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Ecophysiological studies of Taxus cuspidata saplings
under various light and temperature conditions
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Plant growth and distribution are limited by the environmental factors like light,
temperature, water availability and nutrition. How do conifers adapt to abiotic stresses
associated with changing environments? For that purpose I investigated changes in
PSII activity, xanthophyll cycle, antioxidant enzymes and intermediates of chlorophyll
biosynthetic pathway in 0- and 1-year-old needles of saplings of evergreen conifer, Taxus
cuspidata (Seib and Zucc.). First, I investigated the effects of high light (HL 650-700
umol m'2s1) with low temperature (LT 4°C) (HLLT) on 7axus cuspidata saplings which
were grown at normal growth conditions. It caused a significant decrease in Fv/Fm ratio
and significant increases in xanthophyll pool size (VAZ) and de-epoxidation rate
(AZ/VAZ). In low light (LL 125-150 umol m2s'!) and moderate temperature (MT 20°C)
conditions (LLMT) following the HLLT, VAZ and AZ/VAZ decreased significantly but
they remained significantly high in HLMT after the HLLT. During recovery, Fv/Fm
ratio increased under both light conditions. The antioxidant enzyme ascorbate
peroxidase and glutathione reductase activities were less affected by stress conditions
i.e. HLLT.

I also investigated seasonal differences in photoinhibitional effects caused by
high-light stress at either low or moderate temperature. Exposure of 7. cuspidata
saplings to high light with low temperature (HLLT) caused a significant decrease in
Fv/Fm ratio in summer, autumn and spring (when new needles flush). On the other
hand, the Fv/Fm ratio was initially very low in winter and remained constant under
HLLT conditions. The Fv/Fm ratio was little affected by high light and moderate
temperature conditions (HLMT) in summer, autumn and spring, while it increased
significantly in winter. The xanthophyll pool size (VAZ) was increased significantly by
both HLLT and HLMT conditions in summer and autumn, while in spring only under
HLLT conditions, but in winter it was very high initially and remained high throughout
the experiment. The de-epoxidation rate (AZ/VAZ) increased under HLLT and HLMT



conditions in summer, while in autumn and winter it was very high initially and

remained constant throughout the experiment. I have also observed accumulation of

intermediates of chlorophyll biosynthetic pathway only in newly flushed needles.

I also investigated the effects of daily incident light and seasonal variation of
temperature on 7 cuspidata saplings under natural conditions during spring (when
new needles flush), summer, autumn and winter. The results clearly show the plasticity
of xanthophyll pool, PSII and carotenes in response to changing environmental
conditions. Xanthophyll pool remained significantly high and at the same time
low-sustained PSII was the characteristic of winter. On the other hand, during summer
xanthophyll pool was significantly low and high PSII activity was maintained. |

It has been suggested by a number of peoples that under environmental stress

* conditions plants maintain a high level of A+Z and low PSII efficiency (Adams and
Demmig-Adams 1994; Ottander et al. 1995, Verhoeven 1998, 1999). My observations are

however, in contrast with all these studies and in agreement with Barker et al. (2002)

b

that maintenance of A+ Z can be but does not have to be associated with low PSII
activity. The present study clearly shows that these two processes are totally different
which are controlled by different factors. My results also suggest that chlorophyll
biosynthesis was occurring only in newly flushed needles, while during summer,
autumn and winter the chlorophyll biosynthesis is almost completed with a low

turnover rate.
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