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Abstract: To explore the development of photoprotective mechanisms, chlorophyll a fluorescence, chlorophyll
and carotenoid content and antioxidant enzyme activity in leaves were investigated at different vitality and leaf
development stage of Alnus firma Sieb. et Zucc under tailing condition. The lowest maximum photochemical
efficiency (Fv/Fm) in leaves of high- and low-vitality plants were observed at 12:00 pm and 2:00 pm,
respectively, and the decrease of Fv/Fm in leaves of all plants were almost completely restored at 6:00 pm. Fv/
Fm of full-expansion leaves was higher than that of emergence leaves at all measurement time. Chlorophyll, -
carotene and xanthophyll content in leaves of high-vitality plants and in full-expansion leaves were higher when
compared to those of low-vitality plants and emergence leaves. Especially xanthophyll contents in both stage
leaves of high-vitality plants were higher than 8.7 times and 18.8 times those of low-vitality plants. Only SOD
activity was seen significant difference between leaf stage in leaves of high-vitality plants.
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Figure 1. Differences of SPAD values, as chlorophyll content,
in field Alnus firma leaves at emergence and full expansion

according to tree vitality. Values are means +S.D. (n=3).
Low-high vitality P=0.001***, emergence-full expansion

P=0.001***; ***significant at P<0.001.
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Table 1. Environmental factors in field at that time when
physiological parameters were measured.

Measurement time
09:00 12:00 14:00 18:00

PPFD (umol m™=s™) 745 1345 1250 670
Air temperature (°C) 21.6 26.5 254 20.9
Relative air humidity (%) 54 43 37 55
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Figure 2. Changes of the maximum photochemical efficiency
(above), and quantum yield of PSII (Yield) (below) in field
Alnus firma leaves at emergence and full expansion
according to tree vitality. Measures were performed at 9:00
am., 12:00 p.m., 2:00 p.m., and 6:00 p.m., respectively.
Values are means * S.D. (n=3).
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Table 2. Changes of chlorophyll (Chl) content in field Alnus firma leaves at emergence and full expansion according to tree

vitality. Values are means +S.D. (n=3).

Chla

Chl b Total chlorophyll

Vitality Leaf stage Chl a/b
mg/g

Low Emergence 0.67£0.04 0.33£0.03 1.00£0.07 2.06+0.06

Full expansion 0.98£0.07 0.40£0.02 1.38£0.09 2.45+0.07

Hich Emergence 0.92+0.09 0.41+0.01 1.32£0.08 225+0.27

g Full expansion 1.27+0.05 0.36+0.06 1.63£0.11 3.57+041
Model ok ns. o HE
Vitality *EE ns. ** wox
Leaf age (vitality) ok ns. *x *

*xx bk and * significant at P<<0.001, 0.01, and 0.05; n.s.: not significant
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Figure 3. Changes of carotenoid in field Alnus firma leaves at
emergence and full expansion according to tree vitality.
Values are means £ S.D. (n=3). B-carotene: low-high vitality
P=0.004**, emergence-full expansion P=0.19"%; Xanthophyll:
low-high vitality P=0.001***, emergence-full expansion P=
0.014%; ***, **_and *significant at P <0.001, 0.01, and 0.05;
"> not significant.
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Figure 4. Changes of SOD (above) and GR (below) activity in
field Alnus firma leaves at emergence and full expansion

according to tree vitality. Values are means +S.D. (n=3).
SOD: low-high vitality P=0.0003***, emergence-full expansion
P=0.0004***; GR: low-high vitality P=0.94"*, emergence-full
expansion P=0.005**; *** and **significant at P<0.001,
and 0.01; "* not significant.
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