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Effects of drought stress on water physiological
characteristics of Picea abies
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Abstract: [Objective) This study aimed to reveal the adaption mechanism of Picea abies to drought
stress and provide a scientific basis for selection of species with strong drought tolerance. [Method]) Seed-
lings of four Picea abies clones (pab08mg003,pab08mg004 ,pab08mg005,and pab08mg006) were planted in
pots to study the changes of leaf water potential, drought stress, water consumption, water consumption
rate and water use efficiency under different drought stresses. [Result] Water potentials of four Picea abies

clones decreased during the entire process of drought stress. There was no obvious difference on leaf water
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potential among all clones under normal water condition (P=0. 198). With severe drought stress, the leaf
water potentials were in a decreasing order of pab08mg003 (—1. 96 MPa) >pab08mg005 (—2. 05 MPa)>
pab08mg004 (— 2. 14 MPa) > pab08mg006 (— 2. 25 MPa). Clones of pab08mg003 and pab08mg005 re-
mained high water potentials,indicating that they had strong resistance to drought. The water consumption
in day time accounted for 85. 24 % ~93. 85%. Daily variation of Picea abies was a double-peak curve. With
drought stress, the first peak advanced to 8:00—10:00 from 10:00—12:00,and the second peak remained
at 14:00—16:00. The daily variation value and the decrease of water consumption rate were all in a decrea-
pab08mg003>>pab08mg005>pab08mg006>pab08mg004, indicating that

pab08mg003 and pab08mg005 were more sensitive to environment change and had strong adaptability to

sing order of clones of
drought. Water use efficiencies of all clones increased when the drought stresses were light and moderate.
When the drought stress was serious, only pab08mg005 maintained high level water use efficiency at
((3.72+0. 13) mmol/mol) , pab08mg003 and pab08mg006 had poor water use efficiencies,while water use
efficiency of pab08mg004 reduced to zero. [Conclusion] The resistance abilities against drought stress of

Picea abies clones were in a decreasing order of pab08mg005™>pab08mg003>>pab08mg006>pab08mg004.

Key words: Picea abies; leal water potential; drought stress; water consumption; water consumption

rate; water use efficiency
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Table 1 Seedling growth of four Picea abies clones

Tt & i/ cm 4%/ mm B/ em SR AL/ em?

Clones Height Basal diameter new-tip length Leaf area
pab08mg003 72.76+5.24 9.63+1.20 6.004+3. 28 2 957.74+124.45
pab08mg004 52.22+4.37 8.7540. 89 7.4643.79 3 886.80+205.56
pab08mg005 69.34£3.70 9.31+1.39 9.6243.09 3218.88+122.41
pab08mg006 64.34+6.96 8.754+1.00 6.93+3.93 3417.314168.12
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Table 2 Leaf water potentials of Picea abies clones under different drought stresses Mpa
T &R F 5 W8 ik a] /d Drought stress time
Clones 0 6 12 18 24 30
pab08mg003 —0.60 a —0.69 ab —0.82 ¢ —0.98 b —1.37 C —1.96 D
pab08mg004 —0.56 a —0.62b —0.90 be —1.11 ab —1.73 AB —2.14 B
pab08mg005 —0.60 a —0.72 a —0.93 ab —1.29 a —1.69B —2.05C
pab08mg006 —0.65 a —0.69 ab —1.02 a —1.34 a —1.81 A —2.25 A

TE < [F 8BS 5 b AR Rl /NG B 3RR 22 52 W 2 (P<<0. 05) AR AR RS F b 7R 28 Sl i 3% (P<<0. 01, FR [,

Note: Different lowercase letters in each column mean significant difference (P<C0. 05) ,and different uppercase letters mean very significant

difference (P<C0.01). The same below.
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Table 3 Water consumptions of Picea abies clones under different water stresses g/d
EH K5 BETR L wETRE

7‘51&% Normal water condition Light drought stress Moderate drought stress Serious drought stress
Clones FIXDay 2K All day FIX Day 2% All day FXDay 2% Allday FIX Day 2% All day
pab08mg003 95.68+38.23 104.40+9.07 71.83+6.52 84,09+8.73 33.26+5.10 38.5146.11 19.23x2.24 21.23+2.45
pab08mg004 96.24+7.53 107.12+8.77 70.53438.05 82.7449.28 32.88+4.32 37.9545.13 17.28=1.02 19.58+1.15
pab08mg005 110.99+12.21  119.54+12.96 74.11+6.03 84,88+6.81 31.5143.20 36,1344, 41 16.63+0.51 18.8340.76
pab08mg006 107.96+9. 56 115.04+10.57  71.7649.51 82.754+10.98  31.7845.72 36.5347.02 15.45+0. 86 17.60+1. 47
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Fig. 2 Water consumption rates of Picea abies clones under different drought stresses

Tr b5 Pn AL, 2B E T 2 i ia

TR EE 1 0 ST 2R R B IE R K SR Tr K

/N HE BB R pab08mg005 ((0. 46 4+ 0. 02)

mmol/(m?* ¢ s)) > pab08mg006 ((0. 42 £ 0. 02)
+

mmol/(m? « s)) > pab08mg004 ((0. 29 £ 0. 03)
mmol/(m* « $)), J5 2& 43 #7 45 S £ W], pab08mg003
1 pab08mg004 ) Tr 2 2 /N T pab08mg005 i
pab08mg006, 7F % A~ 5 i id o B b, T M &
pab08mg005 [ Tr Ih % T HAbL 3 MR,

0.5r

1

)

Tr
e o ©°
(SRS
T T T

75 #/(mmol * m™”
=

L L L L
1EH K5 BT HET R HEFR
Normal water ~ Light drought Moderate drought Serious drought

condition stress stress stress

B3 OR[EFE T+ R haa T BRI = 2 TPk R e A 30R (Pr) K Z8 M B0R (Tr) 12840
— & —. pab08mg003; —m—. pab08mg004; — A —. pab08mg005; — @ —. pab08mg006

mmol/(m?* ¢ s)) > pab08mg003 ((0. 30 £ 0. 03)
o 30
|5 25F
|
:E 20F
)
g 15F
2Ry
g 1.0F
4 0.5F
%E 0 1 1 1
& EXAS  BETR BT R EETR
—(.5 L Normal water ~ Light drought Moderate drought Serious drought
condition stress stress stress
Fig. 3

M2 4 T LUE L REE 5P a0 BRI =
4 AR W WUE 2255 7 55Tk Ja Bk ny i 72
ER[R TEPE 2 9 WUE X 1 5% 30 ¢ o 1oz 2 JBE A —
B, WEHNZ E CARER R B R K M
PP A4 AR WUE 28 5 B0 3%
(P<<0.0D). fEREMFB L+ FPria T . WUE ¥4
Jir BT Ud WY 4% T 1 AR K RE G A A A R I R B

Daily variation of water consumption rates of Picea abies clones under different drought stresses

WUE ; 5 B0 T . 45 Tt R 1) WUE 5 2080 F B
AH P TE B K 3 2 R 45 ot 2 WUE i 36 38
pab08mg004 (100 %) > pab08mg003 (58. 44 %) >
pab08mg006 (56. 43 %) > pab08mg005 (34, 99%),
pab08mg005 7£ 5 & T 5 Jiik i 2% 14 F Bk it WUE 1)}
IH 2 33 77 4 55 7K F , pab08mg003 1 pab08mg006 ¥
Z , pab08mg004 1 7K 43 | FI % 2 W B 2 0, /] L



6 3] e

52 A5 T 5 30 6k R 2 A2 K 43 A BRURRAIE B9 2 T 75

pab08mg005 [T WUE i+ 5 36 i 2 vh 22 1k
MR 22 BEM P E T 21 . WUE 12
5 (S DU 25 A2 JC Ak A% A 82 JK 731 #E 19 R I fiE

HERF— € B GG AR 1 DT ey HO - 52 4 2 i
AE 77+ 33 AR T 1 iR X B iy T R R E B AR RE ) .

R4 AAEETEDETRMNEZELTEERMKSFMARRWUE KT K
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