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Response of photosynthetic characteristics and non-structural carbohydrate accumulation of
Betula ermanii seedlings to drought stress. MA Yue'?, SU Bao-ling', HAN Yan-gang”, WU
Xing-hui'?*, ZHOU Wang-ming®, WANG Qing-wei’, ZHOU Li*, YU Da-pao’* (' College of Life
Science and Bioengineering, Shenyang University, Shenyang 110044, China; *Key Laboratory of
Forest Ecology and Management, Institute of Applied Ecology, Chinese Academy of Sciences, Shen-
yang 110016, China).

Abstract; We explored the effects of drought stress on photosynthetic characteristics and non-struc-
tural carbohydrate ( NSC) accumulation of the timberline tree species Betula ermanii in Changbai
Mountain with a drought control experiment. The results showed that drought significantly reduced
the net photosynthetic rate and stomatal conductance, but increased water use efficiency (WUE) of
B. ermanii seedlings. Drought dramatically improved the contents of soluble sugar and total NSC in
leaves, barks, stems, and roots of B. ermanii seedlings, but significantly reduced their starch con-
tent. The stomatal conductance, photosynthetic rate and WUE decreased rapidly as the drought con-
tinued, whereas the contents of soluble sugar, starch and NSC increased and then declined. At the
end of the experiment, 90% of the leaves turned yellow, and the ratios of soluble sugar to starch in
the stems, barks and roots under the drought treatment were significantly higher than those in the
control. These results demonstrated that B. ermanii might be a drought-avoidance species that could
reduce water loss by rapidly reducing stomatal conductance and improving WUE under drought
stress. B. ermanii might have evolved priority storage strategy to cope with water deficit through
improving the content of soluble sugar in organs and increasing the transformation rate between
starch and sugar. With the extension of drought stress, seedlings tended to die, since water stress
might exceed the threshold of the plant self-regulation capacity. However, the content of NSC in
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organs did not decrease, suggesting that the death of B. ermanii under drought stress might not be

caused by carbon starvation.

Key words: drought; photosynthetic response; carbon balance; storage policy; alpine timberline ;

Betula ermanii.
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Table 1 Two-way ANOVA on the effects of drought treat-
ment and duration on photosynthesis parameters of Befula
ermanii seedlings ( F value)

E5ES HlE  dothEs  SASE Bk
Factor df Net Stomatal FIHRCR
photosynthetic  conductance Instantaneous
rate (g.) water use
(P,) efficiency
(WUE)

TR 1 4305 2335*%* 86"

Drought treatment (D)

TR ] 4 295" 1515 47

Duration (T)

DXT 4 335% " 241" 303% "

* P<0.05; * * P<0.01. FIA] The same below.
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Fig.3 Response of photosynthesis parameters of Beiula ermanii
seedlings to drought stress.
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INEFREER IR A — Ak B3R R B Bt ] 22 5 W 3% (P <0.05) Different
uppercase letters indicated significant difference among different treat-
ments in the same stage, and different lowercase letters indicated signifi-

cant difference among different stages in the same treatment at 0.05 level.
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Table 2 Two-way ANOVA on the effects of drought treat-
ment and organ on NSC content of Betula ermanii seedlings
(F value)

SN HEBE WIEERE dEw JRSENE ETERE

Factor df Soluble Starch  BRKILEY  WER
sugar Non-structural - Sugar

carhohydrate  starch

T R4 1 2041%*  6.0* 89%*  956%"

Drought treatment (D)

AL 30023677 120777 207877 5 e

Tissue and organs (0) ’

Dx0 3 109.9"* 688" 206" 84.5
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Fig.4 Changes of NSC and its component contents in different
organs of Betula ermanii seedlings with duration of drought
stress.
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<0.05) Different lowercase letters indicated significant difference among
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organs of Betula ermanii seedlings to drought stress at the end of
experiment (W, stage).
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indicated significant difference among different treatments in the same
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among different organs in the same treatment at 0.05 level.
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Fig.6  Changes of soluble sugar to starch ratio in different
organs of Betula ermanii seedlings with duration of drought stress.
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Response of soluble sugar to starch ratio in different

experiment (W, stage) .
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indicated significant difference among different treatments in the same
organ, and different lowercase letters indicated significant difference

among different organs in the same treatment at 0.05 level.
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