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Abstract: Forest decline in semiarid regions presents a serious ecological threat worldwide. However, the physiological
mechanisms of forest trees for surviving in drought conditions are poorly understood. In recent years, the carbon starvation
hypothesis has become a research hotspot in physiological processes of trees in drought conditions. Stored non-structural
carbohydrates (NSC) could play an important role in tree survival in the face of drought conditions. It has been observed
that the NSC concentration of treesvaries under drought conditions. Some studies have suggested that trees close their stomata
to prevent hydraulic failure under drought conditions, causing the photosynthetic carbon uptake to decrease, which results
in a negative carbon balance, while other studies have shown that trees can maintain the carbon balance and improve NSC

storage under drought conditions using certain ecological strategies such as reducing their growth. High calcium is a key
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characteristic of the calcic horizon, which is widely distributed and considered an important factor affecting tree growth in
semiarid areas. Meanwhile, calcium is a key signal substance regulating stomatal closure. Research on the combined effect
of high calcium content and drought on carbon balance in trees should deepen the understanding of physiological
mechanisms of trees inhabiting semiarid regions. In this study, we proposed two hypotheses: (1) The combined effects of
drought and high calcium ( drought-high calcium) would significantly reduce the NSC concentration compared with drought
conditions alone; (2) These combined effects could alter the distribution of the NSC in different plant tissues and
exacerbate the effect of negative carbon balance on trees. To test our hypotheses, we took Quercus acutissima which was not
only one of the dominant species of natural forests but also an important afforestation species as experiment material. Then
we investigated biomass, photosynthetic characteristics, and NSC concentration in different tissues under drought and
drought-high calcium conditions. The results showed that drought stress significantly reduced the biomass of Q. acutissima
when compared with the control group not subjected to drought stress, while drought-high calcium stress further reduced
Q. acutissima biomass and this decrease was significant when compared with that under drought conditions. Drought-high
calcium conditions could significantly decrease the net photosynthetic rate of Q. acutissima seedlings at the early stage of
treatment. Photosynthetic rate of Q. acutissima seedlings under drought and drought-high calcium conditions were
significantly lower than that of control seedlings after three months, and no difference was observed between the effects of
drought and drought-high calcium conditions on photosynthetic rates of seedlings. Drought conditions significantly increased
NSC concentration in all tissues of Q. acutissima seedlings, while drought-high calcium conditions significantly reduced the
average NSC concentration. Drought and drought-high calcium conditions had different effects on the allocation of NSC to
different tissues of (). acutissima seedlings. Stem was the main tissue for Q. acuiissima seedlings to store the increasing NSC
under drought conditions in which stem NSC concentration was 52.34% higher than that of control seedlings, and the
increase in starch concentration (61.94% ) was higher than the increase in soluble sugar concentration (25.53% ). Under
the combined effects of drought and high calcium content, NSC concentration increased by 32.31% in leaves, but decreased
by 49.38% in roots and by 35.31% in stems of (). acutissima seedlings. We conclude that the combined drought and high

calcium conditions decreased NSC concentration in trees as well as their allocation to the stem and root.

Key Words:; drought; high calcium; photosynthetic characteristics; non-structural carbohydrate; Quercus acutissima
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1 A NSC 2 B HE ARSI 28 5 P 43 R 75 A PRI T - RS RHE T B 2 LR T R
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1.1 iR ST
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#5700 339.50 ,12.07 ,183.40 mg/ kg, - /K I P85 AN A #4575 1 235.65 ,4579.95 mg/kg, T3 KEFK
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[ 53.18% 1 44.44% , " Ko REAR -3 0T i P 2 4 B34 0 19.66% A1 0.17% , 34 INASB 2.
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Table 1 The concentration of soluble sugar in different tissues

T+ 5 Drought FEL-54% Drought and high caicium

W X1 — S - £ £

Tissues Control o R L R

Concentration/ ( mg/g) Growth rate/ % Concentration/ ( mg/g) Growth rate/%

#R Root 28.58+1.54a 25.29+2.18a -11.51 11.84+0.94b -58.58
2% Stem 23.23+1.82ab 29.16+5.69a 25.53 16.2+2.88h -30.28
i} Leaf 36.76+1.21b 42.26+1.81b 14.98 50.57+£2.72a 37.59
S Average 30.41+1.03b 35.08+1.56a 15.38 35.14+1.14a 15.56

AR /ING TFRER R AN [ 4k BRI RAR 400 454> B T PR 22 5 B3 (P<0.05)

32 B RMRG TR R 25 AT T #  fAE T R A BRI A B o, T R - M A AL T TR A A
%, W E B i B IR TR R T R A A AR RIS I, S X IEAR L, TR AN R RAR S AR R 2R &
FERRF- 0 43 2 B BN 5 T - iR B AL PRI T AR R BB AR T35 B & i, I YE b 5 i i s, SR
— TR, T R-m AT IR AR 2R 25 R AR H 0 8y 5 00 00l T % 57.71% .61.16% 1 55.84% , .
AL M R R S RN 2.84% AR LR B

K2 RHBEYERIREENSE

Table 2 The concentration of soluble starch in different tissues

T Drought TE-545 Drought and high caicium

BT XK m G o e

Tissues Control R MR R R

Concentration/ ( mg/g) Growth rate/% Concentration/ ( mg/g) Growth rate/%

# Root 118.06+8.86b 147.53+4.95a 24.96 62.39+5.19¢ -47.15
Z£ Stem 64.83+10.69b 104.98+10.69a 61.94 40.77+4.15b -37.11
it Leaf 16.00+0.52b 18.69+0.98a 16.81 19.22+0.75a 20.16
SEF4 Average 61.3+4.71b 74.88+3.24a 22.15 33.07+1.79¢ -46.05

ATV 5 Bl R AN () b SR 0 SRR 41 254 B D 5 ek 2 5 I3 (P<0.05)

FH % 3 A, ST BEAR LL , TR A FRRRAR SN AR (25 I A SRR NSC 35 i1 i 25 8, 1 5 s Ak
PET BRARGI BT AR R 258 AR NSC i & FRAIK, T A NSC & B 538 n, T R-E 850 H T | MR
MR ZE R NSC & 20 9 T B 57.05% . 57.54% F1 41.11% , 5B FEAK; i NSC & & B &3
14.52% .,

*x3 MHBEHIEESIB/BENSC &=

Table 3 The concentration of soluble NSC in different tissues

-5 Drought -5~ 45 Drought and high caicium
wE A1 — A T £
Tissues Control ER Hi ER RS

Concentration/ ( mg/g) Growth rate/% Concentration/ ( mg/g) Growth rate/%
2 Root 146.65+7.45b 172.82+4.42a 17.85 74.23+5.06¢ -49.38
2 Stem 88.06+10.41b 134.14£12.9a 52.34 56.96+5.34c¢ -35.31
i Leaf 52.75+1.22¢ 60.95+2.63b 15.53 69.80+2.29a 32.31
P14 Average 91.71£3.98b 109.96+3.51a 19.90 68.21+1.56¢ -25.62

ARG AR RN R AR BRIR]RRAR ) 45 A% B NSC & i 2253 3% (P<0.05)

3 itig
3.1 NSC &+

AR B FRAR 4 -2 NSC & B0 IR 28 T, B NSC BRI LR . MARLE+ 2450 T IR Ak
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TR U XA A F AR A K Ao i v 75 B 39 7 X0 T XGT £ PR B 0 3, AT s A A 7 s 5 1 398 R A e LR 1) AU RS
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