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B R CZAE X, TR E VB o ™ H Y b
Xz B2 sl v, e i ss A A
WBE, IZHBIX DN 1952 4EJ5 st T4 1 B 4P ik R 2
W PR A, LW ((Populus
L.) . ¥ F# ( Pinus sylvestris var. mongolica
Litv.) . Ji#s ( Pinus tabuliformis Carr.) Fi i
( Ulmus pumila L. ) SR 5 A 3 2 MRFp, 5
ORI N TR, X 3% SEAR i (1) 7K 43 A 2
FEHERIEA TSR, HARA A IF A ™ 4%
T D M T A SN, S BORE T AS FA R  TARTE T
FAEGY IR BEIR | FET IS MIAHEK 3 260 T Y
AT IR BRI 5 P22 Ji IR oY
SERRW], IR 757 BT EFFRID VD i B 4P Aoy
IR R, F I, A AN [ A
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NS R e SR LR - R NI AT WA NEE Y 7
( Populus x xiaozhuanica cv. Zhangwu ) . i
FE s %, e 7AEKSE (6—10 H ) &~
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Fig.1 Seasonal variation in the climatic variables for the study region in 2011
F 1 REBIFEHHE
Table 1 Characteristics of different tree species plots
A ig/a SFEIA R /m Fi4E/cm FRE (Bk-hm™) IR 5 FE /m
Species Tree age Mean height Mean DBH Density Sampling height
¥+ P. mongolica 31 6.7 11.2 1328 5.0
iR/ P. xiaozhuanica 12 12.0 13.0 — 7.0
kA P. tabuliformis 40 5.6 18.9 300 45
Hir U. pumila 42 10.2 23.2 — 7.0

) PDB ( Pee Dee Belemnite ) Jykrife, 4T
na (1) A
(13C/12C)Sample

-1|x1 000 1
(CI%C)opg } “

51 3CSample = |:

Hirh, 83C FERFEA PCI2C SHRAERE S IR B T3
% s (13C/1ZC)PDB FonE ROk A A (Pee

DeeBelemnite) H1#%'*C/"?C.,

223 EXRAKFIAZ BB Y
K, TERRFERIRE T 1E 8 1 R, AR
+ . B E N 0~20, 20~40 Fi1 40~60 cm.
FHBET 00 3 5K .

224 HyE4 ] SPSS19.0 HfF AT WA &
T 22538, B2 (Duncan ) Hodse i Fh AR
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B H 0SB 5 oK A2 AR AR I R 8C (R
R AN 207 22 0 H R IR] — H A AN TR] 3 R £
S5 K BRI ) — H AR S R B Fp - e 6'°C {H Y 22
5t HIHI Pearson AH A A1 7 1k 70 AN [R] B Aif
M- 8"°C 2 H At O ST M ) 8°C (A
W) SR TR . BEMKEBOE N a=0.05.

3 HR5H

31 AFEHFMLESKE
ASTRIB Fh - ek (0~60 cm ) BEEZT
AR L S S A AR (F 2), BTt

10 -

A HEFH P mongolica B 020 cm
a I 20~40 cm
8f [ 40~60 cm

+3E5 K+ Soil water content/%

H ) Month

101 m— 020 cm
. o
C i P tabuliformis 20~40 cm

s 40~60 cm

+ 35k HE Soil water content/%

A1 Month

Nt RS K B A B HEF B 8 AMT >
10H . 96 H (& 2A #1 2B, P<0.05); JH
Pa B EKEEA G HY M 8 A>10 A9 H>
7HAM 6 M (K 2C, P<0.05); [ T3 &K
A HERF . 8 A 7 H>10 A>6 A #1 9 A
( Bl 2D, P<0.05). XK ZE 2 m s RE&m
(% 2), ARBTG5 8] 145 & /K B A7 3%
P2, ZEREERFN (£ 3), BT
T KR B & TR R/ NGRS, BHEEK
e AMHER N 8 A>7 A>10 A>6 HAM9 A,

(B @i/t P. xiaozhuanica
. 020 cm
20 ~40 cm
a m 40~60 cm

+ 8547k i Soil water content/%

H 13 Month
100, Al U pumia 0~ 20 cm
a
s 20~40 cm
gl s 40~60 cm

+458 47k it Soil water content/%

8
A1 Month

[Fl— A AR R FoR 2 5 8%, TR
Different letters indicate significant differences in the same month. The same as below
B2 AERHMIESKE (0~60cm) FWEE

Fig. 2 Seasonal variations in soil water content at 0-60 cm depth for different tree species
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-26.72%0, “F-YIE H-27.57%0; I H 8'°C (i

4+ T =30.02%0 ~ —28.45%0 , V- {H 7 —29.23 %o
(I 3A), FEFH. MR AT 8°C {5 H 481k
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£2 RFHFIMAMITLEL/KE (0~60cm) FitH 8°C ZIMHNEZFESHT
Table 2 Two-way ANOVA analysis for the effect of species and month on
soil water content at the depth of 0~60 cm and leaves 5°C
) T IEE KR % H-5'3C/%o
ZE SRR Soil water content Leaf 5"°C
Sources of differences
HEHE df F P H ¥ df F P
W Species 3 9.76 <0.001 3 103.53 <0.001
A1 Month 4 62.54 <0.001 4 12.33 <0.001
WAt x 43 Species x Month 12 3.98 <0.001 12 3.39 <0.001
2% Error 80 80

(P<0.05), HEF#BM: 6 HAI7 H>8H . 9 A
10 A i/t 8'°C A A Gy 1H) 245 5
# (P<0.05), HEFM: 8, 7419 H>6 H Al 10
H o FRl—H WA FER R E - 8°C (A7 B R
# (K 3A, P<0.05), {HJ&iXxFh2z5KEH A8k
MANE o BRI 225025 K (£2), AN

=

TE&®E

= i 7-f\ P. mongolica
w2/l P xiaozhuanica
w5 P, tabuliformis
11 U. pumila

It F- 6'°C Leafd'*Cl%o

H ) Month

WERPRLA BRI 8'°C (8 (AR ) 7
T FEMEER (P<0.05), Z# 4R £V
(£3), Frmn 8C HEEm TEHR/ i
A, R N A A B S T A 6
M7TAMCEERTF8HAMOA, BEET
10 A,

-
o
1

F¥ P. mongolica
/NG P xiaozhuanica
Al P, tabuliformis

fii U. pumila

A

o
(oo}
TES®E

S o
> o
T T

o
]

IR &' H A8 {k & Monthly variation in leaf §'3C/%o
o

-0.2
—04l
-0.6
_08 1 1 1 1 1
6 7 8 9 10
H > Month

B3 AE#HMITE §°CHEETHSMATUE

Fig. 3 Seasonal changes in the leaf 5'°C values and leaf 8'°C monthly change values for different tree species
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¥ H OPC Ak B S HRLERMEHES
KT T . B TFAART A 8°C AR fb i 5 k%
K HXHREE M RS KRR AR, SR
JE . WAUKIREZ A A AR R IEME R,
MEXRZMARE (£3), wR/MMEigH A 8°C
Tl 5 REE R EEMHLECER (P<0.05), 5
HAAKMHAF R EHLEKER, HELRNDEH
(% 3). it A d"C Asfb i SRk & . <iR
FAHXE B 2 B AAH KR (P<0.05), 5H
b KA PR AR, HLKRANRF
(% 3)., A H 5°C 25 fh i 5 KA F 5 7

FRKR, HRKRMARE (£3).

4 ik

FEBIFM F 87C HEETEER

ABFEFE R, FEFRS . FARI A R 81°C
HRER PR PR, e RN
F OPC fHEEH F VR BT m e R E S, &£
2L R VAN E A SIS S By i e e it U
B, W MK R SR B 217
PEE SRS FEAE (18 3), X5 HAMBF T2 R Ak
A2, pin, SRETAEFI BRI, R 3 F
EREARY R R IRCR B 71 A LR A E
B, FEGFHR . AR . 28R IR A
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Table 3 Correlation coefficients and p values between leaf 5'°C monthly change
values and environmental variables

g Fif [k & iR MR WRKREZE eEEREES LK
Tree species Precipitation Temperature RH VPD PAR SM

" ) r -0.295 0.010 -0.359 0.841 0.591 -0.201
NTHL P- mongolica P 0.705 0.990 0.641 0.159 0.409 0.799

r 0.948 0.968 0.907 0.410 0.719 0.531
Wikl ¥ P. xiaozhuanica

P 0.052 0.032 0.093 0.590 0.281 0.469

r -0.966 -0.964 -0.962 -0.443 -0.629 -0.392
Wik P. tabuliformis

P 0.034 0.036 0.038 0.557 0.508 0.608

r -0.115 -0.258 -0.136 -0.653 -0.368 -0.165
¥ U. pumila

P 0.885 0.742 0.864 0.347 0.632 0.835

RH: relative humidity, VPD: vapor pressure deficit, PAR: photosynthetically active radiation; SM: soil moisture

FEWHAMA K, HAEEECTHIE RV, Wk
T2 X% ( Populus euphratica Oliv. ) 4K Z=/K
SR RCRET N, FERM RIS . L5
BRI NI R KA T B R B LS
A GIERI . Be IR SFPBE o & IBE % 2R AR
1k, B ( Populus tomentosa ) Z<fh Jot: /K
SanllE by &SR | o A e N O s N T
TR R HRCR 2 A2 A AR R, XAl RE S AN
(AR FofooXsT &7 i 7K A PR 25 P A e i 1 2 B A () A
KBRS L AN R AR e ©'°C AR b 5 k%
K AR A RIS K E R AR, JUH
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B, TR T R H X R A K 43 FHECR
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FEAE R K o R RCRRRR . 8 AZ ), Rl
EREK R AR EERER (E 1), RE 135K
WFEML, (HEMAZEBT R EZEREIR, Bk, B

KIS FIHRBCRA R HE, 4h, kvl
B 8°C AR fu it il 2 B EIEAH R, &
WIRE A R T, AR RN AL SRR,
KA A BRI I, X5 Sun 25 P8 fiff 5y 45 5 —
H, MERETHE, kL X /N4 ( Populus
simonii Carr. ) /K43 FIFZCR B & T & . 6—8 H,
i 5 30 AT R R, iV A R
ZRNERE 1B W INeY, RS RK R, (A2 43
FoK AN R LR K TR, Ul
Wil AR SL S, Mg K R RCR, 4
R K . 8 A )E, Bl o IR 5 i RN i B 2
BRI, S BERMZ G RE T WA, (A
R R R T2 R i FEEE RV
MK 53 R A R 4
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FEFMR AR R 22 2 IEASCOC R, AL A A
F 8"°C ARk it 5 R X BE RN AR K YR 22 5 B A
KKFR (£3), XRIAFEWFIHF 8°C Xf2s
AT B AR R K 75 22 28 Ak ELA AR TR) Al i i
XA RESE R R Bl 2 SAXHB AL, /N
M RAGCRIEAL, TS 30 8°C FEAIL;
BEAE ARSI, ILFEREL, IEZR
INEEZ I R 8C ThE . SR, Rl A SR
REAG , TS AN AR FL S 5 RN 1] CO, vk 2 &
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LS TR, (MK VR 2ZE TR e A R R
HVE R AT BE s FAAL S, TR EBOmAA R A
Fr 8C fHREK. Tt F 8°C BIEHF 54
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Leaf 5"°C of the Main Afforestation Tree Species in Horgin Sandy Land

YU Feng-yuan'??, ZHANG Jin-xin"**, SUN Yi-rong"**, SONG Li-ning"**

(1. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, Liaoning, China; 2. CAS Key Laboratory
of Forest Ecology and Management, Institute of Applied Ecology, Shenyang 110016, Liaoning, China;
3. Qingyuan Forest CERN, National Observation and Research Station, Shenyang 110016, Liaoning, China)

Abstract: [Objective] Determining the water use characteristics of different afforestation tree species
would supply a theoretical basis for the selection of tree species in vegetation restoration and reconstruc-
tion in semiarid and arid sandy lands. [Method] Leaf &'°C values of Pinus sylvestris var. mongolica, Popu-
lus % xiaozhuanica, Pinus tabuliformis, and Ulmus pumila trees in the south edge of the Horgin Sandy
Land were measured together with monitoring soil water content at different depths to compare their water
use efficiency (indicative of leaf 8'°C) during the growing season, and the effect of hydrothermal factors on
the water use efficiency was discussed. [Result] The leaf 8'°C values of P. sylvestris var. mongolica, P.
tabuliformis, and U. pumila trees decreased with seasons, whereas the leaf 8'°C values of P. x xiaozhuan-
ica firstly increased and then declined during the measurement period. In addition, the mean leaf &'°C
value was higher in P. sylvestris var. mongolica trees (-26.92%o = 0.11%o) than in P. x xiaozhuanica (—27.40 %ot
0.10%o) and P. tabuliformis (—27.57 %o 0.14%o) trees, whereas the mean leaf 8'°C value was higher in P. x
xiaozhuanica and P. tabuliformis trees than in U. pumila trees (—29.23 %ot 0.17%o). The responses of the
leaf 8"*C monthly values to hydrothermal factors varied with tree species. There were no significant rela-
tionships between leaf 8*C monthly values and hydrothermal factors for P. sylvestris var. mongolica and
U. pumila trees, whereas a significant negative relationship between monthly change in leaf °C and pre-
cipitation, air temperature, or relative humidity was observed for P. tabuliformis trees. However, a signific-
ant positive relationship between leaf 8'°C monthly change values and air temperature was found for P. x
xiaozhuanica trees. [Conclusion] The water use efficiency is the highest in P. sylvestris var. mongolica
trees, followed by P. x xiaozhuanica and P. tabuliformis trees and the lowest value in U. pumila trees. In
addition, water use efficiency for different tree species is not only related to biological characteristics but
also related to the degree of influence by hydrothermal factors.

Keywords: Pinus sylvestris var. mongolica; Populus % xiaozhuanica; Pinus tabuliformis; Ulmus pumila;
water use efficiency.
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