thickness ﬂg‘c‘]i‘lfl‘zs Spongy tissue  Palisade tissue  Stomatal  Stomatal s;g:;‘l‘:;" Main vein
(um) (um) thickness (um) thickness (um) length (um) width (um) (mm) thickness (um)
Lower canopy 141.06b 1.69b 57.84c 61.44c 26.43a 15.35b 372.88¢ 765¢
Middle canopy 185.95b 2.11a 73.28a 88.96b 24.94b 16.92a 491.78b 891b
Upper canopy 193.27a 2.29a 70.08b 99.96a 23.45b 14.42b 547.61a 936a
0.05 s Different letters following the data within a column represent significant difference at

P=0.05 level. The same below.
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Tab. 2 Components contents of leaves in different positions of apple tree canopy

a b atb
Leaf position Chloropk}}llll a Chlorophz/lH b Chlorophy1711 atb Chlorophy?{t;/b Prolinﬁe1 Soluble slllgar
(mg-g™) (mg-g) (mg-g) (ng-g) (mg-g™)
Lower canopy 10.98b 10.05b 21.03b 1.16a 65.15¢ 60.89¢
Middle canopy 12.83a 11.99a 24.82a 1.07a 72.74b 76.20b
Upper canopy 12.98a 12.39a 25.37a 1.05a 84.04a 84.51a
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Responses of leaf net photosynthetic rate (P,) to photosynthetically active radiation (PAR), air relative humidity (RH), air
temperature (7,) and CO, concentration (CO;)

PAR 0~1800 pmol -m™ -s”', RH  0~100%, T, 5~40 ,[CO,] 50~1 500 pmol -mol™"

pmol - m™ - s, RH 50%, T, 25 , [CO,] 360 umol - mol™" ; : The range of PAR was from 0 to 1 800

pmol -m™ -s™', RH from 0 to 100%, T, from 5  to 40 , CO, concentration from 50 pmol -mol™" to 1 500 pmol - mol™". The standard value is 1 500

pmol -m~ -s~! for PAR, 50% for RH, 25  for T,, 360 umol -mol ™! for CO, concentration.

PAR 1 500

> . >

: Lower canopy;  : Middle canopy;  : Upper canopy.
The same below.
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Fig. 2 Diurnal variation of CO, concentration (CO,), radiation (R,), air temperature (7,), air relative humidity (RH)
in apple orchard from June 14 to 19 in 2007
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Fig. 3 Diurnal variation of leaf photosynthetic rates (P,), stomatal conductance (G,) of leaves in different positions of
apple tree canopy (LA/=2.53) from June 14 to 19 in 2007
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