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Leaf Water Use Efficiency and Its Relationship with Hydraulic Characteristics in
Eight Dominant Trees and Shrubs in Loess Hilly Area during Vegetation Succession
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Abstract Plant physio-ecological characteristics at different stages of vegetation succession are a foundation to
demonstrate the inner mechanism of vegetation succession and to rehabilitate the deteriorated ecosystem. Leaf long-term
water use efficiency WUE and hydraulic characteristics specific conductivity K, specific leaf conductivity K, Huber
value HV  xylem pressure corresponding to 50% loss of conductivities P,, and wood density WD  of seven naturally
generated dominant trees and shrubs three trees Populus davidiana Pinus tabulaeformis Quercus liaotungensis four
shrubs Amygdalus davidiana Vitex negundo var. heterophylla Rosa xanthina Sophora viciifolia and a planted species
Robinia pseudoacacia were determined in this study research. Results indicated that 1 Averaged leaf WUE of four shrubs
was higher than that of four trees. Leal WUE of planted Robinia pseudoacacia was the highest among the four trees and
leaf WUE in the early succession species Populus davidiana was higher than in the late succession species Pinus
tabulaeformis and Quercus liaotungensis. 2 Four trees species had a higher averaged K_and a lower HV than four shrubs

thereby the averaged K, showed little difference. Populus davidiana had higher K. K, and a lower WD when compared

with Pinus tabulaeformis and Quercus liaotungensis. The P,

o of Populus davidiana was higher than that of Quercus

liaotungensis but lower than Pinus tabulaeformis. Exotic Robinia pseudoacacia had a relatively lower K and K, and its
xylem was more vulnerable to embolism than the other tree species. 3 No correlation was found between leaf WUE and
hydraulic characteristics indicating the change of leaf WUE during vegetation succession was mainly caused by other
physiological processes rather than the studied hydraulic properties.
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8" cC

Tab. 1 One-way ANOVA of foliar °C hydraulic parameters and wood density in eight trees and shrubs

F

Variable Source of variation Sum of squares df Mean square Sig.
s"c Between groups 33. 843 7 4.835 18.023 0. 000
Within groups 4.292 16 0.268
Total 37.135 23
K, Between groups 78.526 7 11.218 33.365 0. 000
Within groups 10. 759 32 0.336
Total 89. 286 39
K, Between groups 100. 073 7 14. 296 20. 467 0. 000
Within groups 22.352 32 0. 699
Total 122. 425 39
HV Between groups 21.755 7 3.108 11.598 0. 000
Within groups 8.575 32 0.268
Total 30.330 39
Ps, Between groups 41. 486 7 5.927 44.884 0. 000
Within groups 3.169 24 0.132
Total 44. 655 31
WD Between groups 0.347 7 0. 050 25.179 0. 000
Within groups 0. 063 32 0. 002
Total 0.411 39
Wids s SDARRR B LBk R4 HORE R )
PD PT QL RP AD VN RX SV 8 HV
22 . . . . . . .
1 HV
-3t
&)é 24 | 2 4
e HV  1.07x10°* 4 HV
Ly 25 ¢ PR Ep S g i
2 6l a 2.33x107" HV P<
PRI O 1 0.05
¢ T
28 _I:d cd Kl Ks
29 r=0.830" P=0.011 n=8 HV
1 8 s"c K, K,
Fig. 1 Foliar 8> C of eight trees and shrubs 69%
2.3 8
4 s c 2 8
P < 0.05 Two capital letters
corresponding to Latin name of each species and dotted lines 6
indicating the average value of four shrubs and four trees S Weibull
respectively and lowercase letters meaning significance at 0. 05 Neufeld et al. 1992 8 P,
level. The same below.
K, 8 1
6.34 mg mm 'kPa's™' P, -0.90
1.33 0.78 mg mm 'kPa's”' -1.13 MPa -1.96 MPa
2 4 4 K, -2.16 MPa -2.57 MPa
3.05 2.66 mg mm 'kPa's”' Py,
P>0.05 4 ~3.57 -3.80 —4.14 MPa
K, 5.56 mg mm 'kPa's”' 4
Hacke et al. 2001 Jacobsen et al. 2005

K, 2. 47 mg mm 'kPa's™'
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Tab. 2 Twig K, K, and HV of eight dominant trees and shrubs during the midday

K
K, Leaf i ! Huber  HV
L. Specific conductivity/ ea sp?c'l 1 Huber value/
Species o o0 conductivity/ 4
mg mm  kPa™'s _1 1o 10
mg mm  kPa's
Populus davidiana 5.58 +£0.44 a 6.34+£0.77 a 1.13 £0.07 cd
Pinus tabulaeformis 2.12+0.16 b 2.66+£0.22 b 1.26 £0.08 cd
Quercus liaotungensis 2.01 +0.43 b 2.40 +£0.43 b 1.37 £0.40 cd
Robinia pseudoacacia 1.53 0. 11 be 0.78 £0.07 ¢ 0.51 £0.01 d
Amygdalus davidiana 1.52 +£0.25 be 2.48 £0.44 b 1.64 £0.14 ¢
Vitex negundo var. heterophylla 1.31 0. 18 be 3.80+0.24 b 3.10£0.42 a
Rosa xanthina 1.32 £0.08 be 3.03+0.18 b 2.34+0.25 b
Sophora viciifolia 0.59 +0.07 ¢ 1.33£0.15 ¢ 2.25+0.11 b
8 3
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Fig. 2 The vulnerability curves of eight dominant trees and shrubs 3
13
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The lines are Weibull function curve fits. 3
38 s"cC
Tab.3 Correlation between foliar 5" C and hydraulic parameters in eight trees and shrubs
Group rn=28 Sig. r n=17 Sig.
Including P. n=8 Excluding P. n=17
tabulaeformis tabulaeformis
5C vs. K, ~0.415 0.306 ~0.533 0.218
8"C vs. K, -0.240 0.568 -0.367 0.418
8 C vs. HV 0.342 0.407 0.273 0.553
8" C vs. Py, 0. 034 0.937 -0.494 0. 260
8" C vs. WD 0. 641 0.087 0. 450 0.311
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